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Iron-binding by milk mineral: 
a possible antioxidant and anti-microbial mechanism 

Daren Cornforth* 

*Principallnvesrigator: Uralt Srate Unil'ersiry. Western Dairy Center, Logan. UT 84322 4 8700 
e1nail: daren.cornforr!z@usu.edu 

Funded by : Dairy Management Inc, August 2006- June 2009 

AEBSTACT 

Study I (JFS 72 :C78-C83). MM was compared to sodium tripolyphosphate (STPP) , ca lcium phosphate monobasic 
(CIPM) , and calcium pyrophosphate (CPP) to determine iron-binding capacity, sample solubility, and e luate solu ble 
pllfosphorus after treat ing samples with a ferrous chloride standard. Scanning electron microscopy with energy-d ispersive 
X -1 ray analysis was used to localize minerals on iron-treated MM particle surfaces . Histochemical staining for calci um was 
perrformed on raw and cooked ground beef samples wi th added MM . MM bound more iron per g ram (P<O.OS) than the 
ot h1er compounds, and was much less so luble (P <0.05) than eit her STPP or CPM . Mineral localization showed an even 
disstribution of ca lcium, phosphorus, oxygen. and iron across the MM particle surface , directl y demonstrating iron binding 
to J MM particles. Unlike other common chelating agents. such as STPP and ci trate. histochemical stain ing demon strated 
thaat MM remained insoluble in ground beef. even after cooking. The ability of MM to bind iron and remain insoluble 
ma:1y enhance its antioxi dant effect by remov ing iron ions from solution . However. MM partic les must be small and well 
di sstributed in order to adequ ate ly bind iron throughout the food syste m. 

Study 2 (Meat Sc i In Press) . Effects of Type I antioxidants eugenol and rosmarinic ac id were compared to those of 
Tyrpe II antioxidants mi lk mineral (MM). sod ium tripolyphosphpate (STPP). and phytate in raw ground beef he ld for 14 days 
at <4 C in oxygen-permeable po lyv inylchloride. Meat color stability was measured as % oxymyog lobin, Hunter a* value, 
chr·roma , and hue angle. By day 14, STPP-treated patties lost more red color (P < 0.05 for a* and hue angle) and had higher 
thioobarbituric acid values than other treatments. By day 14 , MM was as effective as eugenol and rosmarinate at preventing 
ox)ymyog lobin oxidation (72 , 76 , and 71 % retained, respect ive ly) and red color loss as measured by a* (9.2 , 9.4 , and 10 .9) , 
huee angle (58.4 , 56.2 , and 53.5) , and chroma ( 17 , 17, and 18), but was unable to inhibit microbial growth as effecti vely as 
t he~ spice-deri ved ant ioxidants. Although MM was an effecti ve chelator of ionic iron (s tudy I above) , MM did not inhibit 
baccterial growth in ground beef. Likewise, MM did not inhibit growth of Listeria, E. coli , or Psuedomonas viridescens in 
meeat-based media. Although these bacteria require iron for growth , it appears that they are capab le of utili zing heme iron. 
Thuus, chelation of nonheme iron by MM was not inhib itory to growth in meat system s containing heme iron. 

BACKGROUND 

To recei ve acceptance of MM as a food ingredient. 
furtrther studies are needed on antioxidant mechanism. 
pos.ssible anti -microbial effects, and sensory evaluat ion of 
prooducts with added MM. lt is proposed that iron binding 
is tithe mechani sm by which MM prevents lipid oxidation 
(ranncidity) and meat pigment ox idation (browning) in meat 
proo ducts . Iron binding may also have anti-microbial effects 
in 1 raw meat products. Since antioxidants have known 
healalth benefit s , demon stration of antioxidant e ffects ofMM 

Western Dairy Center 

wi ll create a pos itive health image for all dairy products. 
Demand for MM and re lated dairy products (nonfat dry 
milk) w ill increase as a result of a better understanding of 
MM propert ies . 

MM iron-binding capac ity will be measured as the 
abili ty of MM part icles to absorb iron from a solution of 
ferrous chloride . Tron remaining in solution will be measured 
by the fenozine colorimetric assay. Iron-binding of MM 
wil l be compared to that of var ious calcium phosphate 
salts. It is hypothesized that the large MM particles with 
numerous phosphate groups will bind iron more effectively 
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than the water-sol uble calcium phosphate compounds . 
Iron bi ndi ng to MM particles will also be exami ned by 
scanning e lectron microscopy, usi ng energy dispersive 
X-ray spectrometry. M inerals (calcium , phosphate , iron) 
have differen t x- ray absorption properties that can be 
used to determine the pos ition of each element in the MM 
partic le. It is hypothes ized that the bulk I the M M particle 
is calci um phosphate. Iron-bind ing to MM part icles may 
result in detect ion of iron atoms on the surface of MM 
partic les. Some many bacteria requ ire iron, add ition ofMM 
to raw ground beef may inhi bit microb ial growth . To test 
this poss ibility, total plate count and Enterobacter nu mbers 
wi ll be moni to red in ground beef with and without MM , 
us ing d ried med ia on petri film , avai lable from 3M Corp 
(S t. Pau l, MN). 

Recent work here has shown that MM also prevents 
browning of raw ground beef duri ng storage. This may be 
due to anti -microbial effects of MM , or to iron-bindi ng 
to prevent iron-catalyzed myoglobin (Mb) oxidation to 
brown metmyoglobi n (metMb). Pre liminary work here has 
shown that iron indeed st imulates Mb (S igma Chemica l. 
St. Loui s, MO), and 35-350 p M iron . MM counteracts the 
effects of iron add it ion. Th is work will be replicated in 
order to compare treatment means by analys is of var iance. 
Further work will also be done to determ ine the level of 
MM needed to prevent oxidation in presence or absence 
of phospholip ids, and at high (80%) or low ( 1-2%) oxygen 
leve ls . as might ex ist in d ifferent meat packagi ng met hods. 
MM from two commerc ial sources (G ianbia Twi n Fa ll s , 1D 
and Firs t District Assn, Li tchfie ld. MN) will be compared 
in the myoglobin model system. Finall y, MM will be 
compared with recognized antioxidants (Tro!ox , eugenol, 
rosemarin ic acid) for their ability to prevent lipid ox idat ion 
and ranc id fl avor development in cooked ground beef, as 
measured by thiobarbituric acid (TBA) assay and trained 
panel sensory measurement, respecti vely. PI Corn forth will 
supervise all laboratory experiments and be responsible for 
data analysis , preparation of repo rts, and submission of 
result s for publication in appropriate journals. 

RESEARCH PLAN 

Objective 1. Measure iron-binding capacity of 
milk mineral (MM) by column chromatography. 

Hyopthes is: MM has high affin ity for iron cations. 

Objective 2. Directly demonstrate iron binding to 
MM particles by scanning electron microscopy 
(SEM), using energy dispersive X-ray spectrom­
etry to localize iron in relation to MM calcium and 
phosphate. 

Hyopthesis: Negatively charged phosphates of MM 
have high affinit y for iron cation s. 

Western Dairy Center 

Objective 3. Measure possible antimicrobial ef­
fects of MM on total plate count and Enterobacter 
plate counts in ground beef. 

Hypothesis: MM will inh ibit bacterial growth by bind­
ing iron and slowi ng growth of iron-de pendent bacteria , 
including spoi lage and pathogenic organi sms. 

Objective 4. Demonstrate a concentration-depen­
dent effect of added iron on myoglobin oxidation 
(browning) in a model system at high and low ox­
ygen concentrations. 

Hypothesis: Iron st imul ates myog lobin oxidat ion. T hi s 
is new, and somewhat controversial. While iron is known 
to stimulate lipid ox idation , the possib ili ty that low levels 
of iron d irectly st imu late myoglobin oxidation has not been 
examined . 

Objective 5. Determine the minimum level of MM 
needed to prevent myoglobin (Mb) ox idation in a 
model system of Mb w ith various iron levels. 

Hypothes is: MM prevents myoglobin ox idation by 
binding iron. 

Objective 6. Demonstrate that MM is more eff<ec­
tive than Trolox (water soluble vitamin E), eugemol 
(clove antioxidant), or rosemarinic ac id (rosem;ary 
antioxidant) for prevention of lip id and Mb oxit:da­
tion in ground beef in high oxygen packaging. 

Hypothesis: In raw and cooked ground beef, MMI is 
more effec ti ve than other recogni zed antioxidants. 

MATERIALS AND METHODS 

Objective 1. Iron Binding Column Preparation. 

Mi lk mineral, sodi um tripolyphosphate. ca lc iium 
phosphate monobasic , and calcium pyrophosphate wi ll ! be 
used as the tes t materials. Columns wi ll prepared uss ing 
small ( 14.5 em length) d isposable borosilicate Pasteur- t)ype 
pipettes . Columns will be plugged wit h glass wool , tlhen 
fi lled with test material to a depth of 2.5 e m. The amoumt of 
test material added to each column wi ll be determinedJ by 
weight difference. Column s will be pre-wetted with I ml 
of distilled water, then 0.5 ml of I mg/ml ferrous chlooride 
(FeCI,) standard (in 0. 1 N HCJ) will be added. Colurmns 
will be ri nsed with d ist illed water to a total volume o l f 10 
mi. Ten replicates will be perfo rmed fo r each test materria l. 
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Percent packing loss. 

Spent iron binding columns will be dried overn ight 
at 90° C , then cooled in a dess icator. Columns wi ll be 
weighed to de termine the amount of packing solubi lized. 

Iron retention. 

To tal iron content of the filtrates will be determined 
using the Ferrozine assay (Carter, 1971 ). Briefly, an 
aliquo t of each filtrate at basic pH (-9) will be reduced 
with a n ascorbic ac id so lu tion. Ferrozine w ill be added , and 
the chro mogen allowed to develop in the dark . Total iron 
will be assayed at 562 nm. Each fi ltrate will be assayed in 
duplicate. Iron retention , in mg iron I g packing compound , 

will be ca lcul ated based o n a target value of 0.05 mg iron 
I ml fi ltrate. the expected concentration where no iron is 
re tained by the column. 

Objective 2. Light and Scanning Electron 
Microscopy (SEM). 

Le an ground beef (90%) will be obtained from the USU 
Meat Lab. Samples wil l be prepared by add ing MM or STP 
at 0.75% and 1.5 % levels to 50 g of meat. Samp les will be 
mixed thoroughly (k neading 25 times), wrapped in plastic 
film . then placed in reseal able sandwich bags and held under 
refrigeration for three days. Samples will be prepared for 
light microscopy by dehydrating, embeddi ng in paraffin. 
sectioning, and re-hydrating. To obtain information 
on milk mineral so lubility (or insolubility), Von Kossa 
staining (Sheehan and Hrapchak, 1980) w ill be performed 
on the re-hydrated sections to test for the presence of 
und issolved calci um . To obtain information regardi ng the 
suspected assoc iati on of iron with the calcium phosphate of 

milk m ineral, x-ray dispersive SEM will be done on MM 
samples w ith and witho ut treatment w ith ferrous chloride. 
MM will be prepared in PI's lab and shipped to the SEM 
Lab, Materials Science and Engineering Dept , U niversity 
of Utah (Salt Lake City, UT) for x-ray di spersive SEM 
mineral locali zation photography. 

Objective 3: Effect of MM on Microbial Load and 
Enterobacter Levels of Ground Beef. 

Preparation of ground beef. 

USDA select grade beef shoulder clods will be 
purchased and used for preparation of ground beef w ithin I 
week postmortem. Clods wil l be fi rst cut in to 2.5 em thick 
strips . Beef trim will be prepared by coarsely (0.60 em 
plate) then finely (0.32 em plate) grinding the strips . The 
pH of freshly grou nd beef w ill be measured , but will not be 
contro lled. MM ( 1-2%) will be manually mi xed with the 
meat , and re-ground through the fine pl ate . Portions (130 

g each) will be wrapped in oxygen permeable po lyvinyl 
chloride film in a Styrofoam tray, and held for I , 4, 7 , or 14 
days at 2° C. Three replicates w ill be performed. 

Microbia/load. 

Total aerobic counts and Enterobacter counts w ill be 
taken on beef samples afte r grinding, and at days I , 4, 7, 
and 14 based o n AOAC method 990.12 (AOAC 1995). 
Briefly, II g of sample wil l be stomached in Butterfi e ld 's 
phosphate diluent. Subsequent d il utions will be plated using 
Petri fiJmTM aerobic count pl ates and Enterobacter spec ifi c 

plates (3M Co rporation , St. Paul, MN) . then incubated at 
32°C for 48 hours. Colony counts w ill be taken and result s 
interpreted per the manufacturer 's guidelines. All samples 
wi ll be plated in duplicate. 

Objective 4. Effects of added iron on Myoglobin 
(Mb) Oxidation in a Model system. 

Preparation of samples for examination of 
concentration dependence. 

Samples w ill be prepared containing varying iron 
concentrations (35, 180, and 350 pM added iron). Control 
(0 pM added iron) will consist of eq ual parts MbO, and 
MES . Additional "contro l' ' samples will be pre pared 
containing 2 mg/ml MM or STP. tu ~.: helate any '·free'' iron 

in the MbO, stock and to provide for an essent ia lly iron­
free system.-Representati ve spectra (400 - 650nm) wil l be 
obtai ned every 5 minutes for I hour, for a total of 13 scans 
pe r sample . 

Objective 5. 
Phospholipids, 
oxidation. 

Interaction of Milk 
and Oxygen Levels 

Reagent and buffer preparation. 

Mineral , 
on Mb 

FeCI, solution will be prepared at a concentration of 

0. 1 mg/~1 in 0.1 N HCI. Bathophenanthroline solution 
(BPS) will be prepared in a 5% ethano l I 95% hexane 
mixture. MES buffer solutio n (0.04 M) wi ll be prepared 
in d istilled water (D I) and adjusted to a final pH of 5.6 
using a supersaturated sodium hydrox ide solution . Tris 

buffer (0. 1 M) will be prepared as MES , w ith a fin al pH of 
8.0. Res idua l iron will then removed from buffers using 
a bathophenanthro line extraction (Schli t 1969). Brie fl y, 
100 ml of buffer wi ll be ex tracted three times with 10 ml 
a liquots of BPS , using a sepratory funn el. Ex tracted buffer 
will be heated to approximately 9SOC while being sti rred 
rapidly to re move residual e thanol. Buffer will cooled 
and fina l vo lume adjusted back to 100 ml with disti lled , 
deionized water (DDI ). 
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Iron content of myoglobin and phospholipid. 

Since myoglobin and lipid cannot be purified of 
contaminating iron using the bathophenanthroline 
extraction, their total iron content will be determined and 
taken into consideration when designing model systems 

and interpreti ng the ir results. Samples will be dry ashed 
in tripl icate, then assayed for iron using the Ferrozine 
procedure, as outli ned previously. 

Generation of Mb0
2 

stock solutions. 

A concentrated solution of horse heart myoglobin (-20 
mg/ml) wi ll be prepared in DOl water (Brown and Mebine 
1969) and will be reduced by adding a small volume 
( - 100 Jl l) of a concentrated dithionite solution (Sage et al. 
199 1 ). To remove excess dith ionite, the myoglobin will be 
passed through a Sephadex G25 col umn and eluted with 
Tris buffer (pH 8.0). Deoxymyoglobin wil l be converted 
to MbO, by bubbling air th rough the solut ion with a 
Pasteur Pipette. Conversion to MbOJ w ill be confi rmed 

spectrophotometrica lly, based on the presence of the 
characteristic MbO, peaks at 545 and 580 nm (Bowen 
1949). The concenirat ion of the MbO, stock solut ion will 
be adjusted to -0. 1 mM with MES buffer (pH 5.6). Fresh 
M bO.., stock will be generated for each experiment and 
repl ic~ate. 

Preparation of model system samples to examine 
the effect of lipids. 

Lip id-free model systems will be prepared in MES (pH 
5.6) us ing a combinati on of MbO, , FeC I,, and/or antiox idant 
to observe the effect of free ifon on- the convers ion of 
MbO, to MetM b in the absence of lipid. Lipid-containing 
modei systems will be prepared in MES (pH 5 .6) using 
a combination of MbO, phospholipid , FeC I, , and/or 
antiox idant to examine the effect in the presence Of lipid. 

Systems wi ll be prepared in di sposable 3 .5 ml 
spectrophotometer cuvettes, covered with parafilm , 
in verted lOx to mi x, then scanned from 400 to 650nm . 
Scans will be repeated for each system at 15, 30 , 45, and 
60 minutes and at I and 2 days. Samples will be held at 
room temperature (23°C). Five complete replicates will be 
performed. 

Preparation of samples to clarify role of hydrogen 
peroxide. 

Samples will be prepared as outli ned above for lipid­
free model systems, using a combination of Mb0

2
, FeCI, , 

catalase. and/or ant iox idant to examine the potential 
effect of hydrogen peroxide on the con vers ion of MbO, to 
MetMb . Thymo l-free catalase will be added at a levei of 
3m mol per mol heme (Watkins et al. 1985, Brantley 1993). 

Western Dairy Center 

Aft er preparation, samples will be hand led amd spectra 
obta ined as outl ined above. Five complete repliicaes will 
be performed. 

Preparation of samples to examine the • efect of 
partial pressure of oxygen. 

Samples wil l be prepared as out lined for li> id-free 
model systems. To obtai n samples with four initiial Jxygen 
levels (none = 0 mm 1-lg part ial pressure = vacuun ; low 
= 2 mm J-I g = 2.6% oxygen; atmospheric= ISO mn Hg = 
20% oxygen: high = 600 mm Hg = 80% oxyge,n) model 
systems will be flu shed with the appropriate gas tlhet sealed 
with oxygen impermeabl e caps. Gas cyli nders c;eri fi ed 10 
cont ain the desired oxygen concentration (2.6% , .201o, 80% 
oxygen , with the rema inder as nitrogen) will be IUS<d. 

Preliminary studies wi ll be conducted to de·ermine 
the time needed to bubble the gas through th1e 'o lution 
in order to obtain the des ired oxygen concemtntion in 
the headspace and in solution . Actual headspa1ce oxygen 
concentrat ions will be measured with a bencht<Jp oxygen 
headspace analyzer (Illino is Inst ruments , Ingleside , JL). 
Spectra will be obtained as outlined above. Five comp lete 
replicates wi ll be performed . 

Preparation of samples for examimation1 of 
concentration dependence. 

Samples wil l be prepared contai ning var-yi ng iron 
concentrations (35, 180, and 350 J1 M added iron ). Comtrol 
(0 p M added iron) will consist of equal parts 1Mb0

2
, and 

MES. Addi tional "control" samples will be prep>ared 
containing 2 mg/ml MM or STP, to che late any ' ·' free'' iron 
in the MhO, stock. and to prov ide for an essent ially !iron­
free system .' Representati ve spectra (400 - 650mm) wiill be 
obtained every 5 minutes for 1 hour. for a total 0 1f 13 s'cans 
per sample. 

Objective 6: Effect of various antioxida111ts ({MM, 
Trolox, Eugenol , Rosemarinic Acid) <on !Raw 
Ground Beef Appearance and Cooked Gro>und 
Beef Sensory Acceptability. 

Preparation of ground beef. 

USDA select grade beef shoulder c lods w il ll be 
purchased and used for preparation of ground beef \W ithin 
I week postmortem. Clods will be first cut into 2.:5 em 
thick strips. Beef trim wi ll be prepared by coarsel y 1(0.60 
em plate) then finely (0 .32 e m plate) grind ing the sttrips . 
pH of freshl y ground bee f wil l be measured, mut t will 
not be cont ro lled. Antiox idants (milk mineral, Ti'rolox 
(water-soluble vitamin E). e ugenol, rosemarinic ac:id)) wi li 
be manu all y mi xed with the meat at appropri ate hlevels 
to be determined in preliminary studies. and re-·grlfound 

page 8 Annua l Report 2009 



Iron-binding by milk mineral : a possible antioxidant and anti-microbial mechanism I D. Cornforth 

throu; h the fine plate. Four portions ( 130 g each) for each 
treatmen t will be flattened to a thi ckness< 12 mm , to allow 
for C>mplete oxygenation of the sample interior in the 
high >xygen atmosphere . The flattened samples will then 
be flt shed and sealed in 80% oxygen MAP and held for 
I , 4 , 7. or 14 days at 2° C. The gas cylinder containing 
80% )Xygen and 20% carbon dioxide w ill be cet1ified to 
be w(hin ± 0 .5 % of the indicated mixture. Actual oxygen 
concmtrat ion in MAP will be directl y measured using an 
oxygen gas ana lyzer. MAP samples will be held under 
refri[l'ration until analyzed for MbO, con tent , Hunter 
color and thiobarbituric acid reactive substances (TBARS) 
at I ,' · 7 , or 14 days: these analyses w ill a lso be conducted 
o n tru fresh ground beef the day of preparation. A final 
po rtion ( 100 g) from each treatment will be placed in a 
vacuun bag and frozen at - 20° C for later determination 
of fa1 and non-heme iron content. Five complete replicates 
will ie performed. 

Oxymyoglobin determination. 

Con version of MbO, to MetMb will be confi rmed 
spect·opho tometrically. based o n the presence of the 
char:cteristic MbO, peaks at 545 and 580 nm (Bowen, 
19 49•. Refl ecta nce -spectra (400-650 nm) o f meat samples 
will! 'e obtained in dupli cate. Due to varyi ng fat and 
tonal myoglobin content between meat batches , it may be 
ne·ce~sary lO normali ze refl ectance value~ fur ~ l<:tl i s t ical 

anal)sis. Normali zation will be based on the initial total 
m:.yo~ lobin concentration, to be determined immediately 
afner he initi a l grinding step (prior to antioxidant addition). 

Hunter color measurement. 

l he L *, a*, and b* values will be measured using a 
HIU nCr lab Mini scan portable colorimeter (Reston , VA) , 
st:ancardized through the pac kaging film us ing a white and 
bhad standard tile. Five color measurements will be taken 
pe:r stmple. 

'BA analysis. 

1he thiobarbituric acid reactive substances (TBARS) 
aSism wil l be performed as descri bed by Buege and Au st 
(1 197:). Briefly , duplicate ground beef samples (random 
o.:5g cores) will be mixed with 2.5 ml of stock solut ion 
comt:in ing 0.375 % thiobarbituric acid , 15% trichloroacetic 
ac;id .and 0.25 N HCI. The mi xture will be heated for 10 
miin n a boiling water bath (I 00°C) to deve lop a pink color, 
CO>OI•d in tap water, and then centrifuged (4,300 x g for 10 
mtin) The absorbance of the supernatant will be measured 
sp>ecrophotometrically at 532 nm . 

Microbia/load. 

Total aerobic counts wi II be taken on beef samples 
after grind ing, and at days I , 4 , 7, and 14, based on AOAC 
method 990.12 (AOAC 1995). Brie fly , II g of sample 
will be sto mached in Butterfield 's phosphate diluent. 
Subsequent di lutions will be plated using PetrifiJmT" 

aerobic count plates (3 M Corporation , St. Paul, M N) , 
then incubated at 32°C for 48 hours . Colony counts will 
be taken and results interpreted as per the manufacturer 's 
g uidelines. All samples will be plated in duplicate . 

RESULTS AND DISCUSSION 

Funding for thi s project was received September I , 
2006. Technician Kari n Allen has completed objective 
I ( iron-bi nding measurement of MM and other calcium 
phosphate compounds) , objecti ve 2 (microscopy of MM 
added to ground beef , and scanning electron microscopy of 
MM particles with regard to iron binding) , and objective 4 
(Effects of added iro n o n Myoglobin (Mb) Oxidation in a 
Model system). 

Objectives 1 and 2. 

MM was compared to sodium tripolyphosphate 
(STPP), calc ium phosphate mo nobasic (CPM ), and 
calc ium pyrophosphate (CPP) to determine iron-binding 
capacity. sample sol ubility, and eluate so luble phospho rus 
after treatment of samples in glass columns with I mg/ml 
ferrous chloride. Scanning electron microscopy with energy 
dispersive x-ray analysis was used ro locali ze minerals on 
iron-treated MM part icle surfaces. Histochemical staining 
for calcium was also performed on raw and cooked ground 
beef samples with added MM. MM bound more iron per 
gram (P < 0 .05) than the other compounds and was much 
less soluble (P < 0.05) than either STPP or CPM. Mineral 
localization showed an even di stribution of calcium , 
phosphorus, oxygen, and iron across the MM particle 
surface , directly demonstrating iron binding to MM 
particles. Unlike other common chelating agents, such as 
STPP and citrate , hi stochemical staining demonstrated that 
MM remained insoluble in g round beef. even after cooking . 
The ability of MM to bind iron and remain insoluble may 
enhance it s antioxidant effect, by removing iron ions from 
solution . However, MM particles must be small and well 
distributed in order to adequately bind iro n throughout the 
food system . 

Objective 3. 

04 2008. 

Rossarin Tansawat conducted control studies on the 
stability of MM or STP after autoclave heating. to better 
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understand prev iou s resu lts. She found that when solutions 
of 0.5% STP in dist illed water or tryptic soy broth (TSB ) 
were autoclaved , orthophosphate concentrations increased 
to 3.79 mg Pi per ml in TSB but remained at zero for STP 
in water solution. Thu s, there was some effect of TSB 
solution to degrade STP to orthophosphate (Pi) du ring 
autoclave heati ng. When MM (0.75 %) was added to 
water, measurable Pi was found even at room temp ( 1.65 
mg Pi/ml ). but after autoclave heating, Pi levels increased 
to 2.89 mg Pi /mi. When MM was added to TSB solution 
to a level of 0.75 % MM , Pi levels were 1.43 mg Pi /mi. 
and increased to 4.02 mg Pi/ml after autoclave heating . 
Again , there was some effect of TSB solution to increase 
Pi level s after heating . The degradation of STP to Pi in 
heated TSB does not appear to be an acid hydrol ysis effect. 
since TSB solutions were buffered to pH 7.3. We postulate 
that microbia l phosphatases were present and active in the 
warm-up time prior to reaching autoc lave temperatures , 
and that STP was degraded dur ing this period . The 
increase in Pi after heating MM solutions was probably 
a heal so lubilization of MM phosphates , although the 
poss ibi lity that some enzymatic degradat ion of MM was 
occurring cannot be ruled out. Rossarin also conducted 
an experiment to measure aerob ic pl ate count (APC) and 
inorganic 011hophosphate phospha!e (Pi) in ground beef 
patties formulated with 0.5% STP or 0.75 % MM . and 
incubated at 2or 22 ' C for 2 days. There was a lmost no 
increase in A PC or Pi for 2 days at °C. However, both A PC 
and Pi increased significant ly in pallies he ld at 22' C. MM 
was more stable (Pi increase was Jess) for MM vs STP 
patties. There was a high correlation (r = 0.77) between 
aerobic plate count and Pi levels of ground beef pallies at 
22'C. Thus, there is good indicat ion tha t MM is more stable 
than STP added to fresh ground beef patties, particularly 
at higher temperatures (22'C) conduc ive to rapid bacterial 
growth. It al so appears that microbial phosphatases are 
responsible for at least some of the degradation of STP that 
occurs when thi s compound is added to ground beef patties. 
Next steps include publication of thi s data in the MS thes is 
of Rossarin Tansawat and submi ss ion of a manuscript on 
thi s topic to an appropriate journa l. 

Q1 2009. 

Pol yphosphate decomposition to inorganic 
monophosphate (Pi ) was measured aft er addition of sodium 
tripolyphosphate (STP) or mi lk mineral (MM) to ground 
beef pallies. The Pi level as % of added STP increased from 
5.9% in itia lly to 29.0% after 2 days at 22' C. The Pi level as 
% of added MM did not increase (21.7% Pi initially, versus 
20.3 % after 2 days at 22' C). Thus, STP was susceptible to 
decomposition to Pi when added to grou nd beef, but MM 
was not degraded. However, there was a significant amount 
of MM phosphate that was read ily released as Pi when 
MM was initially added to ground beef. Simi lar result s 

were observed when polyphosphates were added to ~round 
beef and he ld at 2'C, rather than 22'C for 2 days. fh e Pi 
leve l as %of added STP increased from 5.9% imitJa lly to 
35. 1% after 2 days at 2' C. The Pi leve l as %of addtd MM 
increased only slightl y (21.7% Pi initiall y. and 34\.0'1 after 
2 days at 22'C). 

MM released more Pi than STP whe n added to tryptic 
soy broth , then autoc laved at 12l ' C for 15 min . Fer MM , 
Pi as % of total added MM po lyphosphate was 39 3% on 
day zero , but di d not change after 2 days at 22'C (40 .3%). 
STPdecomposition was lower (22. 1% and 24.9% a fer 0 or 
2 days at 22' C, respectively. Simi lar results were found at 
2' C. STP decomposition was 23.6 and 28.2% (as Pi) aft er 0 
or 2 days at 2'C, respectively, compared to 44.0 a nd46.7% 
for MM after 0 or 2 days at 2' C , respect ively. 

Q2 2009. 

Rossarin Tansawat presented 2 posters on her wor·k at 
national meetings. 

At IFf in Anaheim. she presented data c-ompa_ring 
stability of M M and STP added to ground beef (STP was 
more prone to hydrolysis to Pi). 

At RM C in Rogers , AR, she presented data sho,wing 
th at MM was not inhibitory to Li steria innocua . E. coli 
DH5-a, or Pseudomonas fluorescens in med ia. nmr to 
aerobic plate count (APC) in ground beef. It appe•rs that 
in spite of the ability of MM to bind ionic iron , then·e is 
sufficient ht>me iron and other available iron {perlhaps 
ex isting as iron-amino acid chelates) in media and nneat 
to support growth of iron-dependent bacteria. Ros~ari in is 
currently worki ng on a manuscript summari zi ng thi s tdata 
for subm iss ion to the Journal of Food Science. 

Objective 4. 

A model system was used to study the effect of nonh•Je me 
iron on myoglobin oxidation at pH 5.6 and pH 7.2 all 23 
' C . The add ition of ferrous iron significantl y ( p< OJ.05) 
increased the rate of myoglobin oxidation in the abscence 
of lipid , demonstra ting that iron promoted myogldobin 
ox idat ion independent of the effect of li pid oxidation . . The 
addition of the type 11 , iron chelat ing antioxidants soddium 
tripolyphosphate (at pH 7.2) or milk mineral (at pH 5.6) 
negated the effect of added iron , slow ing oxi datioon of 
myoglobin. A clear concentration dependence was ~ seen 

for iron-stimu lated myoglobin oxidation, based on l both 
spectral and visual ev idence. Further investigat ioon is 
needed to determine the poss ib le role for nonheme ferrrous 
iron on myog lobin ox idation in vivo or in meat. 

Objective 6. 

Daren Cornforth and Karin Allen deli vered an inw ited 
presentation at the Reciproca l Meat Conference (RRMC) 
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in Rogers. AR summari zing the effects of MM to prevent 
both li pid oxidation (ranc idity) and myog lobin oxidation 
(browning) in fresh ground beef, with part icular application 
for ground beef in 80% oxygen - modified atmosphere 
packaging. 

03 2009. 

Effects of Type I antioxidants eugenol and rosmarinic 
acid were compared to those of Type IT ant ioxidants milk 
mineral (MM ), sodium tripolyphosphpate (STPP), and 
phytate in raw ground beef he ld for 14 days at 4' C in oxygen­
permeable po lyvinylchloride. Meat color stab il ity was 
measured as % oxymyoglobin , Hunter a* value , chroma, 
and hue angle. Significant correlations (P < 0.000 I) were 
observed between al l color measurement methods. By day 
14 , STPP-treated patties lost more red co lor (P < 0.05 for 
a* and hue angle) and had higher thiobarbituric acid values 
than ot her treatments. By day 14, MM was as effective 
as eugenol and rosmarin ate at preventing oxymyoglobin 
ox idation (72. 76, and 71 % retai ned, respect ively) and red 
co lor loss as measured by a* (9.2. 9.4, and I 0 .9), hue angle 
(58.4. 56.2, and 53.5), and chroma (17, 17 , and 18) but 
was un able to inhibit microbial growth as effectively as the 
spice-derived antioxidants. [This work is currently under 
peer review for publication in "M eat Science", authored by 
Karin Allen and Daren Cornforth!. 

04 2009. (Final Report). 

The paper described above (Q3 2009) is still under 
peer review for publication in ''M eat Science" , authored by 
Karin Allen and Daren Cornforth. 

The final paper from this project is currentl y in 
preparat ion for submission to ''Meat Science". Thi s is the 
work by Rossarin Tansawat. described above (Objective 3 , 
for Q4 2008 and Ql 2009). In summary, she found that 
milk mineral added to ground beef or to microbia l cultures 
was not inhibitory to Salmonella or E. coli spec ies, even 
though these organi sms are known to require iron for 
growth and MM is known to be an efficient iron-chelating 
compound (A llen K , Cornfort h DP. 2007. Antioxidant 
mechanism of milk mineral - High affin ity iron bindi ng. 
J Food Sci . 72:C78-C83). The ex planation for thi s 
apparently incongruent result is that meat or media used to 
grow these pathogens cont ained sufficient non-ionic iron 
(he me iron or protein-bound iron) to meet the growth needs 
of these organisms , even if all ionic iron was chelated to 
added milk m ineral. This paper wi ll further describe 
Rossarin 's resul ts demonstrat ing that MM added to minced 
beef was more resistant to enzymatic degradation than 
sod ium tripolyphosphate (STP: the most commonly used 
ant ioxidant in enhancement-injected fres h bee f products). 

CONCLUSIONS 

One new student (Rossarin Tansawat) has just begun 
working on objective 3 (possi ble anti-microbial effect s of 
milk mineral (MM). Fish fil ets (tilapia) were dipped and 
held for 30 seconds o r 24 hr in solut ions of 0.9% sodiu m 
chloride (cont rol) , 2% lactate/d iacetate (a widely used anti ­
microbial so lution). or I% mi lk mineral. Aerobic plate 
counts (APC) were conducted on fi lets after I , 5, and 9 
days storage at 3'C. APC were not different from controls 
for any treatment when held only 30 sec in the treatment 
solution . However, APC were 1.5 and 0.5 log lower for 
samples he ld 9 days in lactate diacetate and mi lk mineral, 
respectively. 

So. MM had only a small anti -mi crobia l effect in 
mari nated fis h fil ets. 

A similar ex periment was conducted in ground beef. 
In tria l I , APC of contro l ground beef after 4 days sto rage 
at 2'C was 2 .3 x 106. In compari son, samples wi th I% 
MM had lower APC of I .5 x I 05 (about a 1-log reduction 
wi th MM treatment). Samples with 3% lactate/diacetate. 
a widely used anti -microbi al in meat products. had APC of 
4.1 x 105 . After 7 days storage. APC of all treatments was 
106 - 107. and there were no significlJnt differences among 
treatment s. In a second ground beef trial with low initial 
microbial load (I 0 I A PC/ g) , there were no signifi cant 
differences in APC among treatments at any storage time 
(I, 4, 7 days). 

Further work will conti nue on possible ant imicrobial 
effects in model systems and other food systems. New 
student Rossarin Tansawat will initiate the port ion of 
objective 3 regarding poss ible anti -microbial effects of 
MM again st food pathogens (Li steria , E. co li). She will 
initi all y inoculate test organ isms (Li steria inocula, E. coli 
K- 12, Psuedomonas viridescens) into culture media wi th 
and without I% MM . It will be necessary to de termine 
the iron level of media before add ition o f' MM . It will 
also be necessary to conduct preliminary experimen ts with 
inocul ated media with variable levels of MM (0. 1 - 2%) to 
determine the minimum leve ls of MM needed for poss ible 
anti-microbial effect s. 

Rossarin Tansawat has completed the USU lab safety 
train ing course and also completed training with M s. 
Becky Thompson, Lab Manager, USU NFS Microbiology 
Labs. on procedures for culturing, transferring, and plating 
the microorgani sms of interest in th is study. She has 
initiated tests of MM effects on growth of Li steria inoc ul a, 
E. col i DHSa, and Psuedomonas fluorsecens in Bra in Heart 
In fusion broth , Tryptic Soy broth , and Nutri ent broth , 
respecti vely. Each broth was chosen as the best medi a for 
growth of each organism, respecti vely. Each organi sm was 
inoculated into appropriate broth to obtain a vigorously 
growing culture , whi ch was serially diluted and plated onto 
3M aerobic plate count petrifilm. Vigorous cultures have 
been obtained for Li steri a inocula and E. coli DH5 a but 

Western Dairy Center page 11 Annual Report 2009 



Iron-binding by milk mineral : a possible antioxidant and anti-microbial mechanism I D. Cornforth 

not Pseudomonas fluorescens . We have placed an order 
for a new frozen culture of Pseudomonas fluorescens from 
American Type Culture Collection (ATCC; Manassas. VA). 
ln the meant ime, experiments will continue with Li steria 
inocul a and E. coli DH5a to compare organism growth in 
control med ia. compared to media contain ing 0 , 0.75. and 
1.5% milk mineral (MM). 

Karin Allen has begun experiments on objecti ve 6: 
Effect of var ious antiox idants (MM . Trolox. Eugenol, 
Rosemarinic Ac id) on raw ground beef appearance and 
cooked ground beef sensory acceptability. She has found 
that rosmarinic acid is a very fast reductant of ferric 
iron to the ferrous form aqueous solutions. In a model 
system containing myoglobin (Mb) , iron (Fe). and various 
antioxidants, myoglobin remaining after 60 min was as 
follow s: 

Mb +Fe + Rosmarinic acid - 9.9% Mb remaining 
(a). 

Mb +Fe+ Eugenol - 37.3% Mb remaining (b). 

Mb+ Fe - 53.8%c 

Mb + Fe + Phytate - 60.4% d 

Mb only- 63.3% d 

Mb + Fe + sodium tripolyphosphate (STP) -
67.7 % Mb remaining (d). 

Thi s result is quite interesting regarding the mechanism 
of Mb oxidation. The type I antioxidants (hydrogen donors: 
rosmarin ic ac id and eugenol) act to rapidly reduce ferric 
iron to ferrous. The ferrous iron in turn forms a putati ve 
complex with oxygen that facilitates the transfer of an 
e lectron from the heme iron of Mb to oxygen. forming 
superoxide and Met Mb (brown pigment formation). The 
type 2 antioxidants (iron chelators: Phytate and STP) are 
much more effective at preserving Mb and preventing 
formation of metMb. So , this experiment suppor1s the 
hypothesis that soluble ferrou s iron great ly stimulates Mb 
ox idation in aerobic environments. Al so, this result again 
demonstrates the powerful antioxidant effects of MM to 
prevent brown color formation in fresh meats. 

Karin has completed one addit ional experiment 
comparing the effect of antioxidant s on myoglobin 
ox idation as affected by oxygen concentration in the 
solut ion. She has constructed an apparatus to obtain 
oxygen concentrations of zero (under nitrogen), 2 % 
oxygen, 20% oxygen (atmospheri c), and 80% oxygen. 
To obtain these oxygen concentrations, she purchased gas 
cy linders of 100% nitrogen, 2% oxygen+ 98% nitrogen, 
compressed air (20 % oxygen), and 80% oxygen + 20% 
nitrogen. The apparatus con sists of tubing connecting 

the gas cylinders wit h appropriate regulators to glas ~s jars, 
fitted with glass inlet and out tubes and stop cocks, s:o that 
the jar may be fl ushed wi th the desired gas. The s:ample 
cuvettes containing myoglobin+ antiox idant solutiOJns are 
placed in the jar, the lid is tightened , the air is repl aced by 
flu shing with the des ired gas, and then the inlet and outlet 
stopcocks are c losed to to maintain the desired atmosphere 
for up to 24 hrs. She has com pleted one run with 
myoglobin + rosemarinic ac id in both 80% oxyge:n and 
2% oxygen. She verified with an oxygen probe an,alyzer 
that the des ired oxygen atmosphere was obtained .. She 
found that in presence of myoglobin +iron+ rosennarinic 
acid, myoglobin oxidation proceeded rapidly, at botth 2% 
or 80% oxygen. Thu s, 2% oxygen level was not li tmi t ing 
to myoglobin ox idation in presence of ferrous iron .. She 
is currentl y conducting further experiments to ev·aluate 
poss ible interactions of oxygen level, with or \Without 
added iron , and wi th or without various antiox idamts ~ on 
myoglobin oxidation rate (measurements taken at 15 
min , 60 min , 2 hr, 4 hr , 8 hr. and 24 hr in the appropriate 
atmosphere). 

04 2007. 

Karin Al len has completed her final expelfiiment 
(described above). In summ ary, she evaluate:d the 
interaction effects of oxygen leve l (2.6. 20.80% oxyg;ent) on 
rate of myoglobin ox idation to metmyoglobin (brmwming) 
in a control so lution (200 rnicromolar rn yogiobim , pH 
5 .6). a myoglobin solution w ith 2 micrograms/ml adlded 
ferrous chloride , or myoglobi n + iron + 0.3% s;odl ium 
tripolyphosphate (STP - an iron-binding compoun•d) ., for 
15, 30, 45 , and 60 min at 20°C. Des ired oxygen levels 
were obtained by flu shing (bubbling) the solution writhl the 
desired oxygen level. The 3 oxygen levels were punch:ased 
as gas cy linders from PraxAir (Salt Lake City, UT), cert iified 
to conta in oxygen at the desired levels. The remaimdrer of 
the gas in each cylinder was nitrogen. 

Karin repeated each treatment interaction 5 ti1mes, 
and she is currentl y conducting statistical anai )Ysiis of 
the results. It was apparent that iron addition stimlllllated 
myoglobin oxidation at 2.6% and 20% oxygen , but mt f80% 
oxygen, metmyoglobin format ion was lower. S;octlium 
tripolyphosphate additon also lowered metmyo>gilobin 
format ion at 2.6 and 20% oxygen, but at 80% mxyrgen, 
there was no combined effect of STP and hi gh oxy1geen lo 
lower metmyogblobin levels. Hi gh oxygen le vels; a:lione 
were about as effective as high oxygen+ STP to pJrrevent 
metmyoglobin formation in the model system duriingg the 
I hr incubation period. These results are import1amt in 
understanding the fac tors (iron, oxygen levels) afffeccting 
browning in fresh meats packaged by various mQOdjified 
atmosphere packaging methods. 

Rossarin Tansawat has recently completecd one 
replication of a study with lean ground beef packafgeed in 
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high (80%) oxygen mod ifi ed atmosphere packag ing. to 
compare the stability of added STP or milk mineral (MM). 
Inorganic phosphate levels increased aft er 2-3 days in 
meat + 0.3% STP, compared to meat+ 0 .75% MM . Thi s 
result indicated that phosphatase enzymes from either the 
meat o r from bacterial growth in meat were degrading 
the added STP. Thi s provided part ial expl anation for the 
increased antioxidant e ffects of MM , compared to STP, 
when added to ground meats. If the STP is degraded to 
inorga nic orthophosph ate, it would have less affi nity for 
so luble iron. Thus , at longer storage t imes , meat + STP 
would have higher free iron, and thus more lipid oxidation, 
compared to meat + M M . The added MM appeared to be 
less suscepti ble to degradation by phosphatase enzymes, 
compared to added STP. 
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Internal structure analysis. 

Sec Southwes t Dairy Foods Research Ce nte r re po rt. 

Mechanical testing. 

See South wes t Dai ry Foods Research Center repo rt. 

Sensory analysis. 

See South west Dairy Foods Research Cent er report. 

Objective 2. 

Microparticles. 

Obtain Scphndcx G-50 c<1rbohydra te heads of thn.:e 
differe nt siles: medium ( 100 to J OO pm). line (40 to 160 
)1111 ). and super line (20 to 80 I' m). 

Cheese manufacture. 

Make a control full fat (~~%) control reduced fat 
cheese ( 165rlh), contro l low fat (6?C) and corresponding 

mic roparticulatc (MP) cheeses us ing the Sephadex Ci -)0 
beads. 

Manufacture c hedd<lr cheese us ing 10 L of 
sknn 1111lk :-. tandardi 7cd w ith cream so that the 

resultant c heese contains .n%- f<lt a nd ~7'h 
mo isture . 

Manufacture c heddar cheese us ing 10 L 
o f skim milk to w hich is added ~70 g o f 

hydrat ed medium . t-ine o r superfine Sephadcx 

G-50 beads. M <lk e adjustments to the make 
procedure to obtain cheddar cheese with 

approx . 6So/r moisture [Assume 90%- yicld 
into cheese so that beads occupy abo ut 33o/r 
of the volume of the final cheese, a nd that thi..! 

heads consist of86% moisture .! 
Manufac tu re SOo/r reduced fat cheddar c h!..! I..!Sc 

us ing 10 L of skim m il k stan dardi zed w ith 
crl..!am so thai the resultant cheese contains 

165% fat and 46% moist ure . 
Manufacture SO% reduced fat cheddar c heese 

us ing 10 L of skim mi lk to w hi ch is added 
185 g of hydra ted med iu m , [inc o r superfine 

Scphadex G-50 beads. Make adjustme nts 

to the make procedure to obtain cheese with 

approx . 60'« moi sture 
Manufac ture low f<lt cheddar cheese us ing 10 
L of skim milk s tnndardi zed w ith c ream so 

that the rcsultant cheese contains 6o/r fat and 

)2 o/r mois ture. 
Manufactun.: low fat cheddar cheese us ing. 10 

I. of re duced fat mi lk to wh ich is Clddcd 65 g of 

hydrated medium. lin~ or superlinc Sephadcx 
G-50 beads. Make adjustme nt s to the make 

procedure to obtain cheese wi th approx . )7 fJc 
moisture 

Make 2 replicates of each c heese. 

Chemical analysis. 

Mea sure pl-1 by glass electrode . salt by chloride 
analysis, moisture by vacuum ove n . fa t by Babcock, 

protein hy combust ion N. calcium and ot her mineral s by 

IC'P spectroscopy at Utah State Un ive rs ity, a nd measure 
water Clc ti v ity. 

Storage. 

The c heeses w ill sto red at 6°(' and phys ica l tes ting 
performed w hen the c heese i~ I mo. and 4 mo o ld . 

Mechanical testing. 

Sec Sout hw<..~st Dairy Foods Research Center rc 1Xlrl. 

RESULTS AND DISCUSSION 

Objective 1. 

Cheese make procedures were dev!..! lopcd for making 
c heeses w ith fat contenh rang ing from Y~ to ~y~ that all 
had comparablt! prote in matrix composition , i .l;!., only the 
fat volume in the cheese was diffe re nt. Thl! li n.. t re plica te of 
c heeses we r..:: manufac tured at Utah State Un ivers ity with 

targe t fat content s of3. 8. 13, 18. D , 28 am1 33% (Table 2). 
As shown below the proximate compos ition obtained at day 
5 (± I ) was c lose to th..:: target compos ition . exc..:: pt for the 

salt levels and pl-1 . These were higher thnn planned in the 
first few chet!ses made. a nd so the remai nde r wcre made in 

a s imil ar fa shio n w ith salt -in-wa ter content s of about 4.7 o/r. 
w hi ch is more typical of regular full fat l:heddar c heest! 

anyhow, and pl-1 of the second se t of c heeses W<IS wit hin 

target (Tab le~). The cheeses were bcing stored at 6°C and 

sent for rheo logical and tex tu re s tudies at North Carolin a 
Statc Unive rs ity. 

Confocal microscope images obtained at the Western 

Dairy Cen ter show distribution o f fat in thl! curd particles 
as shown in Figure I ·n1e low fat c heeses show sma ller 

fa t g lobules. As fat lk increases. fat g lobuks appear to 

incrt!asc in s ize. 
See Southeast D<lii)' Foods Research Ccn te r report for 

results o n rheological and sensory tcs ting . 

Objective 2. 

Sec Southt!ast Dairy Fonds Rcsearc h Center repo rt for 
result s on rheological and sensory testi ng . 
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Table 2. Proximate analysis data for Rep 1 cheeses . 

Make % Fat %Moisture % Salt % MNFS %Salt in H20 pH 

Date Target Actual Target Actual Target Actual Target Actual Target Actual Actual 

3/11 /08 3.0 3.0 52 .80 53.03 2.10 2.56 54.43 54.67 3.98 4.83 5.40 
3/25/08 8.0 8.5 50.10 49.60 2.00 2.09 54.46 54.21 3.99 4 .21 5.30 
3/4/08 13.0 15.5 47.40 46.82 1.90 2.20 54.48 55.41 4.01 4 .70 5.58 
3/5/08 18.0 20.3 44 .60 45.35 1.80 2.03 54 .39 56.90 4 .04 4.48 5.52 
3/18/08 23.0 23.0 41 .90 43.39 1.70 2.04 54.42 56.35 4 .06 4.70 5.37 
3/19/08 28.0 28.8 39.20 40.04 1.60 1.96 54.44 56.20 4.08 4 .90 5.46 
3/26/08 33.0 33.0 36 .50 37.45 1.45 1.85 54.44 55.90 3.97 4 .94 5.46 

Table 3. Proximate analysis data for Rep 2 cheeses . 

Make % Fat % Moisture % Salt % MNFS % Salt in H20 pH 
Date Target Actual Target Actual Target Actual Target Actual Target Actual Actual 

3/11 /08 3.0 2.5 52.80 53.42 2.10 2.13 54.43 54 .79 3.98 3.99 5.29 
3/25/08 8.0 11 .0 50.10 47 .18 2.00 2.09 54.46 53.01 3.99 4.44 5.23 
3/4/08 13.0 15.0 47.40 46.48 1.90 2.17 54.48 54 .68 4.01 4.68 5.42 
3/5/08 18.0 20.0 44.60 43.73 1.80 1.87 54.39 54 .66 4.04 4.27 5.30 

3/18/08 23.0 24.0 41 .90 41 .24 1.70 1.87 54.42 54.27 4.06 4 .53 5.27 
3/19/08 28 .0 29.0 39.20 39.66 1.60 2.07 54.44 55.86 4.08 5.21 5.29 
3/26/08 33 .0 33.0 36.50 37 .94 1.45 1.75 54.48 56.63 3.97 4.60 5.19 

.... i.. •·.. • • ~ ' . ' . • . . . ·~- . . • 
• . :;· • :~ . -~· · · ;: ; ",'.: ··: ~~ ·~·~ , .• • • '4 
. . . ; t· . • . . .: • ; . ....... . , ~. . . ..... t 
. ··; -:~~: :, : · .. ; ~'-'.:! .. . .• • ... • ~ • •• t . ·. ; .. .· .. <":;: :~ ·. : ~~-~ . ~ ~~t.s.· ,: ~··;. . ~ 

.· ,.,.... . . . ... . . , . . --: . • . '!JIO"I . .· 
· ·· il' .... '• . . J • : • · ~ • • . . .. '. 

t ..... ..;_;.~ ·. . . )' ... , ., . . ·. • ... . .. .. . " •. " • ..1 • 11 • ""' ... ~ . ... . .... . . . . .. ;--.. 
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Figure 1. Confocal microscope images showing distribution of fat (ora nge ) and protein (green} 
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Table 4. Proximate analysis of cheeses . 

Make Date Experiment Rep 

1/6/09 Seph_Low Fat _SF Rep 1 LF 
1/6/09 Seph_Low Fat_ Fine Rep 1 LF 
1/6/09 Seph_Low Fat _Med Rep 1 LF 
1/6/09 Seph Low Fat Crt I Rep 1 LF 

1/21 /09 Seph_Reduced Fat _SF Rep 1 RF 
1/21/09 Seph_Reduced Fat _Fine Rep 1 RF 
1/21/09 Seph_Reduced Fat _Med Rep 1 RF 
1/21 /09 Seph Reduced Fat Crtl Rep 1 RF 

2/10/09 Seph_Full Fat SF Rep 1 FF 
2/10/09 Seph_Full Fat_ Fine Rep 1 FF 
2/10/09 Seph_Full Fat _Med Rep 1 FF 
2/10/09 Seph Full Fat Crtl Rep 1 FF 

4/17/09 Seph Low Fat_ SF Rep 2 LF 
4/17/09 Seph_Low Fat_ Fine Rep 2 LF 
4/17/09 Seph_Low Fat _Med Rep 2 LF 
4/17/09 Seph Low Fat Crtl Rep 2 LF 

4/30/09 Seph_Reduced Fat _SF Rep 2 RF 
4/30/09 Seph_Reduced Fat _Fine Rep 2 RF 
4/30/09 Seph Reduced Fat _Med Rep 2 RF 
4/30/09 Seph Reduced Fat Crtl Rep 2 RF 

6/2/09 Seph_Full Fat SF Rep 2 FF 
6/2/09 Seph_Full Fat _Fine Rep 2 FF 
6/2/09 Seph_Full Fat _Med Rep 2 FF 
6/2/09 Se[!h Full Fat Crt I Re[! 2 FF 

CONCLUSIONS 

Objective 1. 

When the moi sture to prot !.! in ratio is held constant , the 
ma in differe nces seen are due to relative amo unt s of the 
gel and f<H pha o;cs . Ag ing causes a grad ual dccn::asc in G ' 
and thi s is most log icall y assoc iated w ith changes in the 
gel network but not the fat. Both the protein network and 
fat are affected hy temperature but it appears that the majo r 
effect is due to fat. 

Objective 2. 

See Southeas t Dairy Foods Research Center report for 
results on rheologit:al and sensory testing . 

% Moisture % Fat % Salt pH 

58.26 1.0 2.18 4.88 
56.76 1.0 2.10 4.95 
56.43 1.0 2.12 4.99 
53.04 5.5 2.10 4.96 

54.65 6.0 1.86 5.00 
57.17 5.5 2.08 4.95 
52.65 8.0 1.81 5.05 
48.13 15.5 1.92 5.07 

58.5 3.0 2.26 4.81 
55.64 3.5 2.50 4.95 
53.7 3.0 2.20 4.79 
40.8 30.0 2.40 5.23 

59.5 2.0 1.82 5.16 
57.9 2.5 1.70 5.16 
56.39 2.0 1.72 5.16 
54.13 7.0 1.68 5.08 

60.02 2.0 2.22 5.22 
58.44 2.0 2.18 5.25 
56.98 3.0 2.10 5.24 
50.9 16.5 1.92 5.25 

- - --· 

58.94 1.5 2.30 5.23 
55.31 2.0 2.08 5.16 
54.04 2.5 2.12 5.30 
41 .51 28.5 1.72 5.15 

NEXT STEPS 

Objective 1. 

Write manuscript for publication. 

Objective 2. 

Analysis of data and manuscript writing. 

REFERENCES 

Manuscripts and Abstracts 

lk1Ty, T. K .. Klok , ll . J., McMahon , D. J .• van de Vcldc , F and 
E. A . Focg~ding . 2009 . Struc ture o f low and full -fa t cheddar 
cheese as dl." tenn inl'd hy microrhcology. orb NIZO Dai ry 
Conk rl.'nce , Dai ry lng.n·dil.' nts: i nnova ti o n~ and functionali ty. 
Papl.' ndal. The Nc thL·rl ands, Sep ~0 - Oct I 2009 . 
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ABSTACT 

C'a rhohydrat ~ es te rs arc hiod t.:g radahl e and nontox ic and an: c urre ntly used in the food and pe rsonal can: industries. 
·rhcy have a variety o f doc umented activities inc luding antimicrobi al . insectic ida l , emulsi fi ca tion , and foaming pn)pc rtics . 

The <mtimi crobia l ac ti vi ty of carhohydratc es te rs has been de monstrated recent ly against food spo ilngc bac teri a and hach.Tia 
that are involved in the format ion of denta l car ies. O ve r 30 di fferent ca rbo hydra te este rs h<wc been sc reened with n.::sp-.!c t to 
an t i bac t ~ri a l acti vi ty. yet the r..: have bee n no publ ications to date on th~ synthesis . charac te riza tio n . and bioacti vity o f l ac to s~ 

es ters. 

BACKGROUND 

Review of literature. 

Justification. 

Carbohydrate fatt y acid es ters arc biodegradable . 
nontox ic and have broad applica tio ns in th L! food industry 

as well as o ther fi e lds inc luding cosmetics , dete rgents. 
ora l-care products . ag ric ul ture. and pharmaceuticals. 

T he ir antimicrobial. in s~c t icida l. and food func tio nal 

prope rties have hcen reported . The spec ific prope rties of 

carbohydrate esters de pends o n the charac te ri stics o f the 
fatty ac id es terified (gene ra ll y carbon length ), sugar mo ie ty. 

and number of fatt y ac ids este rified . Sucrose es ters arc 
tasteless, odorless . and a rc di ges ted by panc reatic lipases 

to thei r component s which a rc metabo li zed in the normnl 

way. llowcver they nre res is tant to degradation in the sa li va 

due to the absence of lipascs . S ucrose esters an.: stable at 
pl-l va lues between 4 and 8 and up to 180 C (Dcvul apallc 

et al. , 2004) . The most commonly produced sugar es ters 

include suc rose, sorbitan and akyl polyglycosidcs (Ta ble 

I) which are gaining increased attention due to ad vanta ges 
w ith regard to performance , health of consumers . and 

environmenta l compa tibility. 
As reviewed by ll ill and Rhode in 1999 . on ly a few 

carbohydra tt:s tit the c ritaia o f price for economica l 

productio n of c3rhohydra te es ters (Tabl e 2) . As o f 1999. 
th l!sc included sucrose, g lucose. and sorbitol. Interestingly. 

the c urrent price of lac tose is less that the above li sted 
carho hyclnl lc-. . Therdore . the product ion o f lac tose es ters 
wo uld he at least as econo mical as the cum: ntly produced 
e<.l rbohydrate l~s ters . 

Activity 

'fhc act iv ity of carbo hydra te esters de pends o n the 

type o f carbohydrate uses as we ll a s the ty pe o f fatt y ac id 
es terified (carbo hydrate chain length) and the degree o f 

es terif ica tion . Fo r exampl t.:: . carbohydra te es te rs conta in ing 
multiple long cha in fa tty ac ids (C I2-C! 8) a re commo nl y 

used in the food industry as emulsifi ers (i.e. avail able from 
Deg ussa Food Ingred ie nts . Da ni sco , Mitsuhishi -Kagaku 

Foods Corporation) (Tual ct al. . 2006) . The degree of 

es terifi ca tion influences the hydrophijjc-hydrophohic 

balance (IILB) that de te rmines its usefulness in either a 
wa ter in o il o r o il in wa ter em ulsion . 

In addition to the usc o f carbo hydrate este rs as 

emuls ifiers, there hns been signifi cant research on the usc o f 

carbo hydrate esters as antimicrobial or in sec tic ida l agent s. 
Recent research by Putc.rka c t al. (2003) tcs lcd the ac tivity 

of a varil!t y o f sugar esters o n the insectic ida l ac ti vity 

aga inst .a range of arthropod spcc il!s . O vera ll. mo st o r the 

carbo hydrate este rs examined had superior insectic idal 
ac ti vit y compared to insec tic ida l soap . Spec illca ll y,suc rose 

octanoic high in monoeste r content had the highest ac ti vity 
aga ins t th ~.: range o f arthropod pes ts at conce ntrati ons of 

1200-2400 ppm . Sorb ito l oc tanoic and xylitol deconotc 
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Table 1. Production and use of common carbohydrate esters (Hill and Rhode, 1999). 

Name 

Sorbitan esters 

Sucrose esters 

Alkyl 
polyglycosides 

Manufacturers 

Akeros , Dai-ichi Kogyo 
Seiyaku, Henkel, Kao , ICI , 
PPG, SEPPIC 
Croda , Oai-ichi Kogyo, 
Seiyaku, Mitsubishi 
BASF, Henkel, ICI , Union 
Carabide 

Applications 

Pharmaceuticals, personal 
care, food , coatings 

Food, personal care, 
pharmaceuticals 
Persona l care, detergents, 
agrochemicals 

Table 2. Availability of carbohydrates as raw materials. 

Carbohydrate Price per Kg 

Production (world 
tons annually) 

20,000 

4,000 

80,000 

Sucrose ' 0.8 
Glucose' 
Sorbitol ' 
Lactose' 

1 A11i and Rhode, 1999. 

0.55-1 .21 
0.80-1.70 
0.14 

2 Glanbia Nutritionals, personal communication , May 2006. 

also showed insectic idal ac ti vi ty. In ildditiont o the research 
of Pute rka et a!. (2003), other in ves ti gators hnve also 

sho wn cnrhohydratc es ters have insec ticidal ac tivity to soft 
bodied arthropods includi ng m ites, aph id s. whit !.! ll y and 
psy llids (Chortyk et al. , 1996; C hortyk , 200:1; Puterka and 
St:vt.:r~o n , 1995 ; Liu d ttl. , 1996; Liu <md Stausly. 1995 ). 

The an timicrobial activity of carbohydrate esters 
(6-0 -lauroylsucrosc ilnd 6 · -0- lauroylmaltosc. fru c tose 
la urate , and galactose laurah!) has been demonstrated 

recent ly against the food spoilage bacte ria /JarilluYJ sp . 
Barillu.v stearo!hermophilus , !Jtclobacillus (Ferrer ct a!. , 
2005) and two bac teria involved in fonnation ofdl! nt al caries 

forn1atio n , S!replococcus mulmts (Wantanabe c t a!. , 2000) 

and Streplococcus sobrinus(Devulapal le et al. , 2004). Ferrer 

et al. (2005 ) studied the effec t of sugar (glucose, sucrose . 
or maltosl!), length of fa lty acid (laur ic or palmitic) and 

degree of esterification (mono or d iester) on antimi crobial 
prope rties. They sy nthesized 6 d ifferent carbohydra te 

es ters inc luding 6-0 -lauroylsucrose, 6' -0 -la uroylma\tosc, 

6 ' -0 -palm itoy lma ltose , lauroy lsucrose, and lauroy lsucrosc 

and tested the ir an timicrob ial act ivity against a variety of 
organisms including Bacilus sp. , Pseudomonasjluorescens. 
Swphyloroccus aureus , Escherichia coli , Pichia jadinii , 
/Jaci/lus stearotht•rmophilus and Laclobarillus plawarum . 
6-0 -lauroylsucrosc and 6 '-0 -lauroylmaltosc were 

succt!ssful at concentrat ions of 0.25 to .'l mg/ml aga inst 

!Jarillm sp .. E. Coli. P. jadinii.IJ. s/earor!tennop!tilus and 
L. plawarum. For reference. suc rose este rs me used as 

emuls ifiers in food s at concentrations as high nt 10 mg/ml 
(Ferrer et al .• 200)). 

Watanabe et al. (2000) synthesized 2 :1 diffe re nt 

carbohydrate es ters from var io us sugars nnd fatty acids 

and evaluated the ir h<~ c t e ri os tati c ac ti vity against the 
cariogenic bacte rium StreplOf'Of'tfiS 11111/alls. Ga l a~C tose ;and 

fru ctose laurate showed the hi ghest bactl!rios tatic ac tivvity. 
Genera ll y. the carhohydra tl.! l!s lers contai ning Ia uric mcid 

as the fatty ac id were significantly more active than th10se 
containing capric . butyri c , capro ic, myristic o r p<t hmitic 
ac ids at concen trations as low as O.O i lff. 

Devulapalle et al. (2004) in vcstigan:ed the 

antimicrobial ~c ti v it y of lauroy ls ucrosc. lau rny lmal ttose 
and lauroylmalto triosc against the cariogenic hlacter iium 

S!replocorcus sobrinuJ. No bac te ria l growth was cktecc tcd 
in the liquid med ium suppl l.!mented w ith lcmroylnlaJtose ((0.5 

mg/ml) or with lauroy lma llose (I mg/ml) or lauroylsucrrose 
(2 mg/ml) . Other researchers have a lso demonstrated the 

an titnicrobial ac tivi ty of carbohydrate estl!rs (M;arsha\ll et 
al. , 1994; Bergsson e t al. , 2001 ; Ka to et al.. 1997)t . 

In general with t\:~per t to antimic robial ac ti vi tty. Gr;·am­

positi ve bacteria are more suscept ib le to carbohydnlte es;tcrs 

than Gram-negati ve bacte ri a and fungi are more smsceplliblc 
to carbohydrate esters than yeasts (Marshall . 19'94). ' The 

mechanism o f ant imicrobial action of these carbo hydlrate 

esters has not been el uc idated. It is IXJssibk: tlha t swgar 

esters d isrupt the ce ll membrane . thereby a l lle ring ~ its 
permeabi lity and caus ing a se lective leakage of g! lycollytic 

intenn ed iates. In /J. sublilis cells, there is a c:hangtc in 
morphology and induced a uto lys is result ing in cell dfcath 

(Ferrer e t al. , 200)) in the presence o f carbohydra1 te esLters. 
Consid l!ring that la uric carbohydrate este rs shtmvcdl the 

highest antimicrobial activ it y. we a re proposi ng t(o esteerify 
lauric acid to lactos~:. 
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Synthesis_ 

Various sugar es ters have been synthesized from 

socrose. maltose, leucrose, moltotri ose w ith acy l chains 
nnging form 2 to 18 carbo ns. There are two methods of 
cs:erifying fatt y ac ids to carbohydrates , one is chemica l 
mxlthe othe r is e nzymat ic us ing lipases. 

The chemica l process results in a high energy 
ccst , chem ica l was te, undesirahle by-product s and 
ht<tl!rogcncous esters (mi xture of compounds differing 
in the dl.!grec of esterili ca tion o n the pos ition of the acyl 
grJup on the sugar moie ty). The chemical procl.!ss is done 
tn:dt:r basic cond itions and result s di sad vantages including 
l o ~v sekctivity and yields and colored derivatives as sidc­
prvduct s. The enzyme-cata lyzed process is more selective 
and docs no t resu lt in off products (Ferrer e t a!. 2000) and 
can result in es ters that can he used as ingred i ~ nt s in food s . 

By controlling the degree o f' cs tcriflca ti on (enzyme type , 
solvent composition , rat io of reac tants. and temperature) it 
is poss ible to modify the ir properties. The fac to rs li sted 
(enzyme type. so lvent compositi on , ratio of n::actants , 
and temperature) arc intctTc!atcd with re-spect th t.! degree 
o f cstcrilication .. l.herc fon::. a response surf'al'e stati stical 
design is described in the me thods section. 

Lipasos (EC 3.1. 13) catalyze the hydrolysis of es ter 
linkages in acy lg lycerols in aqueous env ironments at the 
oil-w:.Hcr in terface l Inlier nonaq ueous environments. 
lipascs G ill catalyze the synthesis or intercsterification of 
triacy lglyccrols. T he optimum water levels for lipa-;c­
catalyted rcaclions vary from 0.042 (o/t-v/v) to as high 
as 50 ( ft v/v) depending on whether net estcrilication 
or 11t; t hydrolys is is sought (Balcao eta!. , 1996). The 
intcrl.!sterifkati on reac tio ns can be di vided in to three 
different processes: 1) ac ido lysis is the exchange of 
fany ac ids between acy lg lycero ls and free fatt y ac ids. 2) 

transcsterificat ion is th l.! c.:xchangc of fatty ac ids be tween 
two acylglyccrols. and .') g lyccrolys is is a reaction 
betw..:c n free fa tty ac ids or acylglycerols and glycerol. 
These acti vi ti es arc used to produce trans-free and 
structured triacylgl ycerols. Lipases can also catalyze the 
transc.:s tt:r ification reaction be tween free fa tty <1cids and a 
hydroxy l group o n sugars to form sugar es ters. Rece ntly. 
the usc of the immobili zed form of the lipase is prefen ed 
since immobiliLation improves the lipase stabi lity and 
act ivity and the en Lyme can he reused. The number of fa tty 
ac ids cstt:ri fi ed depends the type of solvent . thl! ratio of 
fatty acids to sucrose molecules and the type or enzyme 
used . 

Plou e t a l. (2002) screened a varie ty o f immohili L~:d 

lipascs for the acyla tion of di - and tri -saccharidcs wi th 
laurate and found four lipases which were capable o f 
catalyt ing this rl.'ac tio n e ffi c iently. These lipnses were 
fro m '/ flermmnyces lonuginosus. Candida anwrrtica and 
Pseudomonas. Each lipase showed a diffcrl.'nt specificity 

based o n the hydroxyl groups in the sugars. For example . 
w ith C. anrarcrica lipase and sucrose, OOth tht.: 6C-0 11 
and 6'C-01-1 groups were <H.:ctylatt.:d but with lipases fro m 
T. lanuginasus and Pseudomonas only the 6C -OI-I were 
acctyla tt.:d . With maltose, each o f the enzymes li sted 
above was spec ific only for the 6C'-O II . In general , the 
chem ica l reactivity o f sucrose hydroxy groups follow s 
tho ordor of 6Cl-10>6'C-011>1 ' COH>secondary-01-Is. 
The ratio o f sucrose to fatly ac ids in these cx r~ riment s 

was I : I and the solvent included dimethylsulfoxide . The 
authors a lso noted that increasing the concent rati on o f 
dimethylsulfox ide resulted in the fom1ation of dicstcrs, 
not monocstcrs. The chemica l. physica l. and antimi crobi<Jl 
properties o f carbohydrate esters changes with the degree 
of es terifica tio n as noted above . 

Immo bili zed lipascs are avai lable commercia lly from 
a varie ty o f vendors and vary in spec ific ity from Sn- 1 ,3 or 
nonspl!ci li (.; (Table 3) . The commcn.:ialusc o f immob ili7ed 
enzymes inc ludes the production of trans-free fat s, CO(.;oa 
butter eq ui valents. and diacylglyccrols (Enova~'M Oil ) 
(Archer Daniels Mid land , Q ui ncy IL) (rev iewed in Walsh. 
2006) . 

In order to sy nthesize carbo hydrate esters it is necessary 
to find a medium that mainta ins the carbohydrate and the 
fatt y acid so luble in the presence of' the lipase. I Iigh aq ut.!o us 
sys tems fa vor es ter hydrolysis. w hic h limit s sugar ester 
formation due to equilibrium . Common solvt:nt systems 
for ca rbohydrate es ter synthes is include dimethy lsulfoxide , 
tcrt -hutanol. propane. butane. hexane , e thyl mcthy lketonc. 
acetone, cth~mo l and propcmol. Solven ts pamittcd in 
the ~ynt h~s i s of a food ingredient include ace to ne. ethy l 
mcthylkctone and e thano l (G ul ati et al .. 2003 ; Plou e t a\.. 
2002). For example, the yit.:: ld of sorbito l monostcarate 
in propano l and e thano l was lower than in o ther solvents 
(hexanl!, butanol) but it was sti ll possible to ac hi eve a 70% 
convers ion . It is also possible to synthesize ca rbohydrate 
esters in aqueous environme nt although the yields are 
gencr<~lly much lower than in a nonaqueous environmen t 
(Dossat ot aL, 2002). ll1erefore the methods section of 
thi s pro posa l describes the comparison of acetone. ethy l 
methyl ketone and e thanol for lactose Iaury! es ter synthesis. 

It is common to includc molecular sieves ( JO o/r w/v) 
for the removal of water produced during thc reaction 
(Gula ti ct a l. . 2003) to maintain a low water ac ti vity (<0.5 
a,.). The low wak'r ac ti vit y shift s the equilibrium towards 
ester synthesis and prevent s es ter hydrolysis (Ducrct ct 
aL. 1995: FelTer e t al.. 1999). For exampk , Watanabe ct 
al. (2000) esterifi ed various fatl y acids to carbohydrates 
using P. l'epacia lipase in ace tone a t GOC for 48 hrs in the 
prest:: tH.:e of molecu lar sieves. 

In general , the monocSh.!rS of carbohydra tes were 
shown to ha ve greater antimicrobial ac ti vity compared 
to eli - or tri -cstcrs. Thi s is a functi on of both the lipase 
used and thc ratio of the carbohydrate to the fatly ac id. 
Generally. mo lar ratios of I : I to I :5 (carbohyrat e: l ~t ll y acid) 
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have been used to determine the optimum conce ntration 

of fatty ac id resulting in monoester formation (Uulat i et 
nl. , 2002: Ferrer ct al. , 1999; Rcycs-Dumtc ct nl.. 2005). 

For exampk , the synthesis of sorbito l monostearatc was 
optimum at a sorbito l:stearic acid mo lar ratio o f I :4 a t 

timc.:s o f 12 h to 48 ho urs using a lipase from Pseudomonas 
(Gulnti c t a l. , 2002) . Ferrer at a l. (2005) used 2-mc thyl-

2-butano l as a reaction medium wht: n sy nthesizing 

antimicrobial carbohydrate es ters (6-0 -larry lsuc rose and 

6 '-0 -laruoylmaltose) with lipases from T. lanuginosus ami 
C. mllmTiica at a sugar: fatty ac id rat io of I :) at 40 C' for 

nt least 2 Iu s. 
In addition to the cho ice o f so lvent , ratio of reactant s. 

and type o f lipase. temperatures o f esterificatio n reac tio ns 
vary fro m 40 to 60 C (Fencr e ta!, 1999, Plou et a l. , 2002 , 

G ulati ct a l. . 200~) and the react io n times vary from 8 h to 

7 d nys (Ferrer ct nl. . 1999: Piau and Adachi . 2004). 

Due to the in terrelatio nship of the facto rs (solvent , 
enzyme , temperature, rat io of reactants) the methods 

sec tion dcscrihe s a response surface stati stical des ign . 

Preliminary findings or research efforts by the 
principal investigator, or others 

The PI has no pre li mina ry findin gs in thi s area of 
research hut many examp les on the synthesis of various 
carbo hydrate es ters has been prescntcd in this lite rature 
rcv icw. 

RESEARCH PLAN 

Objective 1. 

Determine the optimum condit ions fo r the synthes is o f 
lacto se Iaury! esters. 

Objective 2. 

Inves ti ga te the antimicrobial propc rtic s of lac tose Ia u­

ry! es te rs. 

Objective 3. 

Data «nalys is and manuscript pre p«ra tion . 

MATERIALS AND METHODS 

Lac tose w ill he purchased from G lanbia Nutri tiona ls 

(Mo nroe W I). Vinyl lauratc and lauric nc id will be 

purc hased from (S igma-Aldrich Fluka, St. Louis 
MO). lmmoh ili7ed enzymes (Lipozymc TL IM from 

Thermomyces lanuginosus and Novozymc 4~) from 

Candida a/1/arlica B). which <Jrc Novozy me AS produc ts 

w ill he purchased from Sigma-Aldrich (St. Loui s MO). 
Lipase PS ·C fi·om Pseudomonas cepacia will be purchased 

from A mano Pharmaceuticals (Elgin IL). Molecular siews 

(.>A, 8- 12 mesh). tributyrin . sodium aLide. Penicill in G, 

Po lymyx in B. and rengcnts (m:ctone. me thanol. et hanol, 

ethy l me thylketo nc, aceto nitrile . buffer salts) will oe 
purchased from Sigma Chemica l (St. Louis MO). 

Microorganisms to be used fo r assay ing the microb:a l 
inhib itory ac tivity o f the lac tose Iaury! esters are lis ted in 

Table 4 . Microorganism s will be purchased from AT CC 
and the med ia and growth te mperature listed for cult uring 

the organi sms will be pun.:hascd from ln vit rogen-Gi lx:o 

(Carlsbad , C II) . 

Objective 1. Determine the optimum conditions 
for the synthesis of lactose Iaury! esters 

Statistical analysis for Objective 1. 

Response surfacl.! me thodology (RSM) w ill be used to 
detc nn ine the opt imum conditio ns for lactose Iaury! ester 

synthesis based o n literature conditions for the ~yn thesis 
of sucrose , ma ltose and glucost.! esters of lac tic ac id and 

palmi tic acid. When the goal is to determine trea tment 
va lues fo r opt imal responses (max ima or minima) RS M is 
a va luable tool . Although fac torial -treatment structures can 
he used for these kind s of cx per iments. RSM is pre ferred 

when treatme nt fac to rs arc va ried across a contiiiltiOU§ 
range o f va lues. T he treatme nts ( fac to rs) tha t intl uen•ce the 
production of suc rose , g lucose and maltose esters imclude 
the type of solvent (genc rally ace to ne. e thyl methyl k e tone 

o r ethano l). temperature ( from 40-60 C'). the concentration 
o f reactant s (mo lar rntios o f sugar: fa11 y ac ids fr01m 1.1 
to I :S) the type or lipase (no n-spec ilic or sn-1 3 spec ific 
lipase) and the time (24-60 hrs). A rc.: sponse surface design 

(central compositt: des ign with ort hogona l blocking) 'With 4 
s ig ni ficant f<Jctors is shown in Table). Each conclit iom will 

be analyzed in triplica tl.'! . Analys is o f variance, rcgnession 
and canonicn l :-~na l ys i s for the nature o f the res;ponse 

var iables will be done using SAS Des ign o f Experinncnts 
(Cary NC') . Response surface graphs w ill al so be geme rated 

w it h SAS. T he optimum trea tme nt cond itions predic tted by 
RSM wi ll be used to produce lac tose Iaury ! esters tocmnllrm 

the RSM outputs at various times (0, 8, 16, 32 , 48 lhrs) to 

de fi ne optimum cond it ions for synt hes is . Fo r ex;um ple, a 

possible o utcome from the RSM listed in Table :; ' Wotlld 
he the usc of acetone a t 55 C with Lipase PSC a t a molar 

ratio o f I :2 (note , RSM uses linear regression to de te~nnine 

the optimum conditio ns). T hese trea tments would tH1en be 

used a t various times to de te rm ine the best poss iblte time 
resu lting in max imum lac tose Iaury! monoester syntlhesis. 

Lipase activity 

Lipast: activity will b~ de tcrm inc.:d to ensure the.:: same 

uni ts of enzyme ac ti vity arc used for each o f t he ~ three 

immob il ized enzymes. Lipase ac ti vity will he deterrm ined 
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Table 3. Characteristics of some commercially available immobilized enzymes (Walsh, 2006). 

Name Supplier Organism Specificity Matrix 

Lipozyme TL I M NovozymeNS Thermomyces /anuginose, TLL-1 Sn-1 ,3 specific Silica granules 

Lipozyme RM IM Novozyme 

Novozyme 435 Novozyme 

Lipase PS-C Amana 

Lipase AK-C Amana 

Rhizomucor miehei, RML 

Candida antartica lipase B 

Pseudomonas cepacia lipase, PCL 
Burkholderia cepacia lipase 
(formerly Pseudomonas 
ffuorescens lipase PFL) 

Sn-1 ,3 specific Macroporous ion 
exchange resin 
Macroporous acrylic 

nonspecific 
resin 

nonspeci fic Ceramic particles 

Sn-1 ,3 specific Ceramic particles 

Table 4. Microorganisms to be used to test the microbial inhibitory activity of lactose lauryl esters. 

Bacteria Biosafety level Media and ATCC Media Reference Number ATCC# 

Streptococcus sobrinus 1 ATCC 44: Brain heart infusion, 37 C 27351 
Streptococcus mutans ATCC 1169: Glucose tetrazolium medium, 37 C 31341 
Bacillus subtilis ATCC 18: Trypticase soy agar, 37 C 39088 
E. coli K12 ATCC 1065 LB medium, 37 C 35695 
Lactobacillus pfantarum 1 ATCC 416: Lactobaci llus MRS broth , 37 C 14431 
Pseudomonas fluorescence 2 ATCC 368: Blood agar base, 37 25006 

Table 5. Response surface central composite design with four factors. 

Run Number Block Solvent Temp (C) Molar ratio Lactose:Fatty Acid Lipase type 

1 Acetone 40 1:1 Lipase PSC 
2 Acetone 40 1:5 Lipozyme 

Acetone 60 1:1 Upozyme 
4 Acetone 60 1:5 Lipase PSC 
5 Ethanol 40 1:1 Lipozyme 
6 Ethanol 40 1:5 Lipase PSC 
7 Ethanol 60 1.1 Lipase PSC 
8 Ethanol 60 1:5 Lipozyme 

9 EMK 50 1:3 Novozyme 
10 EMK 50 1:3 Novozyme 

11 2 Acetone 40 1:1 Lipozyme 
12 2 Acetone 40 1:5 Lipase PSC 
13 2 Acetone 60 1:1 Lipase PSC 
14 2 Acetone 60 1:5 Lipozyme 
15 Ethanol 40 1:1 Lipase PSC 
16 2 Ethanol 40 1:5 Lipozyme 
17 2 Ethanol 60 1:1 Lipozyme 
18 2 Ethanol 60 1:5 Lipase PSG 
19 EMK 50 1:3 Novozyme 

20 2 EMK 50 1:3 Novozyme 

21 3 Water 50 1:3 Novozyme 

22 3 Water 50 1:3 Novozyme 

23 3 EMK 30 1:3 Novozyme 

24 3 EMK 70 1:3 Novozyme 

25 3 EMK 50 0 Novozyme 

26 3 EMK 50 1:7 Novozyme 

27 EMK 50 1:3 None 

28 3 EMK 50 1:3 None 

29 3 EMK 50 1:3 Novozyme 
30 EMK 50 1:3 Novoz me 
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using the tributyrin assay according to Fencr ct a!. ( 1999) 

and Nam and Walsh (2005). Brie Oy, the reac tion mixture 

( 10 mL) wi ll contain tributyrin (68 mM ). 0 . 1 M NaCL. 

0 .1 M CaCI2, I mM Tris- HCL (pi I 7) and 3% ace tonitrile. 

Aliquots (vol amount ) will be added to the reac tio n mixtur..: 

and a llowed to reac t at 25 C for 30 min while shaking on an 
orbit a l shake r (100 I]ll11 ). The reaction will be titrated w ith 

I M NaOII to determine the amo unt o f fatty ac ids lib~ rated. 
Activity will he expressed as microkat (amount o f enzyme 

that libl.! rates I micromol of fatty acid 1~ r minute). which 

is equal to 60 U. 

Lactose Iaury/ ester synthesis. 

Lac tosl.! Iaury! es ters will he synthes it.cd according to 
Fcm.::r ct al. (2005) by transester ifica tio n of lnctosc wi th 

vinyllaura tc at tht: concentrati ons listed below (Table 6) in 

vario us solve nts (acetone. e thyl methy lketonc or ethano l) 
in a 5 ml volume. 

Table 6. Conce ntrations of reactions. 

Lactose (M) Laurate (M) 
Lactose Laurate 

(M ratio) 

0.03 0.03 1:1 
0.03 0.09 1:3 
0.03 0.15 1:5 

Immobilized lipnscs (Lipozymc TL IM from 
Novot.yme, Novozyme 435 from Novozy mc or Lipast: PS 
from Amano Pharmaceutica ls) wi ll be used as bioca t<tl ys ts 
( 1060 units as determined as desc ri bed above). Re<lc tions 

w ill he perfonned at a se t temperature of 40,50 or 60 Con 
an orbita l shaker ( 100 rpm) in the prcscnct: of 3 A mo k cular 

s ieves ( 100 mg/ml). 
Produc ts wi ll be mo nitored by I IPLC using a Nuclcos il 

I 00-C 18 reverse phase column (250 111111 x 4 .6 mm 
Beckman C'ultor , Fullerton CA) maint a ined at 40 Con a 

Beckman System Gold 1-IPLC with a 1255 solve nt module 
(Beckman C'ultor , Fullerton CA). The mobil e phase wi ll 

consist o f a 90: 10 (v/v) solution o f me thano l:wa ter at a 1.1 
ml /min fl ow rate. Detection will not be via re frac tion index 

as clcscribeJ by Fener e t a!. (2005 ) but instead we will use 

an t:va porative light scattering de tec tor (A itech ELSD 

800. Dccr lic ld IL ) whid1 is more sensiti ve and stable than 
refrac ti vl..! index detectors. Chromatography standards for 

idt.!nt ihcation and quantitation will inc lude lac tose , lauric 

ac id , and viny llaurate. The products will be quantified and 

coll t:cted after HPLC separation for future charac ter iza tion 

by 111 NMR . 
Charac teri za tion by 111 NMR w ill be done as described 

by f'cm:r e t a l. ( 1999) by the USU Center for Integrated 

Biosyste ms (Logan, liT). Briefl y. ' I-1 NMR spec tra w ill 
be recorded on a Vmian lNOVA (:"~00 Ml11.) spec trome tt:r 

(Palo Alto.(' A) at 30 C' for sa mples. 
O bjec ti ve I will be completed in 15 months. 

Objective 2 . Investigate the antimicrobial 

properties of lactose lauryl esters. 

The 1ninimum inhibitory conce ntration (M IC) fo r each 

of the o rganism s wi ll be de termined by the microbroth 
dilution met hod as descri bed by the National Committee 

for c linical Laborato ry Standards (Woods and Wash ington , 

I 995). The mic roorganism s will be grown ovemight in 

the ir respecti ve optimal grow th media at the appropriate 

temperature (Tab le 4) from stoc k cultures stored in liquid 
nitrogen . Each c ulture wi ll be sub-cu ltured twice, harvested 

in mid log phase (approximat(! based o n di viding time for 

each organism) and washed w ith saline. Plate coun ts (using 
o ptimum growth mt:dia with agar as li sted in Table 4 ) and 

00600 measurements wi ll be taken . Graphs o f 00600 

vs plate counts w ill be made for each organi sm. New 

stock cultures w ill be grown overnight in their res~ctive 
o ptimal growth media a t the appropriate temperature 
and sub-c ultured twict: . harves ted in mid log phase and 

resuspended in optimal growth media to 105 CFt J/ml (as 
detennincd by ()1)600 measurements of the same culture) 
conta ining lactose Iaury! este r at concentrati ons of 0 , 2 , 

6, 8, 10, 20, and 50 micrograms/ml in a tota l volurne of 
500 microliters in 48-wcl l mic roplat es (Corning NY). The 

plates wil l be incuhatt:d in optimal growth conditimns for 
the respecti ve o rga ni sm and moni to n:d ror an incre:ase in 
OD600 after I 2. 24 and 4 8 hours using a Perkin- lEimer 
( I ITS 7000) plate reader (Downer< Grove IL). A po•sitive 

control for inhibitio n of growt h using Polymyxin B at 
1000 m_i crograms/ml fo r Gram-m::gative organi sm~ and 

Pe nic illin (j at 1000 mic rograms/ml for the Gram-po1s itive 
organisms will be incl udt!d in each mic ropl nte. Ne~ative 

cont ro ls o f organisms wi tho ut lac tose Iaury! es ters olf each 
organism will a lso be inc luded. T he least concentration at 

whi ch the re is no inc rease in 0 ))600 after 48 hours \Will be 
re po11ed as the MI C. Each MIC will he detennined im two 

replicates with triplicates tes t per replica te. The trip llicatcs 

will be averaged for each replica te re ported . 

The rate o f antimi crobi a l action for lactose Iaury! 
es ters wi ll also be dete rmined at th t: MIC value as \well as 

at 0 and 2xMIC . Presuming the method of antimic:robial 
ac tion involves the formation o f po res in the nticrobi;al cell 

wa ll , the rotc of uptake o f propidium iodide (FIUiropure 
grade: , Mo lec ular Probes In~: Eugt:! ne OR) w ill be wsed as 

described hy ll aughland (2002). Briefly, a ll culture:s will 
be grown ovc might in the ir respecti ve optimal g~rowth 

media and temperature from liquid nitrogen stock culltures. 

Each c ulture w ill be sub-cultured twice, harvested im mid 

log phase. washed with sa line and adjusted to an 0 )0600 
of 0.2.S (as determined from experiment described above 

on OD600 vs plate count s) in saline. Propidium i<odide , 

w ith an exc itation wavckng.th o f .S 35 and an enuission 

wavelength of 6 17 wi ll be added to the cu lture suspe1nsio ns 
at fmal concentrations o f O. MIC and 2x MIC . The imcrease 
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in ll uorcscence (RFU) w ill be measured w ith a Shimadzu 

RF l :'iOl spcclropholofluoromeler (Columbi a MD) al 15 s 
inte rva ls for approximate ly 120 min . The rate of propiclium 

iod i d~: ~: nt ering the pores in the cel l wall s will be cktermincd 

in two re plicates w ith trip lica tes test per rep lica te . The 

tr iplicates w ill be averaged fo r cach replica te reported. 
The rate o f antimicrobial act ion (pore fo rma tion) wi ll be 

expressed as Lh t: inhib ition rate (IR) using the fo ll ow ing 

equa tio n and the Orig in ProVer 7.0 (Nat ick MA) program . 

1R = ((LogRFU/i ime)-C){I'ime (when dLogRFLI/di>O 
Objecti ve 2 wi ll bc completed after objec ti ve I in 9 

months. 

Objective 3. Data analysis and manuscript 
preparation. 

Tht.! data generated in objec tives I and 2 wil l be 
analyt.cd and a m<HHIStTipt will be prepared . 

RESULTS AND DISCUSSION 

IJPLC cluomatograms o f reactions A-C did no t show 
peak~ ot her than the sugar o r fa tty acid unles~ mokcular 
sieves we re added . With th~ addition o f mo lecul ar s ieves , 

multiph.! peaks we re observed in chromatograms . We 
decided to run reac ti ons fro m the litera ture w ith sucrose 
and v iny l Ia urate as a standard (Table I. Bat ch D, Figure I ) 
fol lowed hy 'I.LC to identify the peaks in th~..· chrnma l t)grams. 

Figure I a is the sucrose: vin yl !au rate chromatogram wi th 
the peak s identified by TLC. The re were two majo r peak s 
for sucrose esters . Th!.! same r~act ion conditi ons were 
used w ith lac tose in place of sucrose (Tab le I . Batches D 

and E) and the chromatogram is shown in Figure I h. Two 
minor peaks w ith dution times simi lar to sucrose es ters 

are shown. In addition. a TLC w ith va rious renctions from 
reac tion hatches D and E is shown in Figure I c. The brown 

bands at the height of the anow contain bot h lipid and 
carbo hydrate mo ieties. These fractions w ill be collec ted 

for NMR analys is for composition. 

O ur previous CXJ~riments on es ter synthes is using 

DMSO as a solven l were success ful . bull he DMSO fouled 
our I IPLC equipment. Therefo re. we changed to a fact or ial 

desig n with a 4x4x2 des ig n (solvent type, entymc type. 
and s ugar type) to de tcn n.i ne the influence o f cntyme type 

and solvent type o n monoeste r format ion. 
In itiall y we de tennincd tht: solubility o f lac tosc and 

sucrost: (as a cont ro l) in each of the four so lvents. The 
followi ng figure shows that lactose is more soluble in 

EMK . ncetone. and ace tonitril t: than in suc rose. but both 
are \ve il be low a 0 .2~ solubility compared to water. The 

sugar s show the hi ghest solub ili ty in 2M213 hut sti ll a t 
a very low solubi lity level (<0 .6% of water) . Previous 

resea rchcrs have hypo thes ized that the sugars continue to 
becom e solubil ized in the o rgnnic solutio n as es ters arc 

form!..!d. Based on the dat<.: described hel ow. we be lie ve 

that to bt: the case since wt: have c~ll c ulated IO 'Yt-- monoestcr 

eflic icncy. whi ch is greater than the theoretical c fl lciency 

of 0. 1 o/r as dete rmined by I he solnbilily. 

0 .6 

Ervt< acetone acetoritrie 2M2B 

""''"' 
Figure 1. Lactose and sucrose solubility. 

T he fo llowing chromatogra m shows !he prolllc of a 
typica l reaction using the entyme from Thcnnomyces. 
Th is f..! nLyme is by far mort: ac tive than thc o tht: rs: the full 
factorinl is still being analy;cd . Peak I is lactost: and peak 
:"\ is lauric acid . Peak 2 (presumably lactose monoc~ tc r) 

was collec ted using a prcpttrati ve IIPLC column from a ."m 
ml reaction using acdOJh! and Therrnomyccs lipase. We 

were able to quantitate the amount o f monoester using a 
lauric acid s tandard c urv~. The !ola l amount purified was 

42 mg ( 1 0~ synthesis e ffi c iency). We wi ll be using 10 
mg fo r NMR, and th~ remai nder will be used to initi ate 

<Hllimkrob ial s tudies. 

Figu re 2. Profile of a typical reaction using the enzyme 
from Thermomyces 

Q1 2008. 

Objective 1. 

We ha ve inves tigated thc e ffl..!ct of e nzyme type (T. 

lanuginos us. C. Antarctica) w ith ac\.!lonc. 2M2 B. and J:MK 
on the synthc sis o f lac tose and sucrose Iaury ! esters. We 
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lactose esters 

10 12 14 16 

days 

Figure 3. 

an: in th~ proce~s o f in ves tigating the influe1H.:e of I jpo;yme 
and Amann J. ipase with acetone. 2M2B, and EMK for ~.:st~.:r 

synthes is. The re~ults obtained to date are given in th ~.: 

ligures above . 
A 'f. 'ihuwn in Figure~ , the Thl.'rmomyces cnLymc (b lack 

and g r~en symbo l ~) i~ more ac ti ve at c ~ t er produc ti on th an 
the Candida en;yme . With in the en;ymes , the solv..: nh 
seem to be ~im ilar (s lati stica l anal ysis will he conducted 

a ft er the experime nt has bee n replica ted) . We also wi ll 
convl!rt they axis to gram quantities based on a standa rd 

c urve . 

Q2 2008 . 

We have compkted the ~tudy that in vestigated the 
influence ofen;.yme and so lvent type nnthe yield o f lactose 

and sm:ro'e monoester sy nthesis. With respec t to lac tose 
mono laurntc , Tahlt.: 1 shows that the P~eudomonas . Mucor 

Miehi. and Thl!nnomyces ~nLymc'i arl! more dTcctivc than 

the Ca11dida A ntan:tica en Lyme . P"cudomonas and Mucor 
Michei and more effec ti ve in the solvent 2M2 B , whi l ~ 

the Thermomyccs cnLymc is mnr~ dTectivc in acdone . 

Considering th l! price per mg of cn;yme. the most cost 
e ffec tive is Mucor Miehei s ince. thi ~ cost about $4 .48/g w ith 

an ester y ie ld of 77 7r 'l'he rat ~ should a lso he consickrcd . 

Aga in . the lipase from Mucor Miehl! i is faste r wi th a ra te of 

3 mg es tl!r/ml/day with the th c. nnomycc~ and Pscudomo nns 
lipas~s coming in second and th ird. resectivcl y. 

There fore.. thl! mus t e ffec ti ve lipase for lal: tOse 

monolauratc synthesis based on y ield. rate. and cos t is the 

Mucor Miehc i lipase. 
With rl!spect to sucrose mono lmmttc synthes is. the 

highes t yield wns o nl y :' 1 7<- using Pse udomo nas in 2M 2M . 
Th is is s imilar to literatu re. value '! . I hcli l!vc that the higher 

yield fo r lactose c.~tcr synthesis is Ju..: to the slightl y higher 
soluhlilit y of lactose compared to S lh.: rn~c in thl! MEK nnd 

acetone . 
Synthesis or lactose and <..,ll(,.'fOSC mnnolauratc \V<I~ 

e 2M 2 B The nno tnyt:es .,; 
4 A ce tone Therm o mycces 

2 M2B Ca ndid a 
• A cet o n e Ca nd1da 

influenced by cnt.ymc. and solve nt type . The cnst o f ea ach 
cnt.ymc is also g iven in the colu mn w ith the en;:ynmc . 
(Table 7 .) 

Since we have shown that there arc o nly three viahblc 
lipases in two dift'crent solvents that are e llec ti v~ for lachtosc 
monolaura te ~ynthc~ i s. we hav..: de~igned the fo ll owil ing 

n.: spo nsc surface cxpcrim~:n t to determine the optimnum 
condition ~ of temperature and reac t<t nt conccntrations s to 
maximi;e the yield . 

The following respo nse su rface design is bei;ing 

conducted w ith Thcrmnmyce~ in ac..: tonc . Mucor MicChei 
in 2M2 B. and P~cudomon<J 'i in 2M2 B. We arc complc tit ing 
the reac tion~ and will have the res ult ~ of this data f·x r the 
next report. (Table K.) 

New response surface results. 

T he RSM <lll<tl ysis was conducted for s y nth~ '\ i S -; of 

LML using MM in 2M2 B bl!cau:w t hi ~ combi11atitio n 
re~u ltcd in a high y idd. the fastest rate. and the enzymoe is 

more economical than the others . The experimental dcs1s ign 

and concent ra tion o f LMI , synthcs i L~d a t ca~:h design poo int 

are given in Tab le 3. J\ mong. the various treatme nt s, t the 
hi ghest yie lds were obta inl!d wit h runs 4. (J and 7, whhilc 

runs 2 and 10 showed the lowest y ields. 
/\NOVA results revealed that all three variables a and 

the interactionS Of temperature X templ!ratur~ and ratido X 

ra tio exhibited swti stica ll y s ignificant e ffects (p < 0.05)) on 

the yie ld o f LML The estimate respo nse model cq ua ti (ion , 
without the insignif icant variabl ~s. was used to es tinwte i: the 

enzymatic sy nthes is of l .ML w ith MM and is as follnwS~s: 

Y = -J5J .78 + 5.8 1 XI+ 6.9 X2 + IOI.IJ XJ - 00.11 
X2X2 - 1.\.50 X.1XJ ( I ) 

where Y i~ the n..:spon ~l! fac tor in peak area and X I . ) X2 . 

and XJ arc the independent factors or temperature, enzyyme 
conce ntration (mg/ml ), and rat in of lac tnsc to vinyllaunratc. 
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Table 7. 3 ml reaction volume. 0.04 moi/L (44.16 mg) sugar, 0.13 moi/L (87.1 0 mg) vinyllaurate, 22.58 mg/ml 
enzyme 22 58 mg/mL molecular sieves 55•c 

Lactose Sucrose 

Enzyme Solvent % Yield Ester 
Rate of Reaction 

% Yield Ester 
Rate of Reaction 

(mglmUday) (mgl mUday) 
2M2B 52.3 ± 6.42 0.459 48.4 ± 4.36 0.564 

Thermomyces 
acetone 63.5±0.13 0.674 19.5 ± 0.01 0.279 

$37.50/g 
MEK 17.7 ± 0.02 0.208 2.4 ± 0.27 0.033 
2M2B 77.2 ± 3.02 3.046 10.6 ± 0.01 0.093 

Mucor Miehei 
acetone 47.9 ± 3.31 1.568 1.2 ± 0.59 0.034 

$4.48/g 
MEK 18.0 ± 2.77 0.155 0 n/a 
2M2B 86.8 ± 2.34 0.920 51.3 ± 0.03 0.551 

Pseudomonas 
acetone 28.7 ± 0.34 0.415 25.32 ± 1.39 0.213 

$10.70/g 
MEK 9.0 ± 0.11 0.099 1.9 ± 0.48 0.015 

Candida Antarctica 
2M2B 32.2 ± 2.52 0.354 31.0 ± 0.01 0.333 

acetone 2.0 ± 0.23 0.019 5.4 ± 0.01 0.153 
$11.70/g 

MEK 0.9 ± 0.22 0.011 0.7 ± 0.17 0.011 

Table 8. Response surface design to maximize lactose monolaurate synthesis. 

Reaction Temperature 
Amount Enzyme 

(mg) 

1 40 30 
2 40 30 
3 25 10 
4 55 10 
5 25 50 
6 55 50 
7 61 .2 30 
8 18.7 30 
9 40 58.3 
10 40 1.7 
11 40 30 

TJhe coeffic ient o f detem1ination (R ~) was 0 .95 indicating 
th:at the model was suitable to represent the factors. 

Canonica l annlysis o f the three variables determ ined 
th:at the most cr itical factor was temperature , with th i.! 
comcentratio n of e nzyme being the second most influential 
faccwr on the y ield . Figure S shows the effect of ratio . 
II.:: JillJX: rature, and cnLy me conct.:: ntration on the amount of 
LrMI . synthes ized. The stati onary po int for max imum yield 
w;as de termined to be a saddle point , there fo r~.! there wns 
n('.> unique optimum . This can be seen in Figure 5. where 

thterc is a nanow range of ratios (3 .7-3.8) a t 61 °C that gives 
m:aximum lactose monoes ter yi~.: ld . Figure 5 also shows the 
intfluence of tempe ra ture on y ie ld is linear. with increas ing 
yiH:! Ids with an increase in temp~.:ratur~.:, while the influence 
of" rat io and e nt.yml! concentratio n have narrow opti mum 

va1lw:s. 
The r idge maximum analysis was cond uc ted as 

dt.'.!Sc rib~.:d by C hang ~.:1 a!. . 2008. which clctl.!nn ines the 

Vinyl laurate: MM results in PC results in 
lactose ratio peak area peak area 

5.82 118.3 33.48 
0.1 7 0.09 16.84 
4.14 23.26 1.83 
4.14 229.92 33.54 
4.14 45.67 6.68 
4.1 4 228.5 109.54 
1.58 89.80 148.51 
1.58 18.67 2.922 
1.58 43.51 60.18 
1.58 9.15 0 
3 149.79 23.04 

opt imum reaction cond itions w ith the maximum pred ic ted 
yie ld . The conditi ons of 6 1 °C 32 mg/ml of l.! nzyme and a 
lactose: vinyll aurate ratio o f I :3.8 was predicted to y ield 2R 
mg/ml ! .MI .. Our expcrinl l.! ntal results were i11 agrceml.!nt 
with a concentration of 27.8 mg/m l obtai ned with 
condi tions lis ted above. Therefore RSM was successful in 
detcnnining the optimum condit io ns for LML synthesis in 
2M213 with MM . 

NMR results. 

In the resuhs. the carbon spectra fo r the reactio n 
products show a shift of about 4.0 ppm from either the C6 
or C6 · carbon when compared with th i.! standard . Beca use 

these peaks arc so close together it was hard to tell which 
one shi fted . But , using the spectra for the n/~ mix o f 
lac tose. the C I peak was determ ined because it contai ned a 
resonance for both nand f:L rll1i s same peak was id~.:ntili ed 
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in th~ u lm.:: tnsc, and the com:spond ing proton pl.':aks w~rc 

ass igned using a 2-dime nsionalli ET C'OR ~pl.':ctrum . When 
the pro to n spectrn fo r the standard , and a proto n spec tra 

from one o f the produc ts was compan: d , a shirt conta ining 

the hydrogens <:orn.:spo nding to the('() carbon was seen. 

The observed shirt meant tha t it was the C6' ca rho n 

which moved about 4.0 ppm . The Cl peak o n the o the r 

hand , appeared to only have shifted alX> ut 0.6 ppm. The 
shift fro m the ('6 ' carbon indicate~ tha t es terifi catio n has 

occ un·ed at thi s s ite. 

When a ca rhon is es terilied, the carbon spectrum 

w ill o f course show a shift down!ie ld fo r tha t carbon . In 

addit ion. the ne ighboring carbon w ill show an up field shift 

(8). This phenomenon was observed in the carbo n sp!.!<.." tra 
with the 6 · carbon ~ hift i ng down field and the 5 · carbon 

shifting upficld . 

Q1 2009. 

Objective 2. 

W..::. invcs tigalt.:d the antimicrobia l act i v i t i ..::.~ of lacto'\c 
Ia ury! este rs at a concent rations of 0 .1 'R, OJl 1%-, O.OOS 'R. 
and 0.00 17t aga inst th~ organ ism organi ~nh in m icroti kr 
format using media as the cont ro l: S. typhimurium , 
K .pne unHmiae. 1 ~.co li 0 1."7 11 7. S.-; ui s. l . . monocyttlgene,. , 
E.fccalis. and S.aure us. The ex pe rime nt was re plica ted 3 
ti mes wit h tripli ca tes for each ex periment. 

. i I~ 
i 80 

~ ~ 
~ ;g 
v 30 

20 

~ I~ 

Figure 4. 

•" 0.001 "1. 

0.005% 

0.010% 

• 0.100% 

The re is signi!icant growth inhibition (>907t) o f 

Stre ptococc us suis (Gram-pos iti ve bac ter ium and an 

importan t pathogen of pigs) and I .bte ria monocy toge ne~ 

(Gr;;un-pus it ivt: bac te r ium) at concentrati ons of 0. 1 'k. 
Th~rc is n concentration depe ndent inhibition o f both 

of these bacteri a. The use leve l o f sucro~e esters in food 

product s is up to 17r. Staph ylococc us a urc us is a lso a 

Gram-pos iti ve h<H:tc rium , but it s growth was not inhibi ted 

by lac tose mo nolaura te . There is a l ~o a pprox imate ly 40o/c 

grow th inhibition of E. feaca lis. 

Q3 2009. 

We comple ted the respo nse sur face ana lys is (RSA) for 
two en1.ymes. MM and PC. We dec ided not to include TL 

in the ana l ys i ~. Reac tions in TL show a maximum yioeld 

in ace to ne , un fo rtunate ly the bo il ing po int fm acct0nee is 

56.6°(' and m any of our sampl es evapora ted under theese 

conditi ons. Also, looking a t mo noester y idds and the ccost 

o f the etlLymes, MM and PC arc more ~.:conom i ca l than 'JTL. 

Th~ n::spon s~.: ":o ur facc graphs arc li s t~.:d below the table aand 
!-.how the o pt imum condi tio ns for M M and PC 

AN O VA result s o f the two RSA rt:ac tions rev..::. a led tit hat 
all three variahh:s exhibited sta tistica ll y s igni licant e ffeccts 

on the yie ld o f lac tose mono laurate. Canonica l ana lys iss of 

the three v<~ ri a h\ cs de te rmined that the mos t cri tica l fact: tor 

was temp..::. rature, with the m tio o f the substra tes be ing t the 
second most influenti a l fac tor on the yie ld . In acldi titio n , 

the stat io nary point fo r max im um y ie ld wa!-. detenninedd to 

be a sadd l ~ JX) int for PC, therefore. there wa~ no uniaquc 

opti mum . hut the cano nica l an <~ l y~ i s of M M showccd a 
maxi mum va lue. 

The equation f'o r MM was determ ined to be ant a 
te mperature of()0°C'. an cn;y me amount o f 30 mg/ml w.v ith 

a lactose: la ura tc ra tio o f 3. W ..::. con !inned t h i~ equati o n! by 
setting-up thi s reaction . and we were ah!L: to obtai n a yitie ld 

o f 85o/c. We art: t:omplet ing the RSA with PC to dct..::.r rnninc 
the optimum conditinns for max im um ~yn thes i s. (Figt;ure 
S.) 

Q4 2009. 

We used the ~amc method o logy to i nve~t i gate the 
mhi hitory e ffects or lac tose l1101W iaurate agai nst I fi ve 

clin ica l ~trai n -; o f I .isteri<l monocy togenc~ li ~ t cd in · l ~lbkle 9 . 
Each o f these ~ t rai n s was inhibited wit h I? ... k1c tctosc 

mono l au ra!~.: <1~ observed wi th the orig inal ~ t ra in . Thl' ph late 
t:ounts ind icated that the sta rting colony fo rm ing unnits 
(cfu) we re at 10 ~ and th t:. fin a l c fu we re the sa me. Fo r r the 
cont ro l (s tra ins wi thout lac tose mono l;utrate). the in it ta l J c fu 

wer..: agai n 1 0~ whi le the fin al c fu were 109
. ·n lc t'c fd'ore, 

lactose mono l aura t ~ i ~ d Tec ti vc at inhib it ing the g.rowthh o f 

multiple s tr<1 ins of thi s organ ism a t a concentra tion of I I%. 

CONCLUSIONS 

The antimi crobia l (or bacter ial s ta tic) ac tiv ity o f lactctose 

Ia ury! es ters against S . typhimuritnn, K .pne umoniae. E .c.coli 

(ge nera l). S .sui s. l..monocytoge nt:s , EJe~.:a li s. B . subotil is 
spor~s. S. sohr inus. and M . smeg.matis a t a concenlratJtion 

o f 50 microg/ml was dc mo nstra tl.':d . 

The optimum t:ondit ions for l <~c t ose Ia ury! synthesisis is 

still be ing conduc ted , hut preliminary research to da te ! has 
i cle ntif'i ~d the en;.y me from Thermomy~.:es as be ing mnore 

d fl.':c tivc thau the Candida enLy me. 

Q3 2009. 

We conducted Re::-ponsc Surface Ana lys is fo r Muucor 
mi..: hie (MM ) and P~eudomonas ce pac ia (PC) since thhesc 
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ratao 

Figure 5. Response surface graphs to optimize the condttions (enzyme amount. tempera tu re 
and lactose:laurate ratio) A. Pseudomonas cepac1a B Mucor miehe1 

Table 9. 

FSL J1-177; ribotype DUP-10510; lineage I; 
serotype 1 /2b 
FSL C1-056; ribotype DUP-1030A; lineage II ; 
serotype 1 /2a 
FSL N3-013; ribotype DUP-10426; lineage I; 
serotype 4b 
FSL R2-499; ribotype DUP-1053A; lineage II; 
serotype 1 /2a 
FLS N1-227; ribotype DUP-1 044A; lineage I; 
serotype 4b 

tWIO ...: n;ynH=s. were dctcnnincd to he the mo:-.1 co:-.tl..'ffccti vl.:! 
wi ith rc :-. pect to lactost.: monoc.:ster ~ynthesi~. Th l.! condit ions 
f01r maximum monol.!~ ter :-.ynthes is using MM rc..,ultcd in 
am X.'1'7r yi!..! ld. 

( 'urrctH n.: sult s slww that synthL·si;ed lactose 
tlllOtiO!auratc is e iTcctivc at conce n t ratinn ~ nf 17£ at 
inlhi b iting the growth of (J strains of Listeria monolauratL' . 

Q•4 2007. 

We have purified mg amnunt of lac tose monoester with 
a mew :-.o l vt.: n t/c n ~:ymt.: system tha t wi ll be used for NMR 
atHd a ntimicrobial studies. 

Prrevious conclusions. 

We hl'lieve we ha ve <.,y nthe ~i/t.:d lacto:-.c Iaury! e'\ler:-. 
usi ing 2M213 :DMSO and a lipa\e from Cand ida antarctica. 
Thti s will he conlirmecl w it h NMR an;1 !ysis. We have 

Isolated from human sporadic case 

Isolated from human sporadic case 

Food isolate associated wilh human listeriosis 
epidemic in the UK ( 1988-1990) 
Human isolate associated with US outbreak 
linked to sliced turkey (2000) 
Food isolate associated with US outbreak 

(1998-1999) 

alsn developed met hods. f(ll" IIPI.C ' and TL( ' analys i ~ of 
sugar:c..,tc.: r ~ynthesis. 

NEXT STEPS 

NMR analy:-.is o f potential lac tose vinyl laurate es ter:-.. 

Initiate antimicrobial :o: tudies. 
Continue with opt imi;ing the .;;ynthcsis of lacto~e 

monoe~ter~ for f OlXI u ~c.:. 

Complete NMR analys i:-:. to confimllactosc Iaury! cstc.: r 
structure and position of esterified lauric acid. 

Compktc the response: surface analy sis with PC to 
de tcnnine the: optimum conditions for synt hesis 

Rcp lkatc ant im icrobial anal y!-! i'-1. 
\Ve arc replicati ll f! the antimicrobial ana lys is. w ith the 

monolaurate prod uced from Thc.: nnomyccs. \Ve wil l al'\o 
replicate the antimicrnhi al ex periment with the monolaur<.1 1c 
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synthesized with Mucor Miehe i in 2M2B sine!.! th is is the 
most cllcct ivc enzyme . We have used concentrations of 
0 .1 and 0.0 1, and 0 .005 mg/ml of ester in bac terial growth 
m!..!d ia for the replicates. We arc currently analyzi ng the 
data . We prepared the lac tose esters in 50% L'thanol and 
JOo/c DMSO for the ant imicrobi al ac tivi ties. 

We will complete the microbial inhibitory stud ies by 
adding a concentration of I % lac tose monolauratc . We wi ll 
also he calculatin g the growth inhi bition with plate counts 
to cotTclatc the optica l density values used to determi ne the 
growth inhibition w ith colony forming unit values. 

W..:, ha v..:- completed the objectives o f thi s experime nt , 
and we will cont inue w ith producing another peer-rev iewed 
manuscript based on the mjcrobia l inh ibition. 
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ABSTACT 

A desc ript ive sensory pand was deve lo ped in the Dairy Tec hno logy Innovation Lab at the \:Ves tem Da ii)' (\:ntl!r. 
l\ 111dists wen.:! se lected and tra ined to evaluate the fla vor or dairy produc ts. Techniques and standards were used mainly from 
ex ist ing bibli ography. The desc ripti ve pcmcl began evcluating prod uc ts in May 2009. The pa nt.::! recei ves nngoing training, 

and replacement panelis ts were trained and ad<.kd as nel.!dcd. 

RESEARCH PLAN 

Objective 1. 

l)cvd opmcnt of a descripti ve se nsory pant:! for dairy 

prochtd s. 

MATERIALS AND METHODS 

A sch12ma tic d iagram o f tht: panel selection and training 
process is given in Figure I . 

Figure 1. Process during the pre-selection, selection. and training 
of panel ists. 

Pre-selection. 

Pandi sts w ill he rec ruited from the loca l communit y 
and tus kL:d to complete Questionnairl! I . Participants will 
be sefiectcd fro m th is poo l according to thei r rL:s po nscs and 
av~lil r:t bilit y. S ubjects with health conditio ns o r a lle rg ies to 
dairy produc.:ls or othe r food s wi ll be di scarded from the 

pool. 

Se lection. 

Subjects chosen from the pre-sdecti on will then bl! 
asked to ich:ntify and rank thl! intensit y of tas tes and odors 
(Questio nnaire 2). Aq ueous solutions of the fo ll owing 
compounds will be used for taste identification: ca lTeinc 
(0.07o/c) for bittemess, sucrose (2o/c) for sweetness, sod ium 

chloride (0.2~) for sa lty. monosod ium g lutamate ( I ~) 

for umami . and citr ic ac id (0.07o/c) for soumess. The 
concentrations of compounds used for intensity ranking is 
listed in Table I . 

Table 1. Attributes used for intensity ranking 
exercise. 

Taste 

Bitter (caffeine) 

Sweet (sucrose) 

Salty (sodium chloride) 

Sour (citric acid) 

Concentration (%) 

0.035 
0.07 
0.14 

1.00 
2.00 
4.00 

0.10 
0.20 
0.40 

0.035 
0.07 
0.14 
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The fo llow ing compounds w ill ht.:: used fo r odor 

recogniti on : but yr ic ac id for free fa tt y ac ids, di acctyl for 
buttery, pineapple fo r pineappley/fruit y, o mcga-.3 fa11 y 

ac ids fo r fi shy, w heat germ fo r nutty, h!.!xanal fo r g rassy. 

and e ucalyptus o il fo r nora!. 

Pa ne lists w ith the bes t scores w ill be selected based on 

the follow ing c riteria: 

I . O ne po int awarde d for each taste tha t was 

correct ly idcntil ied. 

2. O ne to live point s awarded for recognitio n of 

odors. 
.3. A n ANOVJ\ test w ill he used to eliminate the 

j udges that arc s ignificantl y cl iiTcrt.! nt from the 

group in inte nsi ty ranking. 

Training. 

One hour training sessions w ill he conduc tt!d four 
times a week until training is completl.!. Fl avor a ttributes, 

representa ti ve compounds, and conct.:: ntratio ns are listt!d in 
Table 2 . Paneli sts w ill first be tra inc:d to recognize thest.: 

navor att ributes, the n tra ined in quantifi catio n of the 
attributes. Mil k w ill he used as the carri l.!r. When ava ih1hle, 

re fe rences and s~a l c:s from the Spec trum Me thod (rating 
o f in tt:nsity us in g a I) em scale) w ill be used. Mixtures o r 

attri butes w ill a lso he used for tra ining. 'fh e inte ns ity of 
each attribute w ill standardi zed to a speci! ic ra ting in the 
scn le ns descri l"k.!d in the Spectrum Me thod . A n ex ample of 
the sca le used is pr~sented in Tab le 3. 

Pa nel ists were presented w ith te n Ricotta c heese 
sampl es. in a random order , and asked to eva luate them fo r 

some of t he attributes found in dairy produc ts: b itter. brothy, 
salty. sour. sulfur, sweet , and umami ll avor attributes. Two 

o f the samples presented to e ach pane lis t were cont ro l 
samples, and the remaining e ight sa mples were spiked w ith 

the nttributes of interest a nd prepared as fo ll ows: 

Bitter: I g caffe ine+ 425 g Ricott a 

Brothy: 40 g low-sodium chic ke n bro th + 41) g 
Ricott a 

Salty : 55 g sa lt + 425 g Ricotta 

Sour : 4.:15 g 88'7r lac tic ac id + 425 g Ricotta 

Sulfur: (0.47 ppm l-1
0
S) Formulated sample by 

adding 0 .022S g saturated hydrogen sulfide water 

(0.4g 1-I ,S/ JOOm l at 25 °C') to 100 ml skim milk . 

Then . aclckd I ml o f that mi lk to 4 15 g R icotta . 

Sweet: 2) g sugar+ 380 g Ricotta 

Umami : (0 .1 7. MSG) O.S g monosodium glutamate 
+ 42 ) g Ricotta 

Western Dairy Center 

Follow in g the crite ria stated above, the bes t 1.3 pane \i ~i s t s 

wert.:: chosen . Most of the train ing hns bee n com pl cte cl , aand 

the panel has begun trainin g w ith c heese. Training shouuld 

be comple ted by the e nd of April. and the panel w tiJ be 

ready to eva luate cheese from Westc.::rn Dai ry C'cnnter 
projects a nd industry 

Panel Evaluation. 

Paneli sts ide ntified a nd quantified I X attributes in 

comme rc ial cht.::eses. The cheeses used were: Prccioous 
Mozzare ll a Whole Milk . Cache Valley Sharp ( ' hcdddar, 

Gassner U nsalted Mild C heddar. Aggia no. Gossnl.!r Salt lted 
Mild Cheddm,Cnlcke r Ban e! Vermo nt S hnrp-White,Agggie 

Ex tra Shaq) C heddnr, Cache Valley Mo?zarella Skim , a and 
Aged Ch~dda r C heese. Enc h cheese was eva luated for r a ll 

I X !-Ja vor attributes on a scal e of 0 to 1) . The attribuu tes 
quantified were: hitte r, h rothy, cooked , fruit y, fatty accid , 

me talli c. nutty. ox id ized , pin ..::ape ly, ranc id , rosy/ llonra l , 
sa lty, sour, sulfur , sweet . uma mi . w hl.!y , and buttery. Tabblc 

4 shows the types o f c heeses tasted nnd the abbrc via tioons 
used in the results sec tio n . 

T he pane l a nd indi vidua l panelis t performancl.! \\\Vas 
ana lyzed w ith '' Panc!C hcck " soft wart.::. Pa ne \C'heck ~ is 

free soft wart.:: that provides g raphica l intc qRcta tinn I Of 
descripti ve pa ne ls pe rfo nnance. The pane lists namnes 
were de le ted frnm the Fi gure~ (h gurcs 1-3) to man1Wain 
confide ntia lity. 

Table 4. Cheeses used for the panel evaluation . 

Cheese Abbrev. 

Precious Mozzarella Whole Milk 
Cache Valley Sharp 
Gassner Unsalted Mild Cheddar 
Aggiano 
Gossner Salted Mild Cheddar 
Cracker Barrel Vermont Sharp-White 
Aggie Extra Sharp Cheddar 
Cache Valley Mozzarella Skim 
Aged Cheddar Cheese 

WMozz 
Sharp 
NS Mild 
Aggiano 
S Mild 
White 
E.Sharp 
SMozz 
Aged 

RESULTS AND DISCUSSION 

Q2 2008. 

Afte r a le ng thy ad verti s ing and interv iew period , '. we 
hi red a descriptive pa nel coordinato r. This pe rson \\ wi ll 

continue tra ining and mainte na nce o f the pane l, maintatain 

the sensory labo rato ry. work w ith industry and researchthers 

to conduc t necessary tests. perform s ti. lt istica l analys is, a and 
write re po rt s. 
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Table 2. Scaling references for training. References marked wi th an (S) mean that they correspond to the Spectrum 
Method . 

Attribute 

Sour 

Fishy 

Oxidized 

Bitter 

Salty 

Sweet 
Lactone/Fatty Acid 

Cooked 

Umami 
Nutty 
Whey 

Buttery 

Fruity 

Rof;y/Fioral 

Sulfur 

Brc:Jthy 
Pin,eappley 

Metallic 

Reference Set(s) 

0.05, 0.08, 0.15, and 0.20% citric acid in water (S) 
or 
0.035, 0.07, and 0.014% lactic acid in milk or water 
2, 5, or 7 drops fish oil supplemenU 900 ml skim 

0.2 ml of 1% copper sulfate solution in 900 ml of non-homogenized milk (stored at 5 "C 
for 1 week). Stock solution and following dilutions, prepared wi th fresh pasteurized non­
homogenized milk: 1/3 oxidized, 2/3 oxidized, and unoxidized. 

0.05, 0.08, 0.15, and 0.20% caffeine in water (S) 
or 
0.02, 0.05, and 0.08% caffeine in water or milk 
0.2, 0.35, 0.5, and 0.7% NaCI in water (S) 
or 
0.1, 0.2, 0.4, and 0.75% NaCI in water or milk 
2, 5, 10, and 16% sucrose in water (S) 

skim, 1/3 whole, 2/3 whole, whole mi lk 

Cooked on stove top at 80-90 "C for 45 min and presented this to panelists along with the 
dilutions: skim, 1/4 cooked (3/4 uncooked skim) , 1/2 cooked, 3/4 cooked; also given in 
dilutions of 1/3, rather than 114 
0.1, 0.25, or 0.75% monosodium glutamate (MSG) in skim milk 
0.5 ml, 2 ml , and 5 ml hazelnut extract in 950 ml skim 
(skim milk:whey) 6:1, 3:1, 1:1 

2g, 10g, 20g melted butter in warmed milk (-350ml total) ultra turraxed for up to 3 minutes 
until blended well enough to have the butter droplets remain dispersed in the milk. Stirring 
immediately before presentation reduces visual difference between the samples. Must 
present immediately. 
2, 5, 10, and 20 g fruit juices blend in 1000 ml skim milk (Blend consists of y, 100% apple 
juice frozen concentrate andY, 100% peach/white grape juice frozen concentrate.) 
0.01505 g 2-Phenethylamine to 1000 ml (or 1050-75 g) skim (stock soli tion ), a 1/2 dilution 
of this, and 1/10 dilution 
Stock solution : 4 x 10 ·' g H

2
S. The references are formulated from this as follows: 25% 

stock in water/skim, 37% stock in water/skim, and 50% stock in water/skim. Water dilutions 
are stable; whereas milk one's must be stored for less than two days in order to avoid 
degradation and loss of the attribute to other ftavors typically found in UHT milk (i.e. 
cabbagey). 
2, 10, and 20 g organic low sodium chicken broth in 1000 ml skim 
2, 10, and 20 g 100% pineapple juice frozen concentrate 

0.04, 0.08, and 0.16 g ferrous sulfate/1000 ml skim. 

Tai:Jie 3. Scale used to train the panelists. Adapted from the Spectrum Method. 

NAME: DATE : 

Sample: 

A t tribute: 

Jn;tensity: 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C10mments : 
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During the las t three months. the desc ripti ve panel met 
once or tw ice a week to prac tice (maintenance) the sc nso1)' 
skill s developed during training . The pane l performance as 
a who le and the individual performance were evaluated to 
assure tha t panelists are able to correc tl y identify and rate 

navor attr ibutes in dairy products. Pane lists we re evalua ted 
for thei r ab ility to ide ntify and rate all 19 ncwor attri but es 
in skim milk and in the fo llow ing cheest:s: Aggil! Squeaky 
C heese Curd; store-bought mild , medi um . and sharp 
Cheddar chel!ses: Cracker Bancl -Vermo nt White Cheddar. 
s tore-hought Monteray and Colby Jack cheeses, Prec io us 

Mozzare lla. Cache Valley Mozzarell a, aged 1\gg iano. 
week-o ld USU Feta , and yea r-old l/Sll Fe ta. Panelists 
rece ived add itional tra ining as needed. 

Ricotta controls. 

The reproducibi lity of panelist ratings between the two 
contro ls was evalua ted. Differe nces be tween rep licates 
were not s ignificant. wi th a p-valuc o f 0.6000. i\s would 
be expec ted , the re was a significa nt inte rac tio n between 
the panelist and fl avor attr ibute var iables, wi th n p-va lue 
o f 0.0058 . Wht:n a mt:an comparison was performed , no 
significant differences we re found between the panelists' 
mtings for ~ach attr ibute. Though insignifica nt. the re is 
room fo r the group . a couple paneli sts in partitular. to 
improve th~ir abilit y to rnte the int t: nsity of hrothy and 
swed att ri butes in thi s food sys tem . 

Spiked Ricotta Samples. 

Bitter Sample. 

Judge ratings were not significantly differe nt fro m o ne 
another (p = 0.1389). Sampl t: was ratt:d significantly mo re 
bitte r than all other samples (p 5 0.0001 ). Bitter sample 
had an lsmean of 8.4 with all other samples having means 

< 1.0. 

Brothy Sample. 

Judge ratings were no t signillcantly diffe rent from one 
anothe r (p = o.:n01 ). Sample was rated sign ificantly more 
brothy than all othe r samples (p s 0 .000 1). Brothy sampl e 
had an lsmean of 7.35 with a ll o ther samples having means 
< .\.0. 

Salty Sample. 

Judge ratings were not signif-ica ntl y d iffe rent from o ne 
another (p = 0.4~58). Samples were rated s ignifi cantly more 
salt y than all othe r samples (p s 0 .0001 ). Sa lty sample had 
an lsmean of 6.95 w ith all other sa mples having mean s 5 

15 

Sour Sample. 

Judge ratings were significantly different from1 oone 
another (p:-S 0 .0001 ). One of the judges ra ted sannpJles 
signifiGmt ly lower than ot her judges (l smcan 0 .37'J4)), aand 
two o ther judges ra ted samples significantly higher thhan 
other judges wi th lsmeans of~ .179 and 2.779. respectiivcely. 
Even though no problems were found during the comttrol 
testing. the tas ting wi th real samples show that th t: fg rOOup 

could be furthe r tra ined in n1ting sourness in ricolla che:esses. 
Samples were also signifi cantl y d iffe rcnt from one mHothher 
(p s 0.000 I) . Sour sa mple had an lsmean o r 7 55 w iith I a ll 
other samples havi ng means < I .8. 

Sulfur Sample. 

l Jnfortunatdy, judge ratings were signili cantl y diflfenrent 
from one another (p = 0.0 109). and sa mple rat ings w11ere 
no t (p = 0.9539). O nly three or four j udges could tastte cany 
sulfur fl avor in thi s sample. One judge could signific.:anntly 
tas te more sulfur in thi s samp!l! (p < 0.05). J\ 11 sa tmpblcs, 
except sweet ( lsmean 0.3) , had lsml!ans between 0 .~9 ; and 
15. The amount o f sulfur added did no t signiti c::mmtly 
increase the intensity of sulfur fla vor in the spiked sa tmpbles. 
Therefore. the perfonnance o f these judges on this a tttribbute 
could not be eva lu ated. Changes to this reference w;illl be 
made in the future . 

Sweet Sample. 

Judge ratings were signif icant ly diff~Ten t frrom 
one another (p5 0.000 I). Three judges ra ted sat mpples 
significant ly less sweet when comparcd with th~ 1 rest 
o r the group , with lsmeans or 0.798. 0.998. and 0.1.07798, 
respecti vely. rille lsmeans for all other panelists r;annged 

from 1.89 to .\.49. Ev idenced by these results, the ; gr~~up 
could use some more work on th is att r ibute, as w.vc ll. 
Samples were a lso significantl y d ifferent from one anw!lthcr 
(p s 0.000 1). Sweet sample had an lsmca n of 9.0 wi ith h a ll 
o the r samples having mea ns< 2.1. 

Umami Sample. 

Judge ratings were signilicantl y different f ronn <one 
another (p:-S 0 .000 I). This di fferenct.: was created by a ~s inngl e 

pane li st who rated the umami llavor sign ificantly h1iggher 
than the rest o f the pane lis ts. While the rest o f the ~ gnroup 

had an lsmean rating for umami no grt:ate r than 1 .02~5.l this 
panelist had an lsmean o f 2.92). This pane list could us1se a 
little he lp with toning dow n umami rat ings in order Ho ,, rate 
consistently wi th the rest of the gro up . Samples wcrre; also 
significantl y different from one ano ther (p 5 0.000 1) .. SSour 
sample hnd an lsmean of ~.6 with a ll o ther samples l11avving 
mea ns< 0.9 . 
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Table 5. Summary of results . 

Attribute 
Significance Significance Attribute Attribute LSmean 

Comments 
between judges between samples LSmean in other samples 

Bitter 0.1389 0.0001 

Brothy 0.3201 0.0001 

Salty 0.4358 0.0001 

Sour 0.0001 0.0001 

Sulfur 0.0109 0.9539 

Sweet 0.0001 0.0001 

Umami 0.0001 0.0001 

Q3 2008. 

Line Plots. 

In the line plo ts. the score for each pane lis t. rcpn:st' ntcd 
hy colored circle';. is plo tlcd for each taste <lll rihute. The 
avt! ra gc score o f the panel fo r ench <J ttributc is indicah::d by 
th i.! bDuc line. Sa mples of line plo ts for se l cc h:~d cht:cscs arc 

show n in Fi gmc 2. 

Correlation Plots. 

W ith corrdation plo ts. th~ score o f each pane lis t is 

plo tt e:d aga ins t the pa nel averagt.! fo r each fl a vor allrihutc . 

Th t.! •'\co re of th~ indi vidua l pane li st be ing examined is 

reprc ·'iente d hy a colo red c ircle . The scorl.! o f the o ther 

panelis ts is rcpr~sc ntcd by an open c irc le. A pt- rfcc t 
corrc I at ion betwcen an indi vidua l paneli st 's sco re and the 

pane l average is rcpn:sent ed by a dashed blue line. Selected 
plot s for indi vidual navor attributes are shown in Figure 3. 

8.4 <1.0 
Good identification and 
rating 

7.3 <3.0 Good identification and 
rating 

6.9 <1 .5 Good identification and 
rating 

7.5 <1.8 Judges need more 
training 

0.3-1 .5 0.3-1 .5 
Attribute concentration 
too low 

9.0 <2.1 
Judges need more 
training 

3.6 <0.9 
Judges need more 
trainin 

CONCLUSIONS 

The pa ne lists an.: 1:x: rfonning well , a nd add iti ona l 
pandi st.s an: be ing trained to keep the panel s i7c ahlJ Vc I 2 

indi viduals. 

The pant.: ! continues to evaluatt: samples for W DC 
n:sca rc h projects, as we ll as fo r industry. 

NEXT STEPS 

Paneli sts w ill continue w ith tra ining and eva luatio n . 

Pand s w ill bc conducted for OM I, WI)(', and industrial 

client s. 
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Figure 2. Lme plots for several cheeses (mozzarella. aggiano. cheddar) 
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Questionnaire 1 

PRESCREENING QUESTIONNAIRE 
HISTORY: 

Name :~---------------------------------------­
Phone: (Primary) '-------'------------------

Age: __________ __ 

Where did you hear about this project? ____________________________________________________ __ 

TIME: 
1. Are there any weekdays (M-F) that you will not be avai lable on a regular basis? If yes, please explain. _______ . 
2. Are there any times of day that you are not avai lable? If yes, please explain . .,---------,----,------------
3. How often do you travel or go on vacation? On average, how long are your trips or vacations? __________ __ 
4. How much longer do you plan to live/work in Cache Valley? (Circle one.) 

< 1 year 1 year 2 years 3-5 more years 5-1 0 more years > 10 year 

HEALTH: 
1. Do you have any of the following? 

Dentures (partial or full) ____________ __ 
Diabetes 
Oral or gum disease -----------------­
Hypoglycemia 
Food allergies What allergies? __________________________ _ 
Hypertension 

2. Do you take any medications which affect your senses, especially taste and smell?---------------------
3. What are your smoking habits? (Circle one.) 

Never Only in the past Smoke occasionally Smoke regularly 

FOOD HABITS: 
1. Are you currently on a restricted diet? If yes, please explain. ____________________________________ _ 
2 . How often do you eat cheese in a week? 
3. What is (are) your favorite cheese(s)? 
4. What is (are) your least favorite cheese(s)? 
5. What foods can you not eat? 
6. What foods do you not like to eat? 
7. Is your ability to distinguish smell and tastes .. (Circle one for smell. Circle one for taste .) 

SMELL: Better than average Average Worse than average 
TASTE: Better than average Average Worse than average 

Does anyone in your immediate family work for a food company? _ 
Does anyone in your immediate family work for an advertising company or a marketing research agency? _____ _ 

QUESTIONS: 
1. What do you consider the most prominent characteristic of a ripe piece of fruit? 
2. If a recipe calls for thyme and there is none available , what wou ld you substitute? 
3. What are some other foods that taste like yogurt? -------,------,--------------------------------
4. How would you describe the difference between flavor and aroma? 
5. How would you describe the difference between flavor and texture? 
6. What is the best one or two word description of grated Italian cheese (Parmesan or Romano)? __________ _ 
7. Describe some of the noticeable flavors in mayonnaise. 
8. Describe some of the noticeable flavors in cola . 
9. Describe some of the noticeable flavors in sausage. 
10. Describe some of the noticeable flavors in Ritz crackers. 
11 . What are some products that have an herbal smell? 
12. What are some products that have a sweet smell? 
13. How would you describe the difference between fruity and lemony? 
14. Describe the smell associated with Feta cheese. 
15. Describe some of the noticeable smells in a bakery. 
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Questionnaire 2 

Sample Cheese Descriptive Panel Screening Questionnaire Components 

1. Taste Identification: You have been given [five] reference samples. Please taste each one, in the order presented, 
arnd identify the ftavor attribute present in the sample. Rinse you mouth with water between samples. Expectorate the 
s;amples into the cup provided. Do not swallow. 

Sample ___ Attribute 
Sample ___ Attribute 
Sample ___ Attribute 
Sample ___ Attribute 
Sample ___ Attribute 

IIJ. Odor Recogn ition : You have been presented with [five] containers . Please open only one of the containers at 

a 1 time, proceeding in order. Open a container and carefully take three quick sniffs . Immediately close the container. 

Tl'hen try to identify and/or describe the contents based on the odor. If you do not recognize the odor, try to describe it. 

R~e-open the containers and re-sniff the odor as often as you wish, but do not fatigue your olfactory system by sniffing 

tQ)o long or too often. 

Fr'rwty, nutty, fi shy, rancid , buttery. rosy (ftoral ) 

Reference. _____ _ Odor description _____________________ _ 

Reference. _____ _ Odor description _____________________ _ 

Reference. ____ _ Odor description _____________________ _ 

Reference ____ _ Odor description 
Reference ____ _ Odor description, _____________________ _ 

Reference ____ _ Odor description. _____________________ _ 

Reference ____ _ Odor description, _____________________ _ 

111 11. Intensity Ranking: Please identify and rank the intensity of the flavor attribute for each of the 12 samples. 

Sample __ _ Attribute ___________ _ 

A~ttribute Intensity Ranking 

C No Flavor ~ S light Flavor C Moderate Flavor C Strong Flavor C Extremely Strong Flavor 

(112 x's) 
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Innovative approaches for improving low fat mozzarella cheese 

Donald J. McM ahon* 

*Principal lm'estigalor: U!ah .)'IOte Uni\·ersity. Western Dairy Center. Logan . UT 8-1322-8700 
email: donafd.mnnahon @usu.edu 

Funded by: Dairy Manag~menL Inc. January 2008 - June 20 10 

A.BSTACT 

Lmv f<Jt cheeses dehydra te too quickly when baked in a forced a ir convec tion oven that preve nts proper ml!lting on a 

pitZJa and li m its consumer acceptance . To ovcn.:ome this proble m. alll!mpts were taken to ava il fat in free fo rm in low fat 
ci- IC('SC during baking. whic h cou ld release readi ly o n surface during baking and prevent rh.:hydration . Low fa t Mo1.zarclla 

dlCCSl! was made using direct addifica tion with vinegar to pi I 5 .9, contai ning 1.5o/c. 3 .0%. 45o/t. or 6.0'k fat in tina! c urd . 
T lhc cheese c urd was sa lted and placed in a how l choppe r and then melt ed huller was added at the level 4.)1'J , ~-0~ , !5o/r, 
o r· O.Oo/r respectively, along w ith glucono-b -lac tone so that the tota l fa t in llna l c heese becomes 6o/r. Cheese manufac tu red 
was amdy7t:d for melting charact t:ri stics, texture pro l'ilc , fre e o il CtHllent , and dehydratio n pt: rformance when baked 0 11 a 

pi!ZZ;I at 2:C\0°C for () minutes in an impingt:r oven afte r IS. 30 . 60 , and 120 days of s torage at ."i oc. Sensory evaluat io n of 
]olw fat cheese was also compared aga inst full fat cheese for consnmt:r acct:pt ance. A ll cht:t:scs contained S.Y7c to 6.0% fa t 
itllld ")::!'~ to 5 _Vk moisture a t day I of s torage . C hccst: ~am pies with butter had hi gher stretchab ility when tested with <t fork , 
ccnn pan:d to the cont rol cheese in which all 61J:- fat was from the curd . Me lt ing charac te ri s tics a lso improved in contras t to 

thtc < o nt rol cheese which rema ined in the fo rm of shreds and d id not me lt . The treated cheeses had highe r free oi l content 
amd les:-, hardness, gumminess . and chew iness as compared to the control c heese. Ave rage ra ting for ove rall consumer liking 

fon· lnw fat cheese sampl e~ were 6.08 which was s li ghtly liked on hedonic scale . 

BACKGROUND 

Olbjective 1. 

For good me lti ng prope rties. a low fat cheese needs 
to hcwe sulllcient moisture anJ fat to prevent the cheese 

fnom dehydrating too much durin~ baking. espec ia lly when 
batke d o n a pi zza in an l mpingt:r-type oven using ho t air. 

T lhe c hemi stry of the protein matrix can be adjusted so that 
it nows and has s tre tch prope rties , hut in a low fa t cheese 

thte re is insuffic ient free oil to prevent excessive surface 

dc!hydration which then resul ts in charring . In a cheese 

co mta in ing only 6o/r fat. the fa t g lobules are we ll entrapped 
wi ith in the prote in matri x while in a full fat cheese (or 

cvten part skim mozza re lla) some of the fat is no lo nger 

in globu lar form and is released from th l! cheese as it is 

hc:a tt::d. 
Tn recent research at Utah State Univers ity we have 

obJse-rvcd that reduced fat cheese c urd can be g round (or 
chwp,pecl) into small pieces and then fill ed into hoops 

<Hud ]pressed . Such chee se knit s together well a nd can he 

eas il y s li ced . By using thi s technique. a cheese c urd wi th 
fat conte nt be low the final ta rge t can be made and a small 

amo unt o ffal added during grinding . The amounl o f fa t 

cannot bl.! loo high o r it will prevent fu sio n of the c urd 
particles during pressing . T he fin<:~ l cheese will the n have 

tiny veins and droplets of fat distributed th roughout that 

is not intrins ically entrapped hy the protein matrix . This 
cheese can then be diced and when spread on a pit.za (or 

ot he r baking applications) the re would be suffic ient free oi l 

that can be re leased to provide a thin coating to the cheese 

surface . 
T he maxim um fat le vel a llowabk for a low fa t chc::cse is 

6% fa t (max.~ g fat per SO-g. re fe rence amount) . O nt: o f the 

rt..:quircme nt s to meet the /\ IIi\ IIcari Healthy guide lines, 

is that such a low fat food cnn contain no more than I g o f 
sa tu rated fat per I oz serving. And since butterfa t cont a ins 

6~.S7r sa turated fa t, then such a cheese ca n only cont ain 

1.57 g o f fa! per 28 g savi ng. or no more than 5.6% fa t. 
This will be the ta rget usc::d in this research . and th is can 

be fa t present in the or igi nal milk or added during the 

gri ncling/hk:ncl ing process. 
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Objective 2. 

The fibro us characteristic of mozzarella cht.::csc comes 
about OCca usc during the pasta fi!ara hot water cook ing/ 
stretching of the cheese curd , the fat g lobules undergo a 
type of phase separation from the pro tein matrix. During 
this proc\!ss the fat g lobules ga ther and as a result o f the 
stretching process are formed into long column of fat 
globules in serum with the protein consequentl y forming 
in to s trands that are separated by these fat -serum channel s. 
Then whl:n the hot cheese is extruded the protein strands 

arc oriented so as to parallel w ith each other. In the 
abst:: ncc of fa t, there is nothing to kc12p the pro tc in strands 

sepa ra tcd and the cheese loses s tringiness unless so me 
other substance is added that can a lso in te rfe re w ith protei n 

fusion to form the two phase system o f protein s trands and 

particle channels during the mixing-ext rusion process. 

Polysacc haride mate rials tha t do not bind to the prot ~.: in s 

have the po tentia l to mjmic the ac tion of fat g lobules in 

physica l block ing protein fu sio n and allow ing protein 
strands to form . 

T hi.! polysaccharide can be added in powdl.;!rcd form or 
as a s lurry. Inc luded in th is would he starc hes and gums . 

Another source o f polysacc hmidc is that produced hy 
EPS 1 cultures such as the capsular formi ng Srreproror·cus 
rhennophilus MR IC started culture that has hcen used for 
increasing mois ture content of low fa t mozzare lla c.: hcest.: 
and was ohsaved in cheese to have a large IX'I Iysaccha ridc 
cnpsulc nround the bacter ia l cell s which form into c ha in ~ 

(Pt..!ITY et al. , 1997. 1998). This can be grown in a milk 
ml.!dia and wou ld have the advantage of be ing incl uded in 

thl! ing redie nt lis t a s pat1 of the cultures . 
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RESEARCH PLAN 

Objective 1. Improve the melting properties off low 
fat mozzarella cheese by having butterfat in 1 t lhe 
cheese in a more available form for release < dwr­
ing baking. 

Hypothe sis: Mixing a sma ll quant ity of oi l wd th 

comminuted cheese curd bcforc pressing will proodmce 

a low fat cheese w ith increased oi ling o rr charac ter l'istt ics 

during heat ing. thu s preventing surface dehydration1 amd 
chan·ing of the cheese . 

Objective 2. Develop a low fat mozzarella cheee•se 
that has the same characteristics as string cheee•se 
made from cheese containing 20% fat. 

1-lypothesis: Mix ing a polysaccharide materia l initio Jhot 

stre tched low fa t muLLard la cheese will create a c h;:mnnell of 
po lysaccharide that mimics the fa t-se rum channels pn.resK:nt 

in hi ghe r fa t cheeses and cause thl.! protein to fo nn 1 imto 
strands, thus g iving tht.: ...: h ~.:ese a string c heese appearaa ntce. 

MATERIALS AND METHODS 

Objective 1. 

Cheese making. 

Four halches of I J6.4 Kg (JOO lbs) pas leuriLed I tmi lk 
each . obtained from Westem Dairy Center. we re utilizze<d to 
manu facture low fat cheese curd wi th fat levels of G.OJ ,L4.S . 

3.0. and 1.5% using direct ac idi f-ication method with 1 c itt ric 
ac id (DSM Nulrilional Producls . Parsippany, NJ) lo pi H '5 .9 . 
Direct ac idifica tion helped in q uick ripen ing. T he vats; \were 
cooked at42°C with s tirring for 30 minutes, and then ' wlhey 

was drained . The chces ~..: c urd was then milled us inpg 16-
mm c urd knives, salted in thrt!c applica tions with) mi1imutes 

apa rt at 1.8%, and pl aced inn how l chopper. Melted bbwtter 
in 0.0. 1.5. l.O , o r 4 .) % conct! ntril tion . respectivcly.y , \was 

added along with glucono-6 -lactone (GDL) at 1 I.OlO% 

leve l (JM Swank . C"on i\gra Foods Inc .• Norlh libcny.y, IIA). 
The purpose o f adding glucono-6 - lac tone was to enhhamce 
the fl avor o f low f<ll cheese and to stab ili ze constanht )pH . 

The c urd mixture was sa lted wi th comminuted u si; in~g a 
Hoban bowl chopper (ll oharl , Troy. O H). hooped inn '9kg 
(20 lbs) cheese blocks . and pressed a1 100 kPa pree sS>ure 
on horizonta l press. The blocks were then sto red ali t 3°C 
unti l used for analysis. Chccs~.:making was pe rfo rmnedl in 
two rep lica tes. Cheese samples were ana lyzed in tripbliccate 

for proximate com posit ion and water acti vit y at day. ~ pi izza 
fork tes t , mdt pro filin g. free o il dc tenn inatio n , and te.extture 

profil e analysis al Jays IS, JO , 60 . and 120 . A Con nfmcal 
Lase r Scanning Microscopic.: (CLSM ) examinationn \Was 
also performed on a ll sa mples to observe the d istrihbuttion 
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of fat particles and to conl irm if me lted butte r added pos t 
processed to cheese S<.lmples was available in free form . 

Proximate composition and water activity. 

The mo isture. pi I , salt . and fa t cont l..! nt s were 

dt:tcnnined in tripl icate fo r a ll cheese samples at day one 
o f Shlrage at 3°C . rille pi! o f cheese sample was de termined 

by C\) Illb ining 20 g of ground cheese with 10 g o f dis tilled 

wakr in a pl as ti c hag and s tomached (S tomacher Mode l 
400, Sl!ward , Riverview, PL. ) at 260 rpm for I minute. 

T he pi I o f the cheese slun·y so fa nned , was measured by 

us ing a Xerolyt combinati on e lec trode (Mock! 11 /\405 . 
M ellkr To ledo, Colu mbus. O i l) and an Accumcl pi I me ier 

(model i\ R 25. Fishe r Sc ie nt ilk. Pittsburgh . PA). Mo istu re 
ana lys is was done o n C'EM m icrowave oven (CEM Corp ., 
Indian Tra il. NC) by plac ing 2-3 g o f linely gra ted cheese 
S(l111ph.: in be tween two pads, a fte r taring the two pads 

on CEM oven inbuilt ba lance . The mo is turr.:: conte nt was 
recorded at the fina l hcep . Fa t content was dete rmin i..!d 

us ing Babcoc k Method (Me thod 15.8.A: A mt! ri can Publi c 
ll ca lth i\ssoci<Hion , 1992). Sal t content was mca~urr.::d by 
combi ni ng 5g of ti ndy ga rted cheese w ith 9R.2 g o f d io.; till ed 
water nnd mixing for 4 m inutes at 260 rpm in a Stomac her 
400 (S tewa rd). The mi xturr.:: w;Js l"iltl! red th rough Wha t man 

nu. I filtt:r pape r, and the filtratr.:: was analy1.ed for sodium 
chloride ana lyzer (mode l 926. Corning Mcdli eld. M A). 
W<Hcr ;u.: ti vity was eva luated us ing Aqu<1L1 b Lite water 
ac ti vity meter (Decagon. Pullm t~ n . Wash .. li.S.A .). which 
recorded water activity in ) minutes pe r sa mple. 

Pizza baking and fork test. 

'J 'h~ stre tchabilit y o f 111 01.1.are lla c h~..:cse was empirically 

rnea~urcd by using a fork tr.::s t (G unasekaran and i\ k . 2002, 
200~) o n me lted mOI.L<Ire lla cheese on a pi zza crust. Piaa 

hakillf'. was performed on day':'. 15 , ~0 . 60, and 120 o f cheese 
s to rage. J.c; o g of shredded cheese was placed on ha lf of the 

pizz; t crust (30 em di ameter) wi th 16 g o f tomato sauce that 

w:as spread on the cm st. O ne pizza c rust was uscd fo r two 

ty[PCS o f samples . An lmpinger oven (Lincoln Foodsr.:: rvice 
Products Inc ., Fo11 Wayne, IN) wi th forced air convec tion 

w;as used to ba ke the p iz7a at 25i0°C for 6 minutes. The fork 
te -s t, as it is called , is pcrfonncd by stretching the lump of 

mte lted cheese o n a pi zza c rust ve rticall y hy a fork until the 

butlk o f the cheese strands break . A s tainless steel fork was 

u s~ed to tes t the stretchability o f low f<1 t mozzare lla cheeses, 
aftte r hnking them on a p izza crust and standing the baked 

pi ,aa o n a bench top for I minute to perfonn the fork tes t. 

T hJC vcrti czll stre tch was mcasurcd using a sca le in triplicate 

fro m three differe nt spo ts and recorded as an average. 

Melting profile. 

C'hccsc blocks were c ut into thin s lices (7 m m) with a 

hancl -opc ra led s licer (Mode l No. 1042. Ri va l Co .. Kansas 
C it y, MO). "ll1c cylindrical spccim~ns o f 30 mm cliamdcr 
were c ut out with a cork horc r. The cheese samples, 7 mm 

in thi ckness and 30 mm in di ameter, were put in a Liplock 
bag until t ~.:s t cd on UW-mcltmc ter at 65°('. 

l JW mcltmeter. dcvd opcd for measuring melting 
behavior of cheese, consists o f an a luminum body w ith 

a doughnut shape heater insidc (Kuo ct al. 2000) and a 
tcmJx: rature cont ro ller unit (C'N 4400, Omega Engineering 
Inc .. Stanford . CT) to cont ro l the heater. 11H:: hente r is in 

cont ac t with the s tati onary pi sto n . The oute r ring c.·an be 
moved up and down around the stationary pi ston using the 
lever ann. A c irc ular pl ate is att ached to an LVDT (l inear 

va riable di fferent ia l tra nsformer. Schaev it z Enginee ri ng , 

Pe nnsauken . NJ) to mo nitor the How o f cheese upon 
melti ng. A pe rsonal compute r w ith a dma acquisit io n board 

(DAS I GG J-Jigh Speed A nalog 110 Board . Me lrabyie 
Corp .. Taunto n . Mi\) and softwa re (Easyest LX soft ware , 

Asys t 'l'echno log ics Inc .. Roches ter. NY) wen: used for data 
collectio n and analysis . T hi..! tcmpcrature o f the me lt meter 

was se t before the spccimt: n was placed . Both mt: lt metcr 
top surface and c irc ul ar pla te wcrc lubricated wi th mineral 
oil to ensure lubr ica ted squcczi ng now. rnlt~ cheese sample 
was heated while covered wi th a c irc ular pl ate to prevent 

mois ture loss. The tempe rature o f the chees.; that was in 
the sampl e w.; ll was mo nitored by a digita l the rnHx:oupl c 
th c rmomct ~..:r inserted into the sample . The sampks took 
about 5-7 minnte'j to I"l!ac h the tes t tempe ra ture of 65°C. 
O ncc the sample reached the test temperature. the da ta 
acqu isition sys tem was started. The lever am1 was raised 

to lower the o uter ring and allow the samp le to fl ow under 
the constant force or 0.67 N (t he weight o f the ci rcular 

pl ate and the LVDT rod). The hc ight o f spec im l..!n was 
r~..:co rchxl as a fun ction o f time. Meltability was calcula ted 

as the d iffe rence between the initi al he ight and the he ight 
o f mr.:: lted cheese at one second (Wang e l a l .199R). 

Free oil determination. 

A ra pid me thod of rrec oil dc termination was conduc ted 

using the modified Babcock Method as described hy 
Kindsiedi and Rippe ( 1990). 36 g of ground cheese 

sampk s were we ighed in Balx:ock bottles . 1l1c hattie wi th 
cheese was immersed in ha iling water for 8.0 m inutes to 

me lt the c heese. Distill ed wate r (20 ml at 57 5° C) was then 

immed iate ly added . and the bo lll e was cent rifuged ho t (ca. 

57.5°C) for 10 minutes. A po rti on of 1:1 dis tilled water: 
methano I (2 1 °C) was then added to atta in a fin a l leve l in 

the uppe r region of the ca lihra ted neck . 'fhc bottle was then 

ce nt ri fu ged hot (ca. 57 5 °C') for 2 minutes. At this point , the 

bo ttle was re moved from the centri fuge and gently roc ked 
by hand fo r I 0 seconds. The bott le was tilted at a 4 ) 0 angle 

w ith th r.:: rubber stopper orie nted downward d uring rn<: king. 
T he ho tth: was nex t centrifuged for 2 minutes (ca. S75°C') . 

and then the 10 seconds. rockin g 2 minutes centri fuga tio n 
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sequence was repe<~tcd. Final ly, the bottle WCJS tempered 
in 57 _soc water for 5 minutes , and the fat col umn was 
measured using glymol to e liminate the meniscus. This 
procedure gave a well -defined str<Jw colored fat column . 
Fn::c o il was expressed as both percentage in cheese and 
percen tage in cheese fat (FOFB), using the following 
equations: 

Measured fat column FO (o/c in cheese)= Measured fat 
column/4 

FOFB (Measured fat column/4) I ('Jf total fa t in 
cheese) 

Texture profile analysis. 

Texture profile a n<~ lysis (TPA) o f low fat cheeses were 
performed at 15 , 30, 60 , and 120 days of storage, us ing 
a Texture Analyzer TA.XT plus (Stable Micro Systems. 
Goda lming, Surrey, UK) equipped with 2 kg load cell. 
The cheese textural parameters evaluated wen:: hardness. 
adhesiveness. cohesiveness, chewi ness, and spring iness. 
The cheese samples were cut into cyli ndrical specimens 
(20 mm X I 0 111111) usi ng. a cork borer. Th0 sampks 
were tempered for 2 hours before analysis. 1\ two bit e 
com pression tes t was conduc ted with 60% comprl..!ssion. 
ll ardness. adhesiveness. cohes iveness. and springiness 
were evaluated and ca lculated as desl: ribcd by Bourne 
( 1968). Measureme nt s were performed in triplica te . 

Laser Scanning Confocal Microscopy (LSCM). 

Sa mples o f cheese were cut into 8 cm1 pieces. placed 
under a 2 kg we ight w ith intent to hold the c heese. and 
pu lled across a granite tile at a rate of 20 cm/s. Confocal 
Laser Scanning Micr0scopic (C'LSM) imaging. was 
conducted at 4°C. 1l1e LSCM stain ing fo r the fat used 
0. 1% Nile Red , and for the protein used 0.0 I o/r Fluorescein 
lsothi ocyanate (FITC). 'fhe fat was imaged at 565 nm and 
thl! prote in at 48B nm . 

Sensory evaluation. 

A '.:onsumer test, consisting o f 90 pant!li sts. was 
admini stered in the USU Sensory Facili ties. A total o f fo ur 
samples were presented to the consumers. Pizza was made 
(as desc ribed earlier) w ith cheese samples, 6o/c fat . a ll fro m 
cheese curd (Control ), 3% fat from cheese curd plus 3o/r 
fat from melted butter added post processed, commercia l 
who le milk mozzarella cheese or regular. commercial 
part -skimmed low moisture mozzare lla. Pizza ~ wen:: then 
cut into equal sized slices and served w hile hot to tht.:: 
pandists. Samples were presented in random order w ith 
a three d igit random number coding on a parx: r pl ate to 
minimi ze any bias. 90 paneli sts total participated in the 

test. and each tasted and rated the samples based on dcgrree 
o f liking o n a typica19-point hedonic scale in the folio'w img 
categories: overa ll , fl avor, color, and texture. Sensory dmta 
was collec ted using SIM S 2000 (Mo rTistown, NJ) . B<efmre 

sensory panel fo r tas ting cheeses, approval from Utah Stmte 
Uni vers ity Institutio nal Revil.!w Board was obtained ho w se 
human subjects. 

Data analysis. 

;\ randomi zed complete block design , \W hiich 
incorporated the four treatments (control , l .So/c , 3.0o/r , amd 
4.'i% melted butter) and 3 bloc ks. was used to analyz:e tthe 
response variables. The proximate compos it ion (mois twre, 
fat , and salt %). fork test da ta, and free o il o/c va lues \vtere 
evaluated as average va lues with standard deviation. l l'he 
textural paramt.::ters (hardness, adhesiveness, cohcsive ne;:ss. 
springiness, and chewin~.:ss) were evaluated by usiing 
PROC GLM and PROC CORR fu nct ions o f SAS 9 .. 1.3 
(SAS Institute , Inc., Cary. NC). Statistica l signili ccmc1e \Was 
ident ified at the 951]} confidence level, and posthoc 1me<ans 
comparisons were made basl!d on p ~ values obtai ned usi ing 
the Tukey -Kramer adjustment . 

Objective 2. 

Hot low fat mozzarella cheese was made from mtilk 
containing 0.7 o/c fat and then manually mixed wi th ]hot 
polysaccharide slurr ies. T lw hot cheese was then plat..:ed:l in 
a conical pot and then extruded into string cheese. a11d 1Cut 
into pieces, the n coo led. 

Cold milk was standardi7cd to O.'i o/c fat. 600 ll bs> of 
adjusted milk was used a t 60.2°F. 48 g of TiO~ and 1 ml 
of annatto were diluted in water and added to the m1ilk . 
Following thorough mixing. 2100 ml of vinegar (~5% 

acetic ac id) was added, pre-ncid ify ing the mjlk to a pH 
of 6.30. After 30 mi nutes of incubation , the milk. \Was 
heated to 90°F, at which time 48 g o f the starter cul tu1re · St. 
thennophilus was added . The milk was a llowed to rir.pen 
for 30 minutes. After ripening , 24 ml o f chymos irn \Was 
added. st irred for 2 m inutes, and then left undi sturbe<..;i UJnt il 
a finn se t was obtained aft er approx imately 25 minmntes. 
The coagulum was cut vertica lly with large knive:s ;and 
allowed to hea l for 5 minutes. Tht.:: curd was then s.Jm.wly 
stirred for 55 minutes. At this point 2/3 of the whey \Was 
drained. and the curd was stilTed continuously until a pi-1 
of 5.4 was reached. The tcmpl: ra ture was ra ised to 9(J)0 F. 
When the curd reached pl-1 5.4. the res t of the w hey \WaS 
drained and the curd was washed with 50°F water umtiJ I the 
curd tempcra tur~ dropped to 70°F. The wash water \Was 
drained , and the curd was dry stincd until a pH olf 5i.30 
was reached . followed by the additio n of sa lt at 1 ~ (vw.Nw.). 

The curd was dividl!d into 6 lbs a liquots for hand stre ttclning 
and addition o f starches. 1\ different starch was addedd to 
each aliquot: waxy corn. waxy rice. and in stant tau)icoca. 
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The ~ larches were al lowed to hydra te to a concentrat ion of 
9% w/v. The starches were added to the appropriate cheese 
during the stretching and cooking step at 7o/t- (v./w.). A 
cont rul was made w ithout s tarch added . ~ll1 e pasta fi lata 
chcc ~e of \.S inches in diameter was extruded, cut into 6 
inch lengths. and submersed in a cold )lfn brine so lution . 
C heese was vac uum packaged and stored at 42°F. The 
chcc:o>c was analyLed for fat, mo isture, salt , and p i I. 

RESULTS AND DISCUSSION 

Objective 1. 

Proximate composition and water activity 

The proximatt: compositio n of control was no different 
than the experimental chcesl.!s (p<0.05). The fat content was 
found to b~ 67t- o r less in most of the cases. As sununarized 
in 'H1ble I . pll o f a ll cheeses was maintained in the range 
5.1- ).2 and thc mo isture content rangcd be tween 52-
56% of the chc!.!sc samples. A ll cheese samples were also 
analyzed for Na<. 'I content , and the sal t-in-moisture l:Ontent 
o f the cheese-. wen! bet ween I .6- 1.87£ . As ex pected for 
low fat cheeses. moisture. fat. salt. and pll va lues were 
approx imate ly 5~%-. 6.07,. I .R%. and 5 .2. n:spcctivc ly 
which \Vc n: in <.H.:curdancc w ith standard of identit y for low 

fnt cl!ecses. 

Stretchability test and free oil %. 

The stre tchabi lity measurc m~..·nt s were doni.! using. 
the fork test , and free oi l dell:-rmi nation was evaluated hy 
using the modified Babcock Method as d t.!sc rihed earlie r. 
Th~ dat a was summarized in Table 2. The stretchability 
was measured in centimeters o f length of cheese strands 
hl.! ight until broken. After baking p izza in the ove n, cont ro l 
chce~e did not melt and had a dried surface wi th <.:ham:d 
chce~c and very less fusio n. ll owever, adding melted butte r 
to cheese pos t process ing became very nuid and nowed 
nice ly on the pi LLa crust , and the stretch o f cheese was 
grea te r than the contro l. The length o f cheese strands were 
observed to be increasi ng with increasing leve l of melted 
butter in cheese samples. Tht.! fu sion o f cheese shreds 
added w ith melted butter he lped in delaying dehydratio n 
of cheese during baking and a llowed proper melting by 
apply ing hydrophob ic coating on cht!CSI.! s urf~1ce. The 
rcsui Ls were in agreement w ith the results o btained by 
Rudnn and Barbano ( 1998) whe n they tested vegetable 
o il spray on nonfat cheese slueds o n pi 7za c rust during 
baking . The stre tchability data was highly corre lated to 

free o il c on ten t as shown in Table 2. As the frl.!e oi l cont l.!n t 
inL: reased in cheese samples. s tretchability a lso increased . 
The e ffect of agi ng o n free o il content cmd stretchability 
WHS a lso in v~..·stig a t ed , and it wa~ obse rved that both free 
oil and stn.:tchahilit y decreased with aging from IS days 

lo 120 days. 
The fn.:c oil content was th t! ev idence of ava ilab ility of 

fat in fn.:c form which incn.:ased with the inc reasing level 
of melled buller (Table 2). ·n,e correlation coeffic ient ( r) 

was VCI)' high when stretchability was compared wi th free 
oil content and ranged hl..! tween 0.84 to 0.99 for four time 
points ( IS , ?.0. 60, and 120 days) in aging period . 

Melting profile. 

Meltab ility o f moaarclla cheese is vc1y importan t 
becau se thi s cheese is widl!!y used for pitza . Lucey and 
others (20m) reported tha t me lting properties of cheese 
arc based on the interac tions between case in molecules. 
llowcvcr. a nonfat or low fat cheese lncks casein-casein 
interact io ns, resulting in poor meltabi lity. When fat was 
provided in free fo rm . as in this study. improved me ltability 
to a gr~atcr extent. Thl.! g.r<-tphs in Figure I (A- D) showed 
that cheese height incrt.!ascd with increas ing levels of added 
butter. and time o f melting decreased with inc reasing h!veb 
of added butter. Though the melting pro lilc of a ll cheeses 
tended to be c lose to eac h other (Fig ure I C), the ovcnt ll 
Jncltabili ty showed no difll: rcnces with ag ing o f cheese. 

Textural analysis. 

T'ex t url!ofc heesc is a very important fea ture forcon sumer 
acceptance . The <: hanges in tex tural paramders (hard ncs-.. 
adhesiveness. springin i.!SS. cohesive ness. g ummine<;s . 
and chcwi ness) were reportcd in Tab le 3. Fa t reduction 
iu moz;arc ll a cheese was accompani ed with inc rease in 
hardness and chew incss in control cheese samples, which 
was a lso !\:po rted by Awad and others (2005) . ll owcver. 
adding butter post processed to cheesemaking significantly 
decreased the hardness and chewiness (p<0.05) , as shown 
in Tabk 3. The cohesivt:ness was observt:d to dec reasl.! at 
15 days o f storage, with added butter. and this was due to 
comminuting the cheese curd for mjxing melted butte r. The 
cohes iveness was then inc reased at ~0. 60 , and 120 days o f 
storage , which was due to knitting back o f curd partic les 
in the vacuum packaging . As summarized in Tabl e 3, 
hardness. adhesiveness. cohes ive ness , gumminess . and 
chewincss va lues were very low for cheeses added with 
melted butter. especially a t ~.0 and 45% leve l a nd these 
values inc reased at ~0 and 60 dnys o f storage. Thi s was 
again due to the commi nuting o f cheese curd and knitting 
back together after 30 days of s torage and then continued to 
increase o n fu rther storage . The increase in hardness during 

ripening might result from the reduc tion in the level o f free 
water. wh ich increases cheese re sistance to deformation 
as previously reported (McMahon et a!. . I IJ99; Bea l and 
Mittal. 2000). As observed in Table ~. springiness of low 
fat cheeses remain~d unchanged with regard to cont ro l as 
well as til t: sto rage . ll1is study hel ped in improving the 
texture o f low fat moaare ll a cheese without increasing the 
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Table 4. Summary of mean-scores, P-values, and significance. Test result code- PIZZ-4-09. 

Attribute 
Control 3% Cheese Curd I 
6% Fat 3% Butter Fat 

b b 
Overall Liking 5.88 6.08 

b b 
Flavor Liking 5.85 609 

c b 
Color Liking 5.31 5.97 

b b 
Texture Liking 5.05 5.34 

b b 

Fat Content By Sample 20.8 2309 

overall fat content. 

Confocal Laser Scanning Microscopy (CLSM). 

T he results from C LSM were very consistent , and 
the n: presenta ti ve images fo r cont ro l and trea ted chees~.: 

samples were included in Fi gure 2 (a-d). Cheese sampks 
were majorl y occupied with prote in (cnsein) mntrix with 
fat entrapp~.: d with in the matr ix. For low fa t moZLare ll a 
cont rol c hl:~..::s~..::, fat was observed to be ti ghtl y emb~..::ddl:d 

in casein matri x and was not av<ti labk <ts free fo rm (Figur..: 
2a). However, ch~.:..:sc sa mpl..:s w ith added buller showed 
more free fat drople ts and not entrapped most ly in casein 
matrix . The amount o f free fat dro plets increased w ith 
increasing h.: ve ls o f added butter (Figure 2b-d). The fa t 
droplets were mo re spherica l in s hape nnd smaller in sit..: 
in the low fat ch..:ese matrix (Figure 2a). llowever, low fa t 
cheese samples wi th added hutter te nded more towards full 
fa t cheese micrograph , not for increasi ng volume o f fat but 
w ith the avai labil ity o f fat in free fo m1 and disrupted fa t 
g lobule membrane. 

Consumer preference test. 

The consumer preference tes t was perfonned on the 
low fat mozzare lla cheese sample with 3% added butter 
level. lt was chosen based on it s be tter performance on 
pi zza baking and be tter functionalit y thnn other treated 
cheese samples. The 4.S % added butter levd showed be tter 
performance on pi zza, except that it had brownin g (Figure 
3) and it was soupy when fl owed on pizza crust afte r 
bak ing . The 3% added butter cheese sample was served to 
the consumer panel along with cont ro l (low fa t mozzarella 
cheese wi th no added butter). commercial who le mi lk , and 
part skimmed mOLLarell a c heeses (Lcprino Foods, Denver. 
CO) . 

Each piLLa was evaluated fo r liking, including ove rall 

Commercial Commercial 
P-Value Sig 

Whole Mozz Part Skim 

a a 
7.26 7.17 0.0001 

a a 
7.14 7.17 0.0001 

a a 
7.17 7.11 0.0001 

a a 
7.05 7 03 0.0001 

a a 
30.77 29.15 0.0001 

likin g and liking in tlavor, color. and texture. as shown 1 in 
Tab le 4 . They wen! also evaluated fo r thei r p~.:: rce i ved f fat 
conte nt , know ing that pizza typically has a fat content ranpge 
of 20-30%. Pandi sts were able to choose a pe rcentage c o f 
fa t for each sa mpi L! , based on how hi gh or low they fe lt tithe 
f<lt content o f tha t sampl e was . The number o f times ea1..ach 
sampl e was given a ra ting is also shown in Figures 4A -I-D. 
These charts arc separa ted based on liking category amnd 
allow for a mon: in-depth picture o f how each sample wovas 
rntcd. Out o f the pandists thnt took pa rt in thi ~ tes t , 50 0 % 
were male and 507r were female. As summarized in Tablblc 
4 , the average overall liking o f cxperi m~ nta l cheese (3'1% 
added buller) was 6.08 , which were for " like slightly'' omn a 
categorica l scale. It was a lower ratin g lh an the commercicial 
cheese samples but sli ghtly higher than till! control chee~sc . 

The color rating was significantl y higher for experimcntntal 
cheese than the contro l cheese sample (p<O.OS ). Tlfhe 
ratings for Havor and texture for ex pc:rimental cheese wc,ere 
slightly higher than the control cheese but no d iffe rent ththan 
the control (p>O.OS). 

Low fat mo1.zarelb cheese manufactured in Septcmbtber 
for consumer studies was found to ha ve too hi gh a le v:vel 
of colifonns (> 1000 c fu /g) , and it was discarded and n•not 
used for sensory tes ting. Presumably this contaminaticion 
occ utTed during the grinding process. A fte rwards , tl the 
grinder was s trippt~d down , thoroughly c leaned , and a netew 
clean ing procedure was implemented . 

Objective 2. 

Cheese manufacture November 24, 2009. 

Changes in the ch..:cse make procedure included usir.ing 
fat percem of the milk used was sli ghtly higher, at 0.79%. 
The cooking tempe rature was held at 94°F, instead of90°)0 F. 
Different additi ves were used in the ch ~.::c se, namely: Guiuar 
gum . xanthan gum . guar plus xanthan , polydextrose. a1and 
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install tap ioca starch . The gums made were hydrated to 7% 

w/v ;nd added to the cheese in the cooking stretch ing step 
at 8'7. w/w. The polydextrose was hydmted to 20%w/v and 
addcJ tn the cheese at WYr~ w/w. The starch was added to 
the c leese at 10% w/w and added to the cheese at 8% w/w. 

CONCLUSIONS 

The concept of a low fat mozzarella cheese wit h 
cnlunct.:d melting was shown to be fea sible hy adding 
mdtcd butter post to cheese manufacturing and prior to 
pre s~ ing. and storage o f cheese. provides the free fat during 
baking cheese on pi zza crust wit hout increasing the fat 
pcrnnt. This helps in significant improvt:mcnt o f me lting , 
as \\e ll as stretching propcrtics of low fat moLLarcll a 
chcc.;c. Though the highl!r the added butter. the higher the 
meltability. but due to thl! browning of c heese with 4.Y7r 
butter fnt. til l! best combination wns ."~% butte r added to 3% 
curd fat . Statis tical analys is of the taste panel rt.:: sults show 
that there was an improvcmt:nt in ovaall liking, navor 
liking. and t~xturt: liking. hd wcen the cont rol chel!se low fat 
moLJardl a and cheese mack from 3~ checst:curd and 3~ 
butter fat. Commerc ial whole mozzardla and commerc ial 
part :-kim mozza re ll a were bot h significantly d ifl\! rcnt in a ll 
allributes uf comparison with the contro l c heest.::. 

Objective 2. 

The manufacture o f low fat string cheese has required 
nunwrous modificati ons o f the procedure for :-. ma ll scale 
manufadure of string cheese . l't: fl on coating o f the interior 
o f the extruder rt:duced the friction hetwct~ n the in te ri or 
surface and the low fat cheese, thus a llow ing th t: cheese 
to pass th rough tht: t:x trudcr proJ~rly. The add ition of 
s ta rch to the cht:esc did visua lly improve tht: tt:xturt: and 
strin).!iness. The starch that showed the best results. when 
strin ,:..: iness was compared , was instant tapioca and was 
ca nicd nvcr into the second tr ia l. The addit ion of xan than 
and ,:!ttar gum improved the stringiness of the chccst: but 
were more difficult to incorpornte into tht: cheese during 
cooking and s tre tching. Xanthan gum showed to produce 
the cheese with the best str ing fom1a tion. Tht: addition of 
polydcx trosc showed no improvement but may need to be 

further examined. The tl!mpera ture of the brine must be 
abovl.! 170°F to a ll ow thl! incOJvoration of the starc h or 

gums whil e st retchi ng. 

NEXT STEPS 

Objective 1. 

Conti nul! wri ting the initinl manuscript of thl! low fat 
mouarella for haking on a piLza for submiss ion to the 
Journal o f Dairy Sciencl: . 

Objective 2. 

Plan and exec ute a new trial for addi ti on of starch and 
gums using the proct:durcs dl.;!veloped. Ana lys is o f the 
cht:esc for texturt: at both re fri geration tempcraturl! and 
mouth temperature, as compared to commercia l produced 
cheese (control group). Observe starch and gums structure 
within the cheeses using confocal microscopy. Conduct 
taste and descriptive panel s. 
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Effect of fat removal on cheese microenvironment and starter culture 
metabolism in cheddar cheese 
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ABSTACT 

Flavor development in hac t cri a l - r i ~ncd c heese (e.g .. Cheddar) is primary due to the ac tio n of lact ic acid bactt:ria (1 ./\R) 
and cnty mcs in the ripe ning cure!. Knowledge o f the mechan isms by which LA B affect cheese fl avor has fac ili ta ted industry 
e fforts to accelerate or intensify ll avor de velopment in many trad itional c heese varie ties . Unfor tunately. empirica l cfforts 
to ex tend th is informati on i111o low-fat cheese ~ystcms ha ve not provcU succes~ful , and low-fat produd s continue to su ffer 
fn nn low intensity of des irable fl <1vors and/o r from prono unced off-ll avor dd'ccts. 

It is the hypothesis o f thi s project that na vor problems in low-fat products are most likdy expla ined by a scenario 
wher!.!in starte r phys io logy (and thus ove rall mc..:taboli sm) is a ltered by differences in the ph ys ico-c hemical environment in 
ways that affect the produc tio n of t-l<1 vor- and aroma -active metabo lites. To thi s hypothesis, we arc working to detennine 
how !.ftrtocorcus laNi.s m..: taho lism is affected by the changes in cheese microenvironment. and espec ially S/M ratio, tha t 
occ ur as a consequence o f fa t reduc tion . Specifically. we are evaluating ge ne expression and volatile me tabolite prof-iles 
from L .lactis strai ns cultured in Cheddar cheese extract (CCE) mediut n adjusted to rdl cct the difl"e ring microcnvironme nts 
o f low- and full - fat cheese . 

Efforts to develop e!Te<.:ti vc cu ltu re syskms for low- fat cheese wi ll require mo re spet:ilk knowledge of how the cheese 
physico-chemi ca l e nvironment affect s s tarter cell physio logy. Know h.~dge generated from thi s study will facil itate industl) ' 
e ffo r1 s to develop slartcr stra ins, through m ut agenesis o r other mel hods. that can enhance fl avor deve lopment in low-fat a11d 
nonf;t l C heddar cheese. 

BACKGROUND 

Transfo rmation of bl and- fl avored curd int o delicious 
mature cheese is a compkx and dynamic process whose 

intricacil!s are scripted by the milk type and compos ition , 
the cu ltures and t!nzyml!s prl!sent or :-ldded to the cheese 
milk . and the manufac turing and ripeni ng t:onditio ns 
used . Many cheeses need to be stored at low temperature 
for months or even years before they auain characteris ti c 
fla vor and body attributes. Duri ng th is time. termed the 
curing or ripening period , microorgani sms and l! nzymes 
in the c heese matrix ac t o n milk constituents in a manner 
tha t i.:; pa rtly dic tated by the curd microenv ironment (e.g .. 
cheese pi I, a", salt content , E

11
, temperature . etc.) and which 

ultim tcly gives the des ired product ( f-ox e t a l. . 199.1). 
T ypes o f LAB that occur in intemally hncteria l­

ripcnc d cheeses such ns C'h l!ddar. Dutch. Swis~. and It a li an 
var ict ies. inc lude deliberate ly added strains (e.g .. starll! rs 

and adj unct cul tures) and adventit ious species (primarily 
nonstarter LAI3 or NSLAB) that enter cheese through milk 
or processing equipment. Modern sanitation and Good 
Manu facturing Prac tices help minimi ze initi al numbers of 

NSLAB in cheese , ye t these organisms invariably appear 
and grow to high numbers during ripening (Pe terson 
and MarshalL 1990). In Cheddar cheese , numbers of 
ILtrtor·or·cus lacti.s starter bncteria frequ entl y exceed 
109 colony-fo rming units (cfu) per gram whe n ripening 
beg ins. As maturation proceeds . the harsh cheese r ipenin g 
environment (l ittle or no n:::s idunl lactose , pH :'i .O to _l:;j _,l , 

4 -6% salt in moisture , :'i - i31'C') grad ua lly takes it s to ll and 
startcr viability dec lines . A frac tion of the dying stancr cells 
undergo auto lysis , wh ich re leases intracellu lar enzymes 
and cd lular components (t.! .g .. sugars and nuclc ic ac ids) 
into thc cheese matrix (Frycr. 1969). At the s<~mc time. 
NSLAH popu la tions (whose init ia l numbers nrc typically 
less than 102 c fu /g in chcl..!se made under good sanitary 

Western Dairy Center page 53 Annual Report 2009 



Effect of fat removal in cheese microenvironment and starter culture metabolism in cheddar cheese I J. Broadber;t 

conditions w ith hi gh qualit y pasteuri zed milk) beg in to 

grow and t.::ve ntua lly plateau at cell densiti t.::s o f I 07- 108 c fu / 

gram a ft e r 3-9 mo o f ag ing (Pete rson and Marsha ll . 1990). 
Microbio logical s tudies have shown SLAB po pulatio ns 
in bac te rial-ripened cheeses may be quite di verse, but are 

usuall y dominated by fac ultati ve ly he terofcnn.;ntati ve 

spec ies o f lac tobacilli o r. far less frequently, by pcdiococc i 

(Fryer , 1969: Be resford et al. , 2001 ; Broadbent d al.. 
2003: Broome et al. , 1990a; Crow e t al.. 2001 ; Sherwood , 

19YJ) . De pending o n the species that is used (and whe ther 
or not th t.:: particular strain can grow in rip t.:: ning cheese), 

po pul atio ns o f adjunct bacteria may mirro r the trend for 
starlt: r or NSLAB fra ctio ns . 

Tho ugh a link between LA B acti vity and ch t.::~o:sc fl avor 
attributes was postul ated more than 100 years ago (see 

Fry~.: r , 1969), the va riation and complexity that t.::x is ts in 

chet.::se mic robio ta and enzyme conte nt confoumkd early 

t.:: ffo rt s to establish a causal role for these bac te ria in fl avor 
dc.:vd opmcnt. This limitation was ove rcome in th e.: la te-

1950's. when se nsory s tudies o f aseptically manufactured 
C hedda r cheese showed that s tarter-free, glucono lactonc­
i.ll.: idified d1eese failed to develop C heddar lla vor, while 

cheese made with Lc. /actis starte r bac te ria ch:ve loped 
charac te ri stic. balanced flavor (Law d a!. . 1976; Rt.::it er 
c t. nl. , 1967). 'T'he same investi gati ons a lso showed 
NS LAB could modify bas ic fla vor notl..!s and accd erate 
ll avor devd opment. More recently, usc of l .itelobacil/us 
spp . NSI .AB isolates as adjunct c u\turc.:s fo r C heddar 
d1et.::se manufac ture hns indicated these bac te ri a may 
influe nce.: fl avor in at le ast ~ ways: they may intensify (i.e ., 
accele rate) typical fl avor develo pment. impart atypica l (but 

des irable) llavor notes , or promote o ff- fl avor deve lopment 
(l'ryer, 1969 ; C row e t al ., 200 I : She rwood , 1939; Broome 

e t al. , 1990b : Lynch c t al. . 1999: McSweeney et a l. , 199-1 ; 
Swearinge n c t a!. . 2001 ). In addition . NS LAB have also 

b.;en assoc iated with cheese quality defec ts such as open 
body (v ia gas producti on) and formatio n o f calc ium lac tate 

crysta ls (Fryer, 1969; Johnson et a l. . 1990 : Khalid e t al. , 

1990). 
Ciivt.::n the causal role of LAB in fla vor dcvclopmcnt , 

effort s to define the biochemical basis for flav or changes 

in cheese have logica ll y focu sed on the microbiol ogy and 
physio logy o f species found in cheese (for rece nt re views 

see Be res ford e t al. , 2001. El Soda e t al. , 2000: Fox and 

Wall ace . 1997; Marillcy and Casey. 2004; Ra ttray and 

Fox. 1999). Those efforts have identified many o f the 

most imponant biochemical and chemical processes in 
maturation , and have shown starter, adjunct. and NS LAB 

have an intimate role in most o f those proccsst.!s including 

lac tose fcrmentation ,conversion o f milk pro te ins (primari ly 

case ins) into peptides and free amino aci ds. cataboli sm o f 
amino nc ids in to volat ile aroma compounds. lipnse/cs tc rase 

ac ti vit y. and c itrate ca taboli sm . 
Kno wledge o f the mechani sms by which LAB affl.!c t 

ch ~.:t.::sc fla vor has f<lc ilit atcd industry e ffort s to promote 

fla vor de vd opment in many traditio nal cht.::est.:: vari ,eti\eS, 

but e mpirical e ffort s to ex tend thi s infonnation into lo 'w-lfat 
cheese systems have not proved successful. As a nesmlt . 

low- fat or nonfat bac te ria l-ripe ned cheeses contin rnc to 
suffe r from low inte nsity o f des irable fla vor or pro noumc;ed 

o ff-fl avors. From a purely techno log ical perspe~:tiwe , 

many of the flnvor limit atio ns in low-fat chcest.:: tmifght 

be overcome throu gh th t.! additio n o f d ai ry tlav01rs or 

enzymes . The costs associated with thi s tcchnolog:y care 

estimated to oc 1-5 cents per po und CL Bhowmik. peors . 
Comm .) , howl."!vt.::r, and would b~.: inc um.x l o n top mf tthe 

already premium cost to make low-fat c heest.:: . As a nes llllt , 

exclusive use o f Havors or entyme technologies to soJive 

the fl avor probl em s in low-fat prodlh: ts is not an attraJctJive 
option at this time . Industry conce rns a bo ut producn cwst 

is supported by a rece nt consumer study that found thte re 

is little suppo rt for low- fnt cheese product . if their crest 
is substanti ally hi gher than that o f ful l fat cheese ( M .. A . 

Drake, pers. comm .). 
A more cost-ciTec ti ve solution to tht: flavor prol le:ms 

in low-fa t cheese can like ly be fo und thro ugh comb,iming 

fla vors or enzymes w ith c ultun: sys tems that de li ve r Jbettter 
fl avor in these products. Compared to dairy fla vors, or 

enzyme addition , c ulture h:dmo log.y is an inc xpt.::;ns; ive 
means to secure fla vor develo pment , and one that slhmu ld 

be further ex plo red and o ptimi zed fo r industry to o ffs\Cl lht 
price concerns <~ssoc i a ted w ith low-fat chl.!ese produc·ts .. 

These dellcicnc ies in low- fat cheese llavor arc mJOst 
likely expl ained hy one o f two sc~.: na ri os: I ) s;tmrter 

phys io logy (and thus me tabolic end -product pro liJ\ t.::) ) is 
the same in a ll cheeses . but senso ry perception o f thtOse 
metabolites is alte red by diffae nces in the ph)ysiico­
chemical e nvironment (e.g .. fa t. mo is ture. or s~alt in 

mo isture contents): or 2) s tarte r phys iology itself (an~d tlhus 
overall me taboli sm ) is a ltered by diiTe rt.:: nccs in the ph~ys iico­

che mical environme nt in ways that a ffec t the produc t1iom of 
fl ;:wor- and aroma-ac ti ve me tabolite"'. A third possiibillity, 

o f course, is that each of these scenari os has a ro le in the 

atypical flavor prof-ile of low- and no nfat cheese systlCI111S. 
Though little information is available om the 

differences in flavor- or aromn -ac ti ve metabolites im full 

versus reduced fat cheese, wo rk by Mil o and Re inlecccius 
(l997) noted import ant differences in volati le comprunrents 

from full fa t versus 40o/, fat reduced Cheddar cheeS<e , ;and 

suggested that these differences might be due to the lhi~her 

wate r cont t.:: nt in the reduced fat cheese. More rec.:cmtly, 
Canmchia Whets tine c.: t al. (2006) investiga ted se:nsmry 

properties and volati le chemical profiles in full - and sm % 

reduced fat Cheddar manufac tured by a no ve l fat reuncoval 

process after aging is complete. Those au thors discm va!rcd 
that the great majority o f vola tilt.! aroma-active compooumds 

remained in the aqueous-containing cht.!ese matri x weJTSUS 

the removed fa t fraction and , more interes tingl y, fmund 
that cheeses with e ithe r fat leve l had near ly identical ft awor 

profiles . Gi ven these lindings. and the ce ntral role o r · huctic 
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acid ">actcri a in nnvor development , it is o ur hypothesis that 
the s.:cond scenario prov ided above (i.e. , starter phys io logy 
and 'lldaholi sm is alte red by perturbatio ns in the cheese 
micrxnvi ronmcnt ) has the g reatest effe ct on nnvor 
development in low- or nonfat cheese. If this hypo thl!s is 
is cctTect, efforts to ck:velop e ffec tive culture sys tems for 
low-fat cheese w ill rl!quire mort: specifi c knowledge or 
how the checsl! physico-chl!mical environment affccts 
s tarter cell physio logy. Thus, the goa l of this study is to 
detenni ne how l..itttococcus lac/is mctabolism is affected 
by f.1t reduc tio n and it s concomitant changcs in chcese 
make procedure impart on the cheese microenvironment 
(e.g .. S/M rati o, Inc tate cont ent , pi-L etc.). This knowledge 
is e>.pectcd to genl.!ratl! basic information industry nl!eds 
to dt~ve l op stat1l!r str<1ins, throu gh mutagenesis or o the r 
methods, which e nhance flavor devdopment in low-fat and 
nonf.1t C heddar ch0esc . To a tt a in the goals o f this proj0ct. 
we \\i ll compk:t...: the fed low ing experiml!n ts: 

RESEARCH PLAN 

Objective 1. 

Ol!vdop and utili t.l! a model system to in vcstiga tl! tit~..~ 

impac t of diiTerl!nt chl!t:Sl! m icroenvironments on the phys­
iology o f commercia l L.la('/is s tar ter bacte ria. 

MATERIALS AND METHODS 

Objective 1. Develop and utilize a model system 
to investigate the impact of different cheese 
microenvironments on physiology of commercial 
L. /actis subsp. lac tis and L. lactis subsp. cremoris 
starter bacteria. 

To l!nsurl! their relevance to cheese, experiments 
performl!d under thi s objecti ve w ill utilize cells incubated in 
a ChcddarC'heesl! Extract (CCE) medium using labo rato ry­
sca le ( I to 2 L) bio reactors. ll1e CC'E medium fo r these 

experime nt s wn.s prepared from a large batch (>500 lbs) 
of full and low-fat Cheddar cheeses so that we would have 
suffi c icnt uniform CCE powder to meet all the needs of the 
project and the partner NS LAB projec t submined by Dr. 
Steele e ntitled "St:lccting bactt:rial cultures to enhance low­
fat che~.:sc fla vor' '. Full and low-fa t Cheddar cheeses werl! 

manufactured a t the liS l 1 dairy plant and aged 6 weeks (thl.! 
time at which HPLC analysis confinncd residual lactosl! 
<~nd ga lac tose levels had fa llen be low quantifiable level s). 
then shrcdd...:d and frot:c n in preparation fo r subsequent 
processi ng in to CCE powder. Because the lyophili za tion 
step fo r CCE prt.! paratio n imposed a significant time del ay, 
we eve ntua ll y worked wit h thl! Wcstem Dairy Center sta ff 
to deve lop a novel, hig h-thro ughput syste m for genl! rating 
the fin a l CC'E aqul.!ous ex trac:t using our pilo t pl ant liF 
capahilities. Once complete . samples of the CCE wcrl! 

collected for amtlys is o f res idual lac tose and galactose , pi I. 
NaCL D/L lactic ac id , and small peptides and amino acids 
using standard methods (Marshall. 1993). then a liquo ts 
were frozen at -20°C. Some sa mples wen:: shipped to Dr. 
Steele's lab for usc in the partne r NSLAB project. 

To determine the impac t of cheese microenvironment 
on sta rt er vo latiles produc tion and transcriptio nal profil e , 
we se lected six different L. lactis starter baderia tha t 
include strains recommended by indu stry suppliers for 
aged full fat or low-fat cheese producti on (Table I ). To 
avo id potcntial overlap in stra ins from d iffe rent culture 

companies, the uniqueness of eac h stra in was analyzed hy 
plasmid DNA profiles . Working cultures were prepared 
fro m frozen stock cultures th rough two successive transfers 
(0. 1% inoculum) in sterile skim milk at :10"(' for 16 - 18 h 

without pH control. 
Microbes in cheese a re fo und in the aqueous fract io n . 

so experiments to replicate the micr<k!nvironment o f low­
fat and fu ll -fa t cheese will be performed hy adj usting 
CC'E composi tion so re fl ec t the aqueous frac ti on of e ithe r 
low-fat or full - fat cheese (Table 2). 'li> accomplish this. 
('('E collected from low-fat cheese wi ll bl! asep tica ll y 
trans ferred into I L bioreactors, adj Hstl!d to obtain specific 
l!nv i ronrn~ntal <.:onditio ns listed in Tahl~ 2, th !.! n incubated 
UtH.kr temperature (10° or 30 ° C) and pi I (5. 1) contro l. 
lmportalll nore: Tes1 conditions listed in Table 2 were 
e.\·tablished by cmi.wltation between Dr. Broadbent and 
/)rs . /)onald ./. MrMalwn , A1ark r· . .lnlm.wn. and .lames 
L. Sleet e. 

The first sl! ries of experiments will eva lmltl: d iffere nces 
in the tran scriptomes <~ nd in vola ti!l! LOillJXHmds production 
by 1.. lactis strai ns during inc ubat io n in CCE dl.!signed to 
mimic low-fat or full-fat cheese microenvi ronmcnts (Table 

2) at IO"C. except that redox w ill no t be adjusted . Those 
expe rime nts w ill he fo llowed by a series of inde J~ndcnt 

expe riments to invest iga te the effects o f salt -in-moisture 
(:1.7 vs 4.75'7r ). temperature ( 10 vs 30"C) , and redox ( +:140 
VS -200). 

For each o f these expe riment s. CCE composi tio n w ill 
be adjusted as desired (Table 2).then the biorcactor will be 
inoc ulated at approximately I x JOe' C FU/ml with a singll! 
stra in of fresh , milk-grown working c ulture and the pi I wi ll 
bl! maintai ned a t 5 . I throughout incubat io n by nddition o f 
I So/, (v/v) N il ,Oil with an agitat ion rate o f 100 rpm . Ce ll s 
w ill be incubated fo r vario us times (sec relevant sect ions 
he low) before sa mples arc collec ted for tnmscriptoml! or 
vola tiles ana lysis. 

Production of volatile flavor compounds. 

The influence of cheese environment on volatil es 

production hy the starte r w ill he pcrfonncd unde r the 
supervisio n of Dr. Robert Ward using a solid phase 
microextraction GC-MS approal:h c~sentiall y as d0scribed 
hy l.ce el a l. (2007). Cel ls wi ll he incuba ted in the CC'E as 
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Table 1. Lactococcal cultures selected for the study. 

Lactococcus /actis Comment Source 

M70 
011 
S2 
SC0213 
LL011 
LL071 

Starter for 2006 Low-fat platform project 
Commercial starter culture for LF cheese 
Autolytic starter culture 

Danisco 
Danisco 
J.L. Steele 
Chr. Hansen 
DSM 

Commercial starter culture for aged cheese 
Commercial starter culture for LF cheese 
Commercial starter culture for LF cheese DSM 

Table 2. Cheese environmental conditions to be used in the study. 

Component ' Low-fat model Full-fat model 

Salt-in-moisture(%) 3.7% 4.75 

Lactate 
5500 ppm L-lactate 5500 ppm L-lactate 
600 ppm D-lactate 600 ppm D-lactate 

Temperature 
Redox' 

10, 30"C 10, 30"C 

pH 
+340, -200, none 
5.1 

+340, -200, none 
5.1 

aReflects typical S/M (at press) and lactate contents (at 3 mo) of washed curd low-fat and full 
fat cheese made and analyzed under the 2006 DM I collaborative low-fat platform project 

bStable oxidative or reducing conditions (Eh = 340 ± 30 mV or -200 ± 30 mV, respectively ) will 
be generated as described by Kieronczyk et al. (2006) with addition of 24 mmol potassium 
ferricyanide [Kle(CN)J or 30 mmol dithiothreitol (OTI ) to the medium . 

described above then samples wi ll be co llected for volatiles 
analysis at time 0 and afte r 72 h. Once volatiles analyses 
an: cumpktc , Drs . 13ruadbent , Ward anti Steele will 
individuall y review the volati les data obt:1ined from the se 
experiments and prioriti ze the lac tococcal RNA s<~mples 

that shou ld be included in the transcriptome component 
of this work . Priori ty for these select ions will be based 
on pair-wise comparisons that each professor fee ls wi ll 
prov ide the greatest insight to effect o f microenvironment 
on cell physiology. It is o ur expectation that prioritization 
wi ll a llow us to reduce the number of stra ins that wi ll be 

included in transc ript ional profiling from 6 down to 3 or 
fewer. 

Transcriptional studies. 

'fhe inOuence of cheese environment on the 

transcriptional profile o f different starter bacte ria will he 
performed under the supervision of Dr. Jeff Broadbent 
using a lactococcal fu ll -genome Affymetrix microanay 
that is available through the USU Center for Integrated 
Biosystems . RNA sampl es for microarray studie s w ill be 
extracted from 20- 100 ml o f cell culture (dt.:! pending on 
growth phase and cell dens ity) collected at t ime 0 and after 
72 h as described above. The ce ll s wi ll be harvested by 
cent rifugation at 4000 qm1 for 4 min in a ro tor prewanned 
to cu lture growth-temperature beca use pre lim.ina l)' 
microarray hybridi za tions indicated cell exposure to a 
chil led r0tor resul kd in the induction o f several cold-shock 

genes (\Vechter and S tee le , unpubli shed). The ce ll ppelllet 
w ill immediately be suspended in 10 ml of RNApr•rottect 
(Qiagen , Valencia , CA) and incubated at room temper<ratturc 
for 10 min. After RNAprotect treatment. the cell ~ l s are 
pe ll cted by centrifugation , suspended in I ml RNJ\ se e- Eree 
sterile 1-1 ~0 conta ini ng 20 mg/mllysozyme .8 U mut;moldySi in , 
and 75 uL rifampicin (25 mghnL in methano l) . The : Cle lls 
are incubated at 37°C for I 5 minutes in a shaker incuhbmtor 
(240 rpm) , then total RNA is isolated using the AI,un um 
Total RNA min i Kit (B io-Rad Laboratories , Ca talog #117:32-
6820) scaled to lOX as directed by the ki t supplier. T he 
resulting total RNA sample is frozen a t -80°C unt il ne~.~edled. 

Synthes is and biotin labeling of cON/\ from sehlec ~ ted 

total RNA samples will be performed using a serilies. of 
protocols recommended by Affymetrics (see GeneC'Chi1p® 
Express ion Anal ysis Technical Section ~ : Prokar:rycotic 
Sample and A nay Processing ; www.affymetrix .(.com/ 

su p po rt / tech ni ca !/ man ua !/ex pre ss io n _ manua l .aa ff:"x). 
Hybrid ization o f eDNA samples to microarrays; cand 
array scanning will be pe rformed in the Affymetri x < cmre 
fac il ity at the USU Center for Integrated Biosyst>teJms. 
Stat isti cal ana lysis and interpretation of microarray y dial a 
w ill be performed by personnel in Drs . Broadbent 's blab) as 
described previo usly (Smeianov ct a!. 2007 ; Broaclbt,:,emt et 
al. 20 10). 

Measurement o f microanay spots intens ity kveels, is , 
hypot het ically, directly corre lated with the abunddamce 
of the con esponding mRNA. 1-lowever, the inteen~s it y 

unit is arbitra l)' , and ra tios are relative between sanmp)les 

Western Dairy Center page 56 Annual Report 2009 



Effect of fat removal in cheese microenvironment and starter culture metabolism in cheddar cheese I J. Broadbent 

Figure 1. Plasmid DNA content of lactococci selected for the study 

being l·nmp; lrl·d. As <1 !\! SUit , thcrL' is a need fo r ah"oluk 

quantili ca tion of mRNA (or indircl:lly v ia <.·DN/\) leve ls 

hct \veen samples. in order to c..:o nfirm the find ings ~ uggc~ted 

hy rn ic roa rray dat<l. Rea l-timl! l.fr~PC'R is a md hod that 

a llnws confirmation <llld q uant if icat ion of microarray 

rl.!~u\ls w ith a higher th roug hput and <H.:c untcy th an tho-.;e 

of North"-· rn blo t ~ or R NA -..h> t blot". Thu-... kc..!y gene~ 
and llpcron:-. identi fied in till' minoarray ana ly, i:-. w ill he 

confirm!.!d hy n:a l-time RT-PCR . Genes w ill he clllhen fur 

ana l ys i~ by rea l-time I ~T- PCR ha:-.cd upo n the level and 

repn~d u ci hility o f chan gl!s in expre~s i on o h"crVlXI in the 

miCJ"I)iiJTiiY i.!X JK~riment s. Lquipment and me thods rnr real ­

time RT-PCR <He e~tahli s h ed in Dr. Broadben t' s lctboratory 

(Snw ianov ct al. 2007: Broadbent ct a l. 20 10) . 
In :-. ummary. it i:-. o ur expectat ion that the comb ined 

rl!~ull s from volnt iles profilin g and transcr iptio nnl -. tud i e~ 

wi ll ~eneratc nit ica l knowh::dge needed to undcr:-. tand how 

stnrh; r phy-.;io logy is a lte rt!d by perturba tio ns in the c heese 

mie n h.:nvironmcnt. "]"he mo lec ular informat ion der ived 

from thi s work shou ld al low us to bu il d a " metabo lic 

fingerpr int .. fo r fla vor product ion in low -fat a nd fu ll - fa t 

c heese that may revea l new strategies to develop starter 

s trai 11 '\, thro ug h mutagenesis o r o ther mct hods. that pnxluce 

more inten'\e and desirab le fl avor notes in low-fa t C heddar 

c hec ... e. 

RESULTS AND DISCUSSION 

Strain characterization. 

j\-.. part o f o ur in it ial prepara tio n for thi!-. work . we 

co lkct t!d <md charac tn ited !-o ix \ trains of /"acrorocus /acri' 
for'"" in this ' tudy: L. lac/is M70. L lacli.1 MM 100. f .. 
lacli.l S2. L. IIIC/1.\ SC02 1.1 , 1 .. liwli.1 LL 071 . ami f .. lac/is 

LL 0 I I . The cu ltures we re grown in M - 17 lactose broth at 

J 0°C, .,t reaked fo r ~ in glc colony i~o l at i on on M - 17 lnc to-..e 

aga r, and their ide ntity a~ l .trcfocO('l"fiS /oct is wa:-. confirmed 

hy P< 'R andscqu"-·nc ing oft ht: I (JS rRNA. gene. The plasmid 

D NA profile of each strain was also determi ned. and result 'i 

~ u ggc!-.1 !-oU ille or the!-oC ~ train s lll<IY be re lall!d ( l'"i gun . .: I ). To 

addn.::-..-. thi -. po"" ih il ity. we cu-..tom iteJ a soft wart! program 
ca lled .. r .. to suit the lacllx:occal microanay th at w ill he 

u:-.ed to ana ly;e gene expre"-'linn p rofile~ in CCE-grown 

I<IC tocon.:i. then used that program to perform compara ti ve 

genome hybr idi /a tio ns with genomic DNA from each 

of the s ix :-. tra ins against the / . . JaNis J\lfymet ri x c usto m 

microarray. Result ~ from those ex perime nt s confirmt!d 

the suit ab ilit y o f o ur m icroarray me thcxlo logy. and a lso 

provided us w ith de tails o f the gene tic simil c!rit ics and 

differences between these li tra in -;. 

CCE preparation. 

As WitS no led above WI.! worke d w ith tht! Weste rn Da iry 

Ce nt er s t ~tlT to develop a novel. hi gh-th ro ugh put sys tem for 

CCE producti o n us ing o ur 1 IF equipment. Impo rta ntly. th is 

process is also amenab le to us ing frozen shredded c heese 

as the input. cmd gives an aq ueous n mce ntrate that we 

helit!vl! will a llow 11s to complete ly elimina te the need for 
lyl)phili t.a ti u n in future ('(' I ~ prt!para tions. Experiments 

confirm ~.·d that NS L.!\ B g rowth was comparable in CCE 

concentrate versus powder pre pared from the sam ~.: c h ee~e. 

altho ug h compos itio nal ana lys is of CC'E concentra te and 

pow(kr revea led mino r differences in sugar a nd o rga nic 

acids conte nt (Table 3). Becau~e o f thi s find ing. we have 

opted to rd y excl u~ivcly nn conccntrak for th is project and 

u:-.c the puwdcr fo r other ex perimen ts. 
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Table 3. Composition of powder and liquid concentrate forms of CCE 

prepared from low-fat cheese. 

Powder% (g/100ml) Liquid % (g/1 OOmL) 

mean st.dev mean st. dev 

Acetate 000 0.00 000 0.00 
Formate 0.00 0.00 0.00 0.00 
D-Lactate 0 .03 0 00 0.02 0.00 
L-Lactate 1.68 0.01 0.90 0.07 
Galactose 0.00 0.00 0.05 0.00 
Lactose 0.01 0.00 0.06 0.00 
Citrate 0.03 0.00 0.05 000 
Salt 1.07 0.05 1.19 0.06 

0.6 

0.5 .r 

0.4 - M70 

§ . -+- s2 
0.3 rl SC0213 0 

0 - MM100 
0.2 _ , 

7\ 
0.1 

10 20 30 40 50 

Tim • (hrs) 

Figure 2. Growth of L /actis starter cultures in CCE with 0.2% lactose at 
3Cl"C 

Incubat ions in CCE. 

Because the liquid CCE contained over 0. 1 fh n.:sidual 

~ugar ('li1hk J), we initiall y bdieved these cu lture~ would 
di~play modest growth upon inoc ul ation into this ml..!dium 

(as i~ no rmally the case when starters tran~ition from milk 
to fn.::sh curd ). llowev~r. our initial cxpt!r im l..! nt s in 10 ml 

CC'E Sillll pks indicated growth was nc g. ligihle . rkcausc 
opportunit y for modest growth is des irah li..! to our goals 

to mimic the cheese environment , we perfonncd fo lhJW· 
up st udies to es tablish such (_·onditions . /\s is shown in 

Figure 2, we have fo und that adjustment of the lac tose 

concentration to0 .2lJ?- docs allow such growth nnd provides 

fur a 1.) · 2 log increase in cell numbers a ft er incubatio n for 
two days at 30°C'. /\sa result o f tht:~e ~l udic~. w~ have 

decided to :'\ Upplem~nt our liquid CCE with lactose to 0 .27r 
ri1wl COJl(:entration for our subsequent tran scriptomics and 

vola tiles studi l..!s. 
f-ina\1y. we ha ve also begun to analyte the volatiks 

conte nt of CCE fermented w ith different starter cu lture:'\ 

(Table 4 and Figure J). To ensure result s from thi s study 

ca n bt.! directly compared with data n>llcctcd from the DMI 
low. fat chet.!se platform stud y. we ha ve coordinated o ur 

mdhndolog.y for vul;tti ks analy"i~ wit h Dr. Mary Anme 
Drake at North Carolina State Univers it y. so that. 

Finally. rt.!cent re~earch ha :-. expanded o ur under\ taiJd img 

of the CCE modd for cheese in anothi..! r very important w:ay. 
J\s is show n in Fig. -l , we discovered that addi tion of 1milk 

fat globular membrane (MFCiM) material promotes g1mwth 
of some lactococci at 10"(' Thi s finding indi ca tes MFCiiM 

may contr ibute to cytoplasmic membrane fluidity (and tl11 us 
membrane fun ction . including solute uptake and enh ux) 

and/or some component~ of MF(iM may serve as suhslrattes 
(and thu s contribute to the pro file of vo la tile aronna 

compounds in ch!..!cse). Since e ithe r of these possibil it iies 
has obvious implications o n fla vor development in Jo,w­

fa t versus full fat cheese. we have recently prepared! a 
large amo unt o f MFGM ~o that it can be included. at an 

appropriate concentration . in CCE de!> igned to mimic cateh 
typ!! o f ch!!eS~. 

CONCLUSIONS 

Result s to date have <.:o nlirm i..!d the suit abilit y of m ur 

methodology for m icroarra y and vo lati les studies of 
lactococc i mc ubated in CCI :. Re:-.u lts also :-. how that tthe 
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Table 4. Examples of aroma compounds detected in CCE after incubation with L. factis starter cultures ' 

Compound Flavor Compound Flavor 

2-Butanone. 3-hydroxy sour milk Nonana l green, fatty 
2,3-Butanediol, [S-(R' ,R' ) cheesev, ca ramel Octanoic Acid body odor 
Butanoic acid cheesey, rotten, sharp Decanal green 
Butanoic acid , 3-methyl tootsie roll Nonanoic acid goat 
2-Heptanone fruity, spicey, fatty Pyrazine, trimethyl nutty, musty, beans 
Methional roast potato Heptanal soapy 
Pyrazine, 2,5-dimethyl nutty, roast grain Heptanoic acid rancid 
Benzaldehyde almond Acetic acid vinegar 

popcorn goaty Pyrazine, tetramethyl raw potato, beans 
Aceto henone sweet 

A. Methional 

O.o7 
B. Benzeneacetaldehyde 

0.15 
0.06 
0.05 

0.04 
0.03 

0.02 
0.0 1 

0.12 

0 ' 

o.oe 

$ 0.06 

0 
0.04 0 

0.02 

0.3 
0.25 
0.2 

0.15 

I • I II I I - I 0 I 

lfl • • 0.05 

C Acetoin 

0.6 

" 

~ I ' ~ ' I I I I I 
Figure 3. Production or degradat•on of the aroma compounds 
methional (A ),benzeneacetaldehyde (8 ), and acetoin (C) in CCE by 
different L. lact1s during incubation at 1 oc or 30°C. CCE = cell-free 
med1um 

~lacM70 

--lac SC0213 

Lac+MF M70 avg 

- Lac+MF SCO avg 

~ ~ • • ~ ~ , # # 
Tlme (hrs) 

Figure 4 Growth of Lactococcus /actis M70 or SC0213 in CCE with or without added MFGM . 
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lactoccal strain we have se lected for the s tudy produce 

differe nt lt.!vc ls o f arom a compounds in CC'E. and suggest 

the pn:scnce o f mi lk fat may be impo rtant to sta rte r g rowth 

and mt..!tabo lism . 

NEXT STEPS 

Based on the o utcomes described abovt..! , w~..:: h av~..:: de­
c ided to initiate o ur transcriptomt..! and vola til e studies u s­

ing L. lactis M70. Our rationa le fo r se lec t ing thi s strain 

first include : I) It was the culture used for the low-fat 
platfo rm study, w h ich wi ll a llow us to ti e data fro m the 

C'C'E trial s to c ht..!mica l data collcc tt..!d in the platfo rm study ; 

and 2) Plasmid profil es, CGII , growth curves in CCE, and 

vola tiles d a ta ind ica te some stra ins a re h ig hl y s imila r (e.g., 

M70 and MM 100) while others appea r to he qu ite different 
(e.g ., S2) . To avoid expens ive a nd unnecessary rt..!dundan­

cy in o ur transc riptomc study, we w ill work w ith Dr. Jim 

Steele at the Univers ity of Wiscons in to pe rform a se ries 

of s m all vohun e fe rmentations in CCE to assess s imila ri­

ties and diffe rences in produc tio n o r vo latiles when strains 

arc incubated under low-fat and full fa t like c n v ironmt..!nts. 

Result s fro m those experiments w ill be used to de te rmine 

w hi ch o f thl! o ther strain s shou ld movL: fo rward fo r mo rl! 

de tailed transcriptome ana lys is. 
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ABSTACT 

t be of adjunc t lac tobacilli cultures in low fat cheese has not shown an improvement in fl avor over use of lac tococci 
cultun.! a lont!. f-urt her testing w ith non-lactoba(· illi adjunc t cultures is in progress. 

No improvement in flavor was obtained hy additio n of cheese fl avor preparatio ns to comminutc.=d cheese w ith subsequent 
re-pressing. S uc h cheeses typ ically had an incrl·asc in lipolytic ll avor but non increase in ''cheddar cheese" fl avor. 

BACKGROUND 

1\ two pronged approach will be used to invc~ ti gatc 

way~ to ge t a be tter fl avored low fat cheese tha t inc ludes 
the use of adjunc t sta rte r c ultures that have been shown 
to increase, or prov ide speci tk fl avor a llributes to. the 
fla vor leve l of othe r cheeses, as well as direct addition of 
complc t ~.: llavor sys tems to the l: hecsc curd prior to pressi ng 
the c urd into a block . For th ~.: culture po rt ion o f the study. 
a variet y o f cultures will be tes tecL and the result ant cheese 
wi ll l1t: screened fo r fl avor clt:velopment. Those cheeses 
that .;; how an improvement in fl avor w ill be subjected to 
senso ry analys is, and those that do not w ill he d iscarded. 
Two sensory tes ts will he performed to obtain a dc s<.: ription 
o f the Jl avor prot-l ie, as well obtaining information on how 
wd l co11 sumcrs like the lo w fat cheeses. The other part of 
the study involves working w ith Havor companies. and to 
u~c the ir cxperti se wi th fla vors to obtain a flavoring sys tem 
that provides the m issing compo nents o f cheddar cheese 
ll ;tvor that a rc needed to produce a low fat cheese tha t is 
liked and acceptable to consumers. 

RESEARCH PLAN 

Objective 1. 

Determine the ex tent to which more cheese llavor can 
bt· developed in a low fat cheese by adding adjunct cul ­

tures. 

Objective 2. 

Determine i f chedJ ;u· cht:csc fl ;wor can he obtain~·d in 
a low fa t cheese by adding ll .avorings to the low fat cheese 
during manufacture . 

MATERIALS AND METHODS 

Objective 1. 

Contac t and obtain from cultures companies. adjunt.:t 
cultures that inc rease fl avor produc tion in cheese. These 
will inc lude cultures proposed for usc in fu ll fat cheddar 
chet!se and c ultures used fo r non-cheddar varie ties to see 
if they hnvc a positive effect on cheese flav or in a low fat 
cheese sys tem . 

Use these c ultures to manufac ture low fat cheese using 

300-lb milk per va t. C ui I he 20-lb block of cheese inlo len 
2-lb b locks. vacuum package them . store them at 4'{' for 
14 days and lhcn slore half at G'C and lhe olher hal f a t 4' C. 
Cheeses will be made in duplicate . 

T he cheeses wi ll he screened for fla vor improvement 
compared to the flavor of the cheese manufactured as part 
of the Low F<tl Stra tegic Flavor P latfom1 project . by cheese 
ex pert s at Utah State Uni vers ity whe n they are I mo o ld . 
If an improvement in fl avor is evident then cheesl!~ will 
be tested using consumer prdCrencc sensmy evaluat io n 
whe n they arc 2 mo o ld . Any cheeses wi th high consumer 
pre krence S(Ores will he sent tu No11h Carolina St ate 
University fo r fla vor pro!il e ana lys is at 3 mo of age . and a 
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consum~ r preference and acce ptance s~nsory panel w ill ht: 
conductt:d at Utah State Universit y. 

Any cultun::s that de mo nstra te a positi ve inllucnce 
on fl avor development w ill be used in combinatio n and 
the ahovt: cheesemaking and tests repeated . Some o f the 
cultures that w ill be tes ted inc lude: 

0 cultures. such as LiwtobacWus heh·etirus 
CN RZ32, that has been shown to be eiTccti vc 
in inc reasing the cheese fl avor int~ns ity and 
~ l iminat ing bitte rness in cheddar chccscs 
(13roadbent and Steele , 2006: Sridhar ct a!. 
200'i) . 

D a 11tcloro('CIIS Jar/is culture that was rect:ntly 
shown to increase the nutly navor intensit y 
of cheddar cheese (Camnchi a Whetstine c t 
al. 2006). Thi s would be important in a low 
fa t cheese because such cheeses in the past 
have tended to have a mo re bro thy llavor than 
typica lly occurs in cheddar cheese. 

D o ther cultures recommended by culture 
suppliers but not usually used fo r cheddar 
cheese such as Bre,·ibarterium linens. 
Propionibacteria. yeasts . 

03 2009. 

Stand<l rdi 7cd make procedure for tes ting c ultures in 
low fat cheese was develo ped tha t incorpora te add itio n of 

Table 1. Standardization make procedure for low fat cheese. 

Time 
Min. to 

Temp. 
Process Step: Next pH 

Line 
Step 

In (F) 

Start Filling 
-2 :00 45 73 6.2 

Vat 

Vat Filled, 
-1:15 45 90 

begin heating 

Add Starter, 
(start of -0 :30 20 90 

ripening) 

Add Color -0:10 10 90 

Add 
Coagulant, Set 0:00 20 90 

Vat 

Va t Cut 0 20 5 90 

sodium glucunatc , which sho uld a ll ow bt: tter comparismn 
of the influence of adjunct cultun::s on cheese ll avor. (TabJic 
t.) 

04 2009. 

C ultures and make procedure used for making low-lfat 
cheddar cheese . (Tables 2·3.) 

Obj ective 2. 

At least two diffe rent fl avor companies wi ll lbe 
contac ted w ith th e.:: intcnt to obtain tlavoring systems th1at 
can be added direc tl y to the low fnt cheese curd at the tinne 
of salt addition during cheese manufac ture. There arc t\wo 
a llernativcs that will be pursued in developing this fl awor 
system: 

0 have a neutral <.: hc:csc base and add a fl avoring 
system that can provide v irtually the entire 
fla vor pro lllc of a ~ mo o ld cheddar cheese . or 

0 select a culture system that provides some 
cheese fla vor ck vclo pmcnL and then 
supplement this with a fl avor ing sy~tem that 
provides the mi ssing component s as well as 
potenti all y masking the any non-pn::fen ed 
flavors. 

Low fat cheese wi ll hc made hy two diffe rent mcthotds: 

During filling add Dilute L- lactic acid (88% dilute 1: H6 
in Dl water) to reach a pH of 6.20. (600:9600) 

Adjust milk temp. to 92 F while agitating at 15 RPM 

DVS 850, 150 g 

Single strength (34ml/1000 lbs of milk) . Dilute 20:1 im 
chlorine free, cold water, 55 ml 
Double strength (34ml/1000 lbs of milk) Di lute 20:1 
in chlorine free, cold water, 60 mi. Stir for 2 min ( 16 
RPM) before stopping agitators. 

Cut 1 min@ 10 RPM 

Cut 1 min@ 14 RPM 
Cut 1 min @ 4 RPM 
Cut 2 min @ 5 RPM 
Watch cut to ensure curd isn't too sma ll 
Cut 2 min @ 5 RPM 
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Table 1 Continued. Standardization make procedure for low fat cheese 

Time 
Min. to 

Temp. 
Process Step: Next pH 

Line 
Step 

In (F) 

Cut 1 min @ 6 RPM 

Start Rest 
Cut 1 min @ 7 RPM 

(5 minutes) 
0:25 5 90 Cut 1 min @ 8 RPM 

Watch cut to ensure curd isn't too small 
Cut 10 min@ 9 RPM 
Cut 30 sec@ 14 RPM 
Cut 20 min @ 9 RPM 

Start Forework 
0:30 10 90 Stir continuously to prevent clumping and assist 

(10 minutes) syneresis (water expulsion) 12 RPM. Warm drain 
table to match temo of cooked curd. 
Set pump at 60 Hz. Drain off some whey at start of 
pump over. Set RPM to 19. 
Continue stirring until pH 5.95 - 6.0 is reached 
Drain whey completely. 
Continue stirring until pH 5.5 is reached 

Start Cook 0:40 20 90 Weigh curd , then return curd to drain table. 
Wash the remaining curd wi th wate r at 47-50 Fusing 
41bs water/1 0 lbs curd to lower the curd temperature 
to 72 F. 

s tart stir-out 1:00 30 90 
Apply salt to the curd at a rate of 0.221b of salt per 10 

(30 minutes) lbs of curd . 3 applications 5 minutes apart. 

Start Pump 1:30 15 90 
Separate the curd into 2 piles of 60 lbs each. Add 

over sodium gluconate to the 2 piles as shown below. 

Wet Acid 
1:45 30 90 5.95-6.0 0.8% Sodium Gluconate- 218 grams 

Development 

Drain Whey 2:15 5 89 5.95 1.6% Sodium Gluconate - 436 grams 

Dry Stir 
Remaining 3:20 65 83 5.45 

Curd 
Sanitize both the cheese hoops and the cheese cloth 

Weigh Curd 3:30 10 82 in chlorinated water at 150-200 ppm. Place 28 lb of 
salted cheese in each hoop. 
Place pressed cheese in barrier bags and seal in 

Wash Curd 3:40 10 72 
vacuum chamber. Label each bag and box with Date, 
Block, Weight and Type of cheese, then place in cold 
storage. 

Salt the Curd 3:50 15 72 
Apply salt to the curd at a rate of 0.221b of salt per 10 
lbs of curd. 3 applications 5 minutes apart. 

Add Sodium 
4:05 10 72 

Separate the curd into 2 piles of 60 lbs each. Add 
Gluconate sodium qluconate to the 2 Pi les as shown below. 

2 blocks at 0.8% Sodium Gluconate- 218 grams 
2 blocks at 1.6% Sodium Gluconate - 436 grams 

Cheese 
4:15 18 hrs 72 Hooped 

Cheese Next 
Sanitize both the cheese hoops and the cheese cloth 

Wrapped Day 
72 5.05-5.2 in chlorinated water at 150-200 ppm. Place 28 lb of 

salted cheese in each hoop. 
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Table 2. Cultures sets for low fat cheddar cheese with adjunct cultures, Rep 1 and 2. 

Vat# Culture Type Culture Description Chr. Hansen Code 

Vat 1 & 12 

Vat 2 & 11 

Vat 3 & 8 

Vat 4 & 9 

Vat 5 & 10 

Vat 6 & 7 

S Lactococcus lactis ssp. cremorisllactis DVS 850 
ADJ 
ADJ 
s 

ADJ 
s 
s 

ADJ 
ADJ 
s 

ADJ 
ADJ 
s 

ADJ 

Lactococcus lactis ssp. 
Lactobacillus ssp. 
Lactococcus lactis ssp. cremoris/ lactis 
Lactobacillus helveticus 
Lactococcus lactis ssp. cremoris/ lactis 
Lactococcus /act is ssp. cremoris/ lactis 
Lactobacillus helveticus 
Lactobacillus acidophilus 
Lactococcus lactis ssp. cremorisllactis 
Lactobacillus helveticus 
Lactococcus lactis ssp. cremoris//actis 
Lactococcus lactis ssp. cremoris/ lactis 
Lactobacillus paracasei 

CR540 

DVS 850 
LH32 

DVS 850 
DVS 850 

Emfour 

DVS 850 
LH32 

CR319 
DVS 850 
CRL431 

Table 3. Make procedure used during 04 for low fat cheddar cheese with adjunct cu ltures and includes add ition of 
titanium dioxide 

Time 
Min. to 

Temp. 
Process Step: Next pH 

Line 
Step 

In (F) 

Start Filling 
-2:10 45 68 6.2 

During fill ing add Dilute L - lactic acid (88% dilute 1:1 f6 
Vat in Dl water) to reach a pH of 6.20. (700: 11 200) 

Add Titanium 
-1 :25 10 73 Add 340g of Ti02 diluted in 1 OOOmL of Distilled water c. 

Dioxide 

Vat Filled, 
-1:15 45 90 Adjust milk temp. to 90 F while agitating at 15 RPM 

begin heating 

Add Starter, 
(start of -0 :30 20 90 DVS 850, 150 g 

ripening) 
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Table 3 Continued. Make procedure used during 04 for low fat cheddar cheese with adjunct cultures and includes 
addition of titanium dioxide 

Time 
Min. to 

Temp. 
Process Step: Next pH 

Line 
Step 

In (F) 

Add Color -0 :10 10 90 
Single strength (34ml/1000 lbs of milk). Dilute 20:1 in 
chlorine free, cold water, 55 ml 

Add Double strength (34ml/1000 lbs of milk). Dilute 20:1 
Coagulant, 0:00 20 90 in chlorine free , cold water, 51 mi. Stir for 2 min (16 

Set Vat RPM) before stopping agitators. 
Cut 1 min@ 10 RPM 
Cut 1 min@ 14 RPM 

Vat Cut 0:20 5 90 Cut 1 min@ 10 RPM 
Cut 2 min@ 10 RPM 
Watch cut to ensure curd isn't too small 

Start Rest 
Cut 5 min@ 11 RPM 

(5 minutes) 
025 5 90 

Watch cut to ensure curd isn't too small 

Start Fore Cut 10 min@ 9 RPM 
work (10 0:30 10 90 
minutes) Cut 30 sec @ 14 RPM 

Start Cook 0:40 20 90 Cut 20 min@ 10 RPM 

Start stir-out 
Stir continuously to prevent clumping and assist 

(30 minutes) 
1:00 30 90 syneresis (water expulsion) 12 RPM. Warm drain 

table to match temp of cooked cu rd. 
Start Pump 

1:30 15 90 
Set pump at 60 Hz. Drain off some whey at start of 

over pump over. Set RPM to 19. 
Wet Acid 

1:45 30 90 5.95-6.0 Continue stirring until pH 5.95 - 6.0 is reached 
Development 

Drain Whey 2:15 5 89 5.95 Drain whey completely. 

Dry Stir 
Remaining 2:20 70 83 5.50 Continue stirring until pH 5.5 is reached 

Curd 
Wash the remaining curd with water at 47-50 Fusing 

Wash Curd 3:30 10 72 41bs water/1 0 lbs curd to lower the curd temperature 
to 72 F. 

Weigh Curd 3:40 10 72 Weigh curd , then return curd to drain table. 

Salt the Curd 3 50 15 72 
Apply sa lt to the curd at a rate of 0.221b of sa lt per 10 
lbs of curd . 3 applications 5 minutes apart. 
Separate the curd into 2 piles of 60 lbs each. Add 
sodium gluconate to the 2 piles as shown below. 

Add Sodium 
4:05 10 72 

Separate the curd into 2 piles of 60 lbs each. Add 
Gluconate sodium Qluconate to the 2 piles as shown below. 

0% Sodium Gluconate- 0 grams (control) 
0.8% Sodium Gluconate- 218 grams 

Cheese 
Sanitize both the cheese hoops and the cheese cloth 

Hooped 
4:15 18 hrs 72 in chlorinated water at 150-200 ppm. Place 28 lb of 

salted cheese in each hoop. 
Place pressed cheese in barrier bags and seal in 

Cheese Next 
72 5.05-5.2 

vacuum chamber. Label each bag and box with Date, 
Wrapped Day Block, Weight and Type of cheese , then place in cold 

storage. 
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using. a starkr culture selec ted for use in low fat checs~. 
and by direct ac idi fi ca tion w itho ut any cultures. These 
wi ll then ht.: sent to the flavor companies for selection o f 
po tenti al fl avor systems that can be added . 

0 to the curd at the time of salting. 
0 to the curd aft er mechanical chopping to 

reduce curd pieces to abou t 2 mm in size. 
0 to 2-month old cheese that has been cut into 

pieces then mechanically reduced in size to 
abo ut 2 mm pieces. 

The ll avored cheese will then be pressed ovL: rnight and 
vacuumed pnckaged and stored at 6°C and exami ned for 
ll avor 2 wk. I mo. 2 mo. and 3 mo after fl avor add ition and 
press ing. 

Any improvements in cheese fl avor compart.!d to the 
fl avor of the cheese manufactured as p<trt of tht.! Low Fat 
Strategic 1:1avor Pla tform project wi ll be noted. and those 
w ith acc~ptah l c fl avor stored for I month and rc tcst~d . If an 
improvement in fl avor is evident then chccsl!s w ill hl! tested 
usin g consumt!r pre fere nce sensory eval uation when thl!y 
arc 2 mo o ld . Any cheeses with high consuml!r preference 
scores will be sent to North Carolina Stall! llni vl! rsity for 
fl avor pro fil e analys is at 3 mo of age. 

Ch~l! Sl!S with promi sing fla vor pro lih: s wi ll bl! made in 
duplicate. 

Thi.! bes t cheeses wi ll be resent to thi.! fl avor companies 
for poss ible modil"ications to the fla vor systl!m to prov ide 
cht.!ddar chcl!sc -likl! fl avor. Additional va ts of chtXSl! w ill he 
madt.! wit h adjustments in fl avor systems as nl!t.!ded. Ot her 
com po unds such as sodium gluconate th<tt h<Wl! inllul!nced 
low fat dll!cse fl avor w ill a lso be tes ted as part of thi s work . 

01 2009. 

! ~ow fa t cheddar cheese with 7% fa t was manufactured 
at thl! WOC faci lity. The cheese was aged fo r two weeks at 
5°(' and thl!n ground using a Urschel grinder with 1.5 mm 
grind sizl! head. The cheese was added with fla vor, mixed 
thoroughl y, and repressed . An informal sensory panel was 
conducted in the We stern Dairy Center w ith four panelists 
for fl avor profi le analys is of cheeses added wit h d iffL: rent 
leve ls of concentrated fl avors (Cargi ll Flavors Inc.) usi ng 
a 9-po int ht.!do nic scale of degree o f liking . Based o n the 
feedback or results obtained from first set o f o bsl! rva tions, 
cheeSl!S were formulated with a di ffe rent combinatio n o f 
fl avors. Another sensory fl avor proll le test was done w ith 
four pane lists. and the best four among eight cheeses wert! 
kept for further aging. 

RESULTS AND DISCUSSION 

Objective 1. 

04 2008. 

Lf- Mozz with S.thcrmophi lus culturl! has been nnade , 
and no llavor improvement was observed . 

012009. 

No improvement in fl avor by adding Lb . helviiticus 
LID2. Simila r effects were observed by Mark Johm son 
(WCDR) . thu s thi s objec t i v~.: has hl!~.:n di scontinued until 
work on adding fla vors is compkted. 

02 2009. 

Further trials were conductt!d on being abl lc to 
manufacturl! low fat cheese with 547r moisture, 6~b fat , 
1.8% salt , and pH 5.05 to 5.20. plus the add iti on of soodium 
gluconate to inhibi t format ion o f burnt brothy fl avor. 

03 2009. 

Two va ts of low fat cheese were made with f0 .8% 
and 1.6%- sodium gluconate added. based on the nnake 
procedure developed at the Wes t ~rn Dai ry Ce nter. 1n1ese 
arc being aged , and at two month s o f age the chee ses.; w ith 
I .6% sod ium g lucon at~.: had a good mi ld c hel!SC ll avo)f and 
wi ll be furthe r eva luatl!d hy the DM II :x pcrt Cheese Ghoup . 

04 2009. 

Six vats of low fat cheese wcre made in rep licate !based 
o n the above make procedure devdoped at the We.::s rem 
Dairy Center, live with adjunct culturt.!s ai med at prodtucing 
cheddar fla vor. Sod ium g luconate at O.So/r was add4ed to 
half of eac h vat. Each treatml!n t madt.! two blocks . one: he ld 
a t nonnal ripening t emperatur~.:s while the o ther undeirwent 
an accelerated ripening step . Cheeses are heing aged .. 

Objective 2. 

03 2008. 

Flavor samples recei ved from Carg ill and tested. 

04 2008. 

LF cheddar was ground and fl avors added l and 
rcprcsscd . ln itia lly twelve different fo rmul ations (inclwding 
contro l) were used w ith ground cheddar cheese and 1mixed 
with different combinat ion o f Cargill navors ( 140-3100 I 0 
paste and 145-00 153 powder) . An informa l taste panc!l was 
done (July 30 , 2008). and reformulati on (8 combinatt ions) 
was based o n ta ste pan ~.: ! f~.:cdback. Prox imate ama lys is 
was conducted o n selec ted combinati ons. An infwnnal 
taste panel was conducted (A ug 2R , 2008) again on 8 
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Tab~ 5. Proximate data: low fat cheese with adjunct cultu res, Rep 1. 

Vet 
Description of Vat Block pH 

% % % 
~ Fat Moisture salt 

Val 1 DVS 850 + CR540, CONTROL A2 5.05 5.5 52.82 1.87 
DVS 850 + CR540 + 8% Sodium Gluconate B2 5.13 5.5 54.28 1.97 

Val 2 DVS 850 + LH 32, CONTROL A2 4.99 5.5 53.79 1.87 
DVS 850 + LH 32 + 8% Sodium Gluconate B2 5.02 5.5 55.59 1.88 

Val 3 DVS 850 only, CONTROL A2 5.13 6.0 51 .82 1.85 
DVS 850 only + 8% Sodium Gluconate B2 5.14 5.5 53.43 1.96 

Val 4 DVS 850 + Emfour, CONTROL A2 5.14 5.8 52.23 1.83 
DVS 850 + Emfour + 8% Sodium Gluconate B2 5.14 5.5 54.31 1.95 

Val 5 DVS 850 + LH 32 + CR 319, CONTROL A2 5.12 5.5 53.12 1.8 
DVS 850 + LH 32 + CR 319 + 8% Sodium Gluconate B2 5.14 5.5 54.58 1.96 

Val 6 DVS 850 + CRL431 , CONTROL A2 5.12 5.5 53. 12 1.8 
DVS 850 + CRL431 + 8% Sod ium Gluconate B2 5.14 5.5 54.58 1.96 
Mean 5.11 5.6 53.64 1.89 
Std. Dev. 0.05107 0.14878 1.04117 0.06256 

Table 6 . Proximate data: iow fat cheese with adjunct cultures, Rep 2. 

Vat 
Description of Vat Block pH 

% % % 
# Fat Moisture salt 

Val? DVS 850 + CRL431 , CONTROL A1 5.18 5.5 51.80 2.12 
DVS 850 + CRL431 , CONTROL A2 5.19 5.0 52.09 2.27 
DVS 850 + CRL431 + 8% Sodium Gluconate B2 5.19 5.0 53.55 2.28 

Val8 DVS 850 only, CONTROL A1 5.23 5.0 54.58 1.95 
DVS 850 only, CONTROL A2 5.22 5.5 54.61 1.92 
DVS 850 only + 8% Sodium Gluconate B2 5.32 5.0 55.30 2.03 

Vat9 DVS 850 + Emfour, CONTROL A2 5.07 3.5 52.44 1.81 
DVS 850 + Emfour + 8% Sodium Gluconate B2 5.09 4.0 54.27 1.93 

V<l 
DVS 850 + LH 32 + CR 319, CONTROL A2 5.18 4 .0 54.92 1.99 

10 
DVS 850 + LH 32 + CR 319 + 8% Sodium Gluconate B2 5.28 5.0 55.77 2.05 

Vzt 
DVS 850 + LH 32 , CONTROL A2 5.24 4.0 52.25 1.84 

11 
DVS 850 + LH 32 + 8% Sodium Gluconate B2 5.23 4.0 53.64 2.16 

Vat 
DVS 850 + CR540, CONTROL A2 5.35 4.0 53.78 1.92 

12 
DVS 850 + CR540 + 8% Sodium Gluconate B2 5.43 4.0 55.01 2.01 
Mean 5.23 4.5 53.86 2.02 
Std. Dev. 0.09203 0.63987 1.24076 0.139 18 
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Table 7: Formula lion of cheese with flavor and feedback from informal panel. 

Date Formulation Comments 

Control Dry 

Cheese 0.5% 140-30010 paste Fishy 

make- 0.75% 140-30010 paste Oily 

07/02/08 1.00% 140-30010 paste Rancid 
1.00% 145-00153 powder No flavor 

Ground- 1.5% 145-00153 Sour 
07/17/08 2.0% 145-00153 Buttery 

1.00% 145-00153+0.25% 140-300 10 paste Sulfury 
Evaluated 0.5% 145-00153+0.5% 140-30010 paste Cheesy 
for flavor - 0.5% 140-30010 paste + 0.5% butter Rancid 
07/30/08 1.00% 145-00153 + 0.5% butter Buttery 

0.5% 145-00153 + 0.5% 140-30010 paste+ 0.5% butter Buttery 

Table 8. Proximate composition on day 1 of low fat, low salt cheddar cheese for Innovative Flavor project 

Date Cheese Type Moisture % pH Fat % Salt% 

Stirred curd 50.00 5.3 8 1.6 

07/29/08 
Control cheese 48.45 5.28 8 1.72 
Cheddar cheese with 0.5% 140-
30010+0.5% 145-00153+0.5% Of butter 

50.84 5.18 8 1.8 

combinations. and the four bes t combinations wcrl! kl! pt for 
mort.! ag ing at 38°F. 

012009. 

Informal taste panel and proximatcs resul ts have bel!n 
analyLcd and arc shown in Tables 7 and 8. 

CONCLUSIONS 

Objective 1. 

A satisfac tory cheese make procedure has now been 
clt:vclopc.xl for consistent manufacture o f low fat cheddar 
checst.! w ith mo isture content of 53%, 2% salt . and pH- 5 .1 
to 5 .2. No improvement in cheese Oavor was apparent after 

2 mo nth of ag ing. 

Objective 2. 

Add iti on o f navors to cold comminuted cheese was no t 
successful in producing more cheest.! flavor 

Western Dairy Center 

NEXT STEPS 

Objective 1. 

04 2009. 

Eva!ua~.:: :.li!Tcr~nces in llavor o f d:ec::;es tbrough 
informal tasting . descriptive analys is. and consmmcr 
pane ls of cheeses manufactured in Q."\ . Detcnnillle if 
addi ti on of any o f the lac tobaci lli adjunct s prolduces 
more cheddar checst.: ll ;wor wht.: n they are used in !OJ\V fat 

cheese. Conduct a second trial using non-cheddar d heese 
adjuncts (prop ionibac te ri a. brcvibacte ri a. lcuconosto~cs) to 
detenninc if cheese fl avor can be increased even if it is nol 
cheddar flavor. 

Objective 2. 

No further work is plCl nn~d for this objective. 
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Production of high protein cheddar cheese with an improved 
extrusion-modified texture 

Marie Walsh * 

*Prinripal flll'e.'lfigmor: Uwh Stme Unh·ersily. Western Dairy Cenrer. Logan. UT84322-8700 
email: marie.wa/sh@usll.edu 

fund~J by: Dairy Manngemenl Inc., October 2008 - February 2010 

ABSTACT 

Thi s pwjcct wi ll invcstigat l! the usc of ex trusion technology to improve the texture o f high protein (low-fat) cheddar 
dtccsc. lligh protein cheddar cheese has a composi ti on of approximately .S4~ moisture , 6o/r fat. and 34% protein . This 
compositi on resu lt s in a cheese thai has navor defects and a rubbcry texture . Therefore. severa l blends of cheddar cheeses 
(fu ll - fat aged :-md nonbt) w ill he grated nnd blt.:mkd pr ior to ex trusion in a twin- screw t"XI!lldcr. Extrud~T condi tio ns of low 

temperatures (40° to 60°C'), scn:w and paddk configuratio ns o f med ium sht:<IL and modera t ~ pressures (-J50 psi) will be 
exp l or~d to improve the d1eese texture by disruption of the case in matri x and t.!Ve nl y dis tributing fat. mois ture , and air ce lls. 
Additionally, the use o f fat rl~ pl<l Cers (Temp Pro WPC , Novage l, Simplcsse, Vitaccl MCU . and Vitacc l Plus) to improve the 
tex t11re o f the ex truded cheese will he in ves tigatl!d . All cheeses will bt.: analyzed for protein , moist ure, and fat t.:(' fliL'nt , and 
the tex ture wi ll be detcnnincd and comparl·d to full - fa t aged and nonf<ll cheddar che-eses. The goals o f thi s project are to 
optin1it.c the ex truder con li gu rations (screw and paddle sequences) and thc physiochemical parameters (formulatio n. tem­
pe rature, and pressure) to allow the ex trusion modification of cheddar chee~e tex!ure and to investigate the innucnt·e of fat 
rcp 1<1ccrs on the texture of th t.: ext ruded cheese. The use of full -fa! , aged chl!l.!ses blended w ith nonfat cheese in ccmj unc tion 

with l'X trusion may y ield a product with e nh~mced fl avor and text ure compared to currentl y avai lable high protein cheddar 
cheeses. 

BACKGROUND 

literature review. 

J.ow fat cheese (Table I) approaches the definit ion of 

a hiF-h protein product w ith approx imate ly 9.5 g pro tein in 
a 28 ot. serv ing. while nonfat cheese has over I 0 g protein 

pe r serving . Ten grams of protein per serving is c lassified 

as high (20'k or more of RDI o f a nutrient ) based o n DRV 
(daily reference va lue) o f 50 g considering 2.000 ca lo ries/ 

day. The higher protein conte nt o f low and nonfat Ched­

dar cheese is a result o f the fat reduction . Unfo rtunately, 

the lower fc:tt with highe r mois ture results in a produc t w ith 
textural and flavor deficicnc it:s compared to the full or re­

duced fat Cheese products. 

Low fat cheeses properties. 

Red uc ing the fat content in Cheddar cheese rl! sult s in 
a product that is high in protL!in . Fat plays a c rit ical rok 

in the fl avor, texture and appearance of Cheddar c heese 
and low and nonfat cheeses arl! usua lly ide ntifil!d as bland. 

finn , rubbe1y, and de fec ti ve in color. The hi gher mo is­
ture in low- fat cheeses rcsu lts in a lower salt content in 
the moi stu re phase. This change in the microcnvironml!nt 
is n:: latL!d to the changes in the sensory charac tl!ris tics as 

well as in the microbiology nnd chemistry of the chct.!ses 

(Mistry. 200 I). 

Ha vor defects ari se fro m th~ Jack of butte rfat and the 
d!.!vc lopment of binc mcss. R.eccnt research (McMahon . 

unpuh lisht.!d data) shows tha t reduced l~1t C heddar checsl.! 

has less milk fat flavor and hi gher sulfur. brothy and bittt.:r 

fl avors. 
l l!x turc profi le and sensory ana lysis of low fa t chet.!se 

show that luwfat cheese exhibits more springiness. finn ­

ness. and cohesiveness with a higher frac turabi lity (Mc­

Mahon unpublished data ). This profi le results in a mbbeJ)' 
texture to consumers. The s tructure o f low fat ch ccs~.: as 

dete rmined hy confocal microscopy is different from full 
or reduced fat. The fat in th l! cheese form s cav itiL!s and 
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channe ls that he lp g ive the cheese an open structure . Typi­
ca ll y. in full and reduced fat cheeses, the protein matrix 
is open. with spaces occupied hy fat globules. In low fat 
cheese, the matri x is compact (Rahimi ct al , 2007 : Aryana 
and Haque, 2001 ; McMahon , 1996). The low fat cheese, 
without fat cavities and c hannels, is a dense aggregation 
o f casein . hence the rubbery texture. In addition, there is 
limited bn::akdown of a s

1
-cascin dur ing ripcning which 

contributes to the firm tex ture (Mi stry. 200 I) 
To overcome these deficiencies. three different catego­

ries of modifi ca tions hflvc been invcstigatcd. Thc catego­
ries inc lude cheese-make process modilications, starter and 
adjunc t culture use. and the use of fat replacers. Increas­
ing the moisture content has been suggested to improve the 
properties of !ow-fat cheeses (Rodriguez. !998). ye t o thers 
have suggested that it is necessary to maintain the sa me 
mois tur..:: in nonfat as found in full fat (M istry. 200 1). One 
popular approach is tht! use of fat replact!rs to ma int ain the 
same moisture:solids ratio . 

Use of fat replacers in low fat cheeses. 

The det-inition of fat -free is less than O.S g rat per serv­
ing si1..e (approx 1.8% fat in cheese). Low fat is 3 g. fat p~r 
serving size (approx 10.7% fat in cheese) (2 1 CTR 10 I .62). 
Th~rt.!fore , tht.! high protein c h~eses that will he produced 
in this project fit s into the low fat claim cat~gory . Accord­
ing to the C R1 : (2 1 CFR l lO . IO) "dev iations from nnnin­
gr~d i e nt provis ions of the standard identity arc perm itted 
in o rder that the substitute food possesses perfnnnance 
characte rist ics similar to those of the standard i1..cd food ". 
Other ingredient s are also allowed " to improve text ure. add 
fl avor. preve nt syneresis, extend shelf life. improve appea r­
ance, or add sweetness so that the product is not inferior in 
p..::rfonnance charac teristics to the standardi;ed food . 
The fat replacers proposed in thi s project do have defined 
fun ctionalitics which may improve the texture . prevent 
syneresi s. and improve appearance of low fat/high protein 
Chi.!CSe. 

The use of fat replacers has been ex ten sively ex­
plored to improve the texture and appearatH.:e of low and 
nonfat cheeses (Rahimi et al. , 2007) . Fat rep l ac~rs bast..:d 
on microparticu)atcd protein or carbohydra tes hnve ht..:cn 
recommended fo r use in cheese products (R ome ih et a\. , 
2002) . ·n1ey can mechanically entrap water g iving tht..: 
senst..: o f lubricity and creaminess . but cannot positi vely 
impac t the fl avor defects . Table 2 lists some of the rccent 
publica tions that have in ves ti gated the use of fat repl ac­
ers in cheese. "l.lle fa t rt!p lacers wert! added to the milk 
(or blended wi th cream) prior to cheest! making . Only one 
reference est imated the amount of fat repl acer retained in 
the curd (McMahon . 1996). This rel~rence assumed 70% 
retention. Therefore , the usc leve ls given in Table 2 can 
he reduced by 30% as the starting <.:onccntration since no 
loss is ..::xpe<.:ted if the fat replacers art.: added to the f..: hccse 

blends prior to extrusion. 
The microstructure of low-fat chc..:: sc made with1 dif­

ferent fat replacers (Si mplesse, Dairy Lo , Std lar. andl No­
vage l) was compart!d to a full fat ;mel a low-fat ChC!ddar 
cheese (Aryana and ll aque . 200 I ). Tht! elec tron !micro­
graphs of cheeses in this study containing full fat sh<owed 
numerous holes and had a smooth surface. The holes were 
from the de lipidation of the sa mples. The low-fat clneese 
showed less holes and a rippled surface. The addlition 
of prote in based fa t replace rs (S implcsse and Daif)y-Lo) 
showed fewe r ripples, and the au thors corre lated the am10unt 
of ripples to the hardness o r the cheeses, in thi s case, the 
low-fat cheeses made with protein based fat replacers were 
less hard than the low-fat chcest..: without fat rt!place rs .. The 
Simplesse particles (0.7.') micron) were visible in the~ ma­

trix . inte tTupting the casein network . The surfaces of' low­
fa t cheest!s made wi th carbohydrate fat replacers werre un­
dulated and rough . 'll1c cheese made with Novagel shtowed 
large particles (50 micron) that were fewer in quantity' than 
the Simplesse. but also interrupted the network. 'Their 
conc lusions were that Simplessc and Novagc l soft tened 
low-fat Cheddar cheese by imparting di scontinuity Ito the 
casein matrix . McMahon ct al. ( 1996) in vest igatctd the 
microstructure of low-fat Mo z1..arc ll a cheese and lol\v-fat 
Mozzarella made with two protein ba sed (Simplesstc and 
Dairy-Lo) and two C<lrhohydratl.! based (Stellar and 1'-lovn­
gel) fat replacers. The onl y fat replacer that increase!d the 
openness of the cheese structurt: was Novagel hcc:uuse it 
was too large to be cmhedded in the protein matrix: intstead 
it ueated large st!ntm <.: hannels in the cheese. The Nova­
gel particl t!s we re ~0 - 300 micron compared to 05 mi•crons 
for S tellar while lhe protein ba sed fat replacers cont;ained 
particles o f S- 10 and 0 .5 to 1.0 micron for Da iry-L'o and 
Simplessc respective ly. 

Applications of extruders in food processing. 

Extmders can be confi gured for low. medium , or high 
shear by the sequence of the screws <1nd paddles in thte bar­
rel. The screws promote conveyance and the paddles inter­
rupt the fl ow and create shear and hack pressure . rlfwin­
scrcw extruders arc more fun ctional than sin gle scre 'w ex­
tnlders and they can bt:: used at higher moi sture leve ls (>40 
%) as compared to single screw extruders ( <35) (Wals:h and 
Carpenter. 2008). Ex truders are used in the food indlustry 
for the production of direct expanded (h igh shear), low 
density snacks, Oat breads, and breakfast cereals: me~dium 

shear products such as animal feeds and kxtured vegetable 
protein: and low-shear products including pasta . 

A recent patent (Mue ller 2005 , LISP 6942888) de­
scribes the use o f a twin-screw extruder for prod ucing piec­
es of cheese from blocks of compressed aged or ur1aged 
cheese curds . Thi s process is to produce pieces of clheese 
that have an exact weight from hocks of compressed curds 
with an overall goa l to e li minatt..: storagt..: and aging 1:) f the 
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Table 1. Approximate composition of Cheddar cheeses produced at the Western Dairy Center. 

Cheese Moisture (%) Fat(%) Protein(%) g faU28 g g protein/28g 

Full fat , aged 37 32 25 9 7 
Aggiano 32 35.7 28.6 10 8 
Reduced fat, aged 48.5 16 30 4.5 8.4 
Low fat 54 6 34 1.68 9.52 
Non fat 60 0.3 38 0.1 10.65 

Table 2. Some studies that have investigated the use of fat replacers in low fat cheeses. 

Cheese type 
Fat replacers used ind i· 
vi dually 

Low-fat white-brined 
0.7 or 1.4% Oat beta-glucan 

cheese 
Low-fat fresh 1% Simplesse 1 00 or 1% 
Kashar Dairy-Lo or 5% Raftiline HP 
Imitation Mozzarella 8-43 % dry basis Novelose 
cheese 240 (fiber) 
Low-fat Iranian 

0.75% Gum Tragacanth 
White Cheese 

Low-fat Cheddar Beta-glucan Nutrim 

Low-fat white pick-
0.5% Simplesse 100 or 0.5% 

led cheese 
Dairy-Lo or 0.5% Perfectamyl 
or 0.4% Satiagel 

Low-fat white brined 1% Simplesse 100 or 0.125 
chf!ese % Novagel NC200 

Low-fat Cheddar 
1% Dairy Lo or 1.5% 
Simplesse or 1.2% Stel lar, or 

choese 
0.2% Novagel 
0.6% Simplesse or 0.6% 

Low-fat Mozzarella Stellar or 2.5% Dairy-Low or 
2.5% Novagel 

large cheese blocks for later cutting into consumer-se ized 
pieci.!S of cheese. Thi s process uses temperatures of ~0 C 
in the ex truder and a coo li ng sect ion at 7.2 C and the t.::x ­
trudcr is conll gurcd with intcrmeshing feed screws, which 
incn·a se in thickness from the input to the cheese output 
end . Thi s anang.l.!ment is to increase pressure in the system 
to comprl.!ss the cheese pieces in to a uni form, homogenous 
cheese !low. The cheese then enters a cooling device at 
7.2 <·where is cl1cesc solid ifi es so a properly shaped end 
produ<.:t results . In thl.! process described in this propo~nl, 
a conling devise was not included but may be added to the 
ex truder if needed. We ha ve prev iously used a cooling de­
vice fo r the production of tex tured whey protein for usc as 
a mea t extender. t\dclitiona lly. we may need to press the 
ex truded produc t to remove excessive air. 

The major ity of cxtrudt·d snac ks on the market 
fall in to the direct l:X pnndcd category and the most popul ar 
arc the corn based such as corn cur ls, ball s and rings. O ther 

Functional changes compared to low or 
Reference 

reduced fat 

Improved texture but lower fiavor and color 
Volikakis 
2004 

Simplesse and Raftiline improved the texture 
Koka 2004 

and sensory properties up to 60 days 

Decreased hardness 
Noronha 
2007 

Improved texture, water binding, decreased Rahiml 
hardness 2007 

Decreased hardness and sensory scores 
Konuklar 
2004 

Dairy-Lo and Satiagel were similar in texture Kavas 
to low-fat sample 2004 

Improved texture. Simplesse also showed Romeih 
improved appearance 2002 

Simplesse and Novagel imparted discontinu- Aryan a 
ity to the casein matrix 2001 

Cheeses with Stellar and Simplesse showed 
McMahon 

greater initial meltability but all cheeses 
1996 

showed the same meltability after 21 days. 

corn-based snacks such as Doritos arc also ex truded prod­
ucts along wit h po tato snacks including Pringlc s, Baked 
Lays and Munches . Seafood based sm1ck s arc produced 
from shr imp and fi sh mixed wit h a starch to form a dough 
that is expanded via extrusion. Co-cxtruckd snac ks ha ve 
an extrusion produced outer shell with a lllling such as pea­
nul or cheese fi lled pretzel s or fmitlilled cerea l based prod­
ucts. Examples of breakfast cerea ls that arc der ived from 
ex trusion include crisp rice. sugarcoated fruit fl avored 
rings. cornll akes, cinnamon and sugnr graham shapes. coco 
baLls, bran/ whea t Oakes, frosted stars nnd Oakes. 

Textured vegetab le prote in is an example of medium 
shear and it can he formed into meat-free (vegetari an) hot 
dogs, hamburgers. chicken patties/shapes, h<lllls. and sau­
sage. pepperoni, and hacon . Lose meat products are in­
corporated into tacos , ca nned chili and spnghctt i sa u<.:es. 
Textured vegetable protein is <: urrcnt ly produced from soy 
fl our. sesame fl our. wheat glu ten and canola and rapeseed 
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conc..:: ntrntes. 

In conj unc tio n w ith the screw and paddk s~.:quenc~ . 

the spc~.:d o f the co-rotating screws and the tempt:rature 

during ex trusion sig.niticantly influence the textun: o f the 
rmal product. lligh temperatures will me lt (ckna tun: the 

pro te ins) to allow for new prote in :prote in inte ract io ns. 
The rate o f speed will influence the amo unt of inpu t s h~n r , 

residencc timt: in the barrel , and also dena ture th..:: proteins. 

For this projec t , wt: arc looki ng to produce a product using 

mL:dium shear conditions at moderatt: tcmpern turcs w ith 

the goal to change the protein network and evenl y di strib­

ute th t.! fat , mo isture, prote in and ai r to pos itively impac t 
the C'hi.!ddar tt:x LUrc. 
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RESEARCH PLAN 

Objective 1. 

Various USU cheddar cheeses (USU Aged Old Humi­

pcr, Aged Aggiano , and nonfat C heddar) will he groumd to 

yield particle s izes of O.S . I , and 2 mm to determin t!! tlhe 

nppropria te s ize that would lx suitable to usc as a stmrtilllg 

mate r ial for twin-screw ex trusion . 

Objective 2. 

Thi! screw and paddh: conli guration o f the twin-s<c r~w 

extruder will be adjusted to al low low temperature (4~0° 

to 60°C), medium-shear. and mode ra te pressure cxtnnsicon 

(< 150 psi) . A minimum o r four t..:ombinations of SC I"CW' amd 
paddle conftguratio ns wi ll be used to mod ify the tex tULre 1 of 

cheddar cheeses. 

Objective 3. 

Ground cheddar cheeses will ht: hlcnckd to yield a llnna l 
protein cont ent of > I 0 g pe r 28 oz serving sit.c and w i Ill be 

t:x truded b<Jscd on the ex trudt.!r conl igurations define d in 
objecti ve 2 (a minimum o r four different cheddar chee~se 

blends). 

Objective 4. 

Texture enh<ltKing ingr..::d ients (fat replacers Temp P~ro 

WPC 80. Novagcl , Simph:sse. Vitacc l MCG , and Vitaccel 

Plus I IF) will he mixed into the ground cheese blends . at 
two diffe rent concentrat ions and cxtruck:d as in objec tive : 3. 

Objective 5. 

All extruded cheest:s (objec ti vl..!s 3 and 4) will he <Jnaa­

lyzed for texture using the TPA assay initia ll y and over r a 
six month shelf life. The protei n , mo isture , and fat contentJlS, 

as we ll as the color of the cht:eses. w ill a lso he de tenniJlecd . 

MATERIALS AND METHODS 

A ll cheeses used in thi s study wi ll be manufactured i in 

!he USU Dairy Products La boratory unde r !he direclion c of 

Don McMahon . 
The protein concentration will be determined b) thhe 

Kje ldahl Method and converti ng the nit rogen mcasureiller"!nt 

to protein content by mu lt iplying by 6 .38. The texturew iti ll 

be analyzed using a Texture Ana lyze r (TA -XT) equi>pf)ed 
with a na t plunger as d t:sc rihcd by Vo li kakis c t al. , ~0004 

and McMahon (unpubli shed data) . 'The color of chec;e; at 

days will be determined with a llunte r Lab system toger!n­

erate I, a . and b va lues. The moisture w ill be determin ~..d bby 
drying in an oven , and thl! fat content w ill be de tenniJlld bby 
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Table 3. Blends of cheeses to achieve 10g protein per 28g serving size. 

Number Full fat , aged Full fat, aged Amt Low fat(%) Amt nonfat(%) 
Old Juniper(%) Aggiano (%) 

g faU28 g g protein/28 g 

1 15 85 1.4 10.1 
2 10 90 1 10.27 
3 
4 

15 
10 

Table 4. Texture modify ing ingredients . 

Product name and manufac­
turer use level for cheese 

'Temp ProTM 
Use level is 0.4 to 4% 

' Novagel NC 4230 cellulose gel 
Use level is 0. 125-2% 

3Simplesse 100 
Use level 0.5- 1% 

' Vitacel MCG 61 1F 
Use level 0.4-2% 
' Vitacel Plus HF 

epr1no oo s 

Composition 

80% WPC 

Microcrystalline cel­
lulose 

54 % whey protein 

Insoluble microcrys­
tall ine cellulose 
Insoluble and soluble 
fibers 

85 
90 

Functionality 

1.6 10.25 
1.1 10.37 

Heat stable whey protein, stays fiuid at retort tempera­
tures, will not interact with casein , matrix interruption 
Fat replacer. 
Gel particles interrupt casein structure by reacting with 
kappa casein to form a curd that can entrap moisture 
Microparticulated whey provides matrix interruption, 
creaminess, UHT and re tort stable, provides for uni­
form moisture distribution 

Matrix interruption, fat imitation 

Matrix interruption, fat imitation 

2FMC BioPolymer, Can be blended in 0.4% Temp Pro1"' and dispersed into ground cheese 
3CP Kelco Co 
•JR Retter.maier 

t hl~ 13abcock or I .L:co method~. 

/\ II analys is will be do ne in tripl icate for ~ac h checst.: 
sample that shows improved tcxtun.:.: compared to nonfat 
and reduced-fa t cheddar chet.:sc over a shdf li fe of four to 

s ix months. /\ II da ta will be ana lyzed hy ANOV/\ to dete r­

mine the s ig.nilicant diffe re nces among treatments . 

Project Design. 

Full fat aged and nonfat chceses w ill bc grouud to dc · 

tcrmi ne the suita ble s ize (05 to 2 mm) fo r cxtrusion using a 
lloba11 mixer/gr inder. C heeses w ill be added to the l lohart 

m ixer/grinder based on the composit ion of eac h cheese as 
sta ted in Table I and be low in ·n1h lc 3. 

Va lues will va ry slightl y (increase in pro te in and fat ) 
due to the mois ture content of the blends . T here is room 

for an addit io na l I rx. of non· pro tc in ingred ient be fo re pro· 
tci n concent rations fall below I 0 g/serv ing . T his can a lso 

be o ffse t hy the usc of Temp Pro WPC' 80 in combination 
w ith the no n-pro tl! in ingredi l! nt s. 

T he full fa t, aged C heddar chcl!ses can ge t pas ty if they 

arc ground in the ll obart alone. there fo re. thl! fu ll fat agcd 
and nonfa t chccsl!s w ill be added together in to tht: Hobart 

m ixl!rlgr indn to n..: duce the pastincss of the cheese. Wc 
hc li cvc the sma llest partic le s i;c (05 mm ) will bc opti m um 

as a startin g ma ter ia l fo r the extruckr if thc tex tu re is not 
pas ty. O therwise, we may need to increase thl! cheesl! par­

ticle size to reduce thl! pas tiness. 
The l!X trudcr we will he using is an APV Baker MPF I9 

twin-screw ex trude r w ith n lcngth/d iamckr barre l o f 2) . 
The te mperatu re zones (S) a long the barre l are contro lled 

with a C't\L3200 Autot unc tempernturc cont ro lle r. The 
sample is introduced into the ban·cl via a KTron vo lume tric 

dispenser. 1\ new tw in a uger will need to be purchased for 
the d ispenser ba sed on the pa rtic le s ize o f the cheese as the 

sta rting ma ter ia l. l3ased on the size o f th l! cheese partic h.: s. 

a do ub le or s ing le screw auger will be purchases to rc plnce 

the c u1Tent d ry feed auger. The extruder a lso has a liq uid 
feed inle t that dispe nses in the first ba rn:! tone . 

T he b lended cheeses w ill be extruded at various ex­

trude r screw and padd le confi gura tions using a twi n screw 

extruder at tempera tures he..:! ween 40 and 60 C to de te rmine 
the optimum extruder config urations tha t y ie ld a co hesive 

product wit h evenly inCUllJOratcd a ir pockets . The screw 

and padd ll! con fig urations will be sequenced to prov ide a 

moderate amo un t o f shear. Ge nera lly. o ne sc rew a nd pad· 
d ie sequence ca n be tried per day per c heese blend . 

Initi all y. the cheeses will he extm c!l!d nnd screw spel!d 
and te mperat ure varied to visua lly inspc L: t the changes in 

the cheesc ma tri x. The chct..~ses will also bl~ nna lyzcd for tl!x 
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ture ns stated h~ low in the methods to determine the 
influence o f screw SJ:x:ed , screw confi guration and tem­
perature on the fin al product texture . We will start with 
a medium shear conf"lg ura tion and temperature and screw 
speed settings to allow product fl ow th ro ugh the extrud­
er. We want to limit the temperature to approximately 
60 C to e liminate any volatile fl avor loss and extens ive 
protc in :protcin crosslinking. We may need to press the 
cheese afte r ex trusio n if there is excess a ir in the produc t. 

Fat repl acers that we w ill inves tigate as texture modi­
tie rs arc given belo w in Table 4. The fat replacers will be 
added to the chct:ses while they are in the Hohm1 m.ixer/ 
grinder to cnsure cvc n distribution. Initi all y we will use 
~0% of the lowest usc level o f each fat replacer. We will 
a lso usc double that amo unt to invcs tiga tc the influence o f 
the fat repl acer on thc cheese tex tUJ\!. 

Additio nall y, we can use bo th the T~mp ProTM heat 
stable whey in conjunction w ith the other fat replacers to 
increase the amount o r prote in if Jl i.;!L:Cssary in the sample . 
We also may n~cd to add liquid to th l..! sample during ex­
trusio n if hydration o f the fat replaccr is necessary. The 
liquid addition ca n he se t to the m it.: rogran1 volumt: and 
incn:ased to hydrate the fat rt:placer to ensure the checsc 
fl ows through the extruder. 

A ll ex trud~d Cheddar cheese samplt:s will he analyLt:d 
for te xturt: using the Texture Proli li.! Anal ys is assay. Ad­
ditio nally. the mo isture. protein am.l fat ~..: oncentrations and 

color o f each checsc \viii he determined . 
Al l analys is will hc done in triplicate for eac h chc~es6e 

sample that shows improved texture compared to nomfaat 
and reduced fa t Cheddar cheese o ver a shelf li k of 4-t-6 
months. AOV/\ will be used to de termin~ the signific annt 
differences in texturt: based on the treatmt:nts (fat repllacc­
crs , amount , ex trusion conditio ns e tc) . 

RESULTS AND DISCUSSION 

Objective 1. 

Q4 2008. 

Various USU cheddar c heeses (USU i\gcd Old .luni peer, 
Aged Aggiano. and no nfat Cheddar) will be ground hto 
y ield partic le sizes o f 0 .5 , I , and 2 mm to det ermine time 
appropriate s i z~ that would OC suitable to us~ as a startinpg 
material fo r twin-screw l.!xtrusion . 

We ha ve initi ated thi s objective, and wc have grounnd 
various cheeses (i\gg iano , nonfat Cht:ddar , <md Agecd 
O ld Juniper chccst.!) to a part icle s iLe o f about 2 mm . Thoe 
nonfat cheese is fnc ilt: to grind . whik the full -fat cheeset!S 
arc sticky. We plan to blend the cheeses prior to grinding tdo 
minimi ze the sti ckyness o f the grounded c ht.!cscs . We havwc 
also changed th l..! conf"i guratiun o f our ex trutkr to be able hto 

Table 5. Extruder conditions for the extrusion of cheddar cheese. 

Extruder Conditions Start Up Conditions Collection Conditions 

Dry Feed (rpm) 400 
Screw Speed 150 
Set Temp •c /Recorded Temp. 
Zone 1 35/ 28 
Zone 2 15/ 38 
Zone 3 35/ 37 
Zone 4 35/39 
Zone 5 20/24 
Melt Temp 30.4 
Pressure psi -110 
Torque% 35% 

Table 6. TPA hardness data on extruded cheeses. 

Treatment Mean Hardness 

Control cheddar unextruded 3271 .55 
Cheddar extruded with Vitacell 1660.44 
Cheddar extruded with Novagel 1507.55 
Cheddar extruded with Novagel 1316.70 
Cheddar extruded with Temp Pro 1032.01 
Cheddar extruded 927.02 
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800 
200 

41 
46 
37 
36 
24 
45.1 
-30 
25% 

Grouping Post Extrusion Treatment 

A 
B 
BC 
c 
0 
0 

30 psi / 4 hrs 
5 psi I 0.5 hrs 
30 psi / 15 min 
20 psi I 0.5 hrs 
30 psi I 20 hrs 
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Figure 1. TPA resuits from control Cheddar cheeses 
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Figure 2. TPA parameters of control and extruded cheeses . 
•Ctrl Ext = 2% fat cheese extruded wtth no fat replacer 
·Nova High = Novagel RCN 15 With highest concentration {2%) 
•Nova AvgM = Nov agel RCN 15 With 1 06% fat replacer 
•Nova Low= Nov agel RCN 15 w1th 0.125% 
·Simplesse High= simplesse With 1% fat replacer 
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feed the cheeses th rough the hoppe r into the extruder. 

Object ive 2. 

Q1 2009. 

We ha ve dete rmined the ex truder conditi ons that allow 

for extrus ion of ground cheese. We are cunently using a 

screw and paddle configuration that promotes high shear 
wi thout pressure. Table) li sts the extrude r conditions that 

arc effec tive. Note, we strive to keep the temperature below 

45°C; hi gher tempe ratures melt the cheese, and we feel the 

texture is negati ve ly affec ted. 

Objective 4. 

Q1 2009. 

Prior to starti ng objective 3, we have conduc ted 
some initial research on the e ffect s of fat replacers on the 

texture of 6% fat c heese that has been extrus ion modif"led. 
We have used the fat replacers Novagel RCN\S (2%) 

(cellulose based), Temp Pro (4%) (whey pro tein based) , 
and Vitaccl MCG (2%) (microcrystalline ce l lulose) at the 
concentratio ns listed, whic h arc the highest conce ntrati ons 
recomme nded hy the manufacturers. We h<1vc conducted 
TPA analys is of the samples to obta in pre liminary data 
on the usc level of fat replacers. S ince the Aged Aggiano 

cheese is cos tly, we would like to confirm the usc level s of 
the fat replacers prio r to starting objective 3. 

T he extruded cheeses arc collec ted in small ( 1 !b) 

presses, and va rious pressing conditions (pressure and 
temperature) were used to determine the intluc nce o f 

press ing on the knitting o f the c heese. TPA ana lys is of 
6% fat ext rude d c heese w ith fat replacers, compared to 

the orig inal 6% fa t cheese , shows that the hardness o f the 
ex truded cheeses was significant ly J ~ss than the un-cxtruded 

cheese. The lowest hardness va lues were obtained w ith thoe 
additi on of 4 91" ~ Temp Pro and c heese with no add ition or ra·at 

re placers. Thi s is pre liminary data a nd w ill be replicated !Ito 
confirm results. ('fab le 6 .) 

Q3 2009. 

We have been investigat ing the extrusion mod ificat ionn 

o f 2% fat c heese by the addition of fat replacers , as describeed 

in the methods sec tion , and we are also correl atin u thhe 
fat conte nt of c heese to the 'l'PA properti es of hard~1esss, 
adhesiveness, spring iness , and cohes iveness, whic h arc thhe 

most important charac teristics. 

f igure I shows the standard c urves of perce nt fat vs thhc 
TPA measured para mete rs. T he paramete rs of hardness annd 

springine ss show a fa ir correlation coc ffl cient (0.7). whi ltl e 
those of adhesiveness and cohesiven~ss are not linL"ar. WWe 

arc adding more data po ints to these graphs this month t(to 

improve the corre la tion coefficients. 
We ultimmely \VOldd like to usc the TPA mcasure menhts 

to be ab le to corre late the e ffects of ex trus io n a nd thhe 

additi on of fat re placers to the perce ived fat level iiin 
the extruded ch~eses. TPA measure ments o f hardncsss, 

adhesiveness , springi ness, and cohesiveness of control annd 
extruded c heeses is shown (Figure 2) . Thi s is preliminafl ry 

dat<l . s ince this repre sents one o f three n: plica tcs fo.or 
each ex trus ion trea tme nt. We will be ab le to make rnonre 
confirming conc lusions once the whole datn set is cxtn1dcc d 

and <1 na lyzed. 

CONCLUSIONS 

We were success ful in grinding the c heeses tu thhe 

suitable size to feed into the extruder. 
Extrusion alone and w ith the addition of fat rep i<'Cecrs 

can rt:dnce the hardness of 6% c heddar cheese. 
We w ill be able to COITelatc the TPA paramcte1s t1to 

the % fat in control c heeses to predict how ex tru sion ann d 
ext rusion w ith fat replacers c hanges the c harac tc ri stits oo f 

Table 7. Predicted texture attribute of cheeses extruded with fat replacers. 

Texture Parameter Fat Replacer 
Concentration of Fat Replacers 

High Middle Low 

Novagel 48.79+/- 6% 36.54 +/- 2% 41 .79 +/-6% 

Hardness Simp/esse 27.47 +/- 1% 34.25+/- 2% 36.2 +/- 2% 

Temp Pro 22.12 +/- 1% 23.65+/- 1% 26.75 +/- 1% 

Nov agel 0.0 0.0 0.0 

Cohesiveness Simp/esse 33.12 +/- 0% 34.2+/- 0% 35.29 +/- 0% 

Temp Pro 34.2 +/- 0% 33.1 +/- 0% 34.2 +/-0% 
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the l·hct.:scs w ith respec t to pl.!rcc ivcd fat level . 
Simpk: ss and Tt:mpPro show promisl.! to mod ify the 

texture o f extruded 2?( fat chct.:se so the ha rdn t.:ss and 
colwsivt:ness va lues arc morl.! s imi lar to fu ll fat cheese . 

Objectives 4 and 5. 

04 2009. 

l'cx turc anal ysis o f cheddar cheese at three fat 

concentrations (2%, 13% , and 32%) resultt:d in a 

linear n:: lationship be tween fat content. hardness. and 

coht.:siveness. a ll ow ing the determination of cfft.:ct iveness 
o f tht: fa t re placer. The R ~ Va lues for the different texture 

paramell..:rs are: 

Hardness : y = -2 1 .4:lx + 1466.42.'. R' = 0 .9326 

Cohesiveness : y = 0.0092064x + 059.' I , R' = 0 .92.' I 

!.ow-fat cheddar cheese (2(~ fat ) was cxtrudcd w ith 
thret.: different fat rl.!placc r~ a t three com:entrat ions ba~ed 

on manufac ture recommendat ions: 'femp Pro (-+ o/t-. 0 .40(~ . 

2.20'?. ), Novagcl RCN!S (2'h, 0 .12S 'h . 1.06'h ). ami 
Simplcssc SOO ( I 'h-. 050'i'r, 0 .7S'k ) in lriplica t<: . Fxirudcd 
chCl'St:s wat: analy;:ed for the texture parame te rs of 

hardll i.!SS and cohesiveness ove r s torage time . We an: ab le 
to give predic ti ve fat conl:entrations based o n the contro l 

cheeses. (Tab le 7 .) 
Using the s tandard c urve fo r hardness . the usc of the 

fa t replacers gave vary ing res ults . a lthough a ll the cheest:s 
g<IVl: prt.:dictcd fat leve ls highe r than the 2o/r fat cheese 
used. Based on the data in ·rable 7 , the usc o f Novagel and 

S impl essc at the middle conce ntrations resulted in chl!cst:s 
w ith a tt:xture s imilar to full - fat cheddar, based on hardness 

scores. Although , there is no t a dose response \V ith the use 

level of fat replacers. In fact. the usc o f Simph:ssl.! at the 
highes t conce ntrat ion gave a lower predic ted fat lt:vel that 

at the lowest usc level. The use of TempPro resulted in an 
incn .:ase in pred icted fat le ve l at all concentrat ions. yet the 

va lues did not approach the lt.:vel s seen wi th Novagd or 

Simplesse. 
The usc of the cohesiveness standard curve also 

showed in teres ting results. In this case, the use of Novagel 

at a ll three concentratio ns did no t yie ld predicted fa t levels 
higher than the origin a l 2o/c fat cheese used . The use o f 

s imples and TcmpPro at all level s resulted in pred ic ted fat 

level s approach ing or greater than full -fa t cheese. 

The results in Tab le 7 are thl! results of TPJ\ ana lys is 
o f ex truded cheeses after ont.: week o f storage. We arc 

c urre ntly investigating thl.! TPA data for o ne month of 

cheese sto rage. 
O nce we nan·ow the fa t re placer based on a ll the TPA 

data . we will be hlcnd ing the 27r fat cheese with the l~1t 

1 \: pla~.:er. the full - fat aged chct;:sc. and ex truding samples. 

NEXT STEPS 

We have no changl!s in the origina l proposa l at this 

time. We w ill continue to extrude 2% fa t cheese wi th three 

levels o f fat re placers w ith tlm . .!e re pli ca tes . 

We wi ll continue with the ana lys is of cheese s l!x trudcd 

w ith three different fa t replacers at three concentra tions to 

conc lude at o ne month of storage. We w ill the n p ick the 
most appropriate fat replacer and ex trude 2% fat cheese 

with the fat rcplncer and agt:d full - fat cheese. 
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Effect of high intensity ultrasound (HIU) on functional properties of 
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ABSTACT 

This projc('t w ill test the hypot hesis that high intl~ n s it y ultrasound ( llll J) ca n improve the functional properties of w hey 
proteins. IIIU wi ll be applied to w hey prote in solutio ns . and the e ffec t of acoustic waves on functional properties c ruci <l l to 
th ~.:: manufacture of bevc:ragcs will be eva luated . The fun c ti onal propcrtil.!s that w ill be analy;ed arc: hcn t stability, c larity/ 

turbidity. cmd llavnr. Diffe re nt I-II U scltings (power. dun1tion of the s ignt~ l ) wi ll bt: tested in comhi nntion w ith severa l 
e nvironmental conditions suc h as prote in concentration (to s imulat..:: the concentra tions found in the w hey protein product ion 
process) and tempc raturc . llll J tre ated whey w ill be <lllal yL..::d fo r lla vor a nd ex posed to differe nt te mperatures tu reproduce 
a ho t fillin g, pastc uri Led a nd UIIT process ing at tlm.:l: pi! va lul:S, and ana lyzed fo r clarit y/turbidit y and so luhilit y. The 
presence of o f'!'-navors such as overa ll aroma inte nsi ty, cooked, diacdyl , sourness . c ucumber. bro thy, cardboardy. soapy, 
bittcrnL'ss, a nd astringL' ncy w ill he qmmtificd among the trcatnK· nt ..; a nd compared to <l control w hey protein so lution (non-
1-II U treated) . Th~..: acoustic sdt ing that n .. ·sults in the grL:ate r improvemen t o n heat stability and turbidity wi ll be chosen to 

evaluate the effl:c t of protein concentratio n on these prope rtie s. 

BACKGROUND 

Introduction. 

During. th l: la s t decade food sc ientis ts have been 

intl:rc stt!d in ult ra so ni c applica ti ons due to it s re liabili ty, 

reprod ucibil it y, high e f'li c iency and capability to a naly7e 
opaque a nd concentrated mate ri als. 

Result s from Sl:Vera l studi es showed the effect o r 
HI U on the fun c ti ona l properties o f w hey proteins. Krcsic 

et a!. (2008) showed a n increase in water so lubilit y of 

whey prote ins trea ted w ith lll tJ. They sugges ted that 

J-II U e nhanced prote in so lubility by changing pro te in 
confonnation and by decreas ing its mo lecular weight. 

Jamhrak et a/. (2008) eval uated lhe dfecl o f ultrasound 

o n the so lubil ity and foaming properties of whey prote in 

suspcnsions . They fo und thai bot h functional pro pe 11i l.!s 
were improved w he n III U was used . I lowevcr, the resu lts 

were ckpendant on the acoustic freque ncy used . lligher 
frequenc ics (40 kil t.) were not as efficient as lowe r ones 

(20 kil l) . 

St a thopulos el lll. (2004). and Villamiel and de .l ong 

(2000) re po rt ed c<mfo rmati onal c hanges in IIll i trea ted 

proteins . The firs t group of researc he rs n.:po rted the 
format ion o f aggregates w ith high r14 contc nt in no n-dairy 

pro tl! ins suc h as myoglobin and lysoLy mc . The second 
g ro up of researchers found denaturation of whey protei ns 

w hc n ultrasound , in comb ination to heat was applied to 

mi lk . 
Even though some o f the rL:seardl descr ibed above 

indicates that I-II U improves the func tional properties of 

proteins , there is no resea rc h showing its ..: ffec t on the 
navor of whey proteins . We pro pose lo apply llllll o w hey 

pro te ins and evaluate thl: effect of the acoustic waves on 
the ir functio naJ propertie s suc h as heat stabi lity (so lubility) 

and clarity/ turbidity. fo r applica tion in beverages. We 
would lik ~ to couple these experi me nt s wit h the ana lysis 

of the e ffect of HIU on the navor of the whey pro te in 

solutions. 
As describe d by Palis l and Bates (6) ultrasonic 

tl:chno log ies have the capab ility for a large commercial 

sca le -up and a good payback o n capital iu vcstml: nt. Some 
o f the reasons arc: 

1\.vaitability o f high amplitude/power units for 

large comme rc ial opcra ti cms 
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Improved energy effi ciency of the equipment 
Easy to insta ll and/or re trofi t systems 
Competiti ve energy costs 
Low maintenance costs 
Strong potentia l for inte ll ectua l property 

T he effect of acoustic waves in reduc ing pathogens 
in milk suggests that high intensity ultrasound can be 
used as an addi tional technique to ex tend the she lf li fe of 
paste uri zed milk without affecting its fl avor. In addition , 
due to the assoc iat io n between acoustic waves and 
molec ul ar entit ies, the effec t of III U on the flavor of UI IT 
milk will be evaluated . A lthough several papers re la ted 
to ult rasonic pas teurization have been published, no ne of 
them address the effect of thi s techni que on the fhvor of 
milk. 

Experimental procedure. 

Prev io us research has shown that ultrasoni c 
pasteurizat ion is effecti ve against a variety of common 
spoilage and pathogenic microorgani sms , including 
Escherichia coli. Listeria 11/0/IO(ytogenes. ,)'taphylococcus 
aureus. Bacillus sul;tilis, Pseudomonas aeruginosa, 
Pseudomonas jf1wrescens and !Jtctobacillus aridophilus. 
Slreplococcus lhermophilus. and Sacharomyces cerevisiae 
( 1-S). In thi s proposal. high intensity ult rasound ( I-Il li) 
wil l he used to extend the shelf li fe of pasteurized mil k 
and to improve the sensory qua lity of UIIT mi lk. The 
expc riTTlental des ign will he divided in ~ parts. 

Part I. Optimization of the ultrasonic conditions to 
extend the shelf life of pasteurized milk. 

Hi ll will be applied to fl eshl y pasteurized milk 
using dif'ferent sett ings: 

a . Acoustic power (n = 2): SO and 100 W/cm~ 

b. r requency (n = 2): 20 ki Iz and 500 kll z 
c. Signal dura tion (n = 2): S and IS min 
d. With and without temperature cont ro l: (n 

= 2): T = 25 °C. One set of sample will 
he sonicated a room temperature (25 °C) 
without any temperature cont rol. An increase 
(up to so °C) in the sample temperature is 
expected as a consequence of ultrasound 
applicati on. A water bath will be used to 
control the temperature in the other set of 
samples. Temperature will be set at 2.5 oc. 

2. The shelf life of the pas teurized milk after IIIli 
treatment will be evaluated as a fun ct ion of time . 
Total aerobic microbi al count aft er sonicati on and 
during storage at 4 oc will be performed. Samples 
for microbial count will be taken weekly until 

Western Dairy Center 

microbial spoilage is de tected. Non-sonic<:tcdl 
pasteuri zed milk will be used as a cont rol 

Part II. Evaluation of the fla vor quality of ,thee 
pasteurized milk with extended shelf life 

Sonicated milk samples that show an extended slhellf 
li fe w ill be evaluated in a discrimination sensmy tesst 
for significant overall differe nces aga inst non-·rea1tecd 
pasteuri zed milk. 

Part Ill. Improve the sensory quality of UHT nnililk 
using ultrasound. 

The same ultrasonic settings used in Part I l) f thi.is 
proposa l will be used to evaluate the possibi lity of f! mvoor 
improve ment in LI IIT milk. III li will be applied to UT HlT 
milk and th t: overall sensory quality of the treated milk w ilill 
be eva luated against a control (non-treated UIIT milk) _ bin 
case of signi ficant differences in the overall fl avor pro fll ~ l e 

of the mil ks , a descripti ve panel will he used to iJe111tif~-y 

and ra te the differe nt navors present in the mil ks. S>Ine oof 
the attrihutes evaluated will be cooked , stak and su.furouus 
notes. 
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RESEARCH PLAN 

Olbjective 1. 

To apply I II li to whey protein solutions. 

Olbjective 2. 

To eva luat e the c rrcc t o r HIU on the heat stab ili ty or 
wlht.! y protc in s at Jifferc nt p i I valu~s and heat trcatmcnb 

(h1ot fillin g . l l ilT and pastc uri tatio n condit io ns). 

Olbjective 3. 

To eva lua te I hi..! c lari ty/turbidi ty of IIIU whey proteins 
tr<"eatcd at di ffcn: nt te mperatures and pH values. 

Olbjective 4. 

To cva luatl.! the en-..:ct of I I Il l on the fl avor pro lile of 

w1hey proteins. wi th emphasi.;; o n bittem ess and ast ringcn­

C)Y· 

Olbjective 5. 

Ana lyte the da ta obta ined and submit it for publica tion 

illl a sc ien tific jou rna l. 

MATERIALS AND METHODS 

Olbjective 1. 

I-ll Llwas applied as described in the proposal. T he o nl y 
ch1angc is th at thco;c lirst prc hminary tests were performed 

w •ith 6 and 26'!1 solid solut ion o r WPC80. Au additiona l 

trceatmcnt was included which consisted on the application 

off H] LJ using the same time/power combinat io n but w ithout 
comu·olling the sa mple t~mpcraturc . 

I III I was applied to fresh whey (6% solid , 0 .93'!1 

pn·ote in) prov ided hy G lanbia. The acoustic power leve ls 
amd i ntcnsit ics fo r the I-Il li conditions were calcula ted. 

I-I Il i was app lied to liquid whey samples prov ided hy 

Uilamhi a with 22. 26, and 34o/r protein approx imatcly. 

Objective 3. 

The turbidity o f the samples was ana lyzed as desc ribed 

in the proposal. 1\ ca libratio n c urve was pc rfonncd with a 
WPC80 solu tion at 6% solids to eva luate the reprod uci bility 

o f the me thod. Al'te r III U applica tion . WPC80 so lu tions 

were frccle dried and the turbidity o f the samples were 

mcasurcd as the transm ittance of <1 I o/t- so lid suspension o f 

the product al'ter a lOX dilutio n . 

Thi s me thod was optimized fo r the fresh whey. The 
optimizat ion consisted 0 11 measuring transmittance of a I o/c 
solut ion at 600 nm (ins tead of 420 nm) . 

Objective 5. 

Turbidity data is bei ng analyLcd and prepared for a 
manuscrip t submission and possible pa tent app licatio n . 

Manuscript will he subm itted to the Joum al of Food Engi­

nee ring in Janua ry 20 I 0. 

RESULTS AND DISCUSSION 

Objective 1. 

WPC80 solution s were pre pared at li rull concentrations 

of 6 and 26')1 solids . IIIU was applied as described in the 
mate ria ls and methods sec tion . Samples were immed iately 
fnven and freeze dried. These sampiL~s were used to 
perform the ex periments in Object ive 1. No s ignilicant 

problems wen= encounte red in th is ste p . No visua l changes 
were observed in these solut ions d uring sonicat ion . When 

sonica tio n was a pplied w ithout temperature contro l. 
the sa mple tempera ture inc reased from 20 - 40°C, 
approximatel y. This procedure was re peated fo r a fresh 
whey solut ion o r approx imate ly 6')1 so lids (0 .75'l'r pro te in). 

The sa me ultrasound treatmen ts were appl ied to liquid 
whey so lu tions of 22. 26, and :\4 o/r solids. 

Objective 3. 

A ca li bra tion curve was obtai ned for the turbidi ty 

measurement . Dilutions of the 6% WPC80 were performed 
to obtain the fo llowi ng concentrations: 0 .00l8 . OJ06. 
0585, 3. 19, and 6.38 mg./mi. The solut ions w~re pre pared 

in duplicate. and the ir transmittance (T o/t-- ) was mensurcd 

at 420 nm. A negative exponential re latio nship (R:: = 
0 .9975) was found be tween the tra n sm ill~mce measured 

and the solut io n concentration (Figure I ). The higher the 

concentrat ion in the solution . the lower the transmittance , 

s ince fewer solids arc disso lved and less light is transmitted 
throug h the spec trophoto mete r ce ll , indica ting a highcr 

turbidity. Thi s relatio nship shows that the transm ittance of 

light measured at 420 nm ca n be used as a mcaSUI\~mcnt of 
the turbid ity o f the solu tion . 'fl1is is an in ve rse ly proportional 

relationship , where a hi gh transmitt ance is assoc iated with 
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a low turbidity in the solution or dispersion. It is important 
to note hcn:: that , in this report ,conn:ntrat ions arc cx prcsscd 
in t ...: rm~ of solid '7r or solid coiHcnt and NOT in term~ of 
prot!.! in cnnk:nt . 
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~ 40 
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~ 0 
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Figure 1. Calibration curve for WPCSO solutions 

8 

After va lidati ng the usc of transmitt aJH.:e (T?r) a~ 

a tool to nll::asun.! turbidit y in a solution, the T?r of th l! 
sonica h:d WPC80 solutions was mcn~urcd . Controb 
(W PC'RO ~o luti ons without sonicat ion) were al so used . 
btch sonication tn:atment was performed on~..:c and . for 
each tn:a tmcnt. T% wa~ mcasun::d in triplicatL:. Rc..;ult s an.:: 
:-.hown in Tabks I ~6. 

l :rom "l'ahks 1-6, we ca n observe that IIll i <tpplica tion 
tim!..' (::i or l ::i minutes) docs not signific antl y a!Tt.:l:t tht.: T 'ff 
mea~urt.: ments. ll owevl..'r. in some of the WPCRO ~o l u ti on s 

wh!..'n higher powl..'r ~dting.s were usl..'d . an incn.: a ~c (p < 

O.(l::i) in the Tl'k of the sample was observed, indicating a 
lower tu rbid ity. This is the cas!..' of (l?r WPCSO <.,o ni ca ted 
at 20°(' U"i ing power 3 and !5W for 15 minute.., (Tahk I), 
261'k WPCRO solution sonicated at (>0°C for 15 minutes 
u~ing J W of power. and fo r the 6'h WPC80 solution 
son icated without any temperature control. In thi " ca!>e. 
the tcmpcratun.: in the sampl e incn.:ast.:d from 20°(' to 
approx imately 40°C during sonicati on . C hangl..'s in thesl..' 
sa mpl es wert.: the most ev ident ones. show ing an incrt.:ast.: 
in th !..' T9( from approxi mately 4 19! in the cont ro l to 5::i 7r in 
th l..' sa mple sonicatt.:d for I 5 minutes using l .~W o f" power. 

To eva luate the effect of pll va lues on thl..' T7c 
mt.!asun .. :ml..' nt s, samples were pn~parcd as dt.! scribl..'d before 
and the pii adj usted to 35. 45 . and 6.8. The T o/, or these 

samples was measured , and the result s arc pn:sented in 
Tables 7- 12 , t:1 - 18.and 19-24.respccti vcl y. 

For the T 'k measured at pii .1 5 (Tables 7- 1.1) , a 

sig.nilicant d ifference (n = 0.05) bet ween tht.: applicat ion 
time and ultrasound power is observed . especia lly for 
higher power~ ( 15 Wand longer times IS minut t.:s) fo r the() 
and 26'« WPCRO solution sonicated at 20°(' lntert.!s ting.ly. 
for the.;;c sa me solution s but son icat l..'d at (>0°(' the T 'ff 
tn.:nd wa~ to detTI..'a sc with acoustic pO\\"I.! r (t he hig.ht.: r the 
power u~cd . the lower the T <k observed). A signillcant 
in c n.:a :o. ~.· (n ::: O.l15) in the T '.lr with acousti c power was 

also ob...,crvcd in the WPC80 sa mpks that we re snnicate1d 
without tcmpcraturl..' control . 

Tahh:s 13- 18 show the T?r of the sonicated ~ampl c:s 

when these were measured at pi! = 4 .5. As ex pec ted. thte 
T t;} va lues were lower than the onl!s measurt.!d at ne utr;al 
pll and at pl-1 = 3.5 . Thi s is due to the lower sol ubilit y mf 
the whey pro tei ns and pi I = 4.5 (pi I close to the isoc lcctri tc 
poi nt ). Also, no different:cs were fo und hctwccn thte 
different acoustic conditions. The onl y exception wats 
th !..' 26o/r WPCRO solution sonicated without tcmpera tmrc 
cont rol. where a slight increase in To/t was observed at hig;h 
acous tic powers. 

Tables 19-24 shows th t.: samt.: res ult s hut for solut ioms 
at pi I = 6.8. It ca n be seen that these arc very simil ar to th1c 
values observed in Tahlt.!s 1-6 . with no differl..' nces be tween 
applicat ion times and diffcrt.: tll.·es (et = 0 .05) wi th acoustiic 
power. 

Th!..' fresh whey soluti on containi ng 67t-- or solids (0 .75(% 
of prote in) was sonicated as described be fore. fn:czc. drield, 
and then re-suspended to form a I <fi .solid .'-.nlution. Tine 
transmittance of these .solutions was measured at 42!.0 
nm. Transmillance result s wac signil"icant ly lower tham 
expected (in the order of 137r) due to th!..' prese nce of a 
ycllow i ~ h color thai ahsorh~ C.ll !..' l"gy at 420 nm . "TO avoiid 
the intc.rfcrcncc of the yt.! ll owish co lor. a new ca lihratiom 
l· urvc at GOO run (Figure 2) . where thi s substance <Jns;'i 
not ha vL" an ahsoqllion spectrum . was performed and tlllc 
turbidity measun.: mcnts Wl..' re done at th is wav!..'kng.th . 

120 
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Liquid Whey @ 600 nm 

y = 96 .341 e·"""' 
R' = 0.99856 
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Figure 2. Transmittance (T%) ca libration curve at 600 
nm for liquid whey. 

1.5 

The Tf7t- of the 69t ~olid s liquid whey was measure d 
before and after sonication. The T o/t- was ml..'asured usimg 
water as a solve nt and us ing difl\.:rent buffer solu tions (plH 
= ."\.), 4.S. and 6.8). Results obtained arc shown in thtc 
tables l1C low. Table 25-27 shows the T?r values of the 6(% 
solid fresh whey after being sonicated. free?c dried. amd 
rc-suspemkd in watt.: r. No ~ i g nilica nt differences in the T '% 
were observed in the T~ va lues of tht.!SL'" sa mpl!..'s . 

Tables 2H-30 show tht.: ·prc of the sam!..' solutions bull 
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w.vhcn they wen: rc-su ~pc mlt:d in a pi D .) buffer. The T~ 
vnra lll l!S reported in these tab les were lower than the o nes 

ohhscrvcd when the sa mpks were rc-s uspcn,kd in \V<-llcr 

('lTahlcs 25-27). Thi s i ~ an cxptxtcd result since a lower 

soo luhility o f the pro te in is ex pected a t lower p ll s. No 

s iligni fi c;uJt differences wen: observed in the T 'h va lues 
fo'or tht.: ~a mples sonicated at 20°(' (Table 28 ). ll owcvcr. 
soonica tio n time was a ~ig nifi cant facto r for thl! sampks 

soonica tcd at 60°C (Tabl e 29) , resulting in a hi& hcrT~ (and 

thh t..•rc fon: incn:ascd solubilit y) o f sampks that ha vt..: been 

soonica tcd for lo nger periods of time ( 1:'1 minutes) . When 

saam pl es we re soni ca ted wi tlH Hittcmperaturc contro l. power 

lccvc l wa~ a s ignificant fac tor (Table 30 ). Surpri 'i ing ly. 

T f7r va lue~ for the \onicatt:d sampl t:~ were lower tha t the 

ccontrnl one~. 
Tables J 1-33 show the T o/r va lues of" the sonicated 

w.vht..:y (and control s) aft i.! r they have hei.! n frCi.!/i.! dri i.!d and 

re·c -s uspe ndi.!d in <l buffer solution of pll=45. No s ignifi cant 

dilille rcnccs in th l.! T 'Yr val ues wcri.! observed w he n !hi.! 

sa.ampk:s wei\' sonicated a t 20 and 60°C umkr !hi.! IIJ U 
ccondllions men tioned above (time and power) (l i1blc 3 1 

aund 31 ). Signilicant diiT~..Tence~ \\'l.! re o h.-.crvt:d, howc\\.T. 
w.vhcn III li i:- applied witlt no temperature contml (Table .1.1). 
Si-i imilar to the result.' obta ined for pi I 35. Iowa va lues o f 
TP,f wa:- o bserved fnr 3W of power fo r the sample"' soni ~<H t:d 
dtlllring 5 minut l;!s. 

T;l hle ~ 34-3(l show th~ 'Pk v; t\ues of samples t"l.: SII :O. JX: ndcd 
inn a 6)~ huller. ·p /r va lue -, :1re hi ghe r than the o ne .... ohserwd at 
3.S5 and at 45 due to till' lughe r solubil ity o f \\hey pmtci n.., at 
thhc "'c pi I ~. No si gnifican t diiTere nces in the T tfr values ohlained 
foOr tli c d ifkn:nt I-II li condi tion:.. for thl;! -,ampk"' ..,o ni ~.:a!L'd at 

2C0°( ' a nd the !'.ample' sonicated w ithout kmperHturL' cmu rol 
w.wr~ nh~erved (Tahks ~ -l-and J(J). S ignilicant diiTc re nc~s in 
thhc T f'/r for tht: samples sonic;tt eJ at 60°(' a t different powcr 
\cevd~ were observl..!d (Ta ble 35). 

Liq uid whey was :1l ~n obtained a t different .., tra tcg ic 

pooitlls during whey proce.-.s ing. Samples tah·n out o f the 
pnruce~sing line were: 22. 26. and ~-Jih solid.-.. ' lllc:-c ~ample:.. 

ccontain approx imate ly 15. 34. and 801/f prote in on a dry 
b;)a ~ i :-. r~..· s pccti vc l y. These samples were sonicatt.:d using th~...· 

cconditi o ns mentioned hefort: . After sonica tio n. they were 

fnrec/e dried. n: -suspend t:d in a I 'k so lid so lution . and th~ 

tr: ra n smi ~s i on ;Jt 600 nm was then measured . 
Tables 37-39 show tht: tra nsmiss ion of the 22t;f solution 

wvht.: n .-.ampks were sonicated a t 20°C. with no tcmJXT<HUrc 
ccont rol and at 60°C. re..,pccli Ycl y. From the~~.· table ~. we 

c~an o h.;;ervc that ultrasound applicat ion inc rcas~..·d the 
tr:ransmitt ;mce of the sample.-. . suggesti ng a less turbid sys tem. 
N..Jo s ignilicant differences were fo und bet ween application 
ti 1i me o r applica tion power (3 vs. I 5W) fo r sampl es sonica ted 

a t 1 :woe (Table .~ 7 ). w hi le s ignificant differences were 

o hh"erved be tween these power h;vc ls for the ~a mpl e~ 

sconkatcd w itho ut tcm pcrawre contro l ('J ~lhk ."\8) . In this 

ct:ase. hi g ht.: r power lcvcb a nd longer t ime:- (c~pec iall y for 

thhc hig he r power) re.., lll t in an inc reao,;e in the tra thmittancc . 

'!The ~amc ht: havinr wa ... oh:-crvcd fo r sampk ~n ni cCJII..'d at 

w·c. 
Tahl l!s 40-42 show th t: tra nsmittance (T 'fi-) va lues for 

the 26'7t ~olid liquid w l1 cy o btained from the process ing 

tine. It is important to notice here that the T%- of the control 
sa mples arc s ignificantly lower than the o nes obtained 

for the (, and 22'/r samples. Th is is due to th ~.: hi gher 
pro te in content of these sampks. 1\.n exponent ia l decay 
on the T o/t- va lues is cxp~.:ctcd as protei n conce nt ra tion 
increases (Figure 2) . Altho ugh th l! T % of the cont ro ls were 
low, as shown in the fo llowi ng tctblcs, the T 7r increases 

~ ignificantly as a fun c tio n o r ultrasound power and time . 
This in<.:n.:ase is more evide nt in the solutions .-~o ni catcd 

w itho ut tcmr~raturc cont ro l w here a t :'i:'i and 89 'Jf incrcn sc 

in T o/t- i ~ o bserved . 

Tables -l:l-45 show the do ta for the J .J 'k so lid 'o lu tion . 
T lh val ue') are "imil ar to the o nes observed for th l! 26o/t 
samplt:s: however. ultrasound did no t affect the T '}'f of the 

~ampk~. In fact , when the sampk:s were ~onicatcd at 60°(' 

there was a s ig nificcmt decrease in the T %- . suggesting that 

proteins are be ing ck:natun::d and aggrega ted . 
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Figure J . SDS-PACiE an<ll)"i" o f :x, and ~..; ?. \\ h<..') <..o liJ ~ 

t-rom kfl to rig ht. lan<: I i~ rno k c ular weight marker~. I an<:" 
::! anJ ~ ar~..· 26'11 solid ~: cont rol. and sonicated for L'i min 

ll"ing 15\V of pO\\ef. reSJ)L'('Ii\dy; anJ lanes -+ and :'i are J-+'"; 
.;ohd!.: COIUrol. and <;orHCii ll'd for 15 111111 us ing I :'i\V ut (Xl\\1..'r. 

re~pt:c l i\e]~ 

SDS -Pt\G E. ana l ys i ~ W<l~ conducted o ntht.: ~; nnplc~ that 

s iJl)wcd dra:-ti c diiTerencc~ in turbidit y (26 a nd 3-+ r?r ~o li ds) . 
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'l'hc :-\4 % solids sample showed an increase in turb idity 

at 60°(' and 3 and IS W. while the 26~ sam ph: showed 
mon.: c lar ity with these treatments. SDS-Pt\GE analys is 
was conducted to determi ne if the sonication treatments 
resulted in hydrolys is o f the whey prote ins, leading to more 
c larity in the 26% solids. The analys is shows no dilTt:rcncc 

in protein bandi ng pattem s therefore we conclude that no 

hydro lys is wa s occurring. The changes may be due to the 

high pro te in concentration o f the 34% sample hl.!a tcd to 
60°( ·. leadin g to aggregation and an increa se in turbidity. 

O nse t ami peak temperatures were not s ignillca ntl y 
alTt.:c tcd by sonication. however, the enthalpy or snmpl cs 
sonica ted for \.S minutes at 3 W were signil\cant ly lower 

than the cont ro ls and the sample s soni ca ted using higher 

power leve ls. In addition . enthalpies for the 26o/r solu tion 
wen: s ignilicantly lower than the o nes for the 34o/t-- o nes. 

The lower dc naturation enthalpy in sa mples sonicated for 

IS minutes using J \V o f power suggests that the prote in 
was dena tured unde r this condition . However, comparing 
these result s with the transmission o nes, we can nssure 

that a denatured prote in does not necessarily result in a 
less tu rbid solutio n (compare transmiss io n va lues of the 

26% sam pi ~.! sonicated for IS minutes using 3 and I ::..w of 
power) . 

CONCLUSIONS 

These re ~ ult s show that the mcasuremc nt o l '\'1;:{ at 420 
11111 is an 11ppropria tl.! tool to evaluate the turbidity of whl.!y 
pro tc in so lutio ns . WI.! a lso proved that differcnccs in pro­

te in solubility can ~ detected by this measureme nt. The 
techni4ue was optimjzed nnd is ready to be uscd for the 

next pcriod o f this grant , where Hi ll w ill be applied to the 
samples provided by Glanbia. 

We validated the use o f tran smittance measun: ments at 

600 nm as a method to quantify solubility of whey prote in 

in fn:::sh whey. 
T% at 600nm was measured for the control and soni ­

ca ted liqu id whey sampl es or 22 , 26 , and 34<;:( solids . 

!\. sig nilicant inc rease in the T 'k was obse rved in the 

22 and 26% samples, suggesti ng that lcss turbid samples 

are obta ined il S a consequence of sonicntion. This inc rease 
in tran smittance was more significant for the 26(k sa mple . 

The bes t sonicatio n conditio ns to improvt..:: tht..:: turbid ­

ity o f wht.::y sampl es is when ultrasound is sonicated for IS 

minutes using I SW of power and witho ut using tempera­

ture contro l. 
Sonicatio n w11s shown not to produce hydrol yLed pro­

tein samples. 
Some protein denmllratio n was observed in samples 

so nicated for 15 minutes using J W of power as evidenced 
by differentia l scanning ca lorimetry. 

NEXT STEPS 

During the next pc.::riod, we will sonicate the samplees 
provided by Glanbia (6 and 26% solids). and I he lurbidil ily 
o f these solu tions will be measured a t different pl-1 (3.~5 . 

4.5 , and 6.8). Sonicati on w ill be perfo rmed in triplicate. lin 
addition , the sonicated solut ions w ill he heated us ing thhe 

methodology described in th t: proposa l , and the turbidit lty 

wi ll be measured after heat treatment. 

Fresh whey from different st.:::c tio ns of the whey pru o­

d uction line will be sonicated and evn luated for so lubilit.ity 
using the 600 nm transmittanct..:: method . O nce these mea:n­

surements are performed , the best sonication conditio n wih ll 

be chosen and the s tabi lit y o f the treated whey protein sno­

lution will be evaluated at d iffe rent pll s and after the hea:at 
trea tments proposed in the ori gina l p lan o f work . 

The 26o/c solid sample will be sonic 11tcd and otheter 
fun c tio na l properti ~s w ill be measured . Such fun ctiona1a l 

prope rti es include : se nsory t.::va luation , heat s tab ilit y, aJl(nd 
pro te in solubility at d iffe rent pll s. 

In January 20 10. we expect to sonicate liquid " he:ey 
samples w ith approx imately 267t solid s and pcrfom1 thhe 

sensory and heat stab ilit y experiment s. 
The manuscript wi ll he submitted and , if appropri c.tc ,; , 

a pate nt application will be tilled hy the TCO o fll ce at 
liSll. 

REFERENCES 

Manuscripts and Abstracts 

lnnucnce o f Tim~ , T~mperatu rc and lnll.:nsity of High lntcts it·ity 
Ullrasound o n the Turb idity o f Whey Proteins , IOlth AI)Cf's 
An nual Mee ting and Expo (pos ter-accepted). 

Martin i , S, Potier, R., Walsh , M .K . Optimi Ling the usc of 1iglgh 
intensit y ultrasound to dcnc<tse turbidi ty in whey pn tei~i n 

suspe nsio ns . Submitted to the Joumal of Food Engineu·;n1ng 
(March 20 I 0) 

Western Dairy Center page 84 Annual Report 2009 



Effect of high intensity ultrasound (HIU) on functional properties of whey proteins IS. Martini 

Table 1. T% values for the 6% WPC80 solutions sonicated at 20 •c 
6% solids-20 •c HIU power (W) 

Application time (min) 0 3 15 
5 41 .36a ± 3.0 44 .83a ± 5.03 46.10a ± 3.72 
15 41 .36a ± 3.0 48.98b ± 1.91 49. 75b ± 3.96 

No stgnlilcanl dlfierences between appUcaiton ltme (rows) 
For the same row, values wi th same letter are not significantly different 

Table 2. T% values for the 6% WPC80 solutions sonicated at 60 ·c 
6% solids-SO •c HIU power (W) 

Application time (min) 0 3 15 
5 44.86 ± 3. 14 41 .70 ± 2.21 39.34 ± 4.04 
15 37.67 ± 3.41 35.21 ± 4.55 39.44 ± 2.15 

No stgntftcanl differences befWeen apphcabon bme (rows) or RIO power {columns) 

Table 3. T% values for the 26% WPC80 solutions son icated at 20 •c 
26% solids-20 •c 

Application time (min) 

5 
15 

0 

47.85 ± 2 06 
47.85 ± 2 06 

HIU power (W) 

3 

42.89 ± 2.44 
45.10 ± 2.93 

15 
44.72 ± 1.50 
48.57 ± 3.20 

No stgn lilcani dlfierences between appltcabon bme (rows) or power (columns) 

Table 4. T% values for the 26% WPC80 solutions sonicated at 60 ·c 
26% solids-SO •c HIU power (W) 

Application time (min) 0 3 15 
5 42.58a ± 3.58 44.02a ± 0.99 46. 73a ± 2.22 
15 38.82a ± 2.44 46.98b ± 0.95 42.38ab ± 3.28 

No stgndtcan\ dlfierences between appltcabon hme (rows) 
For the same row. values with same letter are not significantly different 

Table 5. T% values for the 6% WPC80 solutions sonicated with no temperature control 

6% solids-no temp control 

Application time (min) 

5 
15 

HIU power (W) 

0 3 15 
41 .36a ± 3.00 49.52b ± 2.42 48.23b ± 0.96 
41 .36a ± 3.00 49.52b ± 1.99 55.07c ± 3.41 

No stgntitcan l differences between appltcahon hme (rows) 
For the same row, values with same letter are not significantly different 

Table 6. T% values for the 26% WPC80 solutions sonicated with no temperature control 

26% solids-no temp control 

Application time (min) 

5 
15 

0 

47.85 ± 2 06 
47.85 ± 2.06 

HIU power (W) 

3 

49.37 ± 2.33 
50.49 ± 5.31 

15 
51.31 ± 3.35 
53.58 ± 1.87 

No stgnUtcanl dlherences beTWeen appUca t.on hme (rows) or power (columns) 
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Table 7. T% values for the 6% WPCBO solutions sonicated at 20 •c (pH = 3.5) 

G% solids-20 •c HIU power (W) 

Application time (min) 0 3 15 

5 24.03 ± 2.79 27.09 ± 3.63 28.07A ± 1.48 
15 24.03a ± 2.79 29.85b ± 2.74 36.44cB ± 0.69 

CapHal leRers: diherences between rows 

Table 8. T% values for the 6% WPC80 solutions sonicated at 60 •c (pH = 3.5) 

G% solids -GO •c HIU power (W) 

Application time (min) 0 3 15 

5 29.90aA ± 0.35 24.45b ± 1.62 26.03abA ± 1.30 
15 35.35aB ± 3.49 28.58b ± 2.96 32.44abB ± 1.85 

Capdal leffers: diherences between rows 

Table 9. T% values for the 26% WPC80 solutions sonicated at 20 •c (pH= 3.5) 

2G% solids-20 •c HIU power (W) 

Application time (min) 0 3 15 

5 25.96a ± 2.25 28.31ab ± 0.79 35.07bA ± 2.42 
15 25.96a ± 2.25 30.65a ± 4.60 43.69bB ± 5.32 

Capdal leiters: dMerences between rows 

Table 10. T% values for the 26% WPC80 solutions sonicated at 60 •c (pH = 3.5) 

2G% solids-GO •c HIU power (W) 

Application time (min) 0 3 15 
5 32.29±1 .56 2607±2.32 27.85±1 .11 
15 30.72±7.42 28.57 ± 3.72 30.13±1.36 

No Slgnli•canl d!Aerences between apphcaUon i•me (rows) or columns (power) 

Table 11. T% values for the 6% WPC80 solutions sonicated with no temperature control (pH = 3.5) 

G% solids-no temp control HIU power (W) 

Application time (min) 0 3 

5 24.03a ± 2.79 31 .29b ± 2.39 
15 24.03a ± 2.79 36.44b ± 1.38 

No s•gnihcan l dMerences between appl1cabon i1me (rows) 

15 
34.12b ± 2.14 
39.75b ± 3.37 

Table 12. T% values for the 26% WPC80 solutions sonicated with no temperature control (pH= 3.5) 

2G% solids-no temp control HIU power (W) 

Application time (min) 0 3 15 

5 30.85ab ± 5.45 28.49a ± 0.86 35.70ab ± 1.31 
15 30.85a ± 5.45 34.47a ± 1.42 41.89b ± 2.48 

No s•gn!Ticani dMerences between appUcabon Ume {rows) 
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Table 13. T% values for the 6% WPC80 solutions sonicated at 20 •c (pH = 4.5) 

6% solids-20 •c HIU power (W) 

Application time (min) 0 3 15 

5 31.21 ± 2.70 26.44 ± 5.38 20.93 ± 2.25 
15 31.21 ±2.70 27.95±8.94 29.92 ± 5.67 

No slgnlilcanl dtherences 

Table 14. T% values for the 6% WPC80 solutions sonicated at 60 •c (pH= 4.5) 

6% solids-60 •c HIU power (W) 

Application time (min) 0 3 15 

5 30.48±5.52 23.39±6.58 31 .12±5.26 
15 23.94 ± 2.87 27.71 ± 5.35 29.29 ± 2.30 

No slgnlilcanl dcherences 

Table 15. T% values for the 26% WPC80 solutions sonicated at 20 ·c (pH = 4.5) 

26% solids-20 •c HIU power (W) 

Application time (min) 

5 
15 

0 

24.28 ± 5.19 
24.28 ± 5.19 

3 

26.69 ± 6.87 
24.95 ± 5.87 

No Slgnihcani diherences 

15 

23.67± 7.11 
26.00 ± 9.81 

Table 16. T% values for the 26% WPC80 solutions sonicated at 60 •c (pH = 4.5) 

26% solids-60 oc 
Application time (min) 

5 
15 

HIU power (W) 

0 3 

24.30 ± 8.23 21 .13 ± 1.72 
23.80 ± 0.38 15.02 ± 2.65 

15 
25.11 ± 4.22 
19.23 ±7.24 

No Slgnihcani diherences 

Table 17. T% values for the 6% WPC80 solutions sonicated with no temperature control (pH= 4.5) 

6% solids-no temp control 

Application time (min) 

5 
15 

0 

HIU power (W) 

3 
30.82 ± 4.94 
29.04 ± 5.23 

15 
30.45 ± 4.70 
29.43 ± 2.97 

Table 18. T% values for the 26% WPC80 solutions sonicated wi th no temperature control (pH = 4.5) 

26% solids-no temp control HIU power (W) 

Application time (min) 0 3 15 

5 21.13a ± 6.01 25.31ab ± 2.53 31.58b ± 4.63 
15 21. 13a ± 6.01 30.55ab ± 3.53 31.01 b ± 4.44 
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Table 19. T% values for the 6% WPC80 solutions sonicated at 20 •c (pH = 6.8) 

G% solids-20 •c HIU power (W) 

Application time (min) 0 3 15 

5 48. 75a ± 3.06 55.89bc ± 3.11 54.91 ac ± 4.62 
15 48.75a ± 3.06 55.88 ± 1.65 53 .18ac ± 2.94 

No slgnihcan\ differences between hme {rows) 

Table 20. T% values for the 6% WPC80 solutions sonicated at 60 •c (pH = 6.8) 

G% solids-GO •c HIU power (W) 

Application time (min) 0 3 15 
5 54.00Aa ± 1.64 43.76Abc ± 5.14 46.05Aac ± 2.39 
15 40 .12Ba ± 4.61 49.02Ab ± 4.75 50.11Ab ± 4.88 

Table 21 . T% values for the 26% WPC80 solutions sonicated at 20 •c (pH= 6.8) 

2G% solids-20 •c HIU power (W) 

Application time (min) 0 3 15 

5 48.51 a ± 2.10 52.22a ± 2.44 50.30a ± 0.68 
15 48.51a±2.10 53.80ab ± 6.12 57.27b±3.52 

No SIQM 1canf diherences between bme (rows) 

Table 22. T% values for the 26% WPC80 solutions sonicated at 60 •c (pH = 6.8) 

2G% solids-GO •c HIU power (W) 

Application time (min) 0 3 15 

5 45.92a ± 3.50 48.60a ± 3.4 7 
15 43. 72a ± 2.82 54.14b ± 6.43 

44.50a ± 2.09 
43 .05a ± 5.52 

No S1gmf1cani dlrierences between lime (rows) 

Table 23. T% values for the 6% WPC80 solutions sonicated with no temperature control (pH = 6.8) 

G% sol ids-no temp control 

Application time (min) 

5 
15 

0 

HIU power (W) 

3 

52.89a ± 3.67 
55.37ab ± 3.33 

15 

56.52 ± 5.87 
56.70b ± 2.88 

Table 24. T% values for the 26% WPC80 solutions sonicated with no temperature control (pH = 6.8) 

2G% solids-no temp control HIU power (W) 

Application time (min) 0 3 

5 48.51a ± 2. 10 53.93b ± 1.11 
15 48.51a±2.10 56.03b± 1.06 
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Table 25. T% values for the 6% solid fresh whey solutions sonicated at 20 ' C 

6% solids-20 ' C HIU power 

Application time (min) 0 3 

5 52.35 ± 4.52 50.21 ± 1.93 
15 52.35 ± 4.52 55.06 ± 2.05 

No sFgndFcanl differences between appl1cailon bme and power (a 

15 
53.60 ± 2.77 
58.56 ± 4.35 
0.05) 

Table 26. T% values for the 6% solid fresh whey solutions sonicated at 60 ' C 

6% solids-60 ' C HIU power 

Application time (min) 0 3 

5 52 .35 ± 4.52 49.75 ± 1.45 
15 52.35 ± 4.52 56.23 ± 2.49 

15 
56.00± 1.21 
55.02 ± 0.88 

No slgn dicanl differences between appUcabon Ume and power (a - 6.65) 

Table 27. T% values for the 6% solid fresh whey solutions sonicated wi thout temperature control 

6% solids-no temp control HIU power 

Application time (min) 0 3 

5 51 .99 ± 2.44 54.24 ± 1.77 
15 52.70 ± 1.51 55.20 ± 2.82 

15 
58.64 ± 2.44 

55.69 ± 13.87 
No sFgnliFcanl dMerences between apphcailon bme and power (a 0 .05) 

Table 28: T% values for the 6% solid fresh whey solutions sonicated at 20 ' C (pH=3.5) 

6% solids -20 ' C HIU power (W) 

Application time (min) 0 3 
5 48.26 ± 5. 16 35.98 ± 1.70 
15 48.26 ± 5. 16 32.46 ± 2.38 

15 
33.64 ± 1.63 
40.42 ± 3.75 

No sFgnifFcanl dMerences between apphca fron i1me and power (a ooSI 

Table 29. T% va lues for the 6% solid fresh whey solutions sonicated at 60 ' C (pH=3. 5) 

6% solids-60 ' C HIU power (W) 

Application time (min) 0 3 
5 45.18a ±0.46 41 .16a ±0.53 
15 45.96a ±1 .94 46.16b±2.70 

§lg nFhcanl dMerences between appl 1cai lon i1me (a- 6.65) 
For each column, same letter indicates no significant differences 

15 
43.83a ± 0.65 
47.89b ± 1.45 

Table 30. T% values for the 6% solid fresh whey solutions sonicated without temperature control(pH=3.5) 

6% solids-no temp control HIU power (W) 

Application time (min) 0 3 

5 
15 
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Table 31 T% values for the 6% solid fresh whey solutions sonicated at 20 oc (pH=4 5) 

6% solids-20 oc HIU power (W) 

Application time (min) 0 3 15 

5 40 .29 ± 2.54 36.84 ± 1.71 34.20 ± 2.66 
15 40.29 ± 2.54 37.37 ± 1.35 38.12±1 .93 
o SIQO I 1cant di erences befi.Veen app 1ca 1on 1me and power (a • 0 .05) 

Table 32 T% values for the 6% solid fresh whey solutions sonicated at 60 oc (pH=4 5) 

G% solids-GO oc HIU power (W) 

Application time (min) 0 3 15 

5 39 .27a ± 0.89 37.43b ± 1.91 39.46a ± 1.79 
15 38.94a 1± 1.56 39.02a ± 2.17 39.28a ± 1.83 

No SIQOI 1cant differences between app 1ca 10n 1me and power (a-= 0.05) 

Table 33. T% values for the 6% solid fresh whey solutions sonicated without temperature control (pH=4.5) 

6% solids-no temp control HIU power (W) 

Application time (min) 0 3 15 

5 40.29a ± 2.54 36.05b ± 1.52 37.67a ± 1.79 
15 40.29a ± 2.54 38.96a ± 1.16 36.84a ± 1.05 

Slgndlcani dMerences between power levels (a- d.OS). Par each row, same leiter md1caies no s1gnd•cani dMerences 

Table 34 T% values for the 6% solid fresh whey solutions sonicated at 20 oc (pH=6 8) 

G% solids-20 oc HIU power (W) 

Application time (min) 0 3 15 

5 54.70 ± 3.45 56.61 ± 1.20 54.63 ± 1.13 
15 54.70 ± 3.45 53.49 ± 3.69 57.98 ± 1.87 

No SIQOIIcant dl erences between app 1ca con .1me and power (a-= U.Utl) 

Table 35. T% values for the 6% solid fresh whey solutions sonicated at 60 oc (pH=6.8) 

G% solids-GO oc HIU power (W) 

Application time (min) 0 3 15 

5 50.33a ± 4.60 55.72ac ± 0.84 61 .05bc ± 1.47 
15 50.07a ± 1.29 57.30b ± 0.29 57.19b± 4.05 

Signli1cani dMerences between power levels (a- 0.05). For each row, same leiter 1nd1 ca fes no SIQM1canl differences 

Table 3G T% values for the 6% solid fresh whey solutions sonicated with no temperature control (pH=6 8) 

G% solids-no temp control HIU power (W) 

Application time (min) 0 3 15 

5 54.70 ± 3.45 56.31 ± 1.65 50.48 ± 1.03 
15 54.70 ± 3.45 53.39 ± 0.31 53.56 ± 1.75 

o SIQOIIcant differences between app 1ca 10n 1me and power (a = 0 .05) 
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Table 37. T% for the 22% solid fresh whey solutions sonicated at 20 oc 
22% solids-20 oc HIU power (W) 

Application time (min) 0 3 15 

5 37.24a ± 0.91 46.09b ± 0.60 46.08b ± 0.65 
15 37.24a ± 0.91 46.27b ± 0.31 47.49b ± 0.41 

No stgndicani differences rn ltme. Stg mfrcanf dlfierences for power (p<d.OS) 

Table 38. T% for the 22% solid fresh whey solutions sonicated with no temperature control 

22% solids- no temp control 

Application time (min) 

5 
15 

HIU power (W) 

0 3 

37.24a ± 0.91 45.34b ± 1.16 
37.24a ± 0.91 45.30b ± 0.54 

15 

47.79c ± 1.32 
49.82c ± 0.41 

No stgndrcani drherences rn lrme. Signlilcani dtherences for power {p<b.US) 

Table 39. T% for the 22% so lid fresh whey solutions sonicated at 60 oc 
22% solids-SO oc HIU power (W) 

Application time (min) 0 3 15 

5 39.71a ± 1.80 44.83b ± 0.66 45.32b ± 1.03 
15 38.98a ± 0.65 43.25b ± 1.17 50.07c ± 0.72 

No stgndrcanf diherences rn bme. Stg ndrcan\ ddferences for power (p<O.d5) 

Table 40. T% for the 26% solid fresh whey solutions son icated at 20 oc 
26% solids-20 oc HIU power (W) 

Application time (min) 0 3 15 

5 8.28a ± 0.04 11 .20b ± 0.43 12.22c ± 0.25 
15 8.28a ± o 04 11.45b ± 0.31 13.54d ± 0.19 

Signtftcant dtfferences between ttme and power (p<b.65) 

Table 41. T% for the 26% solid fresh whey solutions sonicated with no temperature control 

2S% solids- no temp control HIU power (W) 

Application time (min) 0 3 15 

5 8.28a ±0.04 10.80b ± 0.17 12.86c ± 0.47 
15 8.28a ± 0.04 10.94b ± 0.42 15.63d ± 0.16 

Signtftcant dtfferences between ttme and power (p<b.65) 

Table 42. T% for the 26% solid fresh whey solutions sonicated at 60 oc 
26% solids-SO oc HIU power (W) 

Application time (min) 0 3 15 

5 8.92a ± 1.32 7.77b ± 1.77 14.09d ± 0.71 
15 9.23a ± 0.65 10.51 c ± 0.30 16.17d ± 0.45 

Signlhca ni differences between It me and power (p<b.55) 
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Table 43. T% for the 34% solid fresh whey solutions sonicated at 20 ' C 

34% solids-20 •c HIU power (W) 

Application time (min) 0 3 15 
5 10.35a ± 0.20 9.83b ± 0.25 9.98b ± 0.15 
15 10.35a ± 0.20 1 0.28a ± 0.06 1 0.16a ± 0.26 

Slgndicani ddferences between bme and power (p<b.OS) 

Table 44. T% for the 34% solid fresh whey solutions sonicated with no temperature control 

34% solids- no temp control HIU power (W) 

Application time (min) 0 3 15 

5 
15 

1 0.35a±0.20 
10.35a±0.20 

10.11ac ± 0.07 10.04bc ±0.14 
10.18a±0.16 9.60b±0.19 

§ ,gn•f•canl differences between power (p<b.OS) 

Table 45. T% for the 34% solid fresh whey solutions sonicated at 60 •c 
34% solids-so •c 

Application time (min) 
5 
15 

0 

6.93a ± 0.25 
4.34b ± 0.39 

HIU power (W) 

3 
6.61a ± 0.39 
3.60c ± 0.37 

15 
3.58d ± 0.49 
0.07e ± 0.01 

Sign•hcani d.Herences between li me and power (p<b.US) 

Table 46. Differential Scanning Calorimetry (DSC) denaturation parameters . T : Onset 
temperature (' C); T, : Peak temperature (' C), and ,.,H: denaturation enthalpy (Jig'). Liquid 
whey samples C, and D with solid content of 28.2 and 30.2% and protein content of 25.6, 
and 88.0, respectively. 

T. " T 
p 

,.,_ H 
Samples 

(' C) (' C) (Jig of protein) 

26% control 82.1 ± 0.44 a 85.3 ± 0.23 a 3.64 ± 0.61 a 
26%60 ' C 15 min 80.5 ± 1.48 a 84.9±0.17a 4.56 ± 0.15 a 
26%60 ' C 15 min 3W 81 .8 ± 0.64 a 84.8 ± 0.34 a 2.16±0.18b 
26%60 ' C 15 min 15W 80.9 ± 0.80 a 85 .1 ±0.19 a 3.34 ± 0.13 a 

34% control 69.8 ± 0.09 b 75.0 ± 0.39 b 8.59 ± 0.76 c 
34% 60 ' C 15 min 69.1 ± 2.29 b 74 .9 ± 0.13 b 7.44 ± 0.88 c 
34% 60 ' C 15 min 3W 71 .8 ± 0.11 b 75.4 ± 0.69 b 3.81 ± 0.09 d 
34% 60 ' C 15 min 15W 72.0 ± 0.52 b 75.0 ± 0.03 b 7.29 ± 0.03 c 

For the same column. USC values wlih \he same lefier are no! slgnUicantiy dthereni (p<b.OS) 
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Flavor tcomparison between UHT milk heated by conventional 
methods and electrical resistive heating 

D>onald J. McMahon*, Carl Brothersen, and Balasubramanian Ganesan 

*fHri11cipal llwes1igator: Utah Sul/e Unh ·ersity. Western Dairy Center. Logan. UT84322 -8700 
email: donald .mnnalwn @usu.edu 

Funckd by: Dairy Managem~ni lil t:., Novembl!r 2008 - Dccemhcr 2010 

AIBSTACT 

IJi ttra-high lt.!llllpcraturc proct!Ssing ex tends the shelf life of milk up to a year, but a lso causes severa l chemical changes 
to ' milk component s that arc rcOected in the products ' flavor and acccptancl! . Different hea t trea tme nt met hods arc used to 
in1crtase milk tcmpteraturc and their effect on mi lk q uali ty i ~ unclear. Electrical resis tive hc<~ting may product.: fewer hcat­
i!Hdu::ed changes than indirec t hcat iilg due to its rapidit y and may result in shdf-s table milk that is more.= preferable.! than 

CU!rn·nt UIIT milks . We comparc.:d the Oavors of UIIT milk from electrica l rc.:sisti vc.: heati ng to the standard methods of 
1makmg (i .e., s tccnn injection and indirec t hea tin g) for diiTen.:nccs in Havor and consumer preference during 9-mo sto ra gt.! 
at room tempcra tun:. Flavor preference , dt:scriptive fl avor ana lys is. and ana lys is o f fl avor volat iles were.= usc.:cl to dderminc 
thtc allri hut cs resplmsible for the improv~:d flavor of electrical res is ti ve hea tc.:d milk . J\.\1 l iiiT treatmt:nt s were performed 
om the s ame hatch o f milk simultaneously. UII T milks we n.: compared to pasteurized milk for navor pn:ference . We found 
tluat pasteuri ~.:ed mj lk was preferred ove r l/I IT milk. Initi all y electrical resistive heated milk was preferred at 4 wks age 
blut at 16 wks of <~g!e the diffe re nt Ul fT milks were all eq ua lly prefe JTed . 13rothy navor pcrcl!pti L) Jl inc rl..!ased at 16 wks age. 
B)y )6 wks pastelll-it.:ed or electr ically res istive UI-IT milks were less hith:r than s team and plate-heated milks. I kadspace 

amalys is showed tha t dimethy l sulfide is the.= mos t abundant volat ile sulfur compound in UIIT milks. Concentration of 
vmlat ile sulfurs ge1Je rally dec rt!ased over U IIT milk s to rage time. with the excepti on of cl ime thylsulfide inc reasing in s te<tm 

UJ I-IT-processed mi lk. J\. 11 l ll rr milks had s imi lar carbon disul liclc concen trations at 16 and 36 wks o f storage. Methancthiol , 
d iunt:thy ldi su llide , and d imcthyltri sulfide concentra tions wert: highly va riable in lJI IT milks. Among carhonyls. apart from 

hc.:~xanal. most follo wed similar trends by milk type . In e lectr ica lly res istive UIIT mi lk an initial increast! in carbonyls from 
4 Ito 16 wks was fo llowed by a decn:~ase to ini tia l or lower leve ls by 36 wks. Converse ly a marginal increase of carbonyls 

i111 direct steam and plate UIIT milks between 4 and 16 wks was fo ll owed by a higher innease (2-4 -fold) by 36 wks . 
Di iffcre nces in vo la tile compounds among lJ IIT milks com.:sponcl to a better acceptance of elec trica ll y n:s istive UHT mi lk , 

sLugges ting that these differences may be responsible for it s <lCCcptance. 

BACKGROUND 

Liiterature review. 

Ultra-high temperature milk. 

Pasteurized mi lk typ ica lly has a 14-day shelf life at 
reHri geration tem peratures whih: ult ra-high tl..!mpera ture 

(l UHT) processing allows milk to he s tored I to 2 years 
at room temperature (Hurton , 1988). Howeve r. increased 

tcrmp,: rature treatmc.::nts usc.:d in UIIT processing may cause 
COJok cd fl avors that an: object ionable to many U.S. con -

sumers (IJiake et al.. 1996). Common ly di sliked navors 
observed in UIIT milk include cooked. hea ted and sta le lla­

vors (associated with hea ting and room tem perature stor­
age) as well as biller and rancid fla vors (caused by residual 

pro teases and lipases). F lavor of Ul rr mi lk and changcs 
that occur during storage have recent ly been reviewed by 

A I-J\ ttab i d al.(personal com munication , 2008). Stale and 
oxidized Jl avor in l/ IIT is o f concern and it is thought that 

the predominant navor chemicals responsibk for these off 
fl avors ar~ me thy l ketones and saturated aldehydes that de­

velop during s torage of ll l rr milk (Perkins eta!. . 200S) . 
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Electrical resistive heating. 

"T'he operation of passin g electric current through a 
food produc t causing the food to heat is known as resis tive. 

ohmic or elcctroheating. Such heating provides very fa st 
heating ra tes and because the heating occ urs th rougho ut the 

entire through which the d ectric<l l c urre nt passes. hea ting 
occurs volumetricall y and the product does not undergo 
large temperatun.: variations or come in contact with sur­
faces hone r than the nuid it self (Sastry , \992). Also be­

cause the voltage bei ng applied ca n be eas ily and rapidl y 
changed, the product temperature can be very accurately 
controlled and no rl!sidual heating occ urs when the current 

is shut o iL Thus, fo uling o f the system o r scorching o f the 

product is minimi zed and resisti ve heating systems have 
the po tenti al for o perating for longer time than indirect heat 

exchangers in which fouling and bu ild up o f a bioti lm re ­

quire s freque nt c leaning to be pe rformed . 
Res isti ve ht.::a ting has bee n applied for some time to 

the rmal processing o f a varie ty of foods (e.g. , Skudder. 

1989; Q ihua e l a \. , 1993). Tho te mperature o f liquid at the 
outlet o f a resisti ve heating system is a cont ro lled by the 
fl ow rate, e lec trical cond uct ivit y o f the fluid , a pplied vo lt ­

age gradient and dimens ions o f the heating unit (Qihu<l e t 
a \. ,1994). 
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Preliminary findings. 

In <I ll cm licr s tudy (lmdayaraj e t al. ) , reduced fat milk 

was UHT processed using electr ical resisti ve heating. to 

135 , 145 and 155' C and compared 10 a commercial li i\T 

reduced l ~ 1t m ilk for and sensory attributt:s. The milks pro­
cessed by resisti ve heat ing had hi ght.! r sweet scores and 

tended to have lowe r mdallic. cardboard . hitter and butte r 

scores than the comme rcial UHT mi lk . O verall liking was 

grcmest for the resis tive heated U IIT milks with a score 
equi va lent to ·· like s li ghtly .. compared to .. dis like slightly" 

for the commerc ia l milk sample. When asked to compare 

the ll l\T mi lks to the milk they usua lly d rink . about 75'7.­

rated the commt.! rc ial UliT mil.k as "worst.! than' · and only 
15% rated it as ··equal to" the milk they usually drill<. In 

comp<~rison , t he res istive heated UI-IT milks only rectived 
scores for "worse than" of from 35 to 47% dependi ng o n 

the heat trea tme nt , and 39 to 51 % rat ed them as ··eqml to" 

the mi lk they usually drink . The shortcoming o f thi s Hudy 

was that the re was no Oavor compound ana lys is pe rftHmcd 

that could he corre lated with the sensory lindi ngs or pro­

vide directi ons on what chemical reac tio ns arc c<1 u s in ~ th t.! 
o ff navo rs that arisc during s torage o f lJIIT milk. FUJther­

more , the control milk was a commerc ial milk ava ilatle in 

the retail marke t and no information was avai lable regard­

ing how it was processed . 

RESEARCH PLAN 

Objective 1. 

Using the same batch o f 2(,7n fnt milk (in duplicate), 

manufac ture UI-IT milk using stea m injection , indirec t 

heating , and e lec trical res istive heating a ll with a hold ing 
time o f four seconds at 140°C. 

Objective 2. 

Store milk at room te mperature for 3() weeks, and tes t 
S<Hnples at 4 , J() , a nd J() wee ks for s..:nsory ll avor, llavor 
chemistry, and cnLymatic and phys ical changes. 

Objective 3. 

Perfo nn st.!nsory descriptive <nwl ysis of UIIT milks, 

and detennine changes during she lf life and differences 
caused by h~ating method . 

Objective 4. 

Perfonn fl avor chemi c<~ ! analysis o f UHT m ilks. and 

de tennine changes during shelf life <1nd differences e<msed 
by heating mt:thod. 

Objective 5. 

Pcrfom1 senso ry pre ference anal ysis o f UHT milks, 

and detem1ine consumer pre fe re nces based on heating 

method and storage time a fter manufac ture . 

Objective 6. 

Sta ti stical analys is and manuscript writing . 

Objective 7. 

lnv..: stigate cliffcn.: nt heating and timc comb inations 
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us;ing e lec trica l res istive heating that may provide further 
improvements to milk fl avo r. 

Olbjective 8. 

l 'he dilTerences in hea ting conditio ns between de<.:trical 
re:s is.ti ve hea ting . indirect heating, and steam injec tion have 

thte p10h.;ntial to produce a shdf stable UHT milk that reta ins 
11110re of the flavor characteristics o f pastemi7cd milk . 

MATERIALS AND METHODS 

Mli lk processing. 

Mi lk will be obta ined from the Utah State Uni versity 
Cmirlte Dairy Research & Teachng Center and delivered hy 
tamk~C r to the Gary H . Ric hardson Dairy Produc ts Labora­
ton-y. It will be standcndized to 2%- fat , pasteuri zed, homog­
ellli z~d . cooled. and packed into S-gal bags. 'l\vo-thirds uf 
th1e rn ilk wi ll be stored refrigt.~ratcd at Utah State Uni versity 
amd tht.:: o ther portion shipped ovl.!rnight (cold) to th~ Raz­
teJk ( 'orp., pi lo t plant fac ility in Patterson , Cal iforn ia. 

At ll tah State Univer, ity, Logan. the milk w ill he l/IIT 
prroccsst.:d to 140 °C f( 1r 4 s in an /\ I fa -Laval Steril ab l JIIIT 
s y1st~m, using both stt.::am injec tion and indir~t:t plate hea t 
t?XtC hangcrs, and packaged under a 1-IEP/\- Iiltered pos iti ve 
t1iu press ure hood into ste rile pl as ti c 4-oz <mel R-ot cuntain­
cr~s . /\t R~11tek Corp .. Patterson . the milk w ill he 1 Ji lT pro­
cc:sscd to 140°C for 4 s in an Elcctrohcating ~ystem. and 
pa1ckagcd us ing a chlori nc-saniti ?t.xl glove box into sterile 
pllastic 4 -oz and 8-ot containers. The milk processed in 
Pmttcrson . will then he shipped back to Logan . Duplicate 
triials w ill be performt:d . 

Sttorage and sampling. 

/\ II samp les w ill bt.:: s tored at room temperature a t Utah 
SHale Universi ty. Any samplt.:: s that had los t sterility Juring 
pmc kag ing and coag ulated during storage w ill be de leted 
frrom the study and se nt for disposal. At 3, IS and 3S wk 
o ff s to rage, samples of milk will be sent to Oregon State 
U1n.ivcrsity for fla vor chemistry ana lysis. tested for enzyme 
ac:::tivity at Utah Stat e Univers ity, and a portion (approx . 4 
L)) of each mi lk treatment w ill pooled , tes ted for micro­
biml quality, and then stored (abo ut 4 d) refri gera ted while 
nuicrobia l tes ting is completed. and th..::n used for sensory 
ama lysis . 

A1roma identification . 

Off-aroma compo unds in UIIT milk will be identified 
b)')' ~as chromatography-o lfactometry-mass spectromt:try 
moethod. In additio n to solve nt ex trac tion-SAFE mdhod , 
Scolid phase microcxtraction (SPME) and stir bar so rpti v~ 
exx.trqc tion (SHSE) methods wi ll be used to ex trac t hi ghl y 

volatih: and less volatile ...:ompounds to g ive a complete 

spec trum o f volatile o ff-aroma compounds in milk . For 
SPME method , we wi ll eva luate ca rboxen/PDMS. Car­
hoxen/DVB/PDMS , and Wax fibers to have extrac tions 
of both nonpolar and po lar o ff- fla vor compounds in UJ IT 
milk . A fte r the identillcation . we w ill con{)rm the o ff-aro­
ma com1xm nds in UIIT milk by aroma rccomhination in 

fre sh milk . 

Flavor chemical analysis. 

Volatile aldehyde and ketone analysis. 

llcxanal . heptanal, octanal. nonanal , dec anal, 2-hepta­
nonc, 2-oc tanone , 2-nonanone , 2-decanone . and dimdhy l 

sulfide w ill be anal yzed using headspace solid-phase mi­
croex tract io n and gas chro matography with flame ion­
iza tion detection (1-IS-GC/1:1[)) as desc ribed prev io usly 
(Vazquet.-Lmdavcrdc et a! . 2005). Twenty g o f sample will 
be ex trac ted with a diviny lbent..::nc/carboxen/polydimct h­
ylsiloxanc (DV B/CAR/ PDM S) fiber at 35°C' fur I h . Vo la­
tiles will bt.' analyzed o n a gas chromatograph with a IrP-5 
capillary co lumn. Calibration curves w ill be constructed in 
raw milk using the standard additio n technique by spiking 
tht.· stamlards in the range 0. 1 to ISO mgfkg. Five inte r­
nal s tandards, trans-2-hexena \, ~- heptanone. ~ -octnnone , 

tran s-2-no ncnal , and 4-Jecanone. will he used to quantify 
the volatile com pound s . 

Volatile sulfur analysis. 

Hydroge n sulfide. ITIL'thanethio l, dimethyl sullide. di ­
methyl disull ide, and dimethy l trisulfide will be <malyLed 
using headspacc SPME and gas chromatogmphy with 
pulsed-flam e pho tometric detection (HS- SPME!GC-Pf'­
PD) technique previously deve loped (Vazquez-Landavcrde 
C't al. 2006). Ten g of sample wi ll be extrac ted with a 1-cm 
85 [.Un carhoxen-po lydimethylsiloxane (C' ARIPDMS ) fiber 
at 30°(' for I) min and analyLed with a Varian C P-3800 
gas chromatograph equipped with a 013-FFAP capillary 
co lumn and a pulsed- f-l ame photometric dett:ctor (PFPD). 
Ca libration for the selected sulfur-containing compo unds 
will be constructed in mi lk . Quantilication will be achieved 
us ing isopropyl disulfide and e thyl methyl sulfide as the 
inte rnal s tnndards. 

Lactones and other off-flavor compounds. 

SI3SE met hod will he used to extract lactoncs and other 
off-aromn compounds in milk samples . GC-MS will he 
used for quant ificati on (Fang and Qian 2006) . 
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Sensory flavor analysis. 

Sensory descr iptive ana lysis wi ll he performed at Utah 

Sinlc Uni vcrsily by " !m ined pane l a l 4 , I 6 and 36 wk of 

storage . Consumer pre ference panels will be conduc ted a t 
the same time po ints using an untrained consumer panel. 
PasteuriLcd milk ( I wk old) w ill be used as a reference . 

Enzyme analysis. 

Milk will he tested for lipase and protcnst.! ac ti vit y and 
any evidence of age ge lati on or sedimentati on at Utah State 

Uni ve rsity. 
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RESULTS AND DISCUSSION 

Object ive 1. 

Q1 2009. 

Prl!liminary tria ls for a ll three heat ing sys tems have 

been conducted to evaluate manufacturing me thods and 
resolve logistica l prohlem s. 

Q2 2009. 

Three l!X perimcntal reps fo r a ll three heating sys tem s 

(s team injec tion . indirec t heating , and ohmic heating) have 

been manufac tured using the same batch o f 2~ fat milk . 

Q3 2009. 

Sensory panels for the thn:e experimenta l n.:ps for a ll 

threl.! h!.!ating sysh:!ms (s team injection , indirect heating . 
and ohmic heating), that were manufactured using the same 
batch of 2ik fat m ilk , continue. rill iS was (1(:\..:0 illpClll il!d by 

chemica l analys is to identify the volat ile sulfur L· ompounds 

pn.:sc nt in the different milk treJ tments. 

Q4 2009. 

Because of problems with the s terility of the d.rect 
s team and ohmic treatments. Re p ~ was success:'u ll y 

repealed . 

Objective 5. 

Q1 2009. 

Consumer sensory prc fen.:: ncc panels were conc!Lc ted 
o n samples obta ined in the pre lim in ary tri als . Consumer 

pre fe rence ranking of one wct.!k o ld sampks for each heat 

trea tment is shown in Figure 5.1. Pa nelists were ashd to 

rank the samples based o n overa ll liking . Fi ft y percent uf 
the paneli sts ranked the paste uri zed milk as the best. The 
pe rcent o f paneli sts ranking the pla te heat exchange , ircc t 
steam , and dec tric resistive heated produces were 17%, 
17o/r, and 14 o/c respccli vcly. 

Consumer pre fe rence ra ting for four week old samples 

processed hy electrical resti ve (ohm ic ) heating , four week 
old samples processed by p late heating, and one week o ld 

paste uri zed control samples is shown in Figure 5.2 . The 
paste uri zed product was prck m.x l over the ohmi c and plate 

heated -produc ts. 
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Figure 5. 1. Ranking of one·week-old samples for each heat treatment 
by consumer sensory preference panels. 
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Figure 5.2. Consumer preference rating frequency of milk processed 
by electric resisti ve (ohmic) heating at 4 weeks of age, plate heat 
exchange at 4 weeks of age, and pasterized control at 1 week of age 
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0 2 2009. 

< 'omsum~r sensory prcfcn.:: ncc panels were cond uc ted 

at one \Week and four weeks on samples obtained in Rep I 
antd nt fo ur weeks ag.l! for sampl es from Rep 2. Consumer 
prrc ferc:ncc ra ti ng of samples from Rep I (one week} , Rep I 
(fcourwt:cks),and Rep 2 (four weeks) for each heat lrt:atmcnt 
anc shown in Figures :=i.3 , 5.4. and 5.5 , respectively. 

"' " " 

Sample Rating Frequency 

,. I lO 

" 
I~ ... .J. ~ 

Fi~gu re S.3. Consumer preference rating frequency of Rep 1 milk 
prroctsse-d by electric resistive (ohmic) heating, plate heat exchange, 
inc'direct steam heating, and pasterized control at 1 week of age. 

Sample Ra ting Frequency 

Figgure 5.4. Consumer preference rating frequency of Rep 2 milk 
prcrocfSSed by electric resistive (ohmic) heating, plate heat exchange, 
inadincl steam heating, and pastenzed control at 1 week of age. 

Sample Rating Frequency 

• Comml 

• ohmk 

Fi !igue 5.5. Consumer preference rating frequency of Rep 2 milk 
pnroctssed by electric resistive (ohmic) heating, plate heat exchange, 
inodinct steam heating, and pasterized control at 4 weeks of age. 

::)3 2009. 

\t s ixteen weeks o f storagl! o f li i-IT milks from Rep I , 
paast: urized milk (contro l) was still prefencd over the UHT 
mniHs. ll uwever. thac is no difkrcncc in prell!ned UIIT 
mnill hy trea tment. (Figure ).fl) 

Figure 5.6. Consumer preference rating frequency of Rep 1 milk 
processed by electric resistive (ohmic) heating, plate heat exchange, 
indirect steam heating. and pasterized control at 16 weeks of age 

Volatile sulfur compounds present in UHT milks. 

T he major volat ile sulfur compound found in UIIT milk 
was di met hyl sulfide (OMS) (Fig ure .'i .7) . Severa l other 
vo latiles such as met hanc th iol (MeS II ), carbon disul fide 
(C'S,) , d imethyl disulftde (DMDS) , and dimethy l trisulfide 
(DMTS) were a lso present at lower concentra tions than 
DMS . 

Figure 5.7. Representative GC· PFPD chromatogram of UHT milk. 

M ilk sam ples wit h different li i-IT trea tmt.:nt s had 
differe nt DMS concentrat ion at the very bt:ginning of 
the stor<1ge (one week: Figure 5 .8), w ith the plat\! -hea ted 
sample having the highest, fo llowed by ohmic heati ng. 
and thL' steam injec tion heated sample. ~n1e study o f those 
compounds is still under progrl.!ss . A pastcuriLcd milk 
sample wns used as the contro l. and DM S concentration 
in pasteuri zed mi lk was lower than in the ohmic hea tc:d 

sam pl es. 
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~ • rep.? 
~ 
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Figure 5.8. Square root area ratio of OMS in 1 week milk samples With 
different treatments 
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The concentrations o f other sulfur compounds (CS , , 
McSII . DMDS . and DMTS) were also monitored . 1;, 
genera l, therc were greate r va riations fo r the replicates. 

The ohmic heating sample had the highest concentra tio n 
o r cs~. while steam heating and pla te hcating arc s imil ar to 
the pasteuri zed control samples (Fi gure 5.9) . 

CS, 
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0 ru ;~1 

11
ru:>2 

F_igure 5.9. Square root area ratio of CS
2 

in 1 week milk samples with 
different trea tment 

MeSII was below the de tection limit in the cont ro l 
sample, hut was present in all three UHT milks a t the same 
le vels (Figure :i . JO) 
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Figure 5.10. Square root ratio of MeSH in 1 week milk samples with 
different trea tments. 

DMDS and DMTS showed the same trend in two reps; 
both of them had a much higher concentratio n in Rep 2 
than in Rep I (data not sho wn) . Due to the variation in 
rt.:: p licates, the cffects of proccssing treatment s are no t 
comparable for these two compounds . 

Vo latile sulfur t: hange during storage was compared a t 

I , 4 . and 16 weeks and suggested that the two repli ca tes 
were inconsistent (Figure 5 .11 ). More repli ca tes and/or 
s toragt.:: data po ints arc needed to understand the variabi lity 
in volat ile sulfur compounds for UHT milks. 

Western Dairy Center 

OM S of 1ep 1 

OMS of re-p2 

§ ) 

Figure 5.11 . Square root ratio of OMS in two different replicates of 
UHT milk samples. 

04 2009. 

s~ nsory and chcmi t:a l analysis of samph.!s for the three 
reps is be in g comple ted nn schedule . 

CONCLUSIONS 

The pre liminary consumer prefe rence pane ls indit:a te 
that the pasteuri zed projec ts an.: pre l"~ rrcd . At fo ur we~ks of 
age . the ohmic healt:d milk was prefe rred over milk trea ted 
by plate hcat exchange . 

Consumer pre fe renc...: panel s fo r both Rep I and Rep 2 
show that the pasteuri zed mi lk samples arc preferred at a ll 
time po ints . In Rep I , the Ohm ic is prefem~d over the plate 
heated samples at four weeks age.! , while Rep 2 shows the 
Ohmic is prc fened o ver the steam heated samples at four 
week s o f age. 

At sixteen weeks of storage . while pasteurized milk 
was preferred over UI-IT milk , thL:re was no preference 
w ithin the different Ul rr milk s due to heat treatment. 

Chemical anal ysis of milks shows that dimethyl 
sui tide is the most abundant vo latile sulfur comJXHlnd in 
UHT milks. and plate ht.::ated milk had the highest level o f 
this compound a t one week o f s torage . Carbon disulfide. 
however. was found to t:x: th t.:: hight.:: st in the ohmic heated 
milk : while the re was no diiTen: ncc in mcthane thio l leve ls 
of UHT milks. 

NEXT STEPS 

Taste panels and chemi cal analysis will t:ontinue as 

scheduled . 
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Influence of starter culture growth on the development of rosey and 
burnt-brothy flavors during aging of low fat cheese 

Donald J. McM ahon* 

*Prillcipal/m·esligalor: U!ah Stme Unin!rsity. Westem Dairy Center. Logan. UT84322 -8700 
email: drmafd .mnna!ton @llsu.edtl 

Funded by: Dairy Management Inc., January 2009- October 2010 

AIBSTACT 

1\dLlin g sod ium ~luconate to low fa t cheese during sa lting slows the production o f homofuranl:ol that has been 
as:sodat! ed w ith development t)f a bumt taste . The re was no difTcn:nce in starter c ulture or nonstarter lact ic ac id bacteria 

pmpulat ions during storage lx:tween low fat ch~:est.!s made wit h or w ithout added sodium gl uconate. A lithe low fa t 
c!Heescs al so devc lnpcd a rosl:y oil- fl avor. 

BACKGROUND 

Liiterature review. 

The Low Fat Sysh: matic Project reported that low fa t 

ciHccscs develop a burnt brot hy fla vor and not thl: typical 
fl awor o f full fat cht!ddar chet!se. Prev io us s tudies. and 

cmmmercial ex pe rience have con finned a lack o f typica l 
fl mvor devdopmcnt in fat reduced Cheddar cheeses (Drake 

amd Sw;m so n . 1995: Banks. 2004) . Milo and Rcinecc ius 
( 1 ~997) compared vola tile profi les (no sl:nsory analysis) of a 
full ! fat and 60 o/r reduced fat cheese purchased commercia lly. 
Tthey noted di stinc t differences in volatile prolilcs o f th l: 

2 chel:st:s. More recently, Canmchia Whctstinl: c t a!. 
(2C006) cva lu;·ltcd nged full fat cheeses w ith and wi tho ut fa t 

rermoval (a ft er ag ing) by n novel centrifugation proct.!ss. 

Tliley dcx:uml:ntcd thnt fl avor profiles of aged full fat cheese 

rermained simi lar ~ tfte r fat remova l and (as a direct result ) 
tc>xturc a lte ratio n . Vo lat ile profiles were also simi lar. These 

reesults quantit ati ve ly con finn ed that lack of typica l fl avor 
in 1 fat reduced cheeses was not due to texture and fl avor 

rd lcase di ffc rl:nccs but that the fundamental bi ochemistry 
anqd fla vor format io n of fa t reduced cheeses was alt l: rcd . 

lli gh sa lt in mois ture can inh ibit s tm1er growth while 
l o~we r salt in mo is ture may a llow their pro life ration and 

sunrvivn l for cx tenckd periods. llowever. it is unknown 

wl·het her the starter c ulture o r non-starter bacteria play 

a 1 ro le in the dcvc lo pme nt of the humt. brothy fla vor in 
chneesc . It could bt: one or the o ther. or both . Pre liminary 

\vrork sugges ts n re lati onship !~tween high acidity leve ls 

( low pll ), fas t acid produc ing m0sophili c c ultures and 

thc burnt brothy note . Usc of thermophilic strains such 
as ·' 'treptococcus tend not to product.! thl.! dd"~.-·ct. These 

observations tend to link the fl avor to the starte r culture. 
ll owcve r, preliminary inves tiga tions also link thl' wash 

o r c urd rinse (higher pi I) , ripening time: , and temperature 
to the devel opment o f the fl avor de fec t. This suggests the 
involvement of the metabolis m o f non-start t.! r lac tobaci lli . 
A common link . regardless of the fat content o f the cheese 

is a lowe r salt in moisture. I\ lower salt in muis tun: alte rs 
the microtlora and chemistry o f the cht.!esc undoubtedly 

inc reases the like lihood of a chccs~: developing the burnt 
bro thy 1-l avor. Typica l sa lt in moist un:: of low and reduced 
fat chl:cses arc below 3.8 % whik a full fat cheddar is 

typica lly> 45 %. 
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Preliminary findings . 

In the Low Fa t Systematic Project it was observed that 

there is less die-off of the starter culture and more rap id 

development of high numbers of non starte r lac tic acid 
bacteria in low fa t cheese than in fu ll fat cheese. This is 

thought to reflect the differences in sa lt -in-water content 
of these cheeses. Volati le analysis confirmed increased 
rel at ive abundance and higher ll avor dilu ti on (FD) factors 

for furanoncs in low fat cheeses compared to full fat cheeses 

in the sys tematic project (Tables I . 2) wh ich is consistent 
with a previous publication on commercial cheeses (Milo 

and Re inecc ius. 1997). The aromas of these compo unds 
are burnt/brothy in charac te r and the ir thresholds are qu it e 

low (low ppb range ). r lll1hcr, preliminary studies with 

mode l cheeses indicated that addition of these compounds 

to a bland cheese matrix result s in a bumt brothy fla vor. 
Taken as a whole, these compounds (individuall y or as 

a group) are a source of imbalance and off tlavor in low 
fat cheeses. A rosy/Hora l off-fl<:~vor is a lso evident in the 

aftertaste o f low fat cheese. The source o f this o ff- flavor 

which can a lso be a problem in aged full fat cheese has been 
pinpo inted to pheny lacet ic acid and pheny lacetaldehyde 
(Carunch ia Whetsti ne ct a l. . 2005). C uJTentl y, techniques 

are not optimized for recovery and measurement of these 
compounds (so result s provided below for furan ones o nly 

arc <1 rough estimate) <:~ nd the technique applied for extraction 
(SAl-E) is time-consuming and cumbersome (:{-4 weeks 

per sample) . An optimal instrumenta l method (in addit ion 
to sensory analysis) for recovery and quan titation of these 

compound(s) is needed to effec tive ly evaluate e ffi cacy and 
deve lop methods to prevent or minimize their formation . 
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RESEARCH PLAN 

Objective 1. (Wisconsin Center for Dairy Re­
search) 

Manufacture low fa t cheddar cheeses us ing salt sensi­
tive and sa lt to lerant starter cultu res, <:~nd detennine bacte­

rial populations, furanone conte nt , and fl avor developmen t 
during 9 months o f storage. 

Objective 2. (Southeast Dairy Foods Research 
Center) 

Optimi ze and streamline technique fo r furan onc ex­

tract ion , identifi cat io n , and quantitation from cheese, and 

identify which furanone s are the primary contri hutor(s) to 
bumt brothy fla vo r. Optimize ex trac tion and quan ti tation 

of phenylacetaldehyde and phenylacet ic acid (source of the 
rosy off-flavor in low fat cheeses) . 

Objective 3. (California Dairy Products Technol­
ogy Center) 

Manufac tu re low fat cheddar cheese using rennet with 

nonnal and reduced proteolytic ac ti vity , and store at nor­
mal and low temperatures and then de te rmine extent of 

proteolysis, bJcterial populations, furano ne content , and 

fl avor deve lopment during 9 months of storage. 

Objective 4. (Western Dairy Center) 

Manufacture low fat cheddar c h~.:: est.:: with and without 

a bacter ial static agent , and de termine bacterial popul a­
tions, furanone content , and ll avor developmt.:: nl during 9 

months of storage . 

Objective 5. 

Coll ~.::ct cheese and lac tic acid bacte ria samplings from 

diffe rent low fat cheeses during 9 months o f s torage , <:~ncl 
store at -80 °C 

Objective 6. 

Manufacture low fat cheese using standardized pro­

cedures in Ca lifornia , Utah , and Wisconsin, and compare 

flavor and textural propert ies at 4 months of age. 

Objective 7. 

Write and submit results of resea rch for sc ientific pub­

lication regardi ng development of burn t brot hy f"la vor in 

low fat cheese and it s corre lation w ith furanone production 

in low fat cheese, as influenced by activity of the s tarter 
and nonstarter bacteria during storage. 

MATERIALS AND METHODS 

Objective 1. 

Manufacturing procedures. 

Cheese wi ll be made at the Wisconsin Cent er for Dai ry 

Research using standard cheese making procedures and 
equipme nt . 
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Che•se> c•orrmposition. 

CheG~ w ill! I be measured for mois ture us ing vacuum 

oven fatr)y M'oj f jonn icr sail by c hlo ride electrode. protein 

by Kje ldhl a n<d pp ll by quinhydrone declrode . 

Bac3rial J!!Oppulation. 

Bactri<tl poopulations wi ll be determined using 
selective JncdUa and incubation conditions as follow s. 
after mKin g a ( c hct.:sc homogenate by stomachin g the 
cheese smrll lc in 'l sterile 2% sodium c itrate warmed to 4) 0

(' 

(standan mc.!thJlKid). Make appropri ate dilutions and use th t.! 

spread Jll lc 1111Ct hhod on the fo llow ing media: 
ac t oc•occci us ing M 17 agar incubated 

e ro hi•caltlly a l :lO"C' for 18 h . 
o ta l LA\13 us ing MRS wi th dextrosc+sorhito l 

~ tllL' !->liUgars. incubct tcd a naerobicall y at :nc 
or 48 h. 
Jons ta rtccr lactobac i IIi usi ngMRS -t-va ncomyc in 
ncubrutecd anaerobiccll ly at :noc for 48 h. 
, trc-ptnc ~..:occ i using MRS incubated 
ma.ernh idca ll y at 45°C' for 4R h (\Vhen 5;1. 
herlllt JjJhllilus staner used) 

P1ff:!-> rv mg chhccse hactcria for DNA testing: 
1l<tl.:C 1000 g of c heese in a whirl -pak bag and 

ca l . 
... abel thee hag wi th : 

' cheest.: t ypc 
t cu lture\ uo;ed 

1name of s tudy for which c hcesc was 
1made 

loca tion of ma nufac ture 
t dalt.: of manuf<Jc ture 

• da te of sa mpling date 
· s torngc te mperature 

)Ia ·c thet: la be led sample inside a second 

vhi rl - pakk hag and sea l. 
-;re cz~ au -R0°C' . 

P,ree1v ing (Ce lls recovered during microbio logica l 

sarnp>lil~ of the c.: heesc: 

Jsi ng tlue 10 1 dilution of the total LA B media 
tbo vc , amd other selected media if desired . 

1\.dd I 11111 of 0 .85o/t-- sa li ne o nto the media 

mrfacc . 
"icrape tlhc surface wi th a '"hockey stick''. 

rra nsfe r 0.2 m l into duplicate cryotubes that 

.:ontai n s.; tt.":rile MRS plus ll ik g lycerol. 
Label a~s ahovc plus the med ia/inc ubation 

..:ondi tio ms used 
"i to re at · ~ 80°C . 

Cheese flavor. 

C heese w ill be sent to North Carolina State Uni vers ity 

for se nsory descriptive navor a na lys is as perfonned during 
the Low 1:at Syste matic Project , and for volati le compound 

ana lys is to dctennine the levels of furanonl: compo unds that 

have hcen identifi ed as bei ng corrdated with deve lo pment 

o f I he bum I hro lhy fl avor 1ypical o f low fal c heese . 

Objective 2. 

So lid phase micro extraction (S PMI~ ) is a solvent ­

less headspace extract io n tec hnique that has het.:n applied 

pre vio usly applied by our lab and others fo r extrac tion and 
highly sensitive quantitat ion of selected cht!esc and dried 

ingred ie nt vola tiles (Frank e t a!., 2004; Wright e ta!.. 2006; 
2008 ; Drake e l al. , 2007 ; 2008: C'anmc hia Wheis line e1 

al.. 2007) . Tlu s lcchnique , once oplimi zcd. lends ilsel f 

dircct ly to high throughput s ince multiph.: cxtrac tions and 
ana lyses can be complcicd in I day (u nlike solvcnl (SAH o) 
extract ions). Previous studies w ith otht.":r food s (Pi nho a nd 

lkrl rand . 1995: Adahc hour c l al.. 1999; Ferreira el al. , 
200:1) as wel l as preliminary SPME GC'-MS scans in our lab 

suggest that we can app ly this method to ex tract and quan ti fy 
furan ones and phe nylacetic acid and phenylacetaldehyde 
from c heeses. A centra l compos ite des ig n wi th response 
surface met hodology wi ll be used to opli mite ex tract ion 
of furaneol. so tolone. homofuraneo l, phc nyi<Jceti<.: acid 
and phenyl ace taldehydc from cheeses. Full fat and low fat 
cheeses wi ll be evaluated wit h and w ithout spiking w ith 

the three compounds . Limit of detec tion (LOD) and limit 
o f quanli!Oiion (LOQ) will be dc le nn ined. T hi s lec hn ique 
w ill the n be applied in conjunction wi th scnsory ana lys is 

to track efficacy o f control of thesc compounds and 
bumt bro thy navor developme nt. PI Drakt.": w ill manage 

thi s o bjec ti ve and wi ll also manage sensory and volati le 
compound ana lysis o f cheeses in the o the r obj cc ti ves. 

A ce ntral composih.: design w ith response s urf<:~ce 

mclhodology (CC'D RSM) wi ll he used 10 oplimi ze 

ext ract io n o f furaneol. soto lonc, and homo furaneol from 
cheeses by SPME GC MS. Fac lo rs I hal wi ll he cva lualed 

include : fiher type , expos ure time, exposure temperature 
and salt concentration . Ful l fat and low fat c heeses (you ng< 

1 mo and aged 9- 12 mo) wil l he eva luated w ith a nd wi thout 

sp iking w ith the three compounds. GC-MS conditions of 
maximum sensi tivi ty will be determined. Both an Agilcnt 
quadrupo le mass selec ti ve de tector and a Varian ion trap 

mass spectromete r w ill he eva lua ted. J\ separate CC'D RSM 

wi ll he conducted to optimize ex traction o f phenylacetic 

ac id a nd phcnylacctaldehde . A separa te experiment is 
required s ince these two compounds arc much Jcss volatile 

than furanon es and longer S PM E f·iher ex posure times w ill 

like ly be required for optimum recovery. Pre li minary 
testing wit h S PME in o ur lab sugges ts tha t thi s objective 

(hi gh throughput w ith sensiti v ity for these .1 compounds) is 
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achievable. ln the unlikely event that it is not, cond itions 
for solvent extraction will be optimized. Chiefly, amount of 
product ,extraction time , and solvent type will be evaluated 
for maximum ex tracti on of the three compounds from low 
fat cheeses. 

Objective 3. 

Low fat cheese will be made at Ca liforni a Polytechnic 
State University using the starter culture (DVS8SO). 
Cheese will be made to the target composit ion of 54% 
moisture , 2.0% sa lt , 6% fat , pll 5.15 . 

Manufacturing procedures. 

Cheese manufacture will follow a make procedure 
similar to that used in the Systematic Low Fat Cheese 
Project for low fat cheese . Milk will be pre-acidifi ed to 
pH 6.30 prior to ripening, and the curd will be cold water 
washed and salted so as to produce low fat cheddar cheese 
wi th moi sture content and pl-1 at the ahove targets. Cheese 
will be pressed overnight at 8 psi (as applied to cheese 
hoop) and vac uum packaged. 

Ten l -Ib blocks wil l he stored at each temperature for 
pi I and bacterial population testing . Six 2-lb blocks will be 
stored and used fo r furanone and fla vor testi ng. 

Cheese composition. 

Cheese will be measured for moisture using vacuum 
oven, fat by 13ahcock , salt by chl oride analys is. protein by 
N. and pi I hy glass electrode. 

Bacterial population. 

Bacterial populmions wi ll be determined using 
se lective medi a and incubation conditions as fo llows: 

lactococc i using M 17 agar incubated 
cterobicall y at 30°C for 18 h. 
total lactic acid bacteria using MRS with 
clextrosc+sorbitol as the sugars, incubated 
anaerobically at 37C for 48 h. 
nonstarter lactobacilli using M RS+vancomycin 
incubated anaerobically at :.7°(' for 48 h. 

Prese rve cheese samples and cells as described in 
Objective I . 

Cheese flavor. 

Two 2-lb blocks of cheese will be sent to North 
Carolin a State Uni versity for sensory descriptive Havor 
analysis as performed during the Low Fat Systematic 
Project, and for volat ile compound analysis to determine 

the levels of furanone compounds that have bee n icbHifled 
as being correlated with development of the burnt brothy 
fla vor typical of low fat cheese. 

Objective 4. 

Duplicate va ts of low fat cheese will be made at Utah 
State Uni vers ity using the same starter culture (DVS8SO) 
as in Objective 3 but with a modified make proctdure to 
al low addition of sodium gluconate to part of the cheese 
curd . 

Manufacturing procedures. 

Cheese manufacture wi ll follow a make pncedure 
similar to that used in Objective 3 except that the cheese 
curd wi ll bt: held for longer after dra ining to allow the pH to 
drop to pl-1 S.3S. The curd will then be divided into portion s 
(28 lb) and salted or salt mixed with sodium gluconate so 
that the amount of sodium gluconate added is 0.8 . 1.6, or 
2.4% . The lower salting pl-1 is necessary as the gluconate 
will inhibit further fe rmentation by the starter cult 1.1re. The 
cheeses wi ll al so have a slightl y lower moi sture conte nt 
than in Objec ti ve 3 because of the longer time the curd 
is stirred before salting. Target cheese compos ition is 52% 
moi sture, 2.0% sa lt , and pi I 5.25. 

Cheese composition. 

As in Object ive:.. 

Bacterial population. 

Bacterial populations will be determined using 
se lecti ve media and incubation conditions as fo llows: 

lactOi.:occ i using M 17 agar incubated 
aerobicall y at :l0°C for 18 h . 
total lac tic ac id bacteria using MRS with 
dcxtrose+sorbitol as the sugars. incubated 
anaerobically at :nc for 48 h. 
nonstarter lactohac ill i using MRS+vancomyc in 
incubated anaerobica lly at 37°C for 48 h. 

Further information about the microbial populations 
will be obt ained by picking 10 colonies from some of the 
agar plates, isolating them as pure cultures, and using API 
typing to characterize them. 

Al so, preserve cheese samples and cell s as dcscrihed 
in Objective I. 

Cheese flavor. 

As in Objective 3. 
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!RESULTS AND DISCUSSION 

Objective~ 11. 

Sec Wi i!-.L:Oil!-.ill Centc:r for Dairy Research report . 

Objectivee 2!. 

Sec Somu hes t Dctiry Foods Resean: h Center re port. 

Objectivee 3. 

Sec C .'al ifornia Dairy Products "JCchno logy (\': nl!~ r 

report . 

Objectivee 4. (Western Dairy Center) 

Microtbial populations. 

o (Ji fiTcrencc :-. werl.! ohscrvc:d in microbial ptlpulatitHI"> 

as a funct it imllJf :-.odium gluconate add it ion ("ee Fig un.!'> 
1-3). 

Sc m,ony .c llld llavor information was provided by North 
Carol ina S"ita tl..! llniver:-.ity. (Tabk~ 2.4.) J\~ the kvcl of 

sodium ~ l uw._'(Uliltl..! <Kidi\i (Hl innl..!aSL~d, the sa lty ta~ t c tJf the 
!: !1~£Se sl igl!htl y incrca.,.cd . At4 mtmths (Jf age , thl..!rc wa" lll l 

~ J .OE-++08 
"u 
I I.OE-+.; 06 

U J.OE-.-! 04 .. 
"C 

~ !.OEt •02 

J.OE-.-+00 

Total LAB 

~ 
~Control 

~0.800/o 

1.6()0/o 

---2.400/o 

30 60 90 120 150 180 

Storage Time (d) 

Figure 1. To"otal numbers of tactic acid bacteria measured 1n low 
fat cheese nmade with 0%, 0.8%, 16% or 2.4% addition of sodium 
gtuconate duuring salting . 

Lactococcus 

~E+08 l~
1 

ioE+ 06 , -+-control 

6 -..0.800/o 

~OE+04 I ~ -.- 1.60% 
"C 
!OE+02 ! -41-2.40% ., 
I.OE+ OO I 

30 60 90 120 150 180 

Storage Time (d) 

Figure 2. Nuumber of starter culture lactococc1 measured m low !at 
cheese m1adde w1th O'V~>, 0.8%. 16% or 2.4% addition of sod1um 
gtuconate du11ring salting . 

.., ignilkant d ifTcrc ncc in any of the other attributes tested. 
J\16 months. the contro l c heese was ve ry ~ li g htl y rnon.: 

hitte r (!-.con~ = 1.0) than the chec:sc:s w ith I .6o/t and 2.47t 
sodi um gluconatc added (score = 0.)) a nd ~ till s lightly 

more salty. 

Objective 5. 

Samples o f cheese. and plate scrapings. were be ing 
coll et: tcd and s to red frozen . 

Objective 6. 

Two v;Jh of low fat cheese were made u!-.ing the current 

WDC low fat d1ec'\e make pmct:durc . u~ ing two level s 
ol sodiu m gl uconate . and the cheese with 0 .87c sodium 

g luconate was se lec ted fnr :-. ubm i ~ "ilHl of 30 lh~ of c heese 
for the DMI consumer tc!-.ting in Novembe r. 

NEXT STEPS 

Continue storage of chl..!c~c and .... e nd ing .... am ple..; o ut 

for ana ly:-.is for bacterial popubti(Hls monthly. ru ranone 
L'Oil te nt and scn:-.ory fl avor a nal y~i s for il <J month tim l..! point 

in January. Com ple te the analysi s of ~ensory and c hem ica l 
data at the Southea st Dairy l·oods Research Center. and 

the n com mence wr iting a manuscript for puhliG1tio n . 

-.. l.OE+08 

~ c l.OE+06 

= .. 
U l.OE+04 
;; 
·~ 

NSLAB 

: A /'-,o ~~~, I ~=--080% 
TJ J.OE+02 r 
~ 

_._ 1.60% 

-2.40% 

l.OE+OO 

0 30 60 90 120 150 180 

Storage Time (d) 

Figure 3. Numbers of nonstarter lactic ac1d bactena (NSLAB) 
measured in low fat cheese made With 0%, 0 8%, 16% or 2.4% 
addition of sodium gtuconate dunng salting 
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Table 1. Mineral analysis of cheeses. 

Sodium Gluconate Added (%) Moisture (%) Salt (%) Calcium (%) Sodium (%) 

Re /icate 1 
0 

0.8 
1.6 
2.4 

53.4 1.70 
53.2 1.82 

Replicate 2 
0 

0.8 
1.6 
2.4 

53.6 
54.0 

54.1 
52.3 
52.9 
53.8 

Table 2. Sensory means at four months. 

trt control 0.80% 

Cooked/milky 3.0a 3.0a 
whey 2.7a 2.7a 
milkfat 0.8a 0.9a 
w~r 0.~ 0.~ 

brothy 1.8a 2.0a 
sour 
bitter 
salty 
sweet 
umami 

2.6a 
ND 
3.2b 
1.7a 
2.0a 

2.8a 
ND 
3.4ab 
1.8a 
2.1a 

1.82 
1.86 

1.72 
2.18 
1.98 
1.90 

1.6% 

2.9a 
2.7a 
0.9a 
1.1a 
2.0a 
2.7a 
ND 
3.4ab 
1.7a 
2.0a 

0.835 
0.805 
0.810 
0.765 

0.900 
0.965 
0.940 
0.915 

2.4% 

2.8a 
2.8a 
1.0a 
1.0a 
2.0a 
2.6a 
ND 
3.5a 
1.9a 
2.1a 

0.66 
0.66 
072 
0.78 

0.695 
0.900 
0.890 
0.975 

Dirty, burnt, Dirty, burnt Dirty, burnt, 
comments rosy, meaty rosy, meaty meaty, rosy 

Dirty, burnt 
meaty, rosy 

•t><Means within rows with the same letter were not significantly different. a-0.05 

Table 3. Sensory means at six months. 

trt control 0.80% 1.6% 2.4% 

Cooked/milky 2.7a 2.9a 2.8a 2.9a 
whey 2.8a 2.7a 3.0a 2.8a 
milkfat 0.5a 0.5a 0.7a 0.8a 
sulfur 1.3a 1.3a 1.4a 1.5a 
brothy 2.7a 2.5a 2.7a 2.7a 
sour 2.9a 2.9a 2.9a 3.0a 
bitter 1.0a 0.8a 0.5b 0.5b 
salty 3.3b 3.4ab 3.6a 3.6a 
sweet 1.9a 2.0a 2.2a 2.1a 

2.5a 2.5a 2.6a 2.5a 

Table 4. Mean concentration (uglkg relative to internal standard) of various important flavor compounds in low fat 
cheese made without (control) or with 0.8%, 1.6%, or 2.4% sodium gluconate, after 6 months of storage. 

trt control 0.80% 1.6% 2.4% 

phenyl ethanal 62.80a 54.87a 41.15a 47.61a 
homofuraneol 6.27a 4.29a 3.51 b 3.64b 
phenyl ethanol 0.59a 0. 75a 0.56a 0.95a 
sotolone 
furaneol 
phenyl acetic acid 

23.37a 
3.70a 
11.77a 

Western Dairy Center 

17.27a 
2.60a 
9.26a 
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16.07a 
3.43a 
3.73b 

21.73a 
3.81a 
6.92b 
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ln'lwelilce of salt-in-water content on flavor of full fat and low fat 
cheddar cheese 

Donald J. McMahon* 

*Principallm·estigator: Utah Stale Uni\·erslfy. We sTem Dmry Center. Logan. UT 84322-8700 
email: dona/d.mnutiiiOn(?'lusu.edu 

Funded by: Dairy Mmwgcml!nt Inc ., Di.!cembcr 2008- July 2010 

ABSTACT' 

Full 'at; and low fat cheeses were manufactured at Utah S ta te Univers ity with hi gh and low salt -in -water kvt..:l s. Minubial 
populat i<. ns.; of tu ta l lactic ac id bacteria. lactococc i and lactobacilli were measured at Web~..":r Stall.! Univl:rs ity . Cheese 

samples Vi.!l' n: s~:nd to North Carolina S tat e University fo r cks...: ri pt ivc sc nsoJ)' analys is. 

BACKGROUND 

It is dmuught that the lowe r salt -in-water content of low 
fat chces: iss the causl.! of insufficient cont rol over bacterial 
growth uri·i ng ~ t oragc that then results in development 
of atypical cheddar cheese llavors, such as burn t hmthy 
llavor. A q4uic k test of wh~;:ther th is is cotTect is to make 
full fat and I low fa t cheeses that have the sa me sail -in-water 
content end I to compare thei r micro llora and ll avor as the 
cheese a~css. Fu ll fat and low fa t cheeses wi ll be made in 
1500-lb 'atss at two sa lt levels: 4.8%- salt -in -wa ter and J.S% 
salt-in-w.tteer. C heeses wi ll be stored at 6°C and sampled 
each month 1 fo r s tarte r and no nstarter lactic acid bacteria. 
Descripi !VC · ll nvor ana lysis w ill bt: performed nt 2, 5. and 
8 months. 'ITh l.! cx pt.: riment w ill be performed in triplicatl! . 

RESEARCH PLAN 

Objective 1. 

M anufancturc full fat and low fa t cheddar cheeses at 
both high annd low salt level s o f 4 .7)% and :l.)O'J} <a il-in­
water contcent in duplicate. 

Objective . 2. 

Store ~hht.!CSl!S at .. n oF for 8 months . 

Objective , 3. 

Mea~urc;c die-off o f starte r lactococci and growth of 

nonsta rter lac ti c acid bacteria du rin g sto rage. 

Objective 4. 

Dett:nn inc d ifTcrences in che~.:: se fl avor duri ng storage, 
especially development nf burnt brothy navor. 

Objective 5. 

Determ ine if development of burnt brothy navor in low 
fnt cheese is a function o r low sa lt -in -water content. 

Objective 6. 

Write and submit result s o f researc h for sc ien tif-i c pub­

lica tion . 

MATERIALS AND METHODS 

Both full fat and low fat cheeses wi ll be made using 
1500-lb m ilk in Scherping enclosed cheese vats w ith 

pumping to a drain tab le for whey drainage. Stirred curd 
mak...: procedures and the same starter culture wi ll be used . 
Curd from each make wi ll be di vided into two prior to 
salt ing with one half rece ivi ng the hig h sa lt level and the 
othe r the low salt level. ' l11e curd will then be fi lled into 
20-lb rec tangular hoops and pressed overnight. C heese w ill 
ht.! made in duplicate. 
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Full Fat: 
o lli gh sa lt (4.75'/f s/w): :n.o% moisture. 

52'/f FOB , 1.76o/c salt , pl-1 5 . 15 
o Low sa lt (3.50o/.c s/w): 37 .O'i! moisture. 

52% FOB. 1.30% salt , p11 5. 15 

Cheese manufac ture will foll ow a mak~ procedure 
simi lar to that used in the Systemati c.: Low Fat C heese 
Project for fu\1 fat cheese using DVS850 starter culture. 
and dcsign1.:d to produce cheddar cheese w ith mo isture 
content and pl-l at the above targets. Cheese curd w ill be 
sa lted a t 0.23 1b or0. 16 1b sa lt per 10 lb curd for hi gh and 
low salt r1.: specti vc ly. Cheese w ill be pressed overnight at 

15 psi. 

Low Fat: 
o ll igh salt (4.75 o/.c s/w): 54.0 '1! moisture . 

6% fa t , 255% sa lt , p\1 5. 15 
o Low salt (} 50o/c s/w): 54 .0~ mo istun.: , 

(, o/, fat , 1.90% salt . pl-15. 15 

Cheese ma nufac ture will fo ll ow a make procedure 
simil ar to that used in the Systematic Low Fat Cheese 
Projec t fo r low fat cheese usi ng DVS 850 starte r culture. 
Milk will ht.: pre-ac idified to pl-1 6 .~0 prior to ripening , and 
the c urd wi ll he cold wat er washed designed to produce 
low fat cheJ cl:lr cheese with moistun: content and pi I a t the 
abov1.: targt::ts. Cheese curd w ill be salt l.·cl at O.:n lh or 0.27 
lh sa lt per 10 lh curd fo r high and low S<l lt respet:t ive ly. 
C heese w ill be pressed ove might <Jt 8 psi. 

Cheese will be sa mpled at 1 wk and 
composition ddenn ined . Cheese w ill he cut 
into 2-lb blocks and stored for 9 months at 42 
F. 

C lh.::esc will be measured for moisture using vacuum 
own . fat by babcock , salt by chloride analys is, protei n by 
combu stion N. calc ium and other mim.T<J is by JC P. and pH 
by g lass e lec trode. 

Bacterial population. 

C heese will b~ sampled each month (w ith wk 1 be ing 
the initi al sample) for bacterial population . pH and water 

ac tivity. 
C heese wi ll b~ measured for Lactococcus using Elliker 

agar with ae robic incub<1t ion <1\ 30 C for 18 hours, to ta l 
lac tic ac id bactc..::ria using MRS dextrose/so rbito l agar with 
anaerobic incubatio n a t 37 C for 48 h . and r.arrobar illus 
caseilpnracasei using MRS -Vanom yc in agar w ith 

anal.!robic incubation <I I 37 C for 48 h . 

Cheese flavor. 

C heese will be tested for ll avor dcve lopmmt a t 2 , 5 

and 8 mo. 
C heese w ill be sent to North Caro lina Sta te lniversity 

for sensory descriptive llavor analys is as pcrfo n1ed during 
the Low Fat Systematic Project for devclopmenlof cheese 
navor, especia lly for development of the btmt brothy 
fla vor typical of low fat cheese. 

RESULTS AND DISCUSSION 

Objectives 1 and 2. 

A number of va ts o f cht.!csc were made , a ~ shown in 
Table I . and one more va t o f fu ll fat cheese needs o be made 
to complete Rep C . S light changes to the mm ufac turing 
procedure had to be made to compensate fo r the effect 
o f sa lt on whey expul sion and sta rte r cult !lres when 
splitting the curd int o two portions from the same cheese 
v<J t . Cheeses are being sent to Weber S ta te l lmversity for 
mic robial analys is and to North Carolina State Uni versit y 
for desc ripti ve fl avor ana l y~ i s. 

Objective 3. 

At normal sa lt -in-moisture level s in l hcese th~ 

typical die-o ff o f the starte r culture was observed and a 
gradual increase in nonst art~r lact ic ac id bactena until the 
no nstarter became the dominant bac teri a . At higher than 
no mml salt - in-moisture lt:vc ls he re was a lso a suppression 
of the nonst<1rtcr lac to bacilli . At lower s<1 lt -in-moisture 
leve ls (those typic<J I of low fat chct.:se) there was v irtually 
no suppressio n of the lac tococci and they remained at <1 

hi gh leve l. 

Objective 4. 

Most of the seusory fl avor analys is has bee n perfo rmed 
at North Carolin <J Stnte Uni vers ity. 

CONCLUSIONS 

C heeses we re made that had the required differential 
in salt content although the rl.! were some va ri at ions in sa lt . 
moistu re content and pl-l o f the chel.!sc. C heesemaking 
and storage has hecn completed . ns we ll as microbial and 
sensory flavor analysis. 

NEXT STEPS 

Q4 2009. 

Complete the sensory fl avor and microbial analys is 
and perform statis tical analysis o f data. 
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Table 1. Clee se ~ composition. 

Rep Cheeese Code Date Made Moisture % 

A 
A 
A 
A 
B 
B 
B 
B 
c 
c 
c 
c 

l.o£""' r 
~ I.QE.UL "' -~ 
2 

~ 1.0£~' 
:;; 

~ I.OE-ti2 t 
"' I.OE<O 

f-HF-LS 1/29/09 
H-iF-HS 1/29/09 
LLF-LS 3/5/09 
LLF-HS 3/5/09 
f-HF-LS 3/4/09 
H-iF-HS 3/4/09 
LLF-LS 4/1/09 
LLF-HS 4/1/09 
H-iF-LS 7/9/09 
H-iF-HS 7/9/09 
LLF-LS 4/8/09 
L F-HS 4/8/09 

1 Cheddar Cheese 
5.4% S/M 

0 300 GO 90 1 20150181:21 ll24C270 

Ston~e Time (d) 

38.19 
36.3 
52.56 
52.47 
38.4 
36.92 
52.85 
51 .83 
37.5 

35.82 
55 .1 
52.2 

_._Stanc-r 

~Total l.AD 

~SLAB 

Figure 1. Ch<nge~s u in microbial populal1ons in cheese with a normal 
salt-in-mo1stur. ccmteent (i.e ., 5.4%). 
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Figure 2. Ch21ge!S uin microbial populations in cheese with a h1gher 
than normal sat-im-mno1sture content (i. e 6.4%). 
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Figure 3. Changes in microbial populations 1n cheese w1th a lower 
than normal salt-In-moisture content (i.e , 3 7%). 
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Designing filler particles to imitate fat in cheddar cheese 
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ABSTACH 

The gonal of this project is to syste matica ll y evaluate the app lica tion of filler part icks for rt.!placcmcnt o f fat c heddar 
chr.::ese. Baa:-,~d on our prior n.:: scard1 o n cheeses at diiTt.::rc nt fat lcvds (J to :no/r ), c heese l"irmncss inc reases as fat decreases 
due to thc rc·l: hcing more protein gel ne twork per uni t volu me . The difference in chewdowu propert ies. !'J UCh as adht:s ivt: ness, 
smoothncss.s a nd coht:s ivcness, appears to be re lated to diiTcn:nt frac tu re pn ttcrns in the cheese net work due to the absence of 
fat. This l c~ads us to hypothes i ~:c: that the two critical fa<.: tors rc:quired for a successful filler partic.:lc wil l he appropriate phase 
VOlUme ;mdcl u s imilar cffe<.:t on the fracture pattern . T hi s proje<.:t will have two phases. In the lirs t. we w ill st udy the dTec ts 
o f different t ty pc:s and amounts of interacting and no n-inte rac ting fill e r particl es on rheologica l a nd micro~tructun:: o f chel!sc. 
The goa l hoeing to scn:cn treatments making I kg hatch~.~ -. of chec-.c . Dr. V:udh :mahhuti w ill he n;sponsihlc for mak ing 
(obtaining)) the partit.:h:s and a ll rheo logical and microstru r.:t ural a n<~ lysis. while Dr. McMahon will make the cheese. At the 
end of the li hrs t phase. we should be ab le to select various Iiller partich:s that produce the tex tural properties of full fat cheese. 
Selected fillll er particles w ill h..! ex tensively investigated in the second phase which wi ll include the se nsory analys is. At the 
end of the rprojcct , we should he able to identi fy the critical properties o f fi lle r part ic les that a llow them to funct ion like fat. 

BACKGROUND 

lntroductition. 

The DNMI pro ject entitled " /11\·esligating the jilled gel 
mode/for !I file role offal in cheese" ha s been comple ted and 
produced Stsomc unique insight. In order to determine the 
role o f fat i in chedda r cheese texture, a se t o f cheeses were 
developed t that ranged in 1:1t content from 3 to :nlJt. The 
texture of tlthesc cheeses was measured over an aging time 
of 12 weekk to dclt::nn ine the combined effects of fn t and 
the earl y cvvcnt s in the nging process. ll1e res ult ~ from the 
first replica·at io n will be discusscd as a foundation for this 
proposed pnrojcc l. 

The fi nr st dnta poi nt a t two weeks showed that cheeses 
with 3 or 8?.~ fa t wen.:: much !Inner than the other treatments. 
However. hhy 4 weeks. the chl!eses were starting to separate 
based on fa 'at content . This is showing that extremely low 
fat cheeses s (3 and 8% fat) have different structures from 
the stan . a and that these struc ture do not change much 
wi th aging .~. In con tras t , cheeses with ~ 13%- fat undergo 

structura l rearrangement in the firs t 4 weeks. This is most 
logica lly due to a redistributio n of water between trapped 
pockets o f whey and the casein gel ne twork to produce a 
st:mi-homogeneous casei n gel network . 

1\.s ag ing time progressed , differences between 
almost eve ry fat leve l appeared such that nt 12 weeks 
there was a general s tep-wise increase in fmnne ss as the 
fat cont ent was decreased . t\ n increase in firmness has 
historically been seen as a proble m with low fat cheese 
texture (Gwartney ct a\. . 2002). and this c:ould be due to 
changes in the concentration o f prote in in the gel network 
or the amount o f gel ne twork . T he water:protei n ratio for 
the cheeses varied from 1.4 1 to 1.66 w/w. sugges ting that 
then.: was minimal difference in the protein concentrntion 
of the gel network . This would indit:ate that the texture 
differences are due to the amount of gel network rather 
than the inherent strength of the gel network; and thi s w ill 

be furt he r j ustitled in the discussion o f fracture prope rties. 
Firmness is a sensory fin! bile ler/11 that is evaluated 

during the firs t chew. Whi le it is important to the ove ra ll 
im press io n of texture . tht.: texture pe rceived dur ing 
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chewing . called chewdO\rn terms. have been shown to be 
a major factor differentiat ing low fat from nonnal cheeses 
(DMI Annual Re po rt. Low Fat Natural Cht!ese Strategic 
Plalfonn , 2008) . 

As was seen wi th sensory firmness, the cheeses started 
at a similar adhesiveness then aged into structures that 
showed major differences due to f<1t level. In thi s case , a 
high level of adhesiveness is desi red to preve nt a '' rubber 
ball -li kc' ' tcxture seen in low fa t cheest!S wh~.:re c lastic , 

non-interacting parti cles are created dur ing chew ing . By 
12 wceks. the treatments with ~ 23%- fat had a dcsired lcvel 
o f adhesiveness whil e the rest remain much lower. 

Increas ing fat content changed not o nly the amou nt of 
fat obse rved in the microstructure. but a lso increased size 
nnd altered the shape o f fat globules. This clf!arly .'ilwwed 
that the choice of particle size used to imitate fat h,· more 
complex than just adtlinx particle~· in the range of milk fat 
globule>· (0. 1- J() Jtm; Walstra eta/, /999). The dcvialio n 
of a pa r1ic le from a spherical geometry can he measured hy 
determ ining th t! shape fac tor. A sphere would have a shape 
fo.Ktor of I and values lower than o ne ind icnh::s the dl.!grc(: 
o f non-spherical shape . There was a genera l trend o f the fat 
pnrtic les hccoming. more non-spheri cal as the fa t cont ent 
itH .. :rcased . The mean fat globule area is an indica tio n o f 
size and . as observed in Figure 3. area increased wi th th l! 
amount o r fat. 

One goa l of thi s project was to see if the filkJ gel mode l 
cou ld hc used to prl.!dict how rat wou ld runct ion in chcddar 
ch et.::s~.:. This model statl! s that the el<1 stic modulus (G ' )of a 
gcl lillcd w ith partic les wi ll increase or <kc rease due to the 
rela tive moduli of the gel ne twork and fill e r partic le (G"fi

11
) 

G '
1
clucNor1), the amount of filler particles and if the partic les 

interact (ac tive fille r) or do not interact (inac ti ve filler) w ith 
the gel network (To lstoguzov and Braudo 1983 ; va n Vlie t 
1988) . Prev io us resea rch with Gouda cheese has shown 
that the lilled gel model can be used to ex plain various 
rheologica l trans itions . espec ially those assoc iated w ith fat 
and temperature changes (Visser, 1991 ). 

'T'hc compositions of the cheeses were adj usted such 
that as fa t conten t was increased (.3 to ~3?() there was 
a decrease in protein content (3.5 to 24%), whik the 
water:pro tein ratio was targeted to be held constant . This 
approach allowed fo r the cheese to bl! viewed as a tilled gel 
with t·ill er part ic les (fa t) dispersed in a protein nctwo rk of 
constant concentratio n (i.e. , constant wa ter:protein ratio). 

The ac tual compositions of the cheeses were very close to 
the target values . While the water: protein ra tio varied from 
1.42 to 1.72 , it did not show a systematic vari ation and the 
three cheeses wi th the highest amount of fat had the sa me 
water: protein rati o. 

At I 0°C , the fi ller pm1icl12s arc cx pcct12d to be more solid 

than liquid and G 'filler > G ',el•~e•work· 'll1ere was an increase 
in cr d~I.'S<' as Iille r particle (fa t) percent<lgc increased , and 
gel ndwork concentrat ion (protein) decrea sed . Thi s trend 
shows a re inforcing o f the net work by the ti ller partic le 

and suggests that fat is ac ting as an acti ve fi ller at I0°C. 
Rheo logical propert ies were much diffl..!n:nt when the 
temperature was incrcnscd to 25°C: the tempcrature of 
cheeses during sensory evaluati on. At 2:'i 0 C' , the fat is 

more liquid than solid nnd there fore G 'fille• < G '~dnelwork and 
little effect is seen on the gel ne twork. Similar temperature­
dependent trends in G 'chcese were observed wi th Gouda 
cheese (Visser, 1991) . 

Changes in G 'ch~-eS<' r~.: fl cc t the overa ll stiffness of the 
gel network at deformations that do not cause in·eve rsible 
changes in the ge l struc tun..: . Like microscopy that 
provides visual images of the structure, U 'cto~eS<.' prov ides a 
mechanical descriptio n o f the cheese structure. In contrast , 
fract ure properties (fracturl! stress and fractu re strain) tell 
us how much force (s tress) and deformation is needed to 
rupture the ge l struc ture. Changes in fracture stress were 
oppos ite those o f G ' ( I 0°C': l li z). The g12ncral trend was 
for fracture strt!ss to decrease wi th fat content nnd increase 
with protein content. This is consistent w ith the concept 
that fracture stress represents the network strands that need 
to be ruptured to fracture tll ro llgh tile ch ces~.: and that an 
increase in prote in conten t would increase the network 
strand density. Not!.! that fract ure strl!ss incrcasl!d most 
substanti all y for che12ses wit h 3 and ~~ fat (l :igure 8) , that 
had on average hi gher ( 1.66) and lowl!r (I .41) water:prote in 
ratios than th ~.: oth t!r chl!l!SC. Th erefore , it appears that 
the amount of gel network , insteatl of the cont•entration 
of protein in the gel net work, is tire critical factor 
tletermining fracture properties and sen.wry firmness. 
This suggests that/ow fat cheese with acceptable texture 
t'atl be made with filler particle.\' that interact (or do not) 
with tile gel network like that of fat , and have tile same 
filler volume. 

There are several k!.!y conclusions that can be drawn 
from our c urrent and pas t in ves ti gations. First , there are 
two main tex tural diff~.:rences be tween low fa t and full fa t 
cheeses. Low fat cheeses tend to have a greater finnne ss nnd 
breakdown into larger, marc rubbery, less smooth partic les 
during chewing. The initial firmn ess can be ex plained 
by an increase in the re la ti ve amount of protein network 
as compared to filled fat particll!s but the diffe rences 
in chewdown properties (smoothness, adhes iveness. 
particle size) arc more comp lex. One can envision the 
chewdown properties being diffe rent due to variatio n in 
crack propagation through the (:heesc struc ture. Three 
poss ible fra cture paths arc : I) proceeding through the gel 
network and along the fa t pnrtic le surface ; 2) proceeding 
through the gel network and through the fat part icles and 
~) proceeding through the gel ne twork and leaving the fat ­
gel network interfaces intac t . The plausibility of each path 
may be di scussed based o n f"indi ngs in model systems . 

Using mixed prote in-polysaccharide gel s as a model . 
van den Berg e t a\. (2007) showed different fracture 
patterns that wert! dependent on microstn.tcture. Gels 
wi th prote in continuous and hicontinuous networks were 
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perce ived a: n crlfmblv, whereas those wi th coarse stranded 

gels were v~.:ww~.:d as !-.preadable. Moreover, these tex tura l 
diffe rences vero;!' re assoc iated with different crack propagation 

mechanism: ohbscrved hy con focal microscopy. In pratt.:: in 
continuous ~trtru ctures. those most c lose ly resembling 

cheese, miC"o-o-c racks appeared during defonnation (s train 

of 0.3) bcf1re ~ the actua l frac ture point ( fracture s train of 

1.04 to 1.1 >). The main frac ture path went through the 
gel network anmd the dispersed , nuid hydrocollo id solution 
particles. Tli s s suggests that ei the r path I or 2 are logical for 

cheese, and w(Vou lcl depend o n the f~uid/solid nature of the 

fat. Theref~re .e, if we knew how to design a low fat cheese 
microstructtrc e with a ll the essentia l physical/chemical 

c lement s nl a • full f111 cheese microstructure . therc sho uld 
be little or w [) textura l diffe rences . The questions becomc 

what micro:tnr uctura l clement s arc h':y to fu ll fat chcese 
texture and l0\1\V do we crt.:ate such s tructures without fat ? 

One apJro;oac h is to usc starch granules as fat replacers. 
The logic utdderpinning o f thi s approach is tha t sta rch C<lll 

act as an in<c ti 'i ive fill er (e.g .. not interaction between s ta rch 
granules ant tl tht.: protein matrix). the re by taking up space 
and, hopeflll y.y. ;Kting lik~ fat particles. I Iowcver. in an 
imitation d ces.!SC , addition o f starch cause a major increase 

in fracture ~t rc~ess nnd dec rease in fracture s train (Noronha 
ct a!. , 2008 . Thesc rhcological transitions are indi ca ti ve 

of il lirmcr.mmOJ\:: b rittle sensory texture . The increase in 
f1nnn ess/t01gluhn l::SS was associatcd with a decrease in w;tler 
mobility, s1gglges ting that water was partitioning in side 
of the stare! g granules and thereby inc reasing the prot l.! in 

concentratim l of the gel ne twork . These result s show 
that ability lf :'a Iille r particle to remove or add wate r to 

the protein ~d ·I network phnse is essenti a l to how they w ill 
function. 

Besidesse rcnso ry analys is, an evaluation of the chewing 

process hehs 1 us understand differences among cheeses. 
We have us;d i thrl.!e dimensional j aw tracking to measure 

the chcwin ~ p process of a line o f commen.: ial cheddar 
cheeses wi ll d di !Tercnt fat leve ls. This brand was pickcd 

because it 1ad d 50% and 75 % reduced fat cheeses, and 
the 75 % rcl uctced fat cheese conta ined starch . The jaw 

tracki ng dati sh;howed that as fat was reduced in the cheese, 

it required noJorc extensive chewi ng before swall owing . 
In addition . w ivith the 7.'i o/r reduceJ fat cheese , the re was 

at least onemtotcnncdiah: swallow before the final cleari ng 

swallow (Fi!ururc 9) . This showed directly from mastica tio n 

measurcmcns ; that as fat is reduced the cheese becomes 
tougher ani r rcquirt!s mo re ex tensive chew ing hcfon; 

swaJiowing WNhilc we ca nnot de tenni ne how the added 
s tarch is afftc tit ing the cheese texture. it is clear that it is not 

red ucing th l ov•verall toughness. 

Proposal. 

Our prOJO~lsal fo r the next project is to build on o ur 
current fincln g:gs and s tart investigating a rang.c of Iiiier 

particles. T he fo llowing particles will h~.: inv~.: s tigatcd : 

Polar whey protein isolate gel particles. 

Whey proteins can be heated to form po lymers then 

added to calcium chloride solu tio n under shear to produce 

gel particl es of a range o f s izes depending on shearing 

conditions. The particles wou ld be made at the same 
water acti vity as the cheese to prevent mo isture migration . 

The water act iv ity of the part ic les will he adj usted to 

that of c heese (0.9~ to 0.97) by adding sugar alcoho ls. 

Alternative ly, it may be desirable to cause mois ture 
migratio n to or from the particles and this can a lso be done 

by adjusting part icle wate r activity. 

Non-polar whey protein isolate gel particles. 

A similar approach as out lined in //3 would he used 
hut gl ucuno-del ta -lactonc is added to the whey protein 

po lymer solutio n pr io r to be ing added to oi l unde r shear. 
The protein-polymer solutions will fo rm emu lsion droplc ts 

in the oil and the glucono-dc lta-lactone wi ll s low ly lower 
the pi I causing gelation o f the drople t. The surfaces of 
these part id es arc expected to be hydrophobic. 

Whey protein-hydrocolloid particles . 

Various approaches have been used to form parti c les 
w ith whey protein and hydrocollo ids, such as pec tin 

(Bedie e t al. . 2008). In all cases , the p<trticle properties 
arc adjusted by alte ring solution conditio ns (pi I , polymer 
concentratio n) and pro te in :po lysaccharide rat io. Wc would 
prod uce a range of partic les fo r evaluiltion . 

References. 

BCdiC, G .K .. Turgeon. S .L. , and Makhlo uf. J. 2008 . Formation of 
native whey prot~in i solat~-low mdhoxyl pec tin complexes 
as a ma trix for hydro-so luhle food ingredient entrapme nt in 
acidic foods. Food ll ydrocolloids. 22 (5) , 8:16-844 . 

DM I Annual Report. 2008. Low Fat Natura l C heese Strategic 
Pla1form. 

Gwanney, E .A ., Foegcding, E.A .. and Luick. D .K . 2002 _ The 
TcxtuJc of Conunercial Full-Fat and R~duccd- Fat C heese. 
67 , 8 12·8 16. 

Noronha , N., Duggan , E. , Zi L·g l ~r. G .R., O ' Riordan . E .D ., and 
O ' Sulli van , M . 2008. Inclusion of s tarch in imita tion c heese: 

It s i nft u~nce on wet te r mobi lity and cheese functionality . 
Food llydrocolloids. 22 (8) , 1612- t621. 

Tolstoguzov VB , Braudo EE. 198l . Fabric ated foodstuffs as 
multicomponc nt ge ls . .1 . Text. Stud .J4 , JfU -2 12. 

van de n Berg, L. , Carolas , A.L. . van VliL'I T. , van dcr Linden , 
E .. va n Bocke l , M.A J.S . and van dt: Vcldc , F. 2007 . Ene rgy 

sloragc controls cmmbly perception in whey prolcins/ 
polysaccharide mixed gd s. Food ll ydroco llo icls. 12 (7) , 

1404- t41 7. 
va n Vliel T 1988. Rheological propLTllcs of !illcd gds: lntlu e nc~? 

Western Dairy Center page 111 Annual Report 2009 



Designing filler particles to imitate fat in cheddar cheese I D. J. McMahon 

o f li lkr matrix interac tion . Colloid . Polym . Sci . 266 , ) 18-
524 . 

Visser . .1 . 199 1. Fe1c tors affecting the rheological and frac tu re 
propt•rt ies of hard <1nd semi-hard cheese. Chapter 8 , Bu lk tin 
o ftht: illlemational Dairy Federation °268. pages 49-6 1 

Walstra , P., Ge m1s, T. J .. Noomen , A ., Je lle m11 , A .. and vom 
Bod\cl , M. A. J . S. 1999. Dairy Technology : Prim.· ipks of 
Milk , Prope11ies and Processes. Marcel Dekker. Inc. Nl.:'w 
York , NY 

RESEARCH PLAN 

Objective 1. 

Determine how whey pro te in gel partick s alter the 
rheological and microst ructural propert ies of cheddar 

cheese . 

Objective 2. 

Detl!nn inc how whey protein-po lysacchar ide particles 
a lt t.!r the rheolog ica l and microstruc tura l propl!rtil.!s of 

chedda r cheese. 

Objective 3. 

Dt..:h; nnine the sensory textured propcrtics o f cheddar 
cht..:t..:scs containing particles show ing optimal rhco logit:a l 

and microstructural result s. 

Research hypotheses. 

I . Low-fat cheese is tough (high firmness) and 
does not break down like full fat chel.!se 
because the reduc tion o f fa t coi nc ides w ith 
an increase in prote in network . Fat particles 
func tion by altering the frac ture pattcrn o f the 

cheese ne twork. 
2. !-"ille r partic les that have the s<lm t.! phase 

volu me as fat w ill produce the same st:nsory 

firmn ess as a full fat cheese . 
3. ri ller partic les that produce th~ same fractur~ 

patte rn as fat wil l produce tht: sa me chewdown 

sensory properties as fu ll fat cheese. 
4. On!.!, or a comb ination of tht..: fo llowing 

fil ler part icles , will have the characte ris tics 
described in hypotheses 2 and _, : polar whey 
prote in isolate ge l particles, non-polar whey 
prote in isolate gel panicles, or whL!y protL! in­

hydrocollo id part icles . 

Project design. 

Overall , th L! project will cons ist o f two approaches . 

In the lirst approach , we w ill study the effects o f d ifferent 
types and amounts of interac ting and non-in terac ti ng filler 
particles on rheological and microstruc ture o f cheese . 
The goal being to screen a large number o f treatments 
mak ing I kg batches of cheese. At the end of the first 
phase, we should ht.! ab le to selec t vario us hiler particles 

that produce the textura l propert ies o f full fat cheese. 
Selected filler partic les w ill he exte nsively inves tigated in 
the second phase which w ill indudc.:: the sensory analysis 
and masticat ion evaluation . At the end of the project , we 
should be able to identify the critic al properties of filler 
particles that allow them to func tion I ike fat. We expect to 
be able to provide the knowledge needed to make low fat 

cheese having the texture q uality o f full fat cheese. 

Part /. Screening of filler particles based on 
textural and microstructural properties. 

In the first part of our study. we will investiga tt: 
different types o f intt:rac ting and non-interacting fi ller 
particles at diffe rent fa t rc.:: place mcnt leve ls (IS and 27%) 
in conespond ing to rcduced fat ( 18o/() and low fat cheese 
(6o/r ). respecti vel y. The initi a l sc rt..:e ning o f particles w ill 
he dl!le rmined over a 2 month storagt.: using rheologica l 
<Jn:l lys is 11 11d confoc<J I microscopy. P:-~rt i c k s that produce 

textured changes s im ilar to wha t w<Js observed in the fu ll 
fat control will be fu rther ana lyzed in Part II. Treatments 
in Part I are li sted in Table I . 

Table 1. List of treatments . 

Treatments 
Treatments 

no. 

Full fat conl rol 

2 18% fat 

3 6%fat 

4 Polar polymer 4% 

5 Polar polymer 10% 

6 
Polar Polymer 4 or 

10% 

7 
Non Polar Polymer 

4% 

8 
Non Polar Polymer 

10% 

9 
Non Polar Polymer 4 

or 10% 

10 WPI+pectin 1 

11 WPI+pectin 2 

12 WPI+pectin 3 

Particle 
Replacement 

level(%) 

15 
15 

27 

15 

15 

27 

15 
15 
15 
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'l'hese part clcs w ill be made a t Nort h Caroli na Stat e 
Uni versity and shipped to Utah S tate University fo r cheese 
making. One k log ram o f cheese per treatment w ill be made 
in duplicate . For each se t of ex periments (6 cheeses per 2 
month storage ). full fat ch~:cse w ill be included as cont ro l. 

The rheologicd propert ies and confocal microscopy of 
cheese sample~ w ill be studied . Sampling will he done a t 

2 , 4 , 6 and 8 w<cks. 

Part II. Sensory evaluation of cheese made with 
select particles. 

Filler parti..: les that n:sult in cheese with rheologica l 
and microstructural propert ies simi lar to full fat cheese w ill 
be further invc)tigated (se lec t l). Somc select rheo logica l 
properties '' ill be eva luated hut the m<~in focus w ill he o n 
sensory analysi'i. Sim ilar to what is out li ned in Part I , each 
set of expenments wi ll include full fa t cheese as a contro l. 
Each trea tnl.!nt will be maJ e and analyzed in duplicate (i.e. 
two replication-;). Sam pling wi ll be done at 2, X, 12 and 
24 weeks. 

At the end of t hi.! project . we should be abk to det ermi ne 
the key proJen i e~ of lillt:r particlc.s that will prov id ~.: thl.! 
overa ll prop~rt ies similar to fat in full fat che~..~se. 

MATERIALS AND METHODS 

Part I. Screening of filler particles which provide 
the textural and microstructural properties of 
cheese sinilar to full fat cheese. 

Preparation of filler particles. 

See rcpJrts from Southeast Dai ry Foods Research 

Center. 

Cheesf making and chemical analysis. 

Cheese viii be mndc in small stninlcss steel vats using 
40 lb of mile StitTed c urd make procedures will bc. used 
based on tk ful t fa t , n.xluced fat and low fat cheeses 
made for tie syst~:mat i <.: platform project. Thl.! cheese 
will be pres;ed in to a 3 to 4 -lb block ovemight , and then 
vacuum pac<aged and stored at 60C' . Four vats o f cheese 
wi ll be mad: s imu ltaneously o n each day of manufacture . 
Duplicate scs o f cheese wi 11 be made. Aft er I wk o f stora gl.! 
the cheese viii be cut into four pieces. One piecc will be 
used for pro:imatc analysis o f moi sture (by vac uum ove n), 
fa t (by babnck) , protei n (by N) , pll (by glass elec trode) , 
salt (by chhridc), and ca lcium (by ICP spectroscopy). 
The remainng thrl.!c cheese pieces will then he vacuum 
packaged , a1cl s tored at U'C. 

Cheese vi In be shipped to NCS U at 2 and 7 wk for 
rheologica l ).: J"~o.' ~: ning at ~and S wk and one piece o f c heese 

reta ined for additiona l testing/s torage if needed . 

Rheological analysis. 

Sec reports from Southeast Da iry Foods Research 

Center. 

Confocal microscopy. 

See reports from Southeast Da iry Foods Research 

Ce nt er. 

Part II. Sensory evaluation of cheese made 
with select particles. 

Fi ller particles that produce I Kg. checsc.s w ith 
rheological and micros truc tura l properties simil ar to ful l 
fat cheeses wi ll be used to make 10 Kg batches o f cheese. 
I\ few key rheological prope rties w ill be measured but the 
primary foc us wi ll be un se nsory analys is and masticatio n 
eva luation . 

Cheese making and analysis. 

C heese wi ll be ma(k in stainless stl.!d va ts using 300 lb 
of milk . St ined curd make procedures wi ll be used based 
on till.' full fa t , red uced fat and low fa t checsl.!s made for the 
systemat ic platform projec t. The cheese will ht: pressc.d 
in to a 20-lb bl ock overnight and then vac uum packaged 
and storc.d at 6oC Duplicate se ts o f chccst: will be made 

fou r weeks apm1 . 
After I wk o f storage the ch..::csc will bl.! cut into 2-lb 

and 1-lh blocks. One o f the 1-lh blocks of c heese will b.e 
sampled fo r proximate ana lysis o f moistu re (by vacuum 
oven) , fat (by babcock), pro te in (by N), sa lt (by c hloride), 
ash (by furnace). pll (by glass electrode), calci um (by ICP 
spec troscopy), soluble ca lcium and protein hydrolys is 
(by pi I 4 .6 so luble N) . The other blocks wi ll he vacuum 
packaged , two 2-lb bl ocks will be shipped to NCSU for the 
2 wk s~: n so ry analysis , and the o thers w ill he re tumed for 

sto rage at 6°(' 
At 8 , wk of storage , a l - Ib block or ch~:csc wi ll I~ 

tested for soluble ca lcium (by water extraction and ICP 
spec troscopy). and proteiu hydrol ys is (p H 4.6 solub le N) , 

pi I (by g lass c lec trode). 
At 7, II aud 23 wk , two 2-lh block of cheese will be 

sent to NCSU for sensory analys is . 

Sensory analysis. 

Descripti ve se nsory analysis will he conduc tt:d using 
the methods laid out hy Brown c t a l (200:1) and Yates 
and Drake (2007 ). Anal ys is will be conduc ted using an 
L'X pl.!rienced texture pane] consisting or Sl~VC il paneli sts 
with approxima te ly 100 ho urs o f cxpt..~ ri e nce in desc ripti ve 
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t extun.~ analys is utiliting the Spectrum method. Samples 
w ill he characte rized on a IS po int sca le ancho red on the 

right by the term "very" and on the left by tcnn "not" using 

tcnns from the texture lexicon laid out by Brown d al 
(2003). Panelists will be given 8 cubes of each cheese. 
ml..!as uring 1.27cm \ in lidded 4oz . plas tic c ups labeled w ith 

three digit codes. Panelists wi ll be give n deioni 7cd wa ter 
to c h::an their palettes between each sample , and re ference.:: 

cheeses w ill be made avai lable for each sess io n . The basic 
te rms described in Table 2 will serve as core te rms and new 

o nes may he added . Samples will be eva luated in trip lica tt.:! 

for each replication . Data will be ana lyzed hy uni vari ate 
and multivariate stati stica l analyst.:!s using S/\S (V 9. 1, 
Cary, NC'). Spec ifically, analys is o r va riance wi th means 

sep:uat ion will be used to identify diffe rences between 

treatments and attributes . Principa l components ana lysis 

w ill be used to identify gross re lat io nships betwl..!en 
multiple treatments and a uri butcs. 
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RESULTS AND DISCUSSION 

No ch~.:ese has been made at th is time . 

NEXT STEPS 

Manufac ture c hc:csc after whey prot L": in pnrtic ll:s ha ve 
hc:e n made. 
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concentrations and at what concentration is acceptance negatively 

impacted 

Donald J. McMahon 1 and Mary Anne Drake~ 

Principal/m•esligaJors: 
1U1Cth Stare Unirersity. We.\·tern Dairy Ceu/er. l.ugan. UTS-1322-8700 

2North Carolina Slate Unil·ersit_\', Raleigh. NC 27695-7624 

Funded by: Dairy Management Inc .. FL: hruary 2010- January 201 I 

AI\BSTACT 

The ro le of sa lt concent rat io n o n the llavor profile and consumer acceptance of low fat C heddar-type c hccscs will he 
imlVcstiga tcd. Low fat c heeses <1! 54% moisture wi th 0.8lJf sodium g lucona tc and 0.7 o/t- sa lt w ill he manufac tun.:d and aged 
four I month . Followi ng I month agi ng. chc~:sc will then be di vided into e ight portions and suffic ient salt adckd to producl.! 
ch·hccsc containing 0 .7~ (no addition), 1.2%. 1.7% . 2.2l}(, 2.7o/t, and 3 .25 1Jf- sa lt. Two fu ll fat C'hcdcl<lr c heese w ith 0.7o/c 
saJa lt (and with or withou t O.Wlf sodium g luconate) wi ll also be manu fac tured and followi ng I mo111h ag ing fu ll fa t cheese 
wivith 0 .7(7r (no tuld ition), 1 .2~, 1.7o/r, 2.2 lJt salt will be produced as contro ls. C heeses wiil bt: aged for an additional J 
an•nd 6 months at 6°C . i\ t l!ach subst.!quent t imcpoint , a tra ined descripti ve sensory pane l w ill document fla vor and tex ture 
proroperties o f cheeses and consumer acceptance tcst ing will be conductt:d. i\n additional unrelated project object ive w ill bc 
to o eva luate volatile compou nd profiles of selec ted ex perimental low fa t C heddar cheeses with prom ising Oavor prof·iJes 

BACKGROUND 

Thi s is a follow-up proje<:t to initial tes ting of 
seJensit ivity or a tra ined desc riptive panel to sa lt levels in 
loQw fnt cheese and that potenti a l impac t on perceptio n o f 
otl•ther cheese fl avors by tra ined pane list s. Pre liminary data 
ob•bta incd from a consumer study indicated that accl!ptability 
dr~roppcd dramat ica lly with reduced salt . ( II owcvcr. the 
coJo nsumcr pane l was an add-o n at a later time since we had 
adtdd iti ona l cheese. In te nse navors (rosy and bumt-bro thy 
flalavors) were evident in a ll cheeses and chcl!ses a t a ll sa lt 
cmonccntrations were rrttcd poorl y by consumers which 
coJonfoundcd the effec t of sa lt leve l) . 

RESEARCH PLAN 

OIJbjective 1. 

Manufac ture low fat chtxldar cheese (54 tJr mois ture. 
6o/t-r;} fat , pll :'i. l ) with !:>Odium g lucnnate and full fat chl!ddar 
chd1eesc (.37o/. moisture, 3Yl't fat , pll 5.1 ) with and w ithout 

sodium g.luconate at Utah S tate Uni versity wi th 0 .77r sa lt 
conte nt. cmd begin s10rage a t ~8° F. Rep I by Jan 3 I , 20 10. 

Rop 2 hy Fob 28 , 2010 . Rop :1 w mpl eled hy March :I I. 
20 10. 

Objective 2. 

Comminuh:! the cheeses aftl!r I month of storage, 
add salt <1nd repress to produce low fat cheeses wi th salt 
conlonls of0.7%. 1.2'!<. 1.7% . 2.2'!<. 2.7"1< and :1 .25%, and 
fu ll fat cheeses wi th salt contents o f 0.7% 1.2%. 1.7o/c and 
2.2 o/r and ret urn to storagc at 42°F Rep .3 compktcd by 
Apri l :10,2010. 

Objective 3. (Southeast Dairy Foods Research 
Center) 

Doc ument Oavor and texture properties of low <md fu ll 
fa t cheeses by desc ripti ve se nsory analys is after .1 and 6 
mon ths ripe ning. 
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Objective 4. (Southeast Dairy Foods Research 
Center) 

D~tcrmine consumer acceptance o f low nnd full 

fat cheeses by descripti ve sensory analysis after 3 and 6 
months ripening. 

Objective 5. (Southeast Dairy Foods Research 
Center) 

Document volatil e compound proper\ ies of selected 
low fat C heddar cheeses. 

MATERIALS AND METHODS 

Objective 1. 

Cheese manufacture. 

Fresh cow 's milk (- pl-1 6.7) was obtained from ll tah 

Stal l! Uni vers it y 's Caine Dairy Research and Teaching 
(\:ntcr (We llsvi ll e , UT) and standardi~:cd and pasteuri zed 
(7:1°(' for l .'i s ) in the Gary lla ight Richardso n Da iry 

Product s Labo ratory to a pro te in to fat ratio 4.8 (nom ina lly 
- 0.6o/t fat) . At the same time as 700 kg o f mi lk at about 
20°(' was pumped into a Tetra Schcrping hor i ~:o nt a l chccst: 
va ts (Te tra Pak C heese & Powder Systt.: m s . Inc., Winsted. 

MN) . - 270 kg of milk was filled into an open va t wit h both 
vats lx:i ng treated in a comparable manner and then the 
c urd combined prior to draining in the drain table. For the 
700-kg portion of milk , inject - 8 L of L-lactic ac id (d iluted 

I : 16 with de io ni zed water) using a pe ri s ta llic pump to 
acidify the milk to pll 6.20. -n,cn heat the milk to :12°(' 

and add 120 g of frozen pelle ts of DVS 8.'i0 l.noorocm s 
tact is ssp. /actis/cremoris stm1e r c ulture (Chr. l lansen Inc .. 

Milwaukee. WI). Then add 44 ml o f s ingle strength anna tto 
color (DSM r:ood Specialties USA Inc .. Eag lev ille , PA) , 

120 g o f titanium dioxide e mulsion (Roha USA LLC. , 
St. Louis , MO) , ;md a ft er 45 min of ripening add -40 

ml of double strengt h chymosin rennet (Maxiren . - 6.'=i0 

International m ilk clo tti ng un it s/m l, DSM Food Spec ialties 

LISt\) , stilTed for 2 min , and a llow the milk to coagulate 
w ithout s tirring unt il a finn se t is reached (- 20 min) . C ut 

the c urd at 10 revolutio ns per minute (rpm) fo r I min , then 

at 14 rpm for I min , then reduce the agi ta tor speed to 5 

rpm (while keeping in the cutting direction) and continue 
s tirring the c urd whi le gradua lly increasing the speed to 

9 rpm over 8 m in . Continue stirring the c urd for another 

- 65 min then pump the curd and whey into a drain table 

(Kusel Eq uipment Co .. Watertown , \VI ) w ith partial whey 
drainage rmd continued stirring until a curd pi I of 5 .95 to 

6.00. and then drain all the whey. Dry s tir the curd unti l 
pi I 5 .50 and then wash the c urd wi th I ooc -wa tl:r to lower 

c urd temperature to 22°C (- 0.4 kg wate r per kg of c urd). 

Aftl:r 10 min , drai n the water , then appl y sa lt fl nd sodium 

gluconatc to the curd a t a rntc o f 24 g sa lt and 8 g sod ium 

g luconate pe r kg of curd using 3 applica tiflls spaced 5 m in 
apart. Then fill 12.5 kg o f c urd into sani ti ted and cheese 

cloth lined , rectangular sta inless steel hocps and press the 

cheese at - 55 kPa o verni ght at room tcmp:: ra ture ( ....... 2Q°C) . 

Then vacuum package in oxygen-banier Jlas tic bags and 
store at 3°C . Aft er - 5 d o f storagl! , the d c ese blocks wi ll 

be sampled for analysis of pi I by glass e lec trode, mo isture 
by microwave oven, fat hy babcock and salt content by 

ch lo ride analysis. 

Objective 2. 

Cheese comminuting and salt addtion. 

The 10-kg blocks o f c heese will bt removed from 
storage after 15 d of sto rage . and a llowed to come to room 

tempe rature ( - 22°(') and then c ut into pi :!ces about 5 t.:m 
in s ize and then conuni nut~:d by passing through a Ursche l 

Comit rol 1700 (Urschel Laborato ries. :nc. , Val paraiso . 
IN) filled w ith a 15-mm c ulling head . Batches of 10 kg 

of comminuted low fat cheese (wi th nominal salt content 
of 0 .70% ) will be placed into a bowl chopper (Model 
VCN2.'i; Hoban C'oq>., Troy, O i l) along 1\ith sufftc ient salt 
to produce cheese with 0 .7o/r , 1.0 % , 1.2%. 1.4~ , I .6%, 

1.8%, 2.0o/. . o r 2 .20r salt. and mi xed fo r JO s . The cheese­
salt mi xt ure will then he tilled into sani tized and cheese 
clot h lined , rectangular s tai nless stee l IH1ops and pressed 
at ~SS kPa ove rnight at room temperature ( ....... 2Q°C). The 

full fat chces.: (with nomina l sa lt content of 0.7 %) wi ll be 
treated the same wrty so as to produce cheese with 0.70r 

and I.S 'k sa lt. After pr.:ss ing the cheese wi ll be vacuum 
packaged and stored at 6°C' for 4 wk and the n c ut into 

1-kg hlocks . vac uum packaged and labe led , randomized . 
and re tumed to s torage at 6°C' . t\ sample from each tO­
kg block w ill be collected . and the cheeses ana lyzed for 

sal t (by chloride nnalysis) . sodium and o ther mineral s (by 
IC P spec tropscopy) , moistun: (by vacuum oven) and pll 
(by glass electrode) . A pprox imate ly 4 kg o f cheese wi ll 

be shipped to North ( 'aro lina Stnte Univers ity for sensory 
eva luation when the cheese is 12 and 25 wk of age . 

RESULTS AND DISCUSSION 

Objective 1. 

Replica te 1. 

I "ow fat cheese was mad!! on February 17 . 20 I 0 and 

ful l fat cheese on February 18. 20 10 by the WDC Dairy 

Technology Innovation Laboratory. For low fat cheese. 6 

blocks were sa lted to ohtnin a salt of 0 .7o/r and the other 
one was targe ted at 2.09} sa lt . all b locks had 0 .8% Sodium 

Gluconatc added. For full fat t.:hcese. 8 bl ocks were made. 
all containing 0 .7% sa lt wi th 4 blocks mt~de wi th 0.8% so-

Western Dairy Center page 116 Annual Report 2009 



At what salt level do consumers notice decreasing salt concentrations I D. J. McMahon 

dium gluconatc a•ddod. (Tables 1-2.) 

Replicate 2 .. 

Low fat chcc.se was made on March 3, 20 I 0 and fu ll fat 
cheese on March r 4, 20 I 0 hy the WDC Dairy Technology 
Innovation l...aborratory. Fo r low fat ch~cse, 0 b locks were 
salted to obtain a ~sa lt of 0 .7o/r- and the other o ne was targl.! tcd 
at 2.0% salt , all bllocks had 0.8% Sodium Gluconatc added. 
For full fat checesc . 8 blocks were made , a ll containing 
0 .7% salt w ith 41hlocks made wi th 0.89t-- sodium g luconatl! 
added . (Tab les 3--4.) 

Objective 2. 

Replicate 1. 

Cheese was C(omminut t.:d nnd sa lted o n M<m:h 22.20 I 0 . 

Table 1. Low fat cl1eese composition (Rep 1 ). 

Cheese Manufacture 

CONCLUSIONS 

Q1 2010. 

Two repli cates o f cheese were successfull y manufac­
tured . Cheese from Rcplica tt.: I was comminut t.:d . sa lted 
ami repressed. 

NEXT STEPS 

Q1 2010. 

Objective 1. 

The third replicate of c hc~.~s l.! is scheduled to bt.: made on 

i\ pril 7 and 8, 20 10. Which will then complete objecti ve I . 

Objective 2. 

Cheese from replicate 2 and n.:plka te 3 wi ll be 
comminuted. salted , and rellllll t.:d to storage . 

Cheese Composition 

Cheese Block Salt Added (%) Sodium Gluconate Added(%) Moisture (%) Fat(%) Salt(%) pH 

1 0.7 0.8 
2 0.7 0.8 
3 0.7 0.8 
4 0.7 0.8 

5 0.7 0.8 
6 0.7 0.8 
7 2.0 0.8 

Table 2. Full fat ccheese composition (Rep 1 ). 

Cheese Manufacture 

Cheese Block Salt Added(%) Sodium Gluconate Added(%) 

0.7 0 
2 0.7 0 
3 0.7 0 
4 0.7 0 
5 0.7 0.8 
6 0.7 0.8 
7 0.7 0.8 
8 0.7 0.8 

52.9 6.0 0.67 5.31 
53.0 6.0 0.67 5.30 
52.7 
52.4 
52 .1 
52.5 
53.4 

6.0 
6.0 
6.0 
6.0 
6.0 

0.64 
0.68 
0.65 
0.67 
1.99 

Cheese Composition 

Moisture(%) Fat(%) Salt(%) 

35.43 35 0.76 
36.09 35 0.64 
35.87 35 0.76 
35.75 35 0.67 
36.17 35 0.75 
35.52 35 0.76 
35.52 35 0.6 1 
34.94 35 0.67 

5.28 
5.29 
5.28 
5.28 
5.30 

pH 

5.23 
5.17 
5.18 
5.20 
5.23 
5.23 
5.23 
5.24 
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Table 3. Low fat cheese composi tion (Rep 2). 

Cheese Manufacture Cheese Composition 

Cheese Block Salt Added (%) Sodium Gluconate Added(%) Moisture(%) Fat(%) Salt(%) pH 

0.7 0.8 52.8 5.0 0.69 5.14 
2 0.7 0.8 52.6 5.0 0.71 5.16 
3 0.7 0.8 52.4 5.0 0.72 5.19 
4 0.7 0.8 52.5 5.0 0.69 5.18 
5 0.7 0.8 52 .2 5.0 0.68 5.17 
6 0.7 0.8 52.2 5.0 0.72 5.18 
7 2.0 0.8 

Table 4. Full fat cheese composition (Rep 2). 

Cheese Manufacture Cheese Composition 

Cheese Block Salt Added (%) Sodium Gluconate Added (%) Moisture(%) Fat(%) Salt(%) pH 

0.7 0 36.2 34 0.68 5.17 
2 0.7 0 36.3 34 0.66 5.17 
3 0.7 0 36.4 34 0.72 5.18 
4 0.7 0 36.2 34 0.61 5.18 
5 0.7 0.8 36.0 34 0.76 5.27 
6 0.7 0.8 35.4 34 0.68 5.25 
7 0.7 0.8 35.8 34 0.72 5.24 
8 0.7 0.8 35 .9 34 0.56 5.18 
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ABSTA:T 

The )ai ry Tccchnolog.y Innovation Laboratory (DT IL) was establisll\.:d at tht! Wcstc.rn Dairy C\·ntt.·r to provide support 
lo Da iryM anage 1~mc nt Inc. and the da iry ind ustry in tht: devclopnh! ll l of new tec hnologies. in vestiga te the feas ibility of 
pro duc ir.?. value ; added da iry produc ts, ga ther sc it.:n tifi<.: in formation on da i1)' food ~ys t em-; and resolve ma nufac tu ring 
problem . 

The csca rch 1 proj c<.: ts we re conducted under the various ohjcc ti vcs w ithin the DTII . For c lnrity all prnj~c t s arc lish:d 

ind lvid uJi y in thi ~i s report. 
In th fi rst twco years o f operati on the DTI I. completed the fo llow ing projects: 

I . )evelop <a me thod for add ing fun ct io na l or nutr it iona l compo ne nts to reduced- fat C hl!ddar c heese c urd . 
2 . :va luate l the fl avor o f omega<~ ro rt ifl ed c hl!ese by desc ript ive and consume r ta ste pane ls . 

3. nves tigali te me thod s fo r incorporating orncga-J fa tt y ac ids in c heese milk to improve rete ntion in ~..: u rJ and 
nin imize ..: loss in w hey. 

4 . :vnlua tc : the fl avor of whey obtained from c heese fo rt ified w ith o mcg-3 fatty <1Cids. 

5 . nves tigatltc methods fo r incorporating vit amin Di n c heese . 
6. :va luate ! the fla vor o f v ita min D fo rti lied c heese by descripti ve and consume r taste pa ne ls. 

7. )evelop t e mul s ions containing vita m in D to improve re te ntio n in cheese curd . 

8. :va luatt.· : and improve plating tec hniques fo r the e nume ration o f probio tic bac te ria in c heese. 
9. )evelop t techniques us ing qPCR to e numerate probio tic bacte ria in cheese . 

10. Jcte nninne the surv iv<1 l o f probiotic hac te ria in low- , reduced- . a nd ful l-fat Cheddar cheese during ag ing by 
1lant ing (011 scl ec ti vt.! media and qPC R tec hniqut.!s. 

II . :valuate c consume r acceptance o r milk pas teuri zed by IITST. 111 IT and elec trica l resis ti ve heating techniques. 

12. :nric hingg low-fat cheese w ith four diffe re nt di eta ry fibe rs. 

RESEARCH PLAN 

Olbjecti'e 1. 

Dcv~op thrc~ value -added c heese produc ts. 

Olbjecti-e 2. 

Expbre the deevclopme nt o r 5 -7 <1dditional va !uc -<1dded 
chleese p. )duc t ~. 

Objective 3. 

Rev iew the status of shelf-stable mjJk . value-added 

cheese. a nd va lue-adde d milk tec hno logies . 

Objective 4. 

Exp lo re me thods for produc tion o f va lue-added m il k . 

including mic rofiltration and lac tose reduc ti on . 

Western Dairy Center page 121 Annual Report 2009 



A Dairy Technology and Innovation Laboratory at the Western Dairy Center I D. J. McMah<n 

Objective 5. 

Partitioning o f o mcga-3 fatt y acids in cheese curd and 
whey. 

Objective 6. 

Vitamin D fo rtif-Ied cheese. 

Objective 7. 

Deve lopment C heddar cheese cont aini ng probiotic s . 

SUMMARY OF PROJECT OUTCOMES 

Project 1. A method was developed to add fun ct io nal 
or nutritio nal compo nents to cheese by grinding the c heese 
curd , mi xing in the component of interest. and pressing 
ground curd into a block . 

Project 2. Omega--~ fort ified ch!.!csc was made u~ in g 
the method dcvdopcd in Project I A trained taste panel 
cktt.::c tcd a l"i shy fla vor in C heddar cheese fortifi ed w ith 

o ml:ga-J fatty ac ids. A consume r tastl.;! pane l rated the 

nmcga-3 fortiH cd cheese less acceptable than non - fo rtifi ~d 

chc~.: sc . 

Project J . llomogeniz ing. omega-3 falty acids in a 
portion of th~.: cheese milk or crea m was th l..! bes t methoU 
for incorporating omega-e fatt y acids in che..:sc. 

Project 4. After three months o f sto rage , a ~ li g ht fi shy 
llavor devdoped in whey obtained fo rm chccsl..! fortif-i ed 
w ith o mcga-3 fatty ac ids . 

Project 5. A melhod was developed to fort ify c heese 
w ith vitamin-D . 

Project 6. Fortifyi ng cheese with vitamin-D did not 

impact cheese flavor. 

Project 7. Dairy based emulsions o f vitamin-0 were 
developed wh ich improved rt:tenti on o f vitamin-0 in 

ch~esc . 

Project 8 . Selecti ve med ia for the e numeration o f 
probio tic bac teria in cheese were improved to reduce the 
in terference o f non-starter lac tic acid bacte ria. 

Project 9. A tec hnique was developed and proven for 

the enumerat ion of probiotic bacteria in cheese . 

Project 10. Full- . reduced- , and low-fat chec s~s were 
made containing probiotic cheese . Seven commercia lly 

ava ilable strains were tes ted and fo tt l'bd h survive to 270 

days o f aging. 

Project 11 . Three methods of prodtcing shelf slable 
m ilk , direct stea m. indirl..!c t pla t ~.: , and eectr ica l resistive 
heating were compared w ith standard HT~T paste urization . 
This project is ongo ing. 

Project 12. Low-fat Cheddar chee se miched with So/c 
fiber had improved tex tura l propc rti~s 111d conm1inutcd 
cheeses had hi gher cohesive nt.:: ss than the 1011-comminuted 
contro l, which was clue to the rearrange mt.n ts o f cheese par­
ticulates making it mo re mall ..:ab le. B~th.r performance of 
cheese was observed whe n libcr addcJ \\ith equal amou nt 
o f wa ter than fiber alone. Mon:over, addng fibe rs did no t 

impact cheese f-l avor. Out of 4 types of di:tary fibers tested 
in thi s study, inulin and pectin had pro mi.ing result s while 
polydextrose and resistant starch had poo· appeal . 
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DTIL Project 1: 
Develop a method for adding functional or nutritional components to 

reduced-fat Cheddar cheese curd 

Donald J. McMahon*, Carl Brothersen, and Brian Pettee 

*Principal lnvesligalor: Uwh 1a1e Universiry. Wes1ern Dairy Cenrer. Logan. UT 8-1322-8700 
email: donald Jncmahon@llsu.ed/1 

Funded by: Dairy Management Inc., September 2007 - December 2009 

BACKGROUND 

Chee e i pote ntially a good vehicle for providing 
added nutrient uch a omega-3 fally acid . vitamin , 
fibe r, probiotic , and prebiotic to the diet. Addition of uch 
nutrients will add value to chee e. This project inve Ligated 
method of efficiently adding compound to cheese while 
minimizing inclu ion in whey. 

MATERIALS AND METHODS 

Cheese manufacturing method. 

Al l reduced fa t chee e were made u ing the tandard 
U U chee e make procedure which con i t of adding 
me ophilic culture and rennet to milk containing 0.6 % 
fat at 3 1°C, culling the curd , cooking to 35 .5 oc for one 
hour and 15 minute , draining the whey at pJ I 6.25, adding 
enough wa h water at I8°C to bring the curd to 29°C, 
washing for 10 minute , draining the wa h water and 
s tirring the curd unti l the pi I drop to 5 .9. l11ree cheese­
making replicate were conducted . 

Curd grinding method. 

ln order to determine the optimal curd grinding time, 
13 .6 kg of a iLed reduced- fat chee e curd wa ground 
( llobart, model VCM 25) for 15 . 30 or 60 econd . Five 
grnrns of . olkaOock was added to 500 g of curd , mixed by 
hand , and passed through USA Standard ieve with 12.5. 
9.5 . 6.3,4.0, 2.0 and 1.0 mm opening . The amount of curd 
reta ined by each icve was de termined by weight. 

Moisture retention. 

Chee e curd from four different chee es , ranging form 

44.5% to 46 5 o/c moisture, were ground for 15 , 30, or 45 
econd . Six pound of ground curd wa placed in circular 

hoop and pre cd overnight at 55 . I . k.Pa . Proximate 
analy i. wa. preformed on the chee c at 5 day of age. 
The chee es were weighed before and a fter pressing to 
detennine moi LUre lo during pre 

Confocal microscopy. 

Cold chee c ,3°C,wa licedu inga pencermicrotome 
into sections I mm X IOmm X IOmm. The ections were 
immersed into 0 .025% Nile Red (Sigma) in Dimethyl 

ulfox ide (OMSO) for I minute , ri n ed in di tiUed water 
for l minute. and placed on micro cope I ides , 3" x I" 
x 1.0 mm (Fi her Scienti fic). 0.2 ml of 0. 1% flourothio­
i ocyinide (FTIC) in 50% acetone A wa pipetted onto the 

• q 
urface of the chee e eel ton, a llowed to land at 20°C for 

3 minute , and covered with 22 X SOmm micro cover gla 
(VWR). G lycerol jelly wa pipetted between the micro 
cover gla and the lide , trapping the chee e ection, and 
creating an airtight seal around the chee e. 

T he completed preparation wa imaged with the B ioRad 
LSCM (BioRad, NY, NY), using an Argon-Krypton laser. 
Images were captured digitally, and analyzed u ing Adobe 
Photo hop and lmaris BitPiane o ft ware. 

RESULTS AND DISCUSSION 

The izc di tribution o f curd particle ground for 15 , 30 
and 45 econd is shown in Figure l.l . 'Jbc experimental 
control wa non-ground curd. The mode for partic le ize 
decrea ed from 4.0 mm for the control. to 1.0 mm for 30 
second of grinding. There wa no dccrea e in curd ize 
di tribution by increasing the grindi ng time to 45 econd . 

Moisture retention in the ehec e increa cd with 
increasing grinding time . Incrca e were greater with 
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Figure 1 .1. Size d1stnbut1on of reduced-fat Cheddar cheese curd, ground for 0 , 15, 30 
and 45 seconds 
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Figure 1.2. Mo1sture retention in ground Cheddar cheese curd. 

increasin g ini tial moistur~ conte nt (Fi gure 1.2). 
The e ffect of grinding time on the cohcs ivene ..;s of the 

pressed curd blocks, as a functi on of storage time is shown 
in Figure I .3. Th~ ground cheeses w~rc less cohesive thnn 
the no n-ground control. however then: was lillie difference 
in the cohesiveness of cheese with differl.!n t grinding times. 

The e ffect of pn.:ss time and pn: ssureon the cohesiveness 
of ground reduced -fa t Cheddar cheese is shown in Figure 
1.4. 'T'he cohcs i vcn~ss of the cheese increa sed from nne 
to 30 days of age for all press tim ~.:~ and pressures . Th~.: 

cohes iveness of the cheese decreased from 30 to 60 days 
of age. 

Di stributi on of fa t in the grou nd and no n-ground 
cheese is shown in Fi gures 15 and IJ> respec ti vely. In 
these micrographs. the fat appears red. and the protein 
appears green to brown. rhe curd part ic le interface appears 

as li ght gree n-ye ll ow. /\ s seen in 1-'i gure I 5 , the fat rch:a~ed 
upon grinding is trapped between the c urd pcll1icles. Thi s 
provides more space between the part icles to entrap and 
reta in moisture . Fat between the curd particles a lso limits 
the ability or the protei n to knit together. resulting in a less 
cohesive cheese as demonstrated in Figure 1.3 _ 

CONCLUSIONS 

Day ingred ient s can be added to ~round cheese or 
cheese c urd and the ground cheese press o nto blocks. 
The resulti ng c hl!ese contains more 1110isture and is I e ~~ 

cohesive than tradit ional ly pressed c hee~t: curd. 
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Figure 1.3 . Cohesiveness of ground and non-ground reduced-fat Cheddar 
cheese curd as a function of age of cheese . 
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Figure 1.4. Cohesiveness of ground reduced-fat Cheddar cheese as a function of press 
time, pressure, and age of the cheese. 

Figure 1.5 (Left). Confocal micrograph of ground cheese curd 1n which the fat appears red and the 
prote1n appears green. 
Figure 1.6 (Right). Confocal micrograph of non-ground cheese curd in which the fat appears red and 
the protein appears green. 
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DTIL Project 2: 
Evaaluate the flavor of omega-3 fortified cheese by descriptive and 

consumer taste panels 

Donald J. McMahon*, Carl Brothersen, and Brian Pettee 

*Principallures figmor: UJah Swre Unirersity. Wf's!e m Dairy Cenler. Logan. UTS-1322 -8700 
email: donald.mcmahon (!')usu.edu 

Funded by : Dairy Managment Inc. , September 2007 - December 2009 

MATERIALS AND METHODS 

Mamnufacturing method reduced-fat cheese 
containining omega-3 fatty acids. 

S ixtctt.!cn kg of n:duccd-fat cheese c urd (sc.:e Project 
for chcc ~cscmakin~ methods). and the rcqui s it t.! amount o f 

salt was s ground ( II nha rt , modd YC M 25) for ~0 set:onds 
with )0, r. 100 , or 200 g or on o mcga-.1 (Dill\) fa tl y acid 
prcparati1tion (MEG~.\. Ocean Nut r it io n , Daft mout h . N .S .. 
Canada).). Two and thrt.!c q uarter kg of ground c urd was 

placed inn hoops and press..:d at 55. i kPa overnight. vacu um 
packag..:~d , and st ored at 8°C . Samples of these ~heeses. 
along wiv ith ground <tnd non ~ground curd not containing 

omega ~~ 3 fatty ac ids. were evaluated fo r ox id ized , rancid 
and fi s hy1y fl avor by a tr<Jined dt:scripti vc tas te panel when 

the chl!es.:se Wi1S I . 7 , 30 , 90 . and 180 days of age . 

Sen::Jsory evaluation. 

The;: attributes o f cheesL:s formulated witho ut and w ith 
the add it1ition o f diffe ren t amounts of DHA were eva luated 

using ch.:.:lescripti ve techniques. T hirteen pane li sts were 
trained i1 in the iden ti ficati on and quantification o f spet: ifi c 

sensor y < a ttributes tha t can be related to f-l avor defects in 
omcgru-3 ~ fortified cheeses . The attributes c ho~cn were: 

oxidi z~t:: d .d , rancid and t-i shy. Panelists received 10 hours or 

tra inin g. 1 prior to the testing pe riod and I hour pt:r week 

during t ~ tes ting . For th l..! trai ning sess io ns. ch~eses were 
made to J re fl ec t spec if-I c a tt ributes. Samples used to train 

pane lis ts s in the oxidi zed fl avor we re made by mi xing) mL 

of a I ~ ~soluti on of CuSO" in 1.4 kg of cheese . For train ing 
in the ramnc id fla vor, fe ta cheese was added. Lastly. fresh 

sampk:s G of cheeses formulated with th t.: addition o f 3.7. 7.3 

and 14. .7 7 mg o f Oil A pe r g of cht·cse were used for trai ning 
in the ll is lshy fl avor. 

During training and tasting sessions , (J<llll'ii sts wen:: 
asked to tak~ a bite o f the sample. keep it in their mou th for 

several seconds and then expectorate . Unsa lt ed crackers 
and wa te r were provided In rinse the pa late hc twcen 

smnpks. P<lneli sts were asked to iden tify tht: flavo r in the 
cheeses and rate them using a I . no ll avor, to S, cxt n: mcly 

strong fla vor. 

Texture analysis of cheese containing omega-3 
fatty acids and inulin. 

Text ure profile analysis (Tt.:x turc Tec hnologies C'oqJ. 

mock:] T/\ .X' r.plus) was conduc tt.:d o n ground cheese (sec 
grinding procedure above) l'Onta ining omega-~ fatty acids, 

non-ground cu rd withou t an add iti ve and ground c urd 
without an additive at I . 3. 6, I 0. I). and 30 days of age. 

RESULTS AND DISCUSSION 

Flavor analysis of reduced-fat cheese containing 
omega-3 fatty acids. 

Figures 2 . 1 - 2 .~ show the intensity of the thrl..!e fl avor 

attributes tes ted for the three leve ls of DH A (omcga-3 

fauy ac ids) addi..!d, and the contro l cheese. Data shown in 
th~scs plo ts are the average o f the tluce n: plicatcs. It can bt! 
observed from these f-i gures that DI-IA added a t these level s 

imparted a strong fl avor in the cheese. The highes t rat ings 

observed in the cheeses durin g the entire experim t.: nt ( 180 
days) fo r ox idi zed , ranc id and lishy were 0.7, 0 .9 and 1.2, 
respcct ivt.: ly. Considering th at a r<1 ting ofO means no navor 

was dt::t cc tcd. and a rating o f I means slight fl avor, we can 

conc lud t.: that the add it ion of Dil l\ did not afft.:c t in grea t 
proportion the navor of the fo11ifi ed cheese. Initially, the 

ex pe ri ment was designed using two control s (stirred and 
ground ). No significant d iffe rt.:Ju.:t.:s wert.: uhservt.:d bt:twecn 
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tht.! st:nsory ratings of the two controls and tlh:rt.!fon.:: only 
th~ ground contro l va lues art: reported in Figure 2 . 1. 

No signilicant dilTcre nces wen~ found bctwc..:n the 

oxid i!cd and rancid att ributes of the difkrcnt chct.!scs. 
llowcvcr. a sign ilicant incrt:asc in the intt.!nsity of these 
attrihuh.:: s was observed a fter 90 days or agi ng (p < 0 .0)) . 

Thc fi shy na vor was significantl y different bdwl!cn sam pl es 

and abo ~ t oragc time. Cheeses w ith 71 .7 mg o f DI IJ\/g o f 

chccsl! was not signifi cantly diffen:nt from th!.! control at 
any t iml! durin g the experiment. When th~.: DIIJ\ content 
inu\::<•Sl!d to 7 .:. mg of DII A/g of cheese , the I\ shy lla vor 
was signi!i cant ly different from the control after I day uf 
storagt.:: . but th \! t-ishy navor intensity decn;ased arter 7 days 

o f storage resulting in no significant differem:l.!s from the 
co ntrol. The same behav io r was obse rved for tht.! cheeses 

with 14 .7 mg of DIIA!g of cheese. with the difference that 

the li :..hy flavor intensity s ignifi ca ntly decreased aft..:r 90 

day~ of :..torage showing no signilicant diiTt!renccs with the 
cont ro l. Table 2. 1 summariLes the signili<.·an t differences 

between the cheeses and their s torage timt: . 
Th~.: cohes- iveness of the cheese wi th adch.:d omega<~ 

fa11y ac id ~ . the no n-ground con trol and the ground 
contro l is shown in Figure 2.4 . The ground cheesl!s were 

significantly k ss cohesive than the non· ground control. 
The cheese containing om~.:ga -~ latty acids were till! kast 
cohc ~ ivl! at 60 day~ of age. The reduction in cohc~ivene~s 
of ground chee~c to whi ch DI IA was a(ilkd , was similar 
to the (!~.;creased in l'Ohes ivcness of ground chc~.:~c with no 
additive a~ noted in Project I , Figure 13 . 

CONCLUSIONS 

Omega-.' fatt y acids can he added to ground. reduced­

fa t Cht:ddm chct:St: with little change in na vor or h.: xturt.! of 

tht.! rep re:..~cd cht:e"e. 

Figure 2.1 Oxidized flavor Intensity scores of cheese fortified with 
DHA and non-fortified controls . Sample 1 contains no added omega·3 
fatty acids and samples 2, 3 and 4 conta1n 3 7, 7 3 and 14_7 mg of 
DHA/g of cheese. respectively 
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Figure 2.2. Ranc1d flavor Intensity scores of cheese fortif ied with DHA 
and non-fortified controls. Sample 1 contains no added omega·3 fatty 
acids and samples 2, 3 and 4 contain 3.7. 7.3 and 14.7 mg of OHA/g 
of cheese , respectively 

Figure 2.3. Fishy flavor intensity scores of cheese fortified with DHA 
and non·fortified controls . Sample 1 contains no added omega-3 fatty 
acids and samples 2, 3 and 4 conta in 3.7, 7.3 and 14.7 mg of DHA/g 
of cheese, respectively 
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Table 2.1. Signifi ~an differences between samples and age time. Sample 1 is the Control and samples 2, 3, and 4 are 

3.7, 7.3, and 14.imc of DHA!g of cheese, respectively • p < 0 05, "p < 0 001, and"' p < 0 0001 
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DTIL Project 3: 
lrnvestigate methods for incorporating omega-3 fatty acids in cheese 

milk to improve retention in curd and minimize loss in whey 

Donald J. McM ahon*, Carl Brothersen, and Brian Pettee 

*Principal fm·e~·Jigalor: U!ah Stale University, Western Dairy Cewer. Logan. UT 8../322-8700 
email: dona/dJnrmahon @usu.edu 

Funded by: Dairy Ma nagement Inc., Scptcml:x:r 2007 - Decembe r 2009 

BACKGROUND 

( 'um;:nt ly there is intc rL: s t in adding omega-~ fa tty ac­
ids .; to c heese to produce a more hc<Jithful product. Com­
mc~.:rc i a l prepa ratio ns o f omega..:~ fatt y ac ids em.: available 
in t tw n phys ica l s tates, liqu id and e ncapsulated powder; and 
twl ·o ~oun.:cs, plan t and an ima l. There arc also two met hods 
of i inL.:o rpo rating o mt.:ga-3 fa tty acids into the t.: hl.!cse , add­
ing! it to the c heese milk. <1 nd addi ng it to the fin ished c urd . 

Thi~ project w ill in vcs tigah .. ~ how liqu id o ml!ga-3 latty 
ac i(ids from two d iffere nt suppliers . re presenting a nimal and 

pl annt sources, partiti on ht.::twecn the c urd and whey. wh~n 

inccor-porated in the c heese milk us ing diffe re nt tec hniques. 

MATERIALS AND METHODS 

Step A Adding Omega-3 oils to milk at start of 
cheee>semaking. 

Checs~ was made w ith I 0-L o f paste uri zed w hole milk . 
Sui rti{c ie nt o mega-3 (0 -3) fatt y adds were added to the milk 

be fd'orre rcnnl!ling (a RO% yie ld assurned) to g ive a t le as t ~2 

mg: mf D I IJ\/EPA omega -3 fatty ac ids per o unce o f c heese 

us iung! o ne the foll owing me thods o f incorpora tio n . 

I . Mixing liquid o mcg<t-3 o il in a portio n o f the 

milk. 
2 .. 1-Iomogcnizing liqu id omega-.) o il in a po rtion 

of the milk . 

3 . Mix ing liquid omega - ~ o il in cream and 

add ing to the c heese milk . 

4 . J lo mogeni zing liquid omcga-3 o il in a JXJ rtion 
or the cream. 

5 . Mixed encapsul a ted nmcga··3 oi ls into mi lk . 

T~hL! L!X pl.!r imenta l c hel.!ses were mad!.! in d uplica te. 

Omcga-3 o il sourced from algae (Ma rtek Biosc ic nces 

Corporntion . C'oiumbin. MD. 21045) and !i' h (Ocenn 
N utrition . Dartmo uth . .S .. Ca nada) sources wen: used . 
Tht.: c ht.:csc c urd was packed in round plns tic hoops and 

pressl!d at 103.4 kPa ovt.:rnight into approximately I 

kg b loc ks. Whey was collcc tt.:d and wl! ighcd during 
cheesc makin g and during press ing. 

A. portion o f the w hey was froze n and s tored for 
analys is. C' hees~ was vacu um packaged and stored at 6°(' . 
1\ sa mpk o f ~ac h cheese wa:; fro1.c n a nd s tored for lntt.:r 

analys is . The omega-3 fcuty ac id content o f th~ c heese c urd . 
the pressed c h..::ese. w hey obt ained during drain ing. a nd the 
whey obtai ned during prl!ss ing wa~ Jctenn ined us ing GC 
methods. The partitioning o f o mcgn-3 fatly acids bt.: twcen 

w hey <1 nd <.: hccse was detennined . 

Step B. Homoginization of omega-3 fatty acids in 
a portion of cheese milk and cream. 

A ft ~.:r the data from Step A was analyzed, a new 

homogen iza tion reg imen was deve loped in o rde r to 

improve the o mcga-3 fatt y ac id rl.!tention in the curd. The 

req uis ite a mount of 0-~ was homogeni zed in cheese milk , 
cream containing 12 o/c fa t, and c ream containing 24% fat. 

T hese homogenized treatments then made up 10~ o f the 
fa t in the c heese milk . C heese was tha n made a s outlined 

in Ste p A. 

Step C. Adding Omega-3 oil to cheese curd at 
end of cheesemaking. 

C heese was made from 600 lb of milk and thl! c urd 

d ivided in to te n portions. S uf'fi c icnt omcga-3 fatt y ac ids 
was added to c heese c urd (a I OO o/r yie ld ass umed) to g ive <I t 

leas t 32 mg o f DIIA/EP/\ omega-3 fatty ac ids per o unc L! o f 
cheese us ing d iffe re nt methods o f incorporation a lo ng w ith 
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a contro l chec~c with no omega-~ oi l added (in duplicate): 

1. Mixing liquid omega-3 oi l w ith salt and 

adding to curd . 
2. Mix..:cl encapsulat ed omega- ~ oils wit h salt 

and addi ng to c urd . 

Omega-3 o il sourced from a lgae and fi sh origins wa~ 
used. The cheese c urd was packed in round plastic hoops 

and pressed int o 2.2) kg block at 103.4 kPa overnight. 
Whey was collec ted and weighcd during cheese press in g. 

J\ portion of thl.! wh~.:: y was frotcn and stored for late r 

analys is. Chcl!SC was vacuum pac kaged and stored at 6°C' . 

Achee~..: sam ph: was fro1.e n for la ter ana l y~ i ~. ·nu: o m..:ga-J 
fatty ac id content of the chee!-,e curd . the pressed chc..:se. 

whey ohtained during draining . and the whey ohtai ncd 

during pressing wa~ d..: t..:rmined us ing (i(' m~.:: thmb . T he 

partiti oning of om..:ga- ~ fatty acid s h~.::t w~.::~.:: n whey and 
ch..:..:s..: was dekrmincd . 

RESULTS AND DISCUSSION 

Recovery of omega-c fatl y acids (0 -3) in ~hccse ~ urd 

is shown in Figurl! ~. 1 In general. the anima l ~ourced 0 -Js 
were retained in t h~.:: c urd better than tht.: plant sourced . 

Recovery of 0 -3 in c heese c urd is shown in Figurl! 3.2. 

CONCLUSIONS 

Retention of Omcga-J o il s in chcc!'ll! c urd t·an be 
improved by homogcni1 ing the oi l in a po rtion of the 

c heese mi lk o r c ream . 

Retention of 0-3 in Cheese Curd 

• Plant 
Source 

• An• mal 
Source 

Figure 3.1. Retention of omega-3 fatty acids {vegetable and animal source) 
in cheese cu rd as a percent of the total omega-3 added to the cheese milk. 
Treatment 1: Encapsulated omega-3 powder added to the cheese milk 
Treatment 2: Omega-3 oil added to the cheese milk. Treatment 3: Omega-3 
oil mixed in cream and added to cheese milk . Treatment 4: Omega-3 oil 
homogenized in milk and added to cheese milk_ Treatment 5: Omega-3 oi l 
homogenized in cream and added to cheese milk. 

% Recovery of 0-3 in Cheddar Cheese 
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Figure 3.2. Recovery of omega-3 fatty ac1ds in cheese curd when added 
as homogenized portions of milk, 12% fat cream , and 24% fat cream , 
constituting10% of total fat. 

Western Oa1ry Center page 132 Annual Report 2009 



DTIL Project 4: 
Evaluate the flavor whey obtained from cheese fortified with omeg-3 

fatty acid by descriptive taste panels 

Donald J . McM ahon *, Carl Brothersen . Brian Pettee , and Balasubramanian Genesan 

*Principal /m ·e.wgator: Uwh Swtc Unin'rstly. \Veslem Dairy Center. l.o~~rm. U f 8-1322-8700 
email: donald mnuahonQt u.w.edu 

hmckd by: Dairy M cuwg~m~nt Inc .. Scph.:: mOCr 2007 - Dcn:mbc r 2009 

BACKGROUND 

h)rti fy ing cheese hy adding omcga-3 fatt y acids to 

ciNcc...,c milk w ill rc:-. ult in the inclusion of ..;omc omcga-3 
fatttty actd-"' in the \\! hey. Thi :-, may impart a ll avor ddCd 
to • lh t.: whey. Thi s pmjcct invc...,t iga tcd the llavor of dr ied 
wbhcy l1 ht nincd from the m;mu facturc of omcg:t 3 fatty acid 

fonrtilil.!d cheese. 

MATERIALS AND METHODS 
Whey was colk ctcd from chcc:-,c made hy homo~ 
cnit ing omcga-3 fatty a<.:i ds in !Olh of th t: \.: hcc~c 

mi.ilk . The w hey wa .... di v ided into l\VO portions. the fat WJ..., 

scr·parated from one portion , and the fat retained in the o ther 
pot)!"\ inns These were then com.:cntratcd hy reverse osmosis 

anqd dril~d. The dr ied w hey from each fa t tn.:atmc nt was 
di\\vidcd into two portions. one ~torcd a t room tem perature 

anqd onl..' :-. torcd at 4(' . Whey samples were recons tituted 
to ) 10~ solids a nd analy tl!d for navor by dl!~niptive ta~ t e 

pmml!l at I . J, 6. and 9 months of age. 

RESULTS AND DISCUSSION 

J)e..;c ript ivl: taste panel -.cores fur the rccon ... titu tcd 

w hl!y arc :-, hown in Fi gures 4.1. 4.2 . 4.~ and -L-l for w hey 
smnpl c:o. at I , 3. (),and 9 months or age respcc tivdy. The 

ll avors pcrcl!ived s ignilicant ly dilfe rcntly aero~:-. w hey 
samp les :nH.l vari ed across s torage timl: . w ith li shy lla vor 

being pen.:cived highe r in omega<~ fatty acid whey o nly 
afte r 6 mo of :-,toragL. Convcr ,l: ly lac tone/fatty acid and 
OXH.il tcd ll a\'OfS WCJ'I.! pCI'Cl! iVl!d h ig_hc r in Oll h;ga - J fall )' 

ac id whey at I and 3 mo o f o;; toragc . 

CONCLUSIONS 

There was no s ignificant dille rc nce in na vnr of whey 

from c hl:cse fortified w ith omega-.l fatty acid~ and non­

fort i fled d1 l:csc. 

Figure 4.1. Descriptive taste panel scores of dried whey from 
Cheddar cheeses manufactured w1th added omega-3 fatty 
acids after 1 mo storage. Asterisk (") denotes flavors that were 
perceived sign1f1cantty (p<0 .01) differently across samples 
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Figure 4.2. Descriptive taste panel scores of dried whey from Cheddar cheeses 
manufactured with added omega·3 fatty acids after 3 mo storage. Astensk (" ) denotes 
flavors that wee perceived significantly (p<0.01) differently across samples . 
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Figure 4.3. Descriptive taste panel scores of dried whey from Cheddar cheeses 
manufactured with added omega-3 fatty acidS after 6 mo storage. Asterisk(") denotes 
flavors that wee perceived significantly (p<0.01) differently across samples. 
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Figure 4.4. Descriptive taste panel scores of dried whey from Cheddar cheeses 
manufactured with added omega-3 fatty acids after 9 mo storage. Asterisk (") denotes 
flavors that wee perceived significantly (p<0.01) differently across samples 
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DTIL Project 5: 
nvestigate methods for incorporating vitamin D in cheese 

Donald J. McMahon*, Carl Brothersen, Balasubramanian Ganesan. and Brian Pettee 

*Principal/nvesligalor: U!ah Slate Uni\·ersity. Weslem Dairy Cenler. Logan. UT 84322-8700 
email: donaldmcma!wn@u.w.edu 

Funck:d by : Dairy Manag~.:mc-nt Inc., S~ptcmba 2007 - Dccc:mbcr 2009 

BACKGROUND 

It is anticipated that f-D A will increas~ the daily dietary 
Vitamin D recommendati on for humans from 400 to 1000 

Ill . Ci'ec~ may be a good vehicle for increasing Vitamin 
D ronnmption . ll owt.!ver. there is a potential for Vitam in 
D tv CiJ nt:ibute o ff Jlavors to cheese and whey, csJ~cia ll y 

oxitli7td tla vors. Data on the Oavor prolilc of Vitam in J) 

fort iflt:\.1 cJccsc is not avai lable . 
In previous studies. Vitamin D relt:ntio n in chc~.:sc 

ranged from 40-(,0lfr , dependi ng on the vitamin pre paration . 

More cffki cnt techniques for add ing Vitam in D to cheese 
milk nwd to be devel oped to improve Vi tamin D retentio n 

in the <het!SC and reduce losses in th!.! w hey. 

MATERIALS AND METHODS 

Development of cheesemaking procedures with 
10L dmilk. 

Fo.tr cheesemaking trial s we re conduc ted to detcnnine 

procedtres to make cheese w ith JO kg o f who le milk in 
22 em X 3:'i em X 22 em containers. The containers were 

placed in a water ba th to contro l the tempe rature of the 

milk. " he pas teurized milk was tempered to :1 1 °C' (88°F) 

inocuhtcd with 1.9 g o f frozen culture (DVS 850, \ hr. 
Hanse l, Milwaukee, WI ); ripened for 30 minutes; se t with 

0.75 nl d ouble s trength rennet (DSM f'ood Specia lti es, 
Pars ip>any NJ); cut with l .:'i em kni ves: l:Ooked to :woe 
(l02.5'f.) for 50 minutes; the whey was dra ined; the c urd 
was alowed to mat; the mats wcre maintained at 3:'i°C and 

turnedevery 15 minutes until the pi! reached :'i .3: the mats 
were ell in to pieces approximately 2 em X 2 em X ()em: 

29.5 g sa ll t was added in three a pplicatio ns, five minutes 

apart ; the· c urd was packed into cylindrical hoops and 

presse( ow~might at 68.9 kPa ( !0 ps i). Prox imate analysis 
was cmduch.::d o n the cheese at :'i days of age . 

Step A. Evaluate the retention of vitamin D in 
cheese curd. 

Tri ::tls ur.; in g. the procedme listed a bove were conduced 

to eva luate the procedures for rtdding vitamin D to 
C'hcddar cheese . Thc six methods o f add ition were: I) 

homogenizing the n::qui s ite amount or commercially 
ava ilable em ulsion of vitamin J) (VitaSystcms VS~J\D200. 

Continenta l C ustom Ingred ients. Inc .) in milk and adding 
100 mi. of the thi s fortill c:d milk to 10 kg o f cheese milk : 2) 
adding the Vitamin D cmubion directly to the c ht"l'"C milk 
w ithout homoge ni zation ; ~) homogeni7ing the rcquisitt! 

amuunt of commercia ll y ava ilable e ncapsulated vi tamin D 
in powdered form (BASF. Mo unt O li ve , NJ) in mi lk and 

aucling 100 ml of the thi s forti lied milk to 10 kg of cheese 
milk: 4) adding the encapsulated Vitnmin D powder 
directly to the cheese m il k without homogl..!ni zation : )) 

ho mogc ni .d ng the requi site amo unt of commercia ll y 
available vit amin D oil (131\SF. Mount Ol ive. N.l ) in milk 
and adding 100 mL of the this fo rtil ied mi lk to 10 kg of 

cheese mi lk; and 6) adding the Vitamin D o il directly to the 

cheese m ilk wi thout homogeni za tion . The content vitamin 
D content of the cheese milk was 8,000 JUliO 1. . Vitamin D 

conte nt in the cheese curd and whey was de term ined using 

the AOJ\C ofli c ial me thod 95 2 .29 by O ' Neal Sc ientific , St. 
Loui s, MO . Duplicate vats of each trea tme nt were made 

and means reported. 

Step B. Evaluate the vitamin D retention using 
the two best methods from Step A using regular 
cheesemaking procedures. 

Duplicat l..! tri a ls were conduc ted using thc cheese make 
procedures lb ted above with 11 .1 kg (2:'i0 lbs) o f who le m il k 

in open vnls. The l: urd was cu t with I em knives . The curd 

packed into 20 pound Wil~on hoops and pressed ovcmight. 
Th i..! c heese was sampled fo r proximate and villunjn )) 

analysi s at :'i days o f <1gc . The v itamin D treatment s were 
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adding the; powdered and emulsified form~ din::c tl y to the 
chC\.!SC milk . 

Step C. Determine the distribution of vitamin 0 in 
cheese curd when added with salt. 

C heese was made as described in Step B witho ut 
add ing vi tamin D to the milk . 'J\vo vats of chccsl! were 
made wherein the curd was matted . Cheddarcd . milled. and 
Vitamin D powder was added with salt . The curd packed 
into 29 kg Wil son hoops and pn:sscd overni ght . The cheese 
was sampk:d for proximate and vit amin D nnn lys is at S 
d;~ys of age . 

RESULTS AND DISCUSSION 

Step A Evaluate the retention of vitamin 0 in 
cheese curd. 

l:igurc S.l ~hows the amount of Vi tamin D retai ned in 
the curd using o il , powdcrcd. and cm uls illcd preparations 
with the homogcni7cd and non-ho mogcni tcd trl!a tmcnt s. 
The initi a l amo unt of vitamin D acllkd to th l: chccsl! milk 
was X ,000 Ill . Composition of the chcesl!s is :-. hown in 
Table :i . l . 

Add in g Vitamin D in powderl!d form rcsult l!d in the 
greatl!s t rete ntion in the curd . whi le addi ng th !.! Vit amin D 
oil dirertly in to the cheese milk wi thout homngenit.ation 
n:sul ll:d 111 the least rctcn tion . 

11000 

10000 

~ """" 
0 6000 

I • > """' 
2000 

Lll 011 

Treatment 

Figure 5.1. Recovery of vitamin 0 in cheese curd w1th six trea tments: 
E - emulsion, non-homogenized; 0 - oil , non-homogenized; P -
powder, non-homogenized ; EH - emulsion homogenized ; OH - 011 
homogenized; PH -powder homogenized 

Step B. Evaluate the vitamin 0 retention usi;ing 
the two best methods from Step A using reguular 
cheesemaking procedures. 

The average recovcJ)' of vitamin D in curd. whhcn 
added as a powder or c.: mulsil ication , is shown in Figl!ure 
5.2. Recovery was best wi th th !.! emuJ ,illed form of 
vitamin D 80} and 14(1( los t in thl! whey for the cm ubi. ion 
and powdered forms rcspccti vl.! ly. Composition of thocsl! 
cheeses is shown in Table _c:; _2 . 

The recovery of vitamin D in chcddared ~l!ld sti1n·cd 
curd cheese , when adcl !.!d in powde red from with salt t is 
shown in Figure 5 .3. Therl! was no signi!lca nt di!Tcrcrnce 
in recovery of vitamin D hetwcl!n lh !.! two trcatmennts . 
Recovery of vitamin D when ad(kd with sa lt was muud1 

lower than when added to the che!.!se milk . Compos it ion1 of 
these cht.:escs is shown in Tnhlc ~ .J. 

CONCLUSIONS 

Encapsulated vit ami n Din e ncapsulated form re,ult ted 
in the best retention in chl!eSl! curd . 
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Figure 5.2. Percent recover of vitamin 0 in cheese curd when added 
in powdered and emulsified form . 
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Figure 5.3. Retention of VI tamin 0 in cheese when added to curd with salt. 

Table 5.1. Composition of cheeses fortified wi th vi tamin D emulsion , oil , and powder, with 
homogenization and non-homogenization treatments. 

Treatment Moisture(%) Fat(%) pH 

Vitamin D emulsion, non-homogenized , Rep 1 38.40 31 .5 4.98 
Vi tamin D emulsion, non-homogenized, Rep 2 4.92 38.65 33 
Vitamin D emulsion homogenized, Rep 1 5.02 38.30 33 
Vi tamin D emu lsion homogenized, Rep 2 4.97 38.74 31 
Vitamin D powder, non-homogenized , Rep 1 4.95 38 .50 33 
Vitamin D powder, non-homogenized, Rep 2 494 39.44 31 
Vitamin D powder, homogenized, Rep 1 4.95 38.74 33 
Vitamin D powder, homogenized, Rep 2 4.98 39.51 30 
Vitamin D oil , non-homogenized, Rep 1 4.94 38.22 31 .5 
Vi tamin D oi l, non-homogenized, Rep 2 4.96 39.37 32.5 
Vi tamin D oi l, homogenized, Rep 1 5.03 37.80 33 
Vitamin D oil , homogenized, Rep 2 4.96 39.29 31 

Table 5.2. Composition of cheeses cheese fortified with powdered or emu lsified vitamin D. 

Treatment Moisture (%) Fat (%) pH 

Vi tamin D emulsion, Rep 1 38 .3 32 4.86 
Vi tamin D emulsion, Rep 2 38 .9 32 4 . 79 
Vitamin D powder, Rep 1 37.9 32 4.95 
Vitamin D powder, Rep 2 38.4 32 4 .83 

Table 5.3. Composition of cheese forti fied with vitamin D by addition with sa lt. 

Treatment Moisture (%) Fat(%) pH 

Milled curd , Rep 1 37.80 33.0 5.16 
Milled curd , Rep 2 37 .83 33.0 5.12 
Stirred curd , Rep 1 
Stirred curd, Rep 2 
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DTIL Project 6: 
Evalluate the flavor of vitamin D fortified cheese by descriptive and 

consumer taste panels 

I Donald J. McMahon*, Carl Brothersen, Balasubramanian Ganesan, and Brian Pettee 

*Prinripa/ Jm·esrigator: Uwh .S'tme Uuirenily. Wesrern 1Jai1~r Cewer. Logan. UTS-+322 -8700 
email: donald.mcmahon@>,,su.edu 

Funded hy: Dairy Managcml.·nt Inc., Septl:mbcr 2007 - December 2009 

BACKGROUND 

It i s mntic ipated that FD/\ will increase the daily d ietary 
Vi ta min ID recommendation for humans from ~00 to 1000 
IU. Chtec~sc Jm.ty he a good vehic le for increasing Vitam in 

D con~unn pt ion . However. the re is a poten tial for Vitamin 
D to C•onHrihutc off fla vors to cht.!ese and whey. eSJX:cia lly 

. ox i diLt~d fl avors. Da ta O il the ll avnr pro file of Vitamin )) 
fort D. fh: :d <l' hccse is not availab le. This project evaluated thl! 
fl ttvo r of vi t<nnin D fortified cheese at ~. 6, and 9 months 

of a.gc. 

MATERIALS AND METHODS 

Po1wt:.k:red vitamin D wn~ added to chl!l!Se milk to 
obt ru in lima! fortification tcvl! ls o f 200 and 400 Ill/se rving . 

Che:este \\vas made from II J kg o f wholt! milk as described 
in P'rojtec·t 5 . J\ control cheese was made without vitamin D 

fort ii fi c a tllon . C heeses were s tored at 5.S°C unt il sampled for 
anallys: is. Proximate anal ysis was conducted on the c heese 

at 5 d;ays of age . Consumer taste panel s werl! cond uc ted 
on mil c iN:~cses at 3 and() mon ths of age. Descriptive taste 

panlC is w ·rc conductl!d o n al l cheesl!s at 3 , 6, and 9 months 
of a;gc .. T hl! cheeses wcrl! a nalyzed for vitamin D content at 

0 , 3 , 6 .. and 9 mo nths of age . 

RESULTS AND DISCUSSION 

Clnem ical ana lys is of vitamin D in cheese curd and 
whc'y :showed that up to 90% ur vitamin D added to milk 

was re: tai necl in cheese c urd at bo th leve ls of fortilic ~1ti on , 

whille the rema in ing 10% wns found in whey (data not 

shmwlll ) . Stabi lity of Vitamin I)J in C'hedJ ar cheese during 
age iing.! was verified by c hem ical analysis of vit nm in D3 

levc: ls at 0 , J , 6 , and 9 mo for Cheddar cheese fo rtified 

at 2W0 1 and 400 ll J/scrving . Vita min D3 conte nt did not 

chamg(l! ~ i g n iflcan tl y fo r h~th fortifica tion level s from 0 

to 9 mo nths (Fig. 6. 1 ). Si nce vi tamin D leve ls were stabl e 

across age ing Cheddar ch l!~.:sc appe<~ rcd to he a suit abk 
vehicle fo r cons is tent delivery of vi tamin D . 

1\ consumer prcfcn:ncc tash: pand was condt11.: tcd 
on vit amin D-fon illcd C heddar cheese at J. 6. and 9 mo . 
Even at J mo there was no sign ificant d iffcn!nce (p > O.O:'i) 
in mean lik ing scorc:s between the control and fortified 
cheeses (1\g . 6.2). Furthcr consumt.!r preference taste pands 
conducted on (, mo and 9 mo o ld fortified Cheddar cheese 
verified the Jack of any s ignifi <.:a nt difference (p > 0 .05) in 
scores be tween the un fo11 if-it!d and fortifi ed checSI.!S. 

Descriptive taste pane ls were conducted nt 3, 6 , and 
9 nw for Cheddar Cheese supplemented w ith Vit amin 

D at 200 Itt/se rving and 400 1\ 1/scrv ing (F ig . 6.3-6 . .'). 
/\mong a ll attributes testt.::d hitt er, sn lty. and so ur fl avors 

were sign ificantly (p<O.OS) difTert.::ntly perce ived in the 
3 mo o ld cheese; whereas bitter, buttery, metallic , sour , 

sweet , and umami fl avors were signifi ca ntly (p<0 .05) 

d ifferent at 6 mo and only sour fl avor was signi fi ca ntly 

(p<O.OS) di iTcrcn l at 9 mo. Pe rceptio n of buncry navor 
decreased with inc reasing vit amin D levels in cheese at 

6 mo . llo wever consider ing tha t thi s difference was no t 

noted at 3 or 9 mo. the corre lation at 6 mo is unlike ly to be 

allributahk to vitami n D levels. Notably no ne o f th~..: othe r 

flavor di ffere nces were corre lated to change in vitami n D 

concentrat ions, sugges ting that these fl avor d iffe rences 
are probably not linked w ith the add ition of vitamin D to 

chet.::st.::. In summary differences fo und in ChcdJar cheese 

fl avor perception during age ing arc like ly no t linked to 

vi tamin D add it ion. 
J\ consumer pre ference tas te panel was conduc ted on 

Cheddar cheese fortifi ed a t 200 Ill/serv ing. and 400 lUI 
serving , and a non-fortified contro l cheese at thret.! (Figure 

6.6) and six (Figure 6 .7) months of age . The cheeses were 
scored on a nine point hedonic sca le: I ) Dislike ex tremely, 

2) Dislike very much. J) D isli ke moderately. 4) Dislike 
sligh tl y. S) Ne ighe r like nor di slike. 6) Like slightly, 7) 
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Figure 6.1 Retention of Vitamin D (%of level at 5 d) in Cheddar Cheese during 
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Figure 6.2. Mean liking scores (y axis) of a consumer preference taste panel for Cheddar cheese 
fortified with Vitamin D at 200 IU/serving, 400 IU/serving and the non-fortified control cheese (x 
axis) at 3 mo (top panel ), 6 mo (middle pane!) . and 9 mo (bottom panel ). 
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Mean Attribute Scores for 3 Month Old 
Cheddar Cheese Supplemented with 

Vitamin D 
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• 200 JL: 
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Figure 60.3 Mean attribute scores for 3 month old Cheddar cheese supplemented with 
Vitamm [ D at 200 IU/serving and 400 IU/serving 
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Fi gure 63.4. Mean attribute scores for 6 month old Cheddar cheese supplemented with 
Vitamin I D at 200 IU/serving and 400 IU/serving. 
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Figure 6).5. Mean attribute scores for9 month old Cheddar cheese supplemented with 
Vitamin D at 200 IU/serving and 400 IU/serving 
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Lik t.! modt.! ratcly. 8) Like very much . 9) Lik t.! t.!Xtrcmely. 
The mean liking s(·orcs are shown in Fig. un:s 6.0-6.7. Th!.!rc 

wen: no significant Jilfcrcncc in scores bctwccn thc control 

and forti lied t· hccst.!s. 

Ot.!scriptivt.! taste pane ls were conduc ted at 3. 6 and 9 
months on Cheddar cheeses suppkmented w ith Vitam in D 
at 200 I U/~crv ing and 400 Ill/servi ng and a non-f011ilit:d 

cont ro l chccst:. There were no signifi ca nt dilTercnces 
bet ween vitnmin )) treatments for any a llrihuh.:s h.;sted in 

tht.:: 3 month o ld cheese. Figure 6 .~ and 6.4 show the mean 

attribute scorcs for 3 month o ld and 6 month old chccse 

respec ti ve ly. 

CONCLUSIONS 

Fortification of Cheddar cheese with vi tami n DJ 
improves it s nutri tional quality. llowevcr the ll avor or 

C hcddar cheese is n complex allrihute that arise-; from the 

myriad compounds found in the cheese matrix produced hy 
bacterial mt.!laholism . The addition o f a novel component 

may alter this perception and the vi tamin may be susceptibl e 
to bacterial degradation. We found that vi tamin D."\ is stable 
in Cheddar cheese aged for 9 mo and at a ll stages of chccs0 

ageing. the fla vor pe rception of forti lied L" hecscs was s imilar 
to unfortif-i ed chcese. l lence the addition o f Vitamin D do~,;s 
not impal' tlh t.! llavor of Cheddar cheese . 

Bacll'rial cultures used in this s tudy are li sted in Table 
I Starter and probi<)tic adjunct c ult11res we n.: ohta incd fn)ll1 

commercia l ~ources. while rqm:sent<ltive NSL/\ B c ultures 

ca me from the L /\ B Culture C'ollcl'tion at t ltah S tate 
Unive rs ity and as g ift s from o the r un iver~ity researcher .... 

Lactm.:occal c ultures were grown in M 17 lac tose 
(M 17-L) broth (Difco. Becton, Dickson and Co .. Sparks. 
MD). JJI}idobacreritml s trains were mainta ined in MRS 
Broth (Crite ri on. Hard y Diagnostics. Santn Maria. C/\) 
o;upp lcmcnted with 0.59( cys teine (Fishe r Scientific . !:a ir 

Lawn. NJ). while all o ther L/\B \.': ultures were propagated 
in MRS broth. !.Ltcrocorc·us was incuhat t.!d a t ."\(Y'C and the 

rest of the cultures were grown nt J7 °C 

6 

5 t 

3 ' 

2 + 

0 ~ 

Mean Liking Scores for Vitamin D 
Supplemented Cheddar at 3 Month! 

• Liking 

Vit DControl 200IU 4001U 

Figu re 6.6. Mean lik1ng scores of a consumer preference taste 
panel for three-month old Cheddar cheese forttfied with Vitamin 
D at 200 IU/serving, 400 lU/serving and the non-fortified control 
cheese. 

Mean Liking Scores for Vitamin D 
Supplemented Cheddar at 6 

Months 

Control 200J U 400 IU 

• Liking 

Figu re 6.7. Mean ftavor attribute scores for 3 mo old Cheddar 
cheese fortified with Vitamin D at 0 (control), 200, and 400 IU/ 
se!VIng . Significantly different (p s 0.05) attibutes are indicated by 
a. 

DOilJ 

D2001U 

~'<-/~~-~: ... ~'c::... ~ .... ,:~ ",:-:--,~:--.."~e-f-_v::,:~=>~,~--~.:~~: ,,F:.;"'-· _,/ -~'"''-~~: ·~··/' ~ ... ~-
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Figure 6.8. 
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BACKGROUND 

It is anti u.: ipa tc d that FDA wi ll increase the daily die tary 
Vitamin D rux:ommL'ndatiun fo r humans from 400 to 1000 

llJ. Chces.c 1may he a good vehicle for increasing Yitamiu 
D constnnpt tion . In previous studies, Vitamin D retention 
in cheese r:ung(!d from 40-601.)}1, depending on the v itamin 

pmparntio1n. Morl.! c fl ic ient techniques for addi ng Vitamin 
D to chec.'5c nni lk need to be developed to improve Vitamin 
D rctcnticm in the c h~x:sc and reduce losses in the whey. 

This proje:ct wi ll d evelo p dai1)'-hased vitam in D emul sions 
in order tr.1 im1provc the retention in curd . 

MATERIALS AND METHODS 

Emuh\ io ms were formulated using Vit ami n 0 _
1 
as the oil 

phase andl a 2~ case in protein as an emulsifier. The linal 
pH of the · ennuis ion were maintained at 7.0 using buffe r 

phosphate · tm avoid Vitamin decompositio n. The variab les 
studied wte re..:: 

Case im t;ypc and concentration. 

Smdiium casl.!inate 
c :ak:ium casl.! inate 

Slkim1 milk powder 
Wv'hu:y pro tein concentrate 

l-lomo )ge! nizatio n conditio n . 

Hii glh shear (liS) 
IIIi glh pressure homoge ni zation - very low 

prrcs;surc (VI .PH) 
Hliglh pressure homogeni zat io n (1-1 PI-I) 

Oil coontu:nt in the em ulsion . 
Jl,% 

5 ~% 

J(X)')f; 

Measurements. 

Physicochemical s tability . 'l'hc phys icochemica l 

s. tahilit y of the emulsions wen.: del!..:rmint.:d using a 
vertica l sca n macroscopic ana lyt.e r (TurhiSca n MA 2000) . 

TurbiScan consis ts of a reading head mov ing along a 
ll at -bo ttomed cy lindrical ce ll while scanning the ~nt ire 

sample hl.!ight. The reading head consists of a pul sed near­
in frared li ght soun.:c and two synchrono us ch.! h.:t: turs. O nly 

the hackscaltering (BS) detec tor, which r~ce ives the li gh t 
hackscattered by the produc t ( I ~S 0

), was u o;; ~.:d dul' to the 

emuls ion being opaque . The n!<lding head acquin.:s BS data 
every 40 pm to a max imum he ight of 80 mm . ~ll1 e profil e 

o hlained charac te rizes the sample's ho moge ne ity, partic le 
concentration . and mean diame te r. The parameters are 

n.:prcsented by a curve showing thc percentage o f DS light 
as a function of the sampk height in mm . The acquisition 

a long thl.! product is repeated with programmable frequency 
o btaining a superimposition o r sampll.! lingaprints , which 

charac terize the stability o r instability o f thc sample (e.g., 

the more identical the readings. the morl! stable the sys tem) . 

After forming the emulsions. they were pl aced in an assay 
tube and held at room temperature . BS measurements 

were taken as a function of time until thl.! emulsio ns were 
s ignil"icantly unstable. Emulsio ns· destahi li 7a tion kinetics 

wl!rc measured by calcu la ti ng the varia tion in BS as a 

function of time a t ha lf the maximum o f the US peak va lue 

w ith respect to the initial reading . 
Droplet size dist r ibut ion . Droplet s i7c dis tributio ns 

for a ll the emulsions were determined using a Beckman 
Coulte r particle characteriza tion equi pm!.!nt (LS20 Vers ion 

~. 1 9 , Beckman Coulter Inc .) . Isolated drople ts were 
measured w ith thi s equipme nt as cvidl.! nct.:d by the lack 

o f nocc ul ation obse1ved in the emu lsio ns whcn observed 

under a mic roscope (data not shown) . 
Re tention of th e Vitam in D. 'f'h l! r!.!h:ntion of Vitamin 
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Table 7.1. Emulsifiers used for the retention experiments in vitamin D fortified cheese. Skim milk povder 
(SMP), whey protein concentrate (WPCBO), calcium (CaCas) and sodium (NaCas) caseinate . 

Emulsifier (E) Protein(%) Amount of E added Source 

SMP 36 5.57 
WPCBO 80 2.5 Grande 
CaCas 94.2 2.12 Erie Foods International, Inc. (RochElle , IL) 
NaCas 94 2.13 Erie Foods International, Inc. (RochElle, IL) 

Table 7.2. Characteristics of the materials used as oil phase. 

Oil Company 

Bunge Limited: White Plains, NY. Soybean Oil (SBO) 
Vitamin D (vitO) 

Pre-emulsified vitO (control) 
BASF Corp: Florham Park, NJ 

Continental Custom Ingredients, Inc.: Chicago, IL. 

D into cheese curd was determined on a laboratory scale 
by adding the emulsion to milk and performin g a curd 
syneresis experiment. Appropriate amounts of the Vit amin 
D emuls ion was added to 10 g of milk weighed into 
centrifuge tubes and heated to 35°C. Then 0 .02 ml of diluted 
rennet plus 0.2 g glucono-delt a- lac tone was added and the 
milk incubated at 35°C for 30 min . Aft er coagul ation, 
two peqJe ndicular cut s were made in the curd and the 
sampl es centrifuged nl 250 x g at 25 oc fo r 20 min. After 
centrifugation, the volume of re leased whey was measured 
and expressed as a percentage of total moisture (g) initiall y 
present in the sample, and the Vitamin D content of the 
whey measured . Partitioning of the Vit am in f) he tween the 
curd and the whey was calc ulated and used to predict it s 
relent ion during cheese making. 

Statistical analysis. Experiments were performed in 
duplicate or tripli cate as necessary. Data reported arc the 
mea n and standard dev iation va lues calcul ated from the 
replicates . Si gnificant differences were analyzed us ing 
a ·r wo- or One-way ANOVA test , as appropriate , and a 
Bonfe iToni post-tes t (o = 0.05). Stati stical annl ys is was 
performed usi ng Graph Pad soft war.: (GraphPad Prism 
version 4.00 for Windows , GmphPad Soft ware , San Diego , 
Ci\, USA, www.graphpacl .com). 

Vitamin D determination . Vitamin D content in the 
cheese curd and whey was determined using the AOAC 
offi cial method 952 .29 . 

Emulsion formulation. 

Five percent o il -in -water emul sions were formulated 
using vitamin D and soybean o il (SBO) as the oil phnse, 
and different emul sifiers as stabili zers. Skim milk powder 
(SMP). whey protein concentrate (WPCSO) , calcium 
(CaCas) and sodium (NaCas) caseinate were used as 
emuls if"lers to give 2% protein in the emulsion. Table 7 . I 
presents a summary of the emulsifi ers used . the ir amounts 
and the sources of these ingredie nt s. For the o il phase, 
vit amin D was mixed with SBO in a 50:50 ratio . A control 
was performed using a pre-emulsified vitmnin D source. 

Detail s about these ingredients me presented in Table 7 .2. 
The emulsifi ers were dissolved in a 0 .( I M Na~ l-IP0"'-

7H,O to obtain a fin al concentration o f ~% in prot ein . 
Th~ two phases (oil and water) were pre-ho mogeni zed 
using hi gh shear force for I min at 18 ,000 rpm . and then 
homogeni zed with a micronuidi zer at ~2 500ps i. 

Bench-top cheese. 

Bench-top cheeses were formulat ed by adding the 
emul s ions described above to pasteurized (72 oc 15 s) skim 
and whole milks (Gary II . Ri chardson Dai ry Products Lab , 
Utah St ate l Jni versity, l .ogan, IJT). For each sa mple , 200 Jfl 
of the vitamin D emul sions or 125 p i of the pre-emul sified 
vitamin D were added to the milk to obtain approximately 
250 lt l per gram of curd . These fortified milks were used 
to make the bench-top cheese . Two-hundred ml o f each 
fortified milk treatment were prepared in triplicate in 
250 ml po lycarbonate Nalgene centrifuge bottles. The 
fortified milk was then heated in a waterhath 10 72° C , aft er 
which they were cooled to 35 oc Glucono-dclta-lactonc 
and double strength rennet (M axiren DS, DSM Food 
Specialties , Parsippany , NJ ) diluted to 1.8 rennet unit s per 
ml with cold water were added to each mixture at 2% w/v 
and 0 .2% v/v respecti vel y. Mixtures were then incubated 
30 min at 3S°C to allow coagulum fonnation. Foll owing 
incubation , coagulum was cut and centrifuged at 250 x g 
at 25 oc for 30 min . Syneres is was measured immediately 
following centrifugation and again afl er 30 min by volume 
of decanled whey. Percent curd wa s calculated for each by 
f"lnding the difference in volume between the initial 200 
ml and decanted whey and then di viding that difference 
by 200 mi. Observations were made and recorded on both 
curd and whey properties ; I 00 g of whey and over 5 g 
of curd from each treatment was retained and frozen for 
further analys is . 

RESULTS AND DISCUSSION 

Droplet size and standard deviations for the four 
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Figure 7.1. DerabllizatJonn k1netics (clarification) of Vitamin 0 
emulsions form lated with 1 different emulsifiers. 

Table 7.3. Droplet size of the emulsions 
at time zero. 

Emulsifier D (~m) so 
WPC 3.360 0.040 

Skim milk 1.258 0.085 

NaCas 4.454 1.062 
CaCas 6.153 0.234 

Table 7.4. Droplet size (D3,2) of 
emulsions formulated with different 
emulsifiers. 

0!3,2! Avera!le std dev 

CaCas 0.713 0.068 
NaCas 0.730 0.094 
WPC80 0.733 0.033 
SMP 0.718 0.037 

Table 7.5. \olume obi whey (mL), weight of curd (g), moisture content(%), and curd yield(%) for the bench-top 
cheeses . 

SKIM Volunme (ml) Std E Curd (g) 

SMP 1'48.0 4.7 40.7 
WPC80 1'43.7 10.2 47.3 
NaCas 1' 49.3 2.4 44.2 

CaCas 1!55.2 2.5 37.5 
Control 1'47.7 3.8 45.8 

WHOLE Voolume Std E Curd (g) 

SMP 1!501. 7 5.6 46.0 
WPC80 1!57.0 2.0 41.3 

NaCas 1!53.3 0.9 44.0 

CaCas 1' 44!.7 1.5 48.5 

Control 1' 49 .0 2.5 49.4 

different cmuls i ~ n s are shho wn in Table 7 . .l. Stability of the 
emulsions as deermincdJ hy vertic al scatkring turbiddity 

is shown in l-7igLrc 7 . I I ~nmru l s io n s were very un stahk. with 

separa tion occur ing w it hhimtwo m inutes . 

Droplet siz1 summaary of emulsions. 

After fonn u atio n . thhc drop let si7c di stribut ion of the 

emuls ions w<ls <etermineed us ing Rl:ckman hackscnttl:ring 

eq uipment. Tnb t.: 7.4 shom\t 'S the ;wl:ragc drople t site of a ll 
emuls ions exprelscd as 1))(3.2) v<l lues. 

From Table 7.4 it Ci:ln he observed that diJTcrc nt 
emulsifiers did 10 1 a fkctt thl: d ropk t s izl: of th l: em ul s io ns 

under the proccJs ing. connd it ions used . Figurt.: 7.2 shows 
the stability o f the e JmJul :t.. ions a~ the th ic kness of the 

separa ting layer as a funnel ion of time. /\ II the emu ls ion-. 

were destabili zcJ througl!h a c ream ing phe no me non w hen 
sto red at 5C. FJom Fit:uurl!.: 6.2 it ca n be ohst.:rved tha t all 
emuls ions showed good ~ s t;ahi lity for the lir-.1 (, ho urs after 

which they sJo ,vly de .., tabb il ited with time. J\fter 24 hour~ 

std E Moisture (%) std E Curd(%) std E 

2.5 76.2 0.8 26.0 2.4 
6.5 75.6 1.8 28.2 5.1 
1.8 76.7 0.4 25.3 1.2 
2.2 75.3 0.6 22.4 1.3 
5.2 77.3 1.3 26.2 1.9 

std E Moisture(%) std E Curd(%) std E 

5.7 
0.6 
2 .3 
1.5 
4.4 

67.6 2.0 24.7 2.1 
65.4 1.4 21 .5 5.3 
67.8 0.4 23.3 0.9 
68.7 1.3 27.7 2.6 
69.5 1.4 25.5 2.2 

a crea mi ng layer of approxima tdy I mm was observed. 
Whe n emuls i on ~ were sto red fo r 7 day~. the creami ng 

laye r incn.::ased to 3-5 mm. A ft e r 24 hours the most stable 

emulsion was the o ne fonnu latecl w ith SMP as emubificr 
and the h;a~t stab le was the one formulated wi th WPCSO. 

Bench-top curd. 

T he vulu ml.! of whey, the weigh t of c urd . the moi sture 

content of the c urd . and the pe rcent o f c urd y ield was 

calcula tt.:d. Resul ts arc presented in Tab le 7 .5 . The amount 

of whey obta iiwd rc prcscnkd a pproximately 74-80'h of 

the ini tial vo lume of milk w ith the curd equa ling 20-26~ 

of the initia l vo lulmc . 

T he Vitam in D content present in the w hey and c urd 
obta ined from the bench-top cheese~ was determi ned hy a 

pri va te labo rato ry (O 'Ne il ). · 1 ~1blc 7.6 p resen t~ the va lue!!. 
obta ined . whi k Table 7 .7 pn:sc nt the pi..! rccnt ag.t.! of v itam in 

D tha t wa~ ret a in t.!d by the crud and th...: pcn.:cnt los t in the 

whey. 
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CONCLUSIONS 

Dairy protein based emulsions of vitamin D were 
developed with improved the retention o f vitamin D in 
cheese curd over commerc ially available emulsio ns. 

Tlme{h) 

Figure 7.2. Physicochemical stability of emulsions formulatated with 
SMP. WPC80, CaCas and NaCas as emulsifiers. 

Table 7.6 Vitamin D content of the curd and whey obtained from the bench-top 
cheeses. The expected vitamin D content in the curd is 250 IU per g of curd. 

Whey 

Whole milk Average IU/g std dev Ave% ofiU/g std% of IU/g 

Ctrl 1.31 0.37 0.24 0.15 
SMP 0.37 0 .04 0.19 0.02 
WPCSO 0.56 0.05 0.18 0.02 
NaCas 0.46 0.01 0.24 0.01 
CaCas 0.62 0.19 0.32 0.08 

Skim milk 

Ctrl 0.94 0 .13 0.49 0.05 
SMP 1.29 0 .35 0.54 0.14 
WPCSO 1.32 0 .65 0.37 0.26 
NaCas 1.04 0.20 0.35 0.08 
CaCas 0.86 0.07 0.35 0.03 

Curd 

Whole milk Average IU/g std dev Ave% of IU/g std% of IU/g 
Ctrl 57.00 6.28 21.95 2.51 
SMP 66.10 5.87 31.23 2.35 
WPCSO 66.30 8.45 28.21 3.38 
NaCas 76.83 2 .88 33.84 1.15 
CaCas 73.47 5.00 25.01 2.00 

Skim milk 

Ctrl 55.55 6.07 17.99 2.43 
SMP 58.70 39.96 44.59 15.99 
WPCSO 92.57 15.53 38.73 6.21 
NaCas 97.00 25.22 41.36 10.09 
CaCas 114.33 4.46 42.39 1.78 

Table 7.7 . Percentage of recovery of vitamin Din the curd and whey. 

% Whey recovery % Curd recovery 

Whole milk Average std E Average std E 
Ctrl 2.4 0.4 97.6 0.4 
SMP 0.5 0.0 99.5 0.0 
WPC80 0.8 0.1 99.2 0.1 
NaCas 0.5 0.0 99.5 0.0 
CaCas 1.0 0.2 99.0 0.2 

Skim milk Average std E Average std E 

Ctrl 2.1 0.3 97.9 0.3 
SMP 1.2 0.1 98.8 0.1 
WPC80 1.3 0.3 98.7 0.3 
NaCas 1.0 0.0 99.0 0.0 
CaCas 0.8 0.1 99.2 0.1 
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MATERIALS AND METHODS 

Th he objecl ives of th is proj ec t were to dc tcnni nc the 
effcc ti \ ivencss o f sd ective medi a for enumerating prob io tic 
LAB such a~ /_b. fu ·idop!Jilus, Bijidobacterium and 

Lb. caasei. when they a rc used as adj unc t cult ures in the 
mmuJL fo.Kture o f cheese. and do de velop med ia which will 

result i in more acc urate count s o f the bacte ria of in terest by 
e lin•inmating the growth o f competing orga ni sam . t\ number 
o f puhb lishcd med ia were in it ia lly sc1eencd fo r the i1 abili ty 
to diffd"c rcnt iatc be tween sd cctcd LA B gene ra and species 
(unpub hlishcd da ta) and (, se k c ted for cheese microfl ora 

cnu 111clc ra tion . 

Ba'acterial cultures and propagation . 

Ba.ac ter ia l c ultures used in th is study are lis ted in 

Table 8. 1 Starte r and probio tic adjunct c ultures were 
obta ine1cd fro m commerc ial sources, while re presentative 

NS J./\ 13 c ull ures came from lhe LAB Cull urc Collecl ion 

at Utahth State Uni vers it y and as gift s from o the r uni ve rsity 
researc·chers . J .ac tococca l c ultures were grown in M 17 

Inc lose e (M 17-L) brolh (D ifco . Beclon , Di ckson and Co .. 

Sparks.s, M D), /J ifidobacterium s tra ins were mai n1a ined in 
MR S I Broth (C rite ri on , llcu·dy Diagnostics, Santa Maria, 

CA) SLsuppleme nled wilh 0.5'Jl cysle ine (Fishe r Sc ienl ifi c. 

Fair I Lawn , NJ ) , while a ll othe r LA B cultures were 

prop ag.ga ted in MR S brot h . Lactococcus was inc ubated a t 
30°C' mand the res t o f the cultures were grown a t 37 t' 

Teesting of enumeration media. 

S iXIX media were selected fur enumera tion o f spec ifi c 

back rir ial types in proh i01ic cheese as listed in Table 8.2, 

along ' with the ir inc ubation parame te rs . Two base media 
were u used . M 17- L and Lac tobaci lli MRS w it h a number 

o f addit ives inc lud ing lactose {F isher Sc ienti lk). sorb itol 

(/\eros Organ ics. M on is Pla ins. NJ). va ncomycin (S igma­
A ldrich Inc .. St. Louis. MO) , bromocresol green (J.T 
Bake r C he mical Co. , Phi ll ipsburg. NJ ). 

Each culture was grown for 24 h in the appropriate 
med ia a t the opt im um im:ubation temperature. C ult ures 
were dih ll ed using 9-m l di lutio n blanks cont ai ning sterile 
0 .1 o/r (wt/vol) pepto ne phosphate bu ffe r. Each dil ut ion wns 
plat ed in triplkate by using the pour pla te met hod w ith each 
o l the ';d ec ted medi a. Lacrococcus c ult ures were inc uhnted 
at .10 °C' aerobica lly. ILtctobacil/us and /Jifidobacleriwn 
s tra ins were inc uba ted in gaspaks (Oxoid .. ) at :n nc 
ILtclobru·il/us stra ins were a lso inc uba ted anae robica lly at 

seve ra l tempera tures en. 4S . a nd .'10 "C) to de tenn ine the 
cfTcct o f incuba tio n temperat ure on growth . M 17 -I .plates 
were exami ned at 24 and 4R h whi le a ll o ther mcdia 

wcre exam ined at 48 and 72 h . In addition to cxam ining 

a ll c ullllre s trains used in the manufac ture o f prohio tic­
enhanced cheese, a numbcr o f re prese ntative NSLA B 

stra ins we re a lso tes ted o n nil 6 med ia . Lnctococca l medi a 
was incubated ae rob ica lly at 30°C , Lb. acidophilus media 

was inc ubated at 45°C' in a gaspak , w ith a ll o ther medi a 

were incubated at .17°C' in a ga spak . 

RESULTS AND DISCUSSION 

From the init ial screening o f se lecti ve media, it was 

observed tha t adding 10 mg/g sorbito l to MRS agar that 
was inc ubated anaerob ica ll y at 37 °C' for 48 h , provided the 

highest ove ra ll bac te ri al count s for the s ta rte r and adjunct 
cullures used inlhis s iudy. Th is media (des ignaled MR S+S) 

was subsequently used to obta in the to ta l LAB coun t in the 

cheese samples. All o f the bac te ri a l s trai ns grew on med ia 

deve lo ped particul arly fo r thei r enume rat ion and fit the 
expected pro li le of growth or inhi bi tio n (Table R.4). but 

these media we n.: no t exc lusionm-y. 
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Table 8.1. Bacterial cultures used in this study. 

Culture 

DVS850 
LH32 
LA-5 
L10 
Bif-6 
BB-12 
CRL431 
L26 
F19 
367 
1364P 
M36 
37 
25598 
Lila 

14931 
14957 

Genus/Species 

Lc. ' /actis ssp. /actis 
Lb.' he/veticus 
Lb. acidophilus 
Lb. acidophilus 
Bf. ' lactis 
Bf. lactis 
Lb. casei 
Lb. casei 
Lb. casei/paracasei 
Lb. brevis 
Lb. brevis 
Lb. casei 
Lb. casei 
Lb. casei ssp. pseudop/antarum 
Lb. paracasei 
Lb. fermentum 
Lb. rhamnosis 

7 469 Lb. rhamnosis 

Function Source 

Starter Chr. Hansena 

Flavor Chr Hansen 
Probiotic Chr Hansen 
Probiotic DSMb 

Probiotic Cargill' 
Probiotic Chr Hansen 
Probiotic Chr Hansen 
Probiotic DSM 
Probiotic Medipharm' 
NSLAB4 usu• 
NSLAB4 usu 
NSLAB usu 
NSLAB 
NSLAB 
NSLAB 
NSLAB 
NSLAB 
NSLAB 

Lacfococcus, 'Laclobactllus, 3§didobaclenum, XNonslarier \acilc ac1d bacfena 
•chr. Hansen Inc., Milwaukee, WI. 
~osM Food Specialties USA Inc., Eagleville, PA. 
~cargill Inc., Waukesha, WI 
dMedipham USA, Des Moines. !A 
•utah State University Lactic Acid Bacteria Culture Collection, courtesy of Prof. J . Broadbent, 8700 Old Main Hill . Utah 

State University. Logan, UT 84322 . 

For example, growt h of Lb. hel\·eficus, which is 
commonly used as a 1-lnvor adjunct in Cheddar cheese to 
prevent bittemess, was unattc nuated o n media designed 
for Lb. aridophifus in which sorbito l was the sole sugar 
const ituent (MRS-S) and incubated at 45 °C' T his was 
expected given the close rela tionship between these two 
species . Al l three of the Lb. NiSei and UJ. pararasei adjunct 
cultures similarl y grew on the MH.S-N NLP media that had 
been proposed as sd ecti vc for bifodobacteria , a lthough 
usually as very small colonies. O ne stra in of Lb. crJsei/ 
paracnsei also grew on the MRS -S media (Table 8.3). 

The MRS+S media gave higher bacteri al counts at a ll 
test periods even above Lb . casei spec ific media in aged 
cheese indicating it could be used to obtain the total LAB 
count fo r cheese. It is known that NSLAB can grow on 
M 17-L medi a making it diHicult to count starter culture 
populations during cheese storage (Cogan e t a l. , 2002). 
however when M 17-L mcdi<t was <tnalyzed by 24 h it 
could be used for \ac tococcal enumeration. The Lb. raseil 
paracnsei cultures also grew on theM 17-L med ia but much 
more slowly. and could be disregarded a t 24 h as pinpoint 
colonies. However, w ith lo nger growth times the colonies 

continued to grow and were indi stinguishable from the 
lac tococcal colonies. When a representa tive collec tion of 
NSLAB strains was grown on the select ive e numeration 
media thi s general phenomenon was also observed with a 
variety of Lb. ('(Jsei, Lb. parncasei, Lb.fermenrus , and Lb. 
rhanmosis stra ins capable of forming colon ies on both the 
Bifidoborlerium and Lb. aridopllilus medi a a fter 48 h of 
incubat io n (Table 8.4). 

CONCLUSIONS 

Published methods for enumeration bacteria in cheese 
by plating on selec ti ve med ia were found to be limited 
to young cheese before the growth of high numbers o f 
nonstarter lac tic acid bacteria that have the ab ility to grow 
on the media used in thi s study. Enumerati on o f lactococci , 
b ifidobac teria, or Lartobacil/us acidophifus in aged cheese 
is inaccurate due to the lack o r se lectivity o f the media ,. 
Mod ification s were made to the media to improve accuracy 
d uring the l"irst four month of cheese age , and prior to the 
propaga tio n of non-starter lac tic ac id bacteria. 
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Table 8.2. Agaar media used to determine specific lactic acid bacteria (LAB) in cheese. 

Incubation 

Media 'C Oxygen 

Presumptive 

LAB Selection Reference 

30 aerobic 
37 anaerobic 

Lactococcus 
Total LAB unpublished data 

M17-L' 
MRS+S2 

MRS-S3 

RCA-BV4 

MRS-V' 
MRS-NNLP' 

45 anaerobic 
37 anaerobic 
37 anaerobic 
37 anaerobic 

Lb. acidophilus 
Lb. casei 
Lb. casei 
Bifidobacterium 

Dave and Shah ( 1996) 
Darukaradhya et al. (2006) 
Tharmaraj and Shah (2003) 
Laraia and Martin (1991) 

1M 17-laciose 
2MRS media with a added sorbitol 
3MRS media with s sorbitol substituted for dextrose 
4Reinforced clostricridial agar with added bromocresol green and vancomycin. 
5MRS media with a added vancomycin 
6MRS media with a added cysteine and antibiotic mixture consiting of nalidixic acid, neomycine sulfate, lithium chloride and 

paromoycine sulf<lfate 

Table 8.3. Grr. rowth of cultures' added during cheesemaking on selective enumeration media'. 

Media 
Cult ures M17-L MRS+S MRS-V MRS-NNLP MRS-S RCA-BV 

DVS850 2.2 X 10· 1.9 X 10 <10 <10 <10 <10 
LH 32 <10

4 
5.1 X 10

7 
<10

4 
<10

4 
5.1 X 10

7 
<10

4 

bA~ 
4 

9.2 X 10
7 

<10
4 

<10
4 

8.0 X 10 
8 7 

<10 9.2 X 10 
4 

1. 1 X 10
9 

<10
4 

7.0 X 10
8 

9.0 X 10 
8 

L1 ()) <10 
4 9 

<10
4 

2.0 X 10
9 

3.4 X 10 
9 

<10
4 

L10 <10 1.8 X 10 
<10

4 
2.4 X 10

9 
2.2 X 10 

9 
3.5 X 10

9 
<10

4 9 

L 2S 1.9 X 10 
<10

4 
2.2 X 10

9 9 
2.6 X 10

9 
<10

4 9 
CRL431 2.2 X 10 2.4 X 10 

<10
4 

6.0 X 10
8 9 

2.0 X 10
9 

5.0 X 10
8 8 

F-19 1.2 X 10 8.0 X 10 
<10

4 9 
<10 

4 

8.0 X 10 
8 

<10
4 

<10
4 

Bif 6 1.4 X 10 
<10

4 9 
<10

4 
9.0 X 10 

8 
<10

4 
<10

4 

BB 12 1.8 X 10 
i§ee I a ble 1 for c cu lture descnpbons. 
2See Table 2 for rr media descript ions and incubation conditions. 

Table 8.4. Gro·owth of nonstarter lactic acid type bacterial strains ' on presumptive selective media'-

Media 

Strains M17-L MRS+S MRS-V MRS-NNLP MRS-S RCA-BV 

367 5.5 X 10 ND 1.0 X 10 <10 <10 7.1 X 10 
7 9 9 2 

<10 
2 

1.5 X 10 1364P >10 2.0 X 10 1.7 X 10 <10 
M 36 

7 
2.7 X 10 

9 
3.1 X 10 

9 
3.3 X 10 

9 
2.2 X 10 

9 
3.3 X 10 >10 

M36 3.1 X 10 
9 

ND 2.4 X 10 
9 

1.9 X 10 
9 

1.0 X 10 
7 

2.4 X 10 
37 2.5 X 10 

9 
ND 2.7 X 10 

9 
2.5 X 10 

9 
1.0 X 10 

7 
2.6 X 10 

25598 1.1 X 10 
9 9 

ND 1.2 X 10 1.1 X 10 
9 

1.1 X 10 
9 

8.6 X 10 
Lila 

9 9 
2.9 X 10 ND 2.4 X 10 1.0 X 10 

7 
<10 

2 
2.6 X 10 

9 

9 

9 

9 

8 

9 

2 9 9 7 9 9 
14931 <10 1.5 X 10 1.6 X 10 >1.0 X 10 1.6 X 10 1.9 X 10 
14957 

7 
2.0 X 10 

9 9 
1.9 X 10 

9 
1.9 X 10 

9 
2.0 X 10 

9 
>10 1.9 X 10 

7469 
7 8 8 

>10 
7 8 8 

>10 6.0 X 10 6.0 X 10 7.0 X 10 7.0 X 10 
i§ee Iaibie 1 for CLcu ilure descnpftons. 
2See Ta lble 2 for mmedia descriptions 
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DTIL Project 9: 
Develop techniq1ues using qPCR to enumerate probiotic bacteria in 

cheese 

Dorald J . Me Mah10n *. Balasubramanian Ganesan , Bart Weimer, and Carl Brothersen 

*Prillct}(lf /m ·estigalfor: \Weslem Dairy Centa. Uwli Stale Uuil ·erstTy. Wt' s/en Dairy Cell!er. l~ogan. UT 84322-8700 
email: douald.mrmalwu@)usu.edu 

Fumckd by: Dairy Management Inc . September 2007 - December 2009 

MATERIALS ANID METHODS 

Extracticn of genormic DINA from cheese. 

Total gc1nmic DNA was l:!X tractcd from chc~.:sc using 

the TRizo i L~ reage nt (lmv it rotgen , Carlsbad , CJ\). Grated 
cheese (0.2.' g) was suspcendcd l in Trizo lLS (:iOO I' L) a long 

·\v illi glass hc.1ds (0 .3 g. :+> itc Ol.J mm; sterile ac id wnshcd ; 
BioSpcc l 'roJucts Inc .. Banllcsv ille, OK ). ' ll1c c heese 
suspension w .1s disruptc<il 0 11 at Mi ni - Bc<-~dllc c ll c t ( BioSpct: 

precipitated from the o rganic phase wi th 100% e thanol for 

3 min . T he DNA was collec ted hy centri fugation (2,000 x 
g fo r 5 min at 4 °C'). washed tw ice w ith 0.1 M sodi um c itrat e 

in 1 0~ e thano l (30 min at roorn tcm pera turc ). onrc w ith 
75o/r- dhanol ( 15 min at room tempc ra ture), pe llcted. air­

dried . and rcsuspcndcd in a ut oc lavcd ddii ~O. 

Quantitative PCR. 

Products) fo r 30 s to lyse bac teria and shake n w ith 

chlorofon11 COO ; tL) for· 30 s. to a llow phase se paration . 
The top aqu t.\m s phase \Was ne movcd after centrifugation 
( 12.000 x g for 15 mi n a t roomt temperature) and DNA was 

Bat:lcria1 kvds in cheese we re deknni ncd by 
quantitative PC'R (qPCR ). All bacterial primers werc 

selected from prev io us studi es tha t des igned genus- a nd 
spec ies-spec ific prime rs for the starte r and probiot ic 

organisms (Tab le 9. 1). Brie fl y , 1111 . of the to ta l DNA 

Table 9.1. Sequences o>f primers used for genus- or species-specific 16s ribosomal gene qPCR and DNA amplifica­
tion for phylogenetic arr:ay an>alysis. 

Organism Spe•cificilty Primer sequence Application Reference 

Bifidobacterium 
Spe<cies F: 5' - GTGGAGACACGTTTCCC - 3' qPCR 

(Ventura et 
lactis at , 2001) 

R: 5'- CACACACACAATCAATAC- 3' qPCR 
Lactobacillus 

Spe•cies F: 5'- GAGGCAGCAGTAGGGAATCTTC- 3' qPCR 
(Delroisse 

acidophilus et al , 2008) 
R: 5'- GGCCAGTTACTACCTCTATCCTTCTTC- 3' qPCR 

Lactobacillus 
Spe•cies F: 5'- GCACCGAGATTCAACATGG- 3' qPCR 

(Byun et 
caseilparacasei at , 2004) 

R: 5'- GGTTCTTGGATYTATGCGGTATTAG - 3' qPCR 

Bifidobacterium Gentus F: 5' - CTCCTGGAAACGGGTGG - 3' qPCR 
(Matsuki et 
at , 2004) 

R: 5' - GGTGTTCTTCCCGATATCTACA- 3' qPCR 

Lactobacillus Gemus F: 5' - TGGAAACAGRTGCTAATACCG- 3' qPCR 
(Byun et 
al , 2004) 

R: 5' - GTCCATTGTGGAAGATTCCC- 3' qPCR 
Bacterial 16s 

Uniwersal F: 5'-AGAGTTTGATCCTGGCTCAG-3' Phylochip 
(Brodie et 

rONA al , 2007) 

R: 5'-ACGGCTACCTTGTTAGCACTT-3' Phylochip 
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~.:x tracted from cheese was used in a 2)jtl. reaction that 
included qPCR masler Mix (1-loiSiari - IT" SYBR" Green . 
USB Corp .. Cleveland . 0 11) and 10 pmol of genus- and 
species-spec ific primers target ing the 16s ribosomal ge ne 
(Tahlc 2). The qPCR was performed on a DNJ\ Engine 
CJ!Yr!CON2 (13io-Rad Labs Inc., l lcrcuks. C i\) wilh inili a l 
entymc act ivation at 95°C for) min , foll owed by 40 cycles 
of: dcnaturntion a t 9) 0

(' for IS s, annealing at )0°(' for ~0 

s , and ex tensio n at 72°C for 1 min . 

RESULTS AND DISCUSSION 

;\ \I bac terial primers were selected from previous 

studies that des igned genus- and species-specilic primers 
for the starter and prohio tic organisms (Tahh: 9. 1 ). 11rie lly. 
ljtL of the to ta l DNA extracted from chee~e was used in a 
2)jtl. reac tion that inc luded qPCR maste r Mi x (ll otStart­
IT' SYB R' Green , ! ISH Corp .. Cleveland , 0 11 ) and 10 
pmol of t!enus- and spcc ies-spec ilit· primer~ targeting the 
J6s r iho!'loma l gent! (T<~blc 9. 1). Tht! qPCR was pcrform~d 

ot-----------~--~--
0 • • 

logCfU 

CRL-431 

0~----------------~ 
0 . 

Logcru 

F-19 

. 
log cru 

on a DNJ\ Fnginc OPTICON2 ( llin -Rad Labs Inc .. 
ll en :ules, CJ\) w ith initial Cll/yme ac tivation at 9.')

0
(' ror 

S min , followed by 40 cycles o f: denaturation at 95°C for 
15 s, annealing a t S0 °C' ror 30 s. and extension at 72°(' for 

I min . 
Standard curves were c reated to count diiTcrent bacteri al 

populations (Fig . 9. 1 ). Bac teria l plate counts o n MRS agar 
ror lactobacill i and bilidobacleria (30-.\7"('_ anaerobic) 
were compared wi th thresho ld cycle times obtained at 
differe nt cdlnumhcrs (Ct) to create the standa rd curves. 

CONCLUSIONS 

qPCR methods for cnum~rating prohi ntic bacteria in 
cheese were develo ped and tc~ ted . 

6612 

~ 20 

Logcru 

L -10 

s: 20 

0 
0 . 

LogCfU 

LA-5 

s: 20 

0 
0 . . 

Log CfU 

Figure 9.1 Standard curves created for qPCR analysis of 6 different probiot1c bacteria . 
Threshold cycle times {C(t), y-ax is} were compared to plate counts (log 10CFU . x-axis) . 
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DTIL Project 10: 
Determ1ine the survival of probiotic bacteria in low-, reduced- , and 
full-fat C8heddar cheese during aging by plating on selective media 

and qPCR techniques 

Donald J. M1cMahon*, Balasubramanian Ganesan , Craig Oberg , Bart Weimer and Carl Brothersen 

*Priucipal lm•estigaiOr: Uwh State Uni\ ·ersit_r. Westem Daily Center. Logan, UT 84322-8700 
email: dOIIaldmnnalwn@lu.w.edu 

hmdcd by: Dairy Management Inc., Scptcmlx:r 2007 - Dcccmha 2009 

nvtMTERIALS AND METHODS 

Cheese maanufacture . 

Fresh co,w '~'s milk was obtnincd from the Gl..!orgc ll . 
Caine Dairy RLescarch and Teaching Cenh:r (Wcllsv ilh: . 

UT) then stamd<iardizcd to prok in to f<1t ratios of O.X3. 1.9 
and 5 .0 for 1111ak:<ing full fat (fF) , 501% reduced fa t (Rf) and 
low fat (LF) c:hcccscs. respec ti vely. and pastcuriLcd at 73°C 
for 15 s in Uhc ; Gary llaight Richardson Da iry Products 

Laboratory an UJiah State Uni versity. A liquots o f 136 kg of 
milk were puli11Jlped int o open stainless steel vat s with the 

milk for maki ingg the LF cheese cooled to 10°C and ac idif-i ed 
to pl-l 6.4 wil th vi negar. while for the RF and FF c heeses 

the milk wa s.; '"'varmed to the se t h.: mperature and cheese 
manufacturin1g l fo llowed as outlined in Table 10 .1. 

The same sblarkr c ulture (sec Table 10.2) was used for 

al l cheeses amd I the adjunct prohiotic cultures (sec Ta ble 

10.2) were a<ddJed to the mi lk at a rate of - 4 x 109 ce lls/ 
kg wh ich wens ' ca lculated to y ie ld I x I 09 cells per 28-g 

serving of rc:suu ltant cheese. Each prohiotic c ulturl! was 
used 2 times. 

After rip>eming. the cheese was renncted and the 

resultant cund ('C UI with wire hcuvs . the c urd was a llowed 

to heal for a lfe,w minutes then manually s tirred and heated 
prior to dra i111ing: . For the FF cheese, the c urd was allowed 

to matt togct lherr then cut int o s l<1bs, cheddared and milled , 
whi le for the: m.F and LF cheeses the curd was washed 

(using about 151 kg of cool water and he ld in the wat er for 
10 min) and nnaJnually stirn;d to prevent matting . When the 

curd reac.:hcd th1e desir..::d pll the c urd was sa lted using 3 
applica tions ;at 5-min inte rvals. then filled into a chet:se 

clothlined s ta1i nlless stet.: I hoop and pressed ove rni ght into a 
nominal I 0 -k.lg I block . 1.:ad1 cheese then was cut into - 1-kg 

blocks that \We rre vacuumed packaged and stored at ()''(' 

Cheese analysis. 

Prox imate compositio n o f thc cheeses was determined 

after - 5 d as described by McMahon eta!. (2009). Moisture 
content was by weight loss using a microwave oven , f~ll 

content by a modified Bahcoc k mc.:thod , sa lt hy chl oride 
measure me nt . ami pH by gla.-,~ ckct1 uUc . S tunpk~ o f chec~e 
were shipped to We be r State Uni versity (Ogd t.:: n . UT) for 
microbial analys is at I wk . I . 2 , 3. 4 , 5 and 6 months for 

enumeration o f bacteria by plating tcd111ique as described 
in Projec t ~ above . ChL:ese sampl!!s were sent to The Center 

for lntcgrated Biosys tems. Utah Stat..:: Uni versity (Logan . 
LIT) for enumeration of bac teri a by qPCR technique. as 
described in Projec t 9 above . 

RESULTS AND DISCUSSION 

Enumeration by plating technique. 

In the full fat Cheddar chel!se there was a genera l tn: nd 

of dec reas ing lac tococc i count s and increasing NSLA13 
counts over storage time (Ta b!...: 10 .3). "ll1is is the genera ll y 

rccogni z...:d trend in changes in c het!se microflora during 

the initial fe w months o f s torage o f Cheddar cheese. 
Consi<.krahle variations in this trend have been observed 

depc.:nding on the auto lytic behavior of the lactococ.:cal 
s tarte r culture, their salt -sensitivity and salt con tent of 

the cheese, cheese s torage temperature , and the diffic ult y 
in differentia ting between NSLAB and lactobaci lli added 

as adjunct c ultures (Shaked -ur-Rchman et a l.. 2008). By 
counting colo nies growing o n M 17-L agar by 24 h , the 

confoundin g eiT..::ct of the NS L/\13 population was r...:moved 
and the lactococci count s decreased from a h:vc l o f I x 

I 07 c f'u /g at d 7. to S x 102 c fu /g aftc.:r 180 d or s torage 
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Table 1 0.1. Cheese manufacturing procedures' used for making full fa t (FF), 50% reduced fat ( RF) a1nd 
low fat (LF) cheeses using 136 kg standardized milk. 

Cheesemaking Steps FF RF L' 

Milk pH' 6.65 6.65 64 0 
Starter culture, g 17 30 26 
Ripening time , min 45 45 45 
Set Temperature, ' C 31 31 32 
Calci um chlori de', ml 18 0 0 
Annatto', ml 12 12 18 
Rennet', ml 12 10 12 
Set-to-Cut time, min 30 30 25 
Curd size sma ll large large 
Set-to-Start of Cook time, min 65 60 35 
Cooking Temperature (time), ' C (min) 39 (35) 36 (15) 38 (15) 
Set-to-Drain time', min 135 130 75 
Drain pH 6.30 6.35 6.00 
Wash water temperature, ' C NA 18 18 
Curd wash temperature, ' C NA 29 27 
Set-to-Salt time', min 275 210 190 
Salting pH 54 0 5.90 5.90 
Salt, g/kg curd 25 26 
Pressin kPa 100 55 
yp1ca 1mes WI some van a 1on ase on ra eo ac1 eve opmen 

2M ilk for making LF cheese was pre-acidified prior to renneting with distilled white vinegar (Heinz North America, Pittsbur~h , PA) 
335% calcium chloride solution from 
40 ouble strength chymosin (Maxiren , -650 International milk clotting units/mi. DSM Food Specialties USA Inc, Eagleville, PA). 
5Single trength annatto solution (DSM Food Specialties USA Inc, Eagleville, PA). 
8Approximate value for FF cheese, salt actually added at a rate of 2.95 g/kg milk 

Table 1 0.2. Bacterial cultures used in this study. 

Culture 

DVS850 
LH32 
LA-5 
L1 0 

Genus/Species 

Lc.' tactis ssp. tactis 
Lb.' helveticus 
Lb. acidophilus 
Lb. acidophitus 
Bf.' tactis 
Bf lactis 
Lb. casei 
Lb. casei 

Function 

Starter 
Flavor 
Probiotic 
Probiotic 
Probiotic 
Probiotic 
Probiotic 
Probiotic 

ac ena 

Source 

Chr. Hansena 
Chr. Hansen 
Chr. Hansen 
DSM' 
Cargi ll' 
Chr. Hansen 
Chr. Hansen 
DSM 
Med i harm' 

Table 1 0.3. Microb iological analysis of Cheddar cheese' during 180 d storage at 6 ' C using presumptive selective 
media' for enumerating various lactic acid bacteria. 

Media 

Time(d) M17-L MRS+S MRS-V MRS-NNLP MRS-S RCA-BV 

7 1.0 X 10 2.1 X 10 3. 1 X 10 1.7 X 10 1.3 X 10 6.0 X 10 
6 5 ' ' ' ' 30 14 X 10 9.0 X 10 2.0 X 10 <1 0 8.2 X 10

3 
1.3 X 10 

5 5 5 5 ' 60 5.9 X 10 7.3 X 10 5.9 X 10 < 10 6.3 X 10 64 X 10 
' 6 6 5 ' 6 

90 14 x 10 1.7 X 10 
7 

6 .0 X 10 2.6 X 10 1.7 X 10 
6 

3.0 X 10 
7 ' 7 6 

120 14 X 10 
' 

1.3 X 10
7 

1.3 X 10 7 
4 .0 X 10

6 
4.8 X 10

7 
1.5 X 10

7 
180 5.0 X 10 3.9 X 10 4 .2 X 10 8.0 X 10 4.5 X 10 4.1 X 10 

1See !able 16.5 for cheese compos1ilon. -See I able B.2 lor med1a descnpbon. 
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even in the presu1ceof NSLAB population o f4 x 107 cfu/g. 

The NSLAB p•pulalion present in the full fat Cheddar 

cheese nott onlygrcw on the 2 media specillca ll y used for 

enumeratimg Lb raseilparacasei (i.e. , MR S-Y and RCA­
BY) but aliso gcw lo the same level (4 x 107) on MRS­

NNLP (su.pposelly specific fo r bifidobacleria) and to 8 x 
106 on MRS-S i1c ubated al4'i "C for Lb. aridophilus. 

In the low ht ch ~.::ese, the lactococci stayed a t higher 
leve l ( 105 cfutg; through l80 d storage while the NSLAB 

grew to 10 6 willin 30 d of storage and were > 107 c fu /g 

aft er 90 d (Tablt 10.4). The reason for thi s d ifference has 

not been dtetennned. Sal t levds in the full fat cheeses were 
much lowe r th a1 normal ('fable 10.5) , and those in the low 

fat cheeses s lig ttly higher than normal, so salt-in-water 
concentrations f)r all the cheeses were in a similar range. 

There wcrte alsod itTe rences in NSLAR populations in the 

cheese between replicate hatches of cheese, suggesting 
that d ifferent vat;; of cheese received dillering inocu lations 

of NSLAA durmg cheese man ufacture. Nevert heless, it 
was appare nt that NSLABs can grow on mt:d ia that have 

been proposed m be ing sckc ti ve for bifidobacteria and / ,b. 
acidoph i/us. 

G iven the confounding nature of NSLAB growth 

on media se\ec·ive for probiot ic adj unct cultures it is 
advan tagec m. to compare bacterial counts be tween medi a 

. select ive fo r Lb. ra:>ei that arc used fo r en umerating 

NSLABs (MRS-Y and R/\ -BY). and media used 
for cnumerat in.~ hif"idohac tcri <:1 (MRS -NNI .P) or IJJ. 
aridophilus (MI~S - S). The time po int at which no clear 

differentiat ion could be made between the bacterial count s 
on the media was termed the crossover point. lllustrat ive 

of this connpt is a comparison of bacteria l counts on 
selec ti ve enumeration media fo r full fat cheese with a 

Bijidobacteri•m adjunct culture (Table 10.6). Up to 120 d , 
the bacterial counts o n the MRS -NNLP media were at least 

one log high<r than the MRS-Y (or RCA -BY) media, but 
at J 80 d the count s were nearly the same for both media. In 
low fat cheese supplemen ted wi th the same Bifldobarleria 
adjunct cult llle, the time that Ml~S-NNLP counts became 

obscured by NSL/\B occurred earlier at 90 d (Table 10.7). 
The samt phenomenon occ un·ed in full fat cheese 

supplemented with Lb. acidophil us adjunct c ulture, with 
MRS-S count;; be ing much highe r than count s on MRS -Y 

(or RCA-BY med ia until d 180. A composiie table of 
crossover timts fo r the probiotic c ulture adjuncts by cheese 

type shows a general trend that as cheese was made with 

less fat, the mi l ill y to confirm the presence of the adjunc t 

culture in the ch,eese by using selec ti ve media decreased 
with lime (Talle 10.8) . 

In chcest" n1ade w ith Lb< casei!paracasei adjunct 
cultures, the bcl<erial counts on the MRS-Y and RC /\ -BY 
media remaircd much hi gher than o n any o the r select ive 

media (Table 10 .9). As shown in Table 4 , the particular 

culture a lso g-mws unatte nu<lted on both MRS-NNLP and 
MRS-S medi2 lmitialtotal LAB counts of this cheese were 

a lmost 108 c fu/g wi th simil ar counts on the MRS -V and 

RCA-BY media , w ith perhaps a half log less on the MRS­
NNLP and MRS-S media. Thus, the adjunc t /J; . rasei/ 
paracasei culture was the initi a l dom inant LA B species in 
the cheese (lactococca l counts on the M 17-L media were 

on ly 106 cfu/g) . During storage of the cheese, total LA B 
and MRS-Ya nd RCA-BY counts rema ined consta nt a t 108 

c fu /g implying Lb. casei/paracasei c ulture was still present 
at high numbers. llowevcr. counts on MRS-NNLP media 

cons is tently decreased to 1 0 ~ cfu/g over 180 d while counts 
on !vlRS-S media decreased to low numbers over 60 d then 

increased back up to 107 cfu/g by 180 d. This suggests that 
the Lb. ca.•;eilparacasei adjunct c ulture had probably died 

off during sto rage and was replaced by a growing NSL/\13 

population that did not have the ability to grow on the 
MRS-NNLP media but could grow on the MRS-S media. 

Enumeration by qPCR technique. 

Probiotic bifidobacteria were initially added to C heddar 
cheese at 2 .:'iXl06 CFU/gm cheese and survived the aging 

process with a small population reduction after 280 days 
(Tab les 10.9- 10 .12). Added Lactobaci ll us acidophil us 

populations ( 107 CFU/gm cheese) and NSLAB populatio ns 
( 108 CFU/gm cheese) increased significant ly (p<O.OS) by 
10 to 100-fold during the same time. ·n1e increases in 
prob iotic populations over time were independent o r fat 
level in cheese. Prohiotic addition also did not modify 
Cheddar cheese fl avor companxl to cheese made without 

probio tics. In conc lusio n , probiotic bacteria are capable 
of surviving th roughout the cheese-making and ageing 

process, indicating that they can be delivered to the 
consumer via hard cheeses even after ex tended ageing 

withou t alte ring cheese acceptab ility. 
T he re arc no signifi cant differences between any of the 

probiotic cheeses for any flav or attr ibutes for the reduced­
fat cheese at six months of age. At nine month of age only 
nutty tl avor for CRL-43 1, rosy/Ooral for L-26 , and sour for 

LA-5 , L-26 and BB- 12. The only signifi can t differences 

in the fl avors o f the low-fat cheese at s ix months of age 
were rancid for L-26 . In the fu ll -fat cheese at s ix month s 

of age , the only llavors showing signifi cant d ifference were 
lactonc/ fa lly ac id in C RL-43 1. 

CONCLUSIONS 

Cheese fortified with seven commercia lly avai lable 

strains o f probiotic bacteria were made. Survival o f these 
strains in cheese was mon itored for 9 mo of aging by both 

pl at ing on differential media and qPCR techniques. 

There is mode rate agreement in the enumeration of the 

probiotic cu ltures between the qPCR tec hniq ue utili zing 
the specific-spcc il"i c primers and the plating tech nique. 

The addition of probiotics docs not impact the fl avor of 

the chee se . 
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Table 1 0.4. Microbiological analysis of low fat Cheddar cheese' during 180 d storage at 6 OC using presumptive ' 
selective media' for enumerating various lactic acid bacteria. 

Media 
Time(d) M17-L MRS+S MRS-V MRS-NNLP 

7 4.4x 10 4.1 x 10 2.3x 10 5.0 X 10 
5 6 6 5 

30 57x10, 2.7x10
7 

2.4x10
6 

7.0 X 10
5 

60 6.5x10
5 

11x10
7 

4.0x10
7 

5.6 X 10
6 

90 2.7 X 10
5 

7.1 X 10
7 

7.4 X 10
7 

1.2 X 10
5 

120 1.9x10
5 

5.7x10
8 

5.4x10
7 

4.9 X 10
7 

180 2.9x10 1.0x10 8.5x10 4.5 X 10 
1See lable 16.5 for cheese composd:on . 2See I able B.2 Tor med:a descnpi:on . 

Table 10.5. Average cheese composition (and range). 

Cheese 
Full Fat 

Reduced Fat 

MRS-S RCA-BV 

<10 1.0 X 10 
6 6 

1.0 X 10
6 

2.4 X 10
6 

4.0 X 10
3 

5.0 X 10
7 

2.5 X 10
7 

6.7 X 10
7 

2.1 X 106 5.6 X 10
6 

1.2 X 10 1.1 X 10 

Table 10.6. Microbiological analysis of Cheddar cheese' made with added Bifidobacteria adjunct 
culture Bif-6' during 180 d storage at 6 ' C using presumptive selective media' for enumerating 
various lactic acid bacteria . 

Media' 
Time (d) M17-L MRS+S MRS-V MRS-NNLP MRS-S RCA-BV 

7 6.7 X 10
6 

4.8 X 10
8 

4.4 X 10
5 

3.3 X 10
6 

3.7 X 10
5 

5.7 X 10
5 

30 42x10
6 

3.1x10
6 

9.6x10
6 

1.9x10
8 

2.9x10
3 

8.6x 10
6 

60 2.8 X 10
5 

3.1 X 10
6 

3.2 X 10
7 

1.6 X 10
7 

5.5 X 10
7 

3.7 X 10
7 

90 3.2 X 10
5 

5.2 X 10
8 

1.2 X 10
7 

7.6 X 10
6 

1.7 X 10
7 

1.2 X 10
7 

120 50x10, 41x10
8 

22x10, 1.9x10
8 

1.2x10, 2.0x10, 
180 3.8x10 1.5x10 1.5x10 6.8x10 2.0x10 1.3x 10 

'See I able 16.5 Tor cheese compos:f:on. i§ee I able 8.1 for descr:pl:on of cultures. S§ee I able 8.2 for med:a descr:pl:on 

Table 10.7. Microbiological analysis of low fat Cheddar cheese' made with added Bifidobacteria 
adjunct culture Bif-62 during 180 d storage at 6 ' C using presumptive selective media' for enumerating 
various lactic acid bacteria . 

Media 
Time(d) M17-L MRS+S MRS-V MRS-NNLP MRS-S RCA-BV 

1.4x10
8 

2.5x10
8 

1.3 x10
1 

1.6x10
4 

2.4x10
4 

1.4x 10
8 

7 
7 7 7 6 6 7 

30 3.5 X 10
7 

1.0 X 10
7 

2.1 X 10
7 

6.0 X 10
5 

7.0 X 10
7 

3.5 X 10
7 

60 5.3 X 10
6 

4.1 X 10
8 

2.0 X 10
7 

1.1 X 10
5 

6.2 X 10
8 

5.3 X 10
8 

90 18x10
6 

1.5x10, 8.9x10, 15x10
7 

16x10
8 

1.8x10
8 

120 1.3x10
8 

1.5x10
6 

9.0x10
7 

4.7x 10
5 

2.0x10
8 

13x10, 
180 2.3x10 1.9x10 8.6x10 67x10 2.1 x 10 2.3x10 

See I able 16.5 for cheese compos:i:on . 2§ee I able 9.1 Tor descr:pl:on of cultures. S§ee I able 6.2 for med:a descnp\1on 

Table 1 0.8. Crossover times in full fat, reduced fat and low fat Cheddar cheeses' when 
nonstarter lactic acid bacteria microbial population enumerated on MRS-V' is equal has equal 
numbers as the population enumerated on media specific for various types of probiotic bacteria 3 

Time (months) 
Probiotic Culture' 

Full Fat Cheese' Reduced Fat Cheese ' Low Fat Cheese' 
L-10 3 3to4 2to3 
LA-5 6 2 to 3 3 
BB-12 3to4 2to3 3to4 
Bif-6 4 to 6 3 2 
F-19 6 6 6 
CRL-431 6 6 6 
L-26 6 6 6 

'See I able 8.3 for cheese composibon . 2See I able 8.2 for med1a descnphon. S§ee I able 8.1 for descnphon of cultures . 
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Table 1 01.9. Plate counts and quantitative PCR enumeration (cfu/gm) of LAB and probiotic bacteria in full fat Cheddar 
cheese. 

Organ1ism Strain AGE Plate counts (cfu/gm) qPCR (cfu/gm) 

Lactococcus 
Total 

L casei Bifidobacterium 
L. 

L. casei NSLAB Probiotic 
LAB acido hilus 

Control 1 2.4E+07 3.8E•07 7_SE+OS 8.6E+01 6.5E+03 7.5E+05 2.8E+08 
30 1.5E+07 1.3E+07 6.0E+06 6.0E+04 4.9E+02 7.0E+06 8.9E+07 
60 3.1 E+06 5.4E•06 3.8E+06 4.8E•05 3.9E+03 4.8E+06 8.1E+07 
90 2.3E+05 2.2E+07 2.5E+07 1.4E+05 3.5E+05 1.9E+07 1.6£+08 
120 1.1 E+OS 7.3E+06 7.3E+06 2.0E+06 2.4E+06 1.1E+07 3.8E+07 
180 6.3E+03 2.4E+07 2.6E+07 4.0E•06 2.3E+07 2.7E+07 1.1E+08 
270 6.0E+07 6.4E+07 5.2E+07 1.6E+07 4 .0E+06 6.8E+07 6.7E+08 

L acidoplhilus L· 10 1 2.5E+07 5.2E+07 5.2E+04 1.0E+OS 6.7E+06 1.6E+OS 7.2E+08 7.3E+06 
30 1.5E+06 9.0E+06 2.0E+06 1.8E+05 1.6E+06 9.5E+05 1.2E+OB 4.1 E+06 
60 2.1 E+OS 8.0E+06 3.8E+06 3.0E+OS 3.1E'+"06 3 OE+06 7.1E+07 2.6E•06 
90 1.4E+04 2.3E+07 1.8E+07 3.3E•06 9.6E+06 1.8E+07 2.9E+08 1.6E+07 
120 4.4E+04 1.5E+07 1.1E+06 3.7E+06 9.0E+06 8.0E+06 6 .9E+07 1.2E+06 
180 1.0E+04 2.9E+07 2.9E+07 6.2E+06 2.4E+07 5.0E+07 1.8E+08 9.7E+OS 
270 1.6E+04 1.6E+07 1.4E+07 1.1E+07 1.2E+04 t .SE-+07 2.5E+09 1.7E+07 

L. acidop!hilus LAS 1 3.3E+07 1.8E+08 3.9E+05 3.7E+04 1.0E+08 S.OE-+04 7 .0E+08 1.5E+06 
30 1.1E+07 1.2E•08 2. 1E+06 1.6E+05 4.7E+07 2.9E+06 16E+08 4 .9E+05 
60 1.4E+06 1.8E+08 2.6E+06 2.1 E+05 1.5E+08 1.1E+06 2 OE+08 1 3E+06 
90 2.3E+05 8.1E+07 3.6E+06 1.8E+05 7.6E+07 2.6E+06 2.1E+09 4.4E+06 
120 5.9E+04 5.0E+07 7.4E+05 5.2E+OS 5.1E+07 2 OE+06 2.2E+08 1.3E+OS 
180 1 3E+04 6 OE+07 1.0E+07 8.1 E+06 6.6E+07 3.2E+07 1.7E+08 1.1E+04 
270 3.2E+OS 1.0E+07 7.0E+06 4.8E+06 3.5E+OS 7.9E+06 4 .3E+08 7.7E+05 

L. case1 
431 

1 2.8E+08 5.2E-+08 6.1 E-+08 5.2E+07 2.8E+04 4.2E+08 4 .2E+08 3.2E+06 

30 1.4E.+04 6.9E+08 6.7E+D8 2.6E+05 4.4E+03 5.4E+08 9.2E+07 S.SE+OS 
60 7 4E+03 1.2E+09 1.2E+09 1.4E+08 5.6E+04 9.2E+OB 2.0E+OB 1.1E+06 
90 7.0E+02 6.6E+08 7.6E+08 2.5E+06 2.2E+08 6.7E+08 8 .7E+07 7.0E+05 
120 1 7E+03 7.4E+08 4.1 E+09 4.4E+06 2.8E+06 6 .5E+08 1.3E+08 3.0E+05 
180 1.0E+OO 7.4E+08 4.2E-+09 1 4E+07 1 3E+OB 6.7E+OB 6 .6E+08 1 6E+06 
270 2.7E+03 3.4E+08 3.6E+OB 1.1E+08 3.0E+03 3.4E+08 6.9E+08 1.3E+07 

L. •casei L-26 1 2.BE+07 6.9E+08 5.7E+08 5.7E+08 3.4E+08 4 .5E+08 7.7E+08 1.1E+07 
30 1.2E+05 7.6E+08 5.2E+08 3.6E+08 7.7E+07 6.7E-+08 2 .3E+OB 3.0E+06 
60 1.3E+04 8.4E+08 8.1 E+OS 4 .1E+08 2.4E+08 7.3E+08 3 .3E+08 8.1E-+06 
90 4.1 E+03 6.2E+08 5.4E+08 7.5E+08 6.4E+08 4.6E+08 2.6E+08 8.8E+06 
120 2.6E+03 8.1E+08 7.4E+08 5.3E+08 6.2E+08 6.6E-+08 2.6E+08 5.5E+06 
180 1.2 E+OS 6.5E+08 7.DE+08 2.5E-+08 4.3E+08 6.2E+08 1.2E+09 5.4E+06 
270 9.0E+06 3.8E+08 4.0E-+08 3.7E+07 1.1E+08 4.3E+08 4.4E+09 1.8E+08 

L rparacasei F-19 1 4 4E+07 6.1E+OB 6.1E+08 3.0E•08 9.0E+08 5.0E+08 2 .8E+09 3.1 E+07 
30 1.1E+06 8.1E+08 9.3E+08 1.9E+07 9.0E+05 7.4E-+08 1.6E+08 3.7E+05 
60 6.0E+06 9.6E+08 9.0E+08 3.9E+08 1.7E+05 1.0E+09 4 .5E+08 1.4E+07 
90 1.8E+04 7.6E-+08 6.9E-+08 3.0E+08 3.6E+08 5.7E+OB 6.5E+08 1.2E•06 
120 1.2E+OS 9.6E+08 7.7E+08 3.7E+08 6.3E+08 8.4E+08 1.2E+09 8.7E•06 
180 1.0E+DO 7.0E+08 6.9E+08 3.1 E+06 6.6E+08 6.6E+08 8.0E+08 1.2E+07 
270 3.0E+03 5.3E+OB 5.1 E+OS 1.3E+08 2.0E+D6 5.5E+08 4.4E+09 4 .6E·t-07 

Bifiidobacterium Bit 6 1 9.4E+07 4.6E+08 7.2E+06 2.8E+08 1.9E+OS 8.8E+06 3.2E+05 8.3E+06 
30 2.3E+07 1.8E+08 2.0E+07 1.9E+08 1.5E+05 1.7E+07 6.8E+04 1.2E+06 
60 4.4E+06 2.9E+08 2.6E+07 1.4E+08 5.8E+03 1.4E+07 1.4E+04 1.5E+07 
90 4.2E+05 4.4E+OB 1.1E+07 1.3E•08 8.6E+06 1.4E+07 4 .9E+04 3.3E+07 
120 2.9E+OS 2.4E+08 3.5E+07 1.6E+08 6_3E+06 3.5E+07 3.0E+04 1.1E+08 
180 2.3E+04 1.2E+08 1.1E+08 3.4E-+08 1.2E+08 1.1E-+08 1.4E+04 1.3E+OS 
270 3.5E+07 l .OE-+08 9.7E-+07 2.2E+07 4.2E-+07 8.7E+07 1.6E+05 6.8E+03 

Bifi1dobacterium BB-12 1 8.8E+07 2.4E+08 1.9E+07 8.5E+07 2.4E+04 2.8E+07 6.2E+05 2.2E+07 
30 3.3E+07 3.4E+08 2.1 E+O? 7.0E+07 7. 1E+03 2.3E+07 7 .7E+04 1.3E+06 
60 1 .9E+07 3.1E+08 1.4E+07 1.7E+08 7.7E+05 2.1 E+07 2 .0E+04 3.7E+07 
90 1.5E+05 1.4E+08 3.2E+07 3.5E+07 1.1E+06 3.3E+07 5.1 E+04 5.2E+07 
120 4 .3E+05 1.6E+08 2.3E+07 6.0E+07 2.5E+06 2.9E+07 2.9E+04 1.3E+07 
180 3.8E+04 5.0E+07 5.2E+07 3.5E•07 3.8E+07 5.3E+07 5.4E+04 7.2E+06 
270 3.3E+04 5.2E+07 4.8E+07 8.8E+06 1.7E+07 5.9E+07 7.5E+04 6.8E+05 
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Table 10.10. Plate counts and quantitative PCR enumeration (cfu /gm) of LAB and probiotic bacteria in reduced fat 
Cheddar cheese. 

Organism Strain AGE Plate counts (cfu/gm) qPCR (<:fu/g) 

Lactococcus 
Total 

L. casei Bifidobacterium 
L. 

L. casei NSLAB Pro biotic 
LAB acido hilus 

Control 1 4.8E+07 4.2E+07 2.6E+03 1.0E+OO 3.3E+02 1.0E+OO 
30 1.1E+07 7.SE+06 5.7E+06 9.1E+01 3.SE+02 7.0E+06 
60 2.6E+06 4 .1E+07 4 .6E+07 2.9E+02 9.1E+03 3.9E+07 4 .6E+07 
90 2.0E+OS 3 .9E+07 3.4E+07 1.7E+04 3.SE+02 4 .0E+07 2 .0E+07 
120 1.SE+07 2.SE+07 2.8E+OS 2.9E+03 1.0E+OO 1.4E+07 3.7E+07 
180 3.2E+06 1.9E+07 2 .0E+07 7.5E+02 2.0E+02 1.4E+07 2.6E+07 
270 9 .1E+05 7.SE+06 6 .5E+06 4 .SE+03 6.0E+02 4.3E+06 3.8E+07 

L. acidophilus L-10 1 2 6E+07 2.9E+07 9 .2E+04 1.5E+04 9.4E+06 9.5E+04 12E+09 4.5E+04 
30 3.3E+07 3.2E+07 1.7E+07 2.5E+06 1.3E+07 1.8E+07 7 .2E+07 7.1E+06 
60 8.7E+OS 1.4E+07 1.1E+07 2.5E+06 3.1 E+06 6.SE+06 5.9E+08 3.0E+07 
90 3.1E+OS 5.0E+07 4.9E+07 7.5E+06 7 OE+06 1.4E+08 5.9E+08 6 .3E+06 
120 6.9E+06 6.1E+07 S.OE+07 7.3E+06 S.OE+06 4.4E+07 3.2E+08 3.0E+07 
180 4 .7E+OS 1.3E+08 1.3E+08 5.0E+06 8.0E+06 1.4E+08 3.2E+07 1.2E+06 
270 2.6E+07 6 .2E+07 7.0E+07 1.7E+07 7.SE+06 6.SE+07 1.4E+08 1.0E+07 

L. acidophilus LAS 1 6 .5E+06 4 .2E+07 5 .3E+04 2.SE+03 3.7E+07 3.3E+03 7.9E+08 2.2E+05 
30 4 .3E+06 2.2E+07 5.3E+OS 6 .SE+04 1.9E+07 S.OE+OS 1.0E+08 4.SE+06 
60 2 .8E+06 8 .9E+07 5.6E+07 1.1E+06 2.4E+07 4.4E+07 3.9E+08 1.7E+06 
90 1.3E+OS 1.6E+08 2.1E+08 1.3E+08 1.7E+08 1.6E+08 3.9E+08 7.2E+OS 
120 4.4E+07 1.2E+08 1.4E+08 3.0E+07 3.0E+07 1.4E+08 1.SE+08 1.1E+06 
180 2.6E+04 1.6E+08 6.SE+07 S.OE+OS 1.2E+07 1.9E+08 4 .SE+07 B.OE+OS 
270 8.SE+06 1.2E+08 9 .8E+07 2.1E+07 1.6E+07 1.0E+08 9 .8E+07 2.7E+06 

L. casei 
431 

4.8E+07 1.6E+08 1.8E+08 1.4E+08 9.6E+03 1.3E+08 6.3E+08 5.4E+04 

30 5.6E+04 2.6E+08 2.4E+08 1.9E+06 3.0E+02 2.4E+08 1.1E+08 2.1E+06 
60 1.3E+04 1.8E+08 2.DE+08 7.2E+OS 1.8E+OS 1.6E+08 8.1E+07 3.4E+06 
90 2.7E+D3 1.7E+08 1.3E+08 6.2E+04 2.8E+OS 1.8E+OB 8 .1E+07 8.2E+OS 
120 4.4E+07 2 .3E+OB 2.BE+OB 2.1E+06 S.SE+OS 2.1E+OB S.OE+D7 6 .2E+OS 
180 4 .1 E+03 2.8E+OB 2.7E+OB 2.SE+03 2.4E+03 2.6E+OB 1.6E+OB 7.4E+OS 
270 B.OE+06 3.SE+OB 2.6E+08 2.5E+05 2.3E+03 2.2E+OB 9.1E+D7 S.OE+OS 

L. casei L-26 1 4 .6E+06 2.0E+OB 2.2E +08 1.6E+OB 4.0E+07 3.1E+OB 1.1E+OB S.SE+OS 
30 5.6E+07 6 .BE+07 2.7E+OB 2.SE+OB 6.5E+D7 3.6E+08 2.0E+OB 7.SE+06 
60 7 .SE+02 3.1 E+OB 3 .0E+08 2.2E+OB 2.3E+08 2 .6E+08 1.4E+OB 2.3E+06 
90 4 .8E+03 3.0E+OB 3 .1E+Q8 1.8E+OB 1.5E+OB 2.7E+OB 1.4E+OB 3.0E+06 
120 1.8E+OB 4.0E+08 3 .7E+08 1.7E+OB 1.SE+D6 3.4E+08 4.2E+D8 2.7E+07 
180 S.SE+OS 4.0E+08 3.7E+08 3.0E+07 1.2E+OB 4.SE+08 1.7E+OB 7.9E+OS 
270 1.3E+OS 2.8E+D8 2 .3E+OB 1.4E+07 5.1E+06 2 .7E+08 1.9E+OB 4.0E+06 

L. paracasei F-19 1 7.7E+06 1.3E+OB 1.2E+OB 1.4E+04 1.8E+07 1.2E+OB S.SE+OB 3.4E+04 
30 5.7E+OS 2 .3E+OB 1.9E+08 2.4E+07 2.5E+07 1.2E+OB 9 .1 E+07 2 .7E+04 
60 1.2E+OS 2 .1E+OB 2.1E+08 4 .9E+D7 9.1 E+D7 2.5E+OB B.BE+DB 1.6E+06 
90 1.7E+05 2.4E+08 2.3E+08 5.7E+07 B.OE+07 2.2E+08 8.8E+08 1.3E+OS 
120 2.6E+05 3.9E+08 2.7E+08 7.1 E+07 1.4E+OB 3.1E+OB 2.2E+07 S.BE+OS 
180 6 .9E+03 4 .3E+08 3.2E+08 3.6E+06 3.2E+07 3.2E+08 3.2E+07 7.0E+05 
270 3 .7E+OS 3.7E+08 3 .1 E+08 1.3E+OS 1.8E+OS 4 .5E+08 9.SE+07 7.4E+D4 

Bifidobacterium B1f-6 1 1.2E+07 6.7E+07 4 .0E+06 3.9E+07 2.0E+02 1.SE+06 1.1E+06 2.2E+06 
30 9.0E+07 1 1E+08 6 .5E+07 3.5E+07 2.8E+03 2.6E+D8 2.3E+06 S.OE+04 
60 2.8E+05 1.3E+D8 8 .SE+07 3.7E+07 3.SE+02 9 .SE+07 7.5E+OS 1.6E+06 
90 1.3E+OS 1.6E+OB 1.1E+OB 2.7E+07 S.OE+06 1.0E+08 7.SE+OS 1.5E+OS 
120 7.6E+OS 1.3E+OB 1.3E+08 4 .0E+07 6.0E+06 1.4E+OB 9.4E+05 2 .1E+06 
180 6.2E+04 1.8E+08 1.4E+OB 8.5E+06 5.5E+04 1.3E+OB 1.SE+04 1.1E+06 
270 2.9E+07 2.1E+OB 2.1 E+08 4 .0E+07 2.9E+07 1.8E+OB 2.8E+04 3.5E+07 

Bifidobacterium BB-12 1 1.2E+07 1.2E+OB 1.4E+04 6.9E+07 6.3E+03 1.8E+04 7.0E+05 2 .3E+04 
30 1.9E+06 2.6E+09 2.5E+08 2.1 E+07 3.SE+06 6.3E+07 4.0E+04 1.4E+05 
60 1.1E+05 1.SE+08 1.5E+08 2.4E+07 9.SE+D7 1.3E +08 3.8E+04 1.0E+OS 
90 3.0E+04 1.8E+08 1.8E+OB 1.3E+07 3.7E+05 1.8E+08 3.8E +04 2.2E+03 
120 7.6E+OS 2 .0E+08 1.8E+08 5.0E+07 5.5E+04 1.7E+08 6.3E+03 8 .3E+03 
180 1.9E+04 1.1E+OB 1.2E+08 6.7E+D3 3.1E+07 1.1E+08 4.1E+01 3.3E+D3 
270 S.OE+OS 1.5E+OB 1.SE+OB 2.6E+03 3.3E+05 1.7E+OB 2.8E+04 6.2E+06 
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Table 1 0.11. Plate counts and quantitative PCR enumeration (cfu/gm) of LAB a nd probiotic bacteria in low fat Cheddar 

cheese . 

Organism Strain AGE Plate counts (cfu /g) qPCR (cfu/g) 

Lactococcus 
Total 

l . casei Bifidobaclerium 
L. 

L. casei NSLA8 Probiotic 
LAB acido hilus 

Control 1 2.0E+07 8 .6E+06 7.2E+03 3.2E+02 S.SE+01 7.6E+03 1.6E +08 
30 5.8E+06 5.9E+06 2 .7E+06 3.SE+05 5.1E+05 2.6E+06 1.9E+08 
60 4 .7E+OS 6.7E+06 2.4E+06 2 8E+OS 2.0E+06 3.0E+06 4.6E+07 
90 4 .1 E+06 2.9E+08 3 .2E+08 6.0E+OS 2.5E+03 3.5E+07 2.4E+07 
120 2.4E+05 2.9E+07 2.7E+07 4 .9E+OS 2.1E+07 2.8E+07 3.3E+07 
180 1.9E+OS 5.0E+07 4 .2E+07 4 .5E+07 1.2E+08 S.SE+07 S.OE+07 
270 1.2E+04 6.SE+07 6 .0E+07 2.0E+06 1.9E+04 4 .2E+07 1.8E+08 

L. acidopht lus L-10 1 2.6E+06 2.7E+06 2.7E+03 1.3E+03 8.8E+OS 4.1E+02 1.1E+08 9.0E+06 
30 4.0E+06 8 .SE+06 5.SE+06 1.5E+06 7 .6E+05 4.4E+06 1.7E+08 5.8E+06 
60 6.5E+OS 1.2E+07 2 .6E+06 5.6E+06 4 .1E+05 8.1E+06 1.0E+07 1.4E+06 
90 3.5E+OS 7 .1E+07 S.SE+07 2.6E+06 1.3E+OS 4.8E+07 1.6E +07 5.5E+06 
120 4 .3E+07 3 .9E+07 4 .6E+07 1.3E+07 3.2E+07 3.5E+07 7.0E+07 6.9E+06 
180 8.5E+07 8.6E+07 7.1E+07 3.6E+07 9.6E+07 9.1E+07 7.7E+07 4.2E+06 
270 4 .3E+05 3.2E+07 3 .6E+07 1.6E+07 2.4E+07 4 .0E+07 1.8E+07 2.4E+OS 

L. acidophulus LAS 1 5.9E+06 4 .8E+07 S.SE+06 6 .6E+04 2.6E+07 S.SE+06 3.5E+08 2.1E+07 
30 8.0E+07 1.3E+08 8.2E+07 1.8E+06 2.4E+07 8.7E+07 4 .9E+08 5.9E+06 
60 4 1E+05 8.9E+07 B.OE-+07 2.8E+06 1.9E+07 6.5E+07 4 .3E+08 2.6E+06 
90 3.2E+07 5.6E+07 5 .1E+07 2 3E+06 3.9E+05 5.6E+07 3.3E+07 3.1E+OS 
120 4.0E+06 8 .9E+07 6.2E+07 3.6E+06 1.4E+07 6.4E+07 1.5E+08 2 7E+OS 
180 4.8E+07 9.7E+07 1.1E+08 1 2E+07 1.1E+07 1.2E+08 1.1E+08 1.7E+05 
270 B.OE+06 7.7E+07 7 .0E+07 2.7E+07 3.1E+06 6.0E•07 4 8E+08 1.4E+06 

L. case·i 
431 

1 4.8E+05 1.7E+08 1.6E+08 5.1 E+OS 1.2E+03 1.5E+08 9.1E+07 5.9E+OS 

30 1.1E+08 1.9E+OB 2.1E+08 6.9E+06 1.5E+04 2.2E+OB 2.1E+08 2.1E+06 
60 3.1E+04 2 .2E+08 2.2E+08 3.7E+OS 3 .6E+02 2.3E+08 9.0E+07 2.0E+06 
90 3.9E+07 1.7 E+08 1.9E+08 1.0E+OS 3.1E+02 1.3E+08 3.9E+07 1.2E+06 
120 8.1E+04 2 .2E+08 2 .2E+08 6.0E+04 2.6E+03 1.9E+08 6 OE+07 1.0E+06 
180 1.3E+08 1 9E+08 1.9E+08 4.8E+OS 5.5E+04 2.5E+08 1.1 E+08 4.2E+OG 
270 1.1E+07 1.9E+08 1.4E+OB 9.5E+06 7.9E+05 1.6E+08 6.3E+08 4.2E+07 

L. case:J L-26 1 1.3E+06 2.3E+08 2 .1E+08 1.6E+08 1.9E+06 2.4E+OB 4.7E+08 6.2E+06 
30 1.4E+06 2.6E+08 3.5E+08 1.7E+08 5.2E+06 2.5E+08 2.8E+OB 1.0E+07 
60 3.4E+04 2 .1E+08 2 .3E+08 1.1 E+08 1.5E+08 2.2E+OB 4.4E+08 1.3E+07 
90 9 5E +07 2 .5E+08 2 .9E+08 1.5E+08 1.5E+06 3 OE+08 1.2E+OB 7.3E+06 
120 1.6E+08 2 .6E+08 2.4E+08 1.4E+08 1.1E+OB 2.5E+08 4.0E+07 3.3E+05 
180 3.2E+08 4 .9E+08 4 .9E+08 3.7E+08 4 .6E+08 S.OE+08 9.8E•07 1.1E+Q6 
270 1.8E+08 2 3E+08 2 .0E+OB 9.6E+07 7.5E+06 1.6E+08 7.2E+OB 2.2E+07 

L. para1casoei F-19 1 3.7E+06 4 OE+08 2.3E+08 5.0E+07 2 .2E+OB 2.4E+08 4.2E+07 8.4E+06 
30 3.2E+06 2.5E+08 2.4E+08 5.8E+07 1.1E+08 2.8E+08 2.4E+07 1.1E+07 
60 1.9E+05 3 .5E+08 3 .6E+08 3.3E+07 4 .3E+OS 3.0E+OB 5.0E+08 7.9E+06 
90 1.8E+06 3.7E+08 3 .9E+08 8.9E+04 1.2E+07 3.3E+08 1.0E+07 1.2E+OS 
120 2.6E+04 4 .6E+08 4 .6E+OB 5.6E+OS 6.4E+OS 5.2E+08 2.8E+08 1.7E +Q6 
180 2.7E+08 4 .0E+OB 3.6E+08 8.8E+07 2 .3E+08 3.0E+08 1.SE +08 3.6E+06 
270 1.1E+07 1.0E+08 1.0E+08 8.4E+06 2.6E+OS 7.4E+07 1.4E+09 4.3E+07 

Bifidobract£erium 8if-6 1 1.SE+08 1.9E+08 1.SE+08 2.0E+07 1.3E+04 1.3E+08 6.4E+05 8.4E+06 
30 1.4E+08 1.7E+08 1.7E+08 3.5E+07 3.0E+06 1.7E+08 3.3E+OS 1.1E+06 
60 4.1E+05 1.2E+08 1.1E+08 1.0E+07 5.5E+04 1.2E+08 9.3E+04 6.2E+06 
90 8.5E+07 1.8E+08 1.SE+OB 5.9E+07 7.5E+04 1.8E+08 1.3E+OS 7 SE+06 
120 2.5E+OS 1.5E+08 1.6E+08 2.5E+06 4 .7E+07 l.BE+OB 3.6E+04 7.1E+03 
180 1.2E+08 1.7E+08 1.9E+08 4.7E+07 6 7E+OS 1.8E+08 1.1E+OS 2.0E+05 
270 S.SE-+06 8 .2E+07 9 .0E+07 1.7E+07 1.8E+OS 7.7E+07 4.5E+04 3.1E+03 

Bifidobcacll\erium 88-12 1 1.0E+07 5.1 E+07 3 .7E+OS 9.5E+06 1.2E+03 4.6E+05 2.6E+06 2.7E+06 
30 1.1E+07 5.SE+07 2.9E+OS 2.4E+07 l .OE+OS 2.6E +OS 2.7E+06 3.1E+05 
60 1.6E+06 2.8E+07 4.4E+05 1.4E+07 2.5E+02 1.1E+06 1.2E+05 9 SE•06 
90 1.1E+06 2.1 E+07 1.2E+06 1.7E+07 1.5E+03 1.1E+06 8.8E•03 1.6E+06 
120 9.4E+OS 3 .0E+07 3 .0E+OS 7.0E+06 4 .3E+03 4 .1E+OS 2.8E+04 2.7E+03 
180 2.2E+06 1 3E+07 2 .3E+06 4 .0E+06 2.5E+04 1.8E+06 5.8E+04 7.9E+04 
270 1.0E+04 2.4E+07 1.6E+07 S.OE+06 1.6E+OS 2.4E+07 3.8E+04 1.2E+03 
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Mean Attribute Scores for Reduced Fat 
Pro biotic Cheddar at 6 months 

Figure 1 0.1 . Mean flavor attribute scores from descriptive taste panel analysis 
of reduced-fat Cheddar cheese at 6 months of age for all probiotic strains. 
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Figure 10 .2. Mean flavor attribute scores from descriptive taste panel analysis 
of reduced-fat Cheddar cheese at 9 months of age for all probiotic strains 
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Figure 10 .3. Mean flavor attribute scores from descriptive taste panel analysis 
of low-fat Cheddar cheese at 6 months of age for all probiotic strains. 

Mean Attribute Scores for Full Fat 
Pro biotic Cheddar at 6 months 
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Figure 10.4. Mean flavor attribute scores from descriptive taste panel analysis 
of full-fat Cheddar cheese at 6 months of age for all prob1otic strains. 
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DTIL Project 11: 
Eval1luate consumer acceptance of milk pasteurized by HTST, UHT 

and electical resistive heating techniques 

Donald J. McMahon* and Carl Brothersen 

*Principal!nl'es figator: UTah State Unil·ersity. Western Dairy Celller. Logan. UT ~-1322 -8700 

email: donaldmcllwhon0lttsu.edu 

Funded by: Dairy Management Inc. , S~ptcmbe r 2007- December 2009 

BACKGROUND 

Previoious wo rk at the WDC invest igated ch;c trical 
resistive I heating a mcthoJ or pasteuri zing m ilk . This 
method uti1tilit.cs clc.:c trica l res istance to generate heat. which 

red uces ththc time to bring th t! prod uc t to pasteuri za ti on 
tempcratulnrt.! , and time to cool the product. T hi s project 
evaluat.:d J the consumer accepta nce of milk proo:sst..:d 
by electria·ical n:sistivc heating along with commercially 
ava ilab le I· IITST and li iiT processed milk. 

MATERIALS AND METHODS 

Three e types o f fluid mi lk treatment s, high tcmp~.: raturc 

sh011 time\!.! (I ITST) pasteuri za tio n. ultra high tempcraturt.! 
(UHT) pa >as tc uri7at io n , and electr ica l res is tive (ohmic) 

heating . \\wit h both 0 and 2o/c fat ,were evaluatt:d by a 

consumer 1r ta ste panel on a nine point hedonic scak 
Commmerc ia ll y avai lab le skim and 2l7f- fat mi lk was 

purchased d fo r the IITST tn::fltment. Commerc ia lly ava ilable 
skim and J 2% fat UIIT milk (Gassner f'oods, Logan. lJT) 
was purdchased for the UJ-IT lreatmenl. Commercia lly 

avai lable s· skim and 2% fn t milk was purchased and process 
by ohmic l.: heating at 145°(' for 4 seconds. 

A comnsumcr task pand consisting of II:" randomly 

recruited p pant:lists was conduc ted at the Sensory Evaluation 

Labora tor)'ry (Lilah State Uni versity. Logan UT) on a nine 

point hedo lonic scale : I ) Dis like ex tremely, 2) Dis like very 
much , 3) C Dislike modera tely, 4) Di slike s li gh tl y. 5) Neither 

like nor d1dis like, 6) Like s lightly, 7) Like modera te ly. 8) 
Like very 11 much , 9) Like ex treme ly. 

RESULTS AND DISCUSSION 

T here was no significant diflcrence in !!king score 

bc t w~.::e n the HTST and the olun ic trea ted milks (Table 
11 .1 ) . The skim milk w ith these two treatme nt s was like 

significantly less than the 2% milk. The re was no s igni ficant 
d iffen.:nce in liking between the l/ 1-IT skim and 2'7r milk . 
The liking scores for UIIT mi lk were s ignifiL"a!uly lower 
than the m il k receiving the o ther heat trea tments. 

A la rg~;: proportion o f the panelists were not consumers 
o f milk o f various fat conte nt (Table II . I). 

CONCLUSIONS 

Thcrt: was no signif icant difh::rcm:e in consumer 

acceptance o f milk pasteuriLed by llTST and electr ica l 
resti ve hea ting techniques . A commercially avai lable Ul IT 

processed milk was signillcantly less acceptable. 

Western Dairy Center page 161 Annual Report 2009 



A Dairy Technology and Innovation Laboratory at the Western Dairy Center I D. J. McMahon 

Sk tm mil k. Sk tm milk. Sk tm m 1l k 2"'• M ilk. 2% :Yiilk. 2% Mi lk 
IITST ohmic U I IT IITST oh mic I..: IIT 

h eating heating 

Figure 11.1. Average liking scores of consumer taste panel on a nine point 
hedonic scale: 1) Dislike extremely, 2) Dislike very much, 3) Disl ike moderately, 
4) Dislike slightly, 5) Neither like nor dislike , 6) Like slightly, 7) Like moderately, 
8) Like very much , 9) Like extremely. Letter superscripts indicate significant 
difference at p = 0.0001 . 

Table 11 .1. Milk consumption frequency of consumer taste 
panelists. 

Whole Milk 

Frequency Percent 
Never 64 55.7 
At least once a month 17 14.8 
At least once a week 9 7.8 
At least once a day 25 21.7 

Skim Milk 

Frequency Percent 
Never 53 46.1 
At least once a month 20 17.4 
At least once a week 16 13.9 
At least once a day 26 22 .6 

2% Milk 

Frequency Percent 
Never 35 30.4 
At least once a month 31 27.0 
At least once a week 28 24.3 
At least once a day 21 18.3 

1%Milk 

Frequency Percent 
Never 43 37.4 
At least once a month 34 29.6 
At least once a week 14 12.2 
At least once a day 24 20.9 
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Enriching low-fat cheese with four different dietary fibers 

Donald J . McMahon* 

*Principal /nl'estigator: Utah State Unil ·ersity, West em Dairy Center. L.ogan , UT84322 -8700 
email: donald.mrllwhon@l wnr.edu 

Funded by: Dai ry Management Inc ., September 2007 - Decem~r 2009 

MATERIALS AND METHODS 

LO\\W- fat Cheddar ch..::esc at 15 days o f age was 
comm iu nu ted to 1.) 111111 partic iL• size and divickd in to no ne 
porti on~ ts. Inulin . pecti n , po lydex trose, and res ist3nt ~ tan.:h 

were caach added to a po rtio n of the cheese at the rate of )0 
g/kg chheese. Th~.: fi bers were each added to a portio n o f thl! 
cheese : alo ng with )0 g water/kg cheese . The comminuted 
porti on ~ l s were then repr~..: ssed individually in ch~..:cse molds, 
vacu umn packa g~..: cl and stored a l 4°(' until analy.red. Tex ture 
profile . <malys is was ext.:c utcd at 90 and 210 d of storage . 
Descrippti ve fl avor analys is was performed at 210 d . 
wru ch i in volvt.:d flavor profiling o f a ll cheese samples and 
comparrin g them wi th full fat Cheddar cheese. Chewiness 
attrihuhtcs o f the c heese sa mples wen~ eva luated using a 
chewdomvn method by sensory foc us group in which the 
numberr o f bites were counted befo re swallowing . 

RESULTS AND DISCUSSION 

f.ibocrC'ontcnt in fini shed low fat cheeses arc summari zed 
in Tah ld ~: 12 .1. No wh~.:y expulsion from repressed cheese 
ensurcdd 100% t-Iber n.:tt.:ntion except for polydextrosc with 
water ''which had 0 .) % of whey ex pulsion. 

'fexx tu ral pro~rties of enriched low fat cheese eva luated 
at 90 annd 21 (J days of storage arc summari zed in Fig ures 
12 .1- 122 3. 11ordncss for inulin (46 ± 2 N) and peel in (55 ± 
3 N) cl1hecses were significantly lower than non-repressed 
control ! che..::ses (80 ± 2 N) and chew iness was a lso 
signific.:-antly reduced fro m 44 to 12 N. When added with 
water. cc hcesc rni xed with inulin or pectin resulted in bcttt.::r 
kni ttingg and uniform mi xi ng o f cheese pa11iculatcs \Vh ich 
was connf·inncd by increased cohes iveness from 48 tn 6)~ 
for inuldin w ith water and SO o/r for pectin wi th watt.:r. 

Hanrdness and cohes iveness were also eva luated at 7 
months' ( --- 210 J ) and summari Lc:d in Figures 12 .4 and 12 5. 
To de t e~rm i nc the overall impact o f f"ihcrs o n cheesl! fl avors, 

descripti ve llavor analys is was conduc t ~.:d by a trained 
panel compri sing of 9 panelists . Therl! wm. no impact on 
chl!ese llavor" ohservcd when enriched w ith d ietary fibers 
as shown in l~1ble 12.2. 

CONCLUSIONS 

In conclusio n. low fat Cheddar cheese enri ched w ith 
) o/t- fiber had improved textural properties and com minuted 
chcest.:s had higher coh~.:s ivcncss than th t.: non-comminuted 
<..:o ntro l, which was due to the rearra ngcmt.: nts of cheese 
particul ates making it more ma lleah lt.:. Better perfo rmance 
of cht.:cst.: was o bserved when fihcr added with equal amo unt 
o f water than fiber alone. Moreove r. adding lihe r~ did not 
impact cheese llavor. Out of 4 types of d ietary fll 'lt.! rs tes ted 
in this study. inulin and pectin had promising result s while 
po lydc:xtrosc and resistant starch had poor appeal . 
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Table 12.1 . Composition of low-fat control cheese and cheese with 5% dietary fibers added with 
or without 5% additional water. 

Sample Moisture Ash Fat Protein Salt 

Unground control 50.9 4.5 5.5 38.4 1.7 
Ground control 51 .8 4.3 5.5 38.3 1.7 
Inulin 48.8 4.9 4.5 37.3 1.6 
Inulin + water 51.6 4.1 5.0 35.5 1.8 
Pectin 48.9 4.6 5.5 35.4 1.8 
Pectin + water 51.2 4.7 5.5 34.4 1.8 
Polydex 49.0 3.8 5.5 38.0 1.8 
Polydex + water 51 .8 4.3 5.5 34.7 1.7 
RS 50.3 3.8 5.5 36.7 1.7 
RS + water 52.2 7.2 5.5 31 .3 1.8 
Carbs lotal carbohydrate calcula ted by dlrierence. 
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Figure 12.1 . Hardness of control and fiber ennched cheeses at 3 months (90 
d) of storage. 
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Figure 12 .2. Cohesiveness of control and fiber enriched cheeses at 3 months 
(90 d) of storage 
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Chewiness (Sensory vs. TPA) at 7 months 
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Figure 12.3 Comparison of chewiness property of control and fiber enriched cheeses us1ng TPA 
and sensory focus group. 
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Figure 12.4_ Hardness of control and fiber enriched cheeses at 7 months (210 
d) of storage 
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Fi gure 12.5. Chewiness of control and fiber enriched cheeses at 7 months (210 d) 
of storage 
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Table 12.2. Descriptive analysis of fiber enriched cheeses flavor comparing with commercial medium aged full fat 

cheese. 

Cheese Cheese 
Cheese 

Cheese with 
Commercial Unground Ground 

Cheese with Cheese with 
Cheese with 

Cheese with 
with resistant 

Attribute with Inulin with Pectin Polydextrose P-Value 
Medium Control Control 

Inulin +5% Pectin +5% 
Potydextrose 

+ 5% Water 
resistant starch 

Water Water 
starch +5% 

water 

Bitter 0.8 1.1 O.S 0.7 1.0 0.4 0.8 0.7 0 .7 0.7 0.3 NS 

Brothy 0.9 0.7 1.2 0 .8 1.1 1.1 1.0 1.2 1.2 1.1 1.3 NS 

Buttery 2.0' 0.3b 0_5b 0.6b Q.4b 0.6b Q_6b Q.?b O.Bb Q.4b 0.6° 0.0043 

Lactone/ 
Fatty 1.9' Q.4b 0.2b O.Sb Q.4b Q.4b 0.6° Q.4b 0.4b 0 .4b Q.4b 0.0138 
Acid 

NuHy 0.6 0.3 0.4 0 .8 0.4 0.7 0.8 0.6 0.3 0 .2 03 NS 
Oxidized 0.0 0.0 0.0 0.2 0 .2 0 .0 0.2 0.2 0.0 0.0 0 .2 NS 

Salty 4.0 3.5 4.3 4 .3 3.4 4 .1 4.1 3.6 3.8 3.9 3.1 NS 

Sour 4.S 3.4 4.0 4 .3 3.9 4.7 3.4 3.4 3.7 4.0 3.1 NS 

Sweet 0.1 0 .1 0.1 0 .3 0 .2 0.2 0.3 0 .3 0.0 0 .1 02 NS 
Umani 1.6 1.2 1.2 1.S 1.7 1.7 1.4 1.6 0.9 1.3 1.1 NS 

Whey 0.4 0.2 0.3 0.3 0.2 0.4 0.3 0.2 0 .2 0.1 0 .3 NS 
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Manufacture reduced sodium cheddar cheeses for USDA 

Carl Brothersen* and David Irish 

*Principal /m ·esligafOr: U!ah Slale Unil·ersily. Wesran Dairy Celller. l...ogan , UT 84322-8700 
email: rarl.brothersen@usu.edu 

Fund..::d by: Dairy Managt!m~,; nt Inc ., February 2010 - December 2010 

BACKGROUND 

DM11 has arranged a study to he conduch:d at USDA 

Eas tem 1 Rl'g ional Research Center. Pennsylvania. PI\ to 
study suu rviva l at two storage te mperatures (6 and l2°C) for 
} target! pathogens (L. monocytogeneJ. E. coli. and .)'. au­
reus). TI'ht.: chec...:scs for th is study arc to be manufactun:d by 
the Dainty Technology Innova tion J.a hura tory at the Wes t­
ern Daiury Center. 

RESEARCH PLAN 

Objecttive 1. 

Mmmufactu re (in 2 re plicates) c heddar cheeses with 

salt rcddm:tions of ortr . 2:S'Yc. 45o/t-. and 60% . based on a 
rcfcre ncct! salt lcvd of 1.87r (w/w) . and th~ chcc s~s hav ing 
simil ar r moisture and fa t contents. and s imilar pi I. 

Objecttive 2. 

S cnnd IS kg of each cheese to USDA ERRS on the 

second I day aft er day of manufactUJ\! of th~ cheese (c heese 
to arri vve at USDA ERRS o il a Thursday) , a11d store the 
rema ini1ing IS-kg at 6°C for ~ mo nths and then sh ip to 

USD'/1 1 ERRS. 

MATERIALS AND METHODS 

Objecttive 1. 

Fonr Re p I . o n a Monday, cheeses w ith target sa lt 
conte: ll t>ts of 1.80% ± 0 .05% a11d 1.15% ± 0 .05 ')! will be 
made , < and the next day (Tut:sday) cheeses with t arg~t sa lt 
conte: ll l! ts of 1 .OOo/r ± 0 .05% a11d 0 .70')! ± 0.05 ')! wil l he 
made. 

11. Cheddar c he~sc will be made according to 

procedures deve loped by th ~.:: DTIL for maki ng 

cheeses wi th di ffe rent salt levels. 

2. Pasteuri7ed milk (700 kg) will be ripc11ed wi th 
s tarter culture (no adj unct) and coagulated in 

an enclosed vat. and then the c urd and whey 
pum J:>t!d into 2 small vats so tha t the curd is 

evenly shared betwee n va ts (some whey will 
need to bt! drained from eac h va t so the c urd/ 
whey volume in each vat is - 250 L) . 

~. The c urd and whey wi ll hi! cooked tn tht! 

appropri ate t c mj:>~:rature (lower s~ lt contt.!nts 
re<]Ui red highe r cooking temperatures). stin cd 
for tht! appropri ate time and th l!n the whey 
dra ined . 

4. Th!.! drainl!d curd wi ll he stirred for the 

appropri ate time (lower sa lt content s requ ire 
lo nger stir times) and the r hcesc packed and 
allowed to (:hcddar. 

S. Thl!n the cheese wi ll he milled . nnd div ided 
in to three (3) - 12-kg portio ns , pl aced in 
pl as ti c tubs and salted w ith the appropri<l tc 

amou nt o f salt . 
6. The sa il ed curd will be placed into SS hoops 

and pressed overnight. 

~or Re p 2, the orde r of chcese making will be reversed. 

Pro]X)Sed dates of manufacture are: 

Rep I Jan 2." and 26th with an·iva l a t ER R(' 

by Jan 28 , 2010 . 
R!.!p 2: Fch 8 and 9th with atTi val at ERRC by 

Feb ll , 2010. 

Objective 2. 

I . Afte r approx imately 16 ho urs o f pressing , the 
cheese block w ill he removed from the press. 

dc-hoop!.!d . and the block c ut along its short 
si(k ( II inch) so as to obta in 2 s la bs of equal 
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width) . Then from each slab from eac h block 
remove I em from one outside edge and then 
cut a 2-cm piece for chemica l ana lysis. Thi s 
sample will be packaged and scaled to prevent 
moi sture loss. 

2. Immediately perform salt analysis by chloride 
analysis. pl-l by glass e lec trode and moisture 
by microwave. 

3. Vacuum package the remaining cheese slahs 
individually, labe l , and store at 6°C. 

4. Hold the cheese made on Monday until the 
Tuesday cheese has been cut and packaged. 

5. Send three (3) slabs ii·om each of the four 
salt treatments by Overnight Priority delivery 
to arrive at USDA ERRS the following 
(Thursday) morning, add coolant packs to 
keep the cheese cold. Keep the remaining 
cheese in storage at 6°C 

6. Perform proximate analysis on the cheese ftfor 
salt , p!-1 , fat . and mo isture (by vac uum ove·e n) 
on day 7 after manufacture . 

7 . Prepare and ship samples for mineral ana lysrsis 
(Na). 

8. i\fter 12 weeks of storage at 6°C', ship tithe 
other three (3) slabs of each cheese to liSCO A 
ERRS as above. 

RESULTS AND DISCUSSION 

The first cheese manufacturing trial has been comnplcted 
and the cheese has been shipped to USDA for analy" is. The 
compositi on of the cheeses is shown in Table 1.1 .1. 

NEXT STEPS 

Additi onal cheese will be made as scheduled by l lJSDA. 

Table 1.1.1. Composition of the first replicate of cheese sent to USDA. 

Block/Target Salt Moisture Fat Salt pH 

Block 1 - 1.8% 37.34 31 1.64 5.07 

Block 2 - 1.8% 37.56 31 1.6 5.09 

Block 3 - 1.8% 37.86 31 1.44 5.03 

Block 4- 1.35% 38.01 31 1.27 5.01 

Block 5- 1.35% 38.36 31 1.25 4.99 

Block 6 - 1.35% 38.31 30.5 1.2 4.97 

Block 7 - 1.0% 39.20 30 1.09 5.19 

Block 8 - 1.0% 39.64 30 1.12 5.19 

Block 9 - 1.0% 38.70 30 1.09 5.20 

Block 10-0.7% 39.78 30 0.84 5.11 

Block 11 -0.7% 40 09 30 0.87 5.11 

Block 12-0.7% 39.91 30 0.84 5.11 
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FPreliminary investigation of block forming from 50:50 blend of 
comminuted aged and young cheese 

Donald J. McMahon* and David Irish 

*Prinripal/m·estiga!Or: Uwh State Uni\ •ersity. WlJSfern /Jniry Center. Logan. UT84322 -8700 
email: donaldmnnalwn @usu.edu 

Funded hy: Dairy Manage ment Inc .. January 2010- Decemhcr 20 10 

BACKGROUND 

l r hoen: is a need to qunntify the sensory e ffect of salt 
level in n c hl!csc w ithout hav ing confounding dfccts o f low 

salt em 1 aging . 1\ potential way to do this is to bl!:nd aged 
chee~sc: (with normal salt content) with young che!.! se (w ith 
varyiingg salt contl.!nt ), press into a block and store- fOr the 
mininnuum time for thl! chel!sc to knit togcthl!r and thl! n 

conchuctt sensory analys is. 
BJd·forL' this can bL~ done , it needs to be determined if 

comnninnuted aged cheese (6 mo to 2 year o ld good aged 
chedcdaur) ca n he mixc.:d with comminuted young cheese (2 
weck.::s • o ld) th <tt has no salt added or the normal salt level , 
then pr·ressed into a block. vacuum packaged. stored cold 
(38 IF) to restri ct furth...:r aging . and whet her a block of 
chee~sc · with rcasonabh: cheese texture can be obtained . that 

can l:l1c ! used for sensory evalua tion . 

RESEARCH PLAN 

Objrec:tive 1. 

Makce ttwo b lock s o f cheddar cheese with ( I ) no added salt , 

and ((2) ) normal salt. 

ObjEec:tive 2. 

l\IV1 mke reformed cheeses from comminuted young 

chee"se ( 14 day o ld) containing (I) no added salt and (2) 

nommall sa lt . with comminuted aged cheddar cheese (6 mo. 
I yr; antd 2 yr o ld). 

MATERIALS AND METHODS 

ObjEec:tive 1. 

1\M:anuf;-~cturc Old Juniper Chl!ddar Chccst.:, and after 

milling but before salting , hoop and press o ne 22 -lb h lock 
of d1ccsc . Press for ~ hours only. The rcmainckr of the 
cheese is salted at the normal kvcl (curd to salt) and 
pressed . Remove one block afte r 3 hou rs. 

Vacuum packaged and store at ~8 F. 
Repeat the process with Whitl: Pint.! Cheddar c ht.::csc . 

Objective 2. 

When th t.: cheese is I:" days o ld . remove from s torage. 
Al so obtain a blocks of aged cheese that an.:: 6 mo and I yr 
old . 

('omminutc: 
I 6 1b o f cheeses both young cheeses. 
12 lb o f 1-yr old cheese. and 

4 lb of hoth 6-mo and 2-yr o ld cheese. 
Immediately s tore in seakd bags to pr~vcnt 

moisture loss. 

Cu t and package a 4-lh block of each of the aged 

cheeses. and store at 38 F as con trols. 

Retain samples of the checst.:s for proximate tma lys is. 
Rl!turn the remainckr of the aged chl!eses to 42 F 

storage . 
Co llect samples of the young cheeses (non­

comminuted) for proximatt.: analysis. 
Re-pack..:1gc the remainder o f the young cheeses, and 

store at 38 F as controls. 

Ble nding C heeses: 
I . Young (no added salt) 

2 . Young (normal sa lt ) 

/\ . Aged 6 mo nth 

13. Aged I yr 
(' Aged 2 yr. 
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Mix in 2 lh combinations as foll ows: 

l -13 
2-13 

Fill into square SS hoops and press for ~ hours. 

Mix in 2 lb combinations as fo llows: 

l -A 
2-A 
l -B 
2-B 
l -C 
2-C 
f. ill into round plastic hoops and press for 

ho urs. 

Fi ll 4 lb o f cheese into round plastic hoops the 
following: 

I 
2 
A 
13 
c 
Press for ~ hours. 

Mix in 2 lb combinations as follow s 
1-B 

2-B 

Heat the cheese mixture to 120 F (enough to 

soflen but not completely me lt ) then J·ill into 

square SS hoo ps and press for ~ hours. 

Vacuum package all cheeses, Ia he\ usi ng the fo ll owing 

codes (SS, PL or SS!l , l or 2 , A, 13 , o r C) and store a t 38 F 
After 2 wk, using the minimal mat eriaL de te nnine 

cohesiveness by v isual examinati on . TPJ\. hand 

compression. and chewing. 

If sa tis factory cohesion then send samples to DMI . 
Th is wi ll enable a new work plan to he initiated that inc ludes 

multiple salt levels and sensory analys is. 

Repeat at 4 wk and 6 wk of age if necessary. 

RESULTS AND DISCUSSION 

Two blocks of cheese were manufactured, one 

containing sal t, one w ithout (Table 1.2. 1). At 2 weeks of 

age these cheeses were comminuted along with cheese of 
6, 12, and 18 mon ths of age, and mixed as indicated in 
Table 1.2 .2. The cheeses were pre~sed and stored fo r one 
month at ~8°F, then sent to DMI for eva luati on . 

NEXT STEPS 

C heese will be sent for annlysis as scheduled . 

Table 1.2.1. Composition of cheese made with and without salt. 

No Salt Block 1 

Salt Block 2 

39 .1 9 

34.85 

Moisture Fat 

30 

31 

0.08 

1.71 

Table 1.2.2. Mixing ratio (pounds) of recombined and pressed cheeses. 

No salt 2 Salted 2 Salted, 6 
Name Hoop type week old week old mo. old 

Block 1 Block 2 Block A 

1-B SS Stainless Steel 2 

2-B SS Stainless Steel 2 

1-AP Plastic 2 

2-AP Plastic 2 2 

1-B P Plastic 2 

2-B P Plastic 2 

1-C P Plastic 2 

2-C P Plastic 2 

1 p Plastic 4 

2P Plastic 4 

AP Plastic 4 

BP Plastic 

CP Plastic 

Salt 

Salted, 12 
mo. old 
Block B 

2 

2 

2 

2 

4 
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5.04 

5.14 

Salted 18 
mo. old 
Block C 

2 

2 

4 

pH 

Total WI. 
(I b) 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 



Influence of 30% reduction of salt on Cheddar cheese flavor 
acceptability 

[)onald J. McMahon *, Carl Brothersen, Balasubramanian Ganesan, and David Iri sh 

*Prinripal /m·esrigator: U!ah .\'wte Unfl·ersily. Western Dairy Cenler. Logan. UT 84322-8700 
email: dona!dJnoua!Jon @lustt.edu 

fu nded by: Dairy Manag~ml!nt Inc ., May 2009 - August 2010 

BACKGROUND 

An in~c rcas ing importance is being pl aced on sodium 
redw.:tiOln im foods by the US nutrition and health community. 
Most chJcc·sc s howe relat ively high sodium conte nt s lx!causc 
salt is an1 i mpori<Hll component of chees~..": and is used for is 

ability Hn lhc lp prevent undcsirabk bacterial growth during 
sto rage 11)f c heese and its contribution to desirable navor and 

·pcrformtaJllcc allribu tcs. Thi s project wi ll eva luate whdhcr 
a ~0% reed uct ion in sa lt conte nt of C heddar c hecsl!~ can he 
made w tithluut a Uetrimenta l clfc~ t on the.ir fla vor. 

RESEARCH PLAN 

Objectlive 1. 

Dctu.:rm inc the impac t of salt h.:vc l on the pi I and moi s­
ture of<< 'h cddar c heese. 

Objectlive 2. 

Dchcrm ine if a .30% salt reduction in Cheddar chcl!sc 

can be rmadc wit hout adverse ly . 

MATERIALS AND METHODS 

Objecttive 1. 

Che::dd<~rchccsc s tilTed c urd w ill be m<ldc from 1)00 lb 

milk in a horizontal vat using the standard WDC Cheddar 
make pnoced urcs and a Lar tocO('CIIS /artis s t ar t ~r culturl:.' 
that prcuduccs a cheese with :n ?t mo isture , 52% FDB , 

1.8% sa~ li and pH 5 .1. The curd w ill be div ided into four 
26.5-lb portion~, transfe iTcd . a nd sa lt added to ind ividua l 

portion~ to cover a range from 2 to .O."i % salt . 
The' curd will he pac ked in to 20- lb Wil son hoops. 

pressed overn ight at 15 ps i. va<.:u um packaged . a nd stored 
at 42 °F. 1\. ft t.! r 5 d . the cheese w ill bc s<tmpled for prnxim<tt e 

ana lysis (mo isture , fa t. sa lt and pi I) and the bhx:k be c ut in 

to 10 pieces or approximatt:ly 2 lh each . vacuum packaged 
and sto red at 42 oF. 

Tht: data from this object ive w ill be used adjus t chce~e 
maki ng par<llllctcrs in Objec tive 2. 

Objective 2. 

Bast:d on the prox imate analys is data from Object ivt: 
chl:est:s. the nect:ssary c ha nges to the standard cheddar 

c hct:-"l! m<lh: procedure w ill be dctcnn incd so that a ll 
cheeses have a mois ture c ont en t o f ~G.S o/r to J7.."ifh 
moistu re. pll 5.05 to pH 5.25. nnd FDB 51 o/c to 5 .1o/c. 

Indiv idua l vats of c ho.:ese fo r eac h sa lt kvc l will ht' 
made . J." ive va ts of c heddar c heese pe r rep licate wi ll be 
m <1de fro m ."i."iO lb mi lk each (ovL:r one week) using the 

make proced ures de te rmin t:d nhove to yield two bl ock of 

chccst: weighing a pprox imate ly 22 pounds each . The c urd 

wi ll he weighed and salt addt.:d that corresponds to a salt 
reduct ion o f Oo/r, 25o/c·, 33 %, :'iO. and 6 1 o/r as shown below. 

o/c sa lt in <.: urd (k reduction % sil lt in moistu re 

180 0 4.86 

1.:15 25 .1.65 

1.2 .1.1 .1.24 

0 .9 so 2.4.1 

0.7 6 1 1.89 

The curd will be packed in to two 20-lb Wil son hoops. 

pressed overnight at 15 ps i, vac uum packaged . and s to red 
at 42 °F. After 5 d , the cheese w ill he smnp lect (eac h block) 

for proximate analys is (moist ure , fat , salt and pll ) and 
sodium analysis by ICP spectrosco py. and one block will 

be c ut in to 10 pieces of approxi matel y 2 lb each , vacuum 
pac kaged a nd s tored at 42 or, the ot her block will also be 

sto red . 

A ft er 3 and 6 months o f sto rage the c heese wi ll be 
tes ted for the following parameters : 
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pl-1 . 
2. Descriptive tJs te pa nel to quan tify the 

IOII ow ing l"l avor descripto rs in the cheese: 
sour, ox idi zed , b iller, salty, sweet, lac tone/ 
fall y ac id .cooked . umami . nully whey. buttery. 
fruit y, rosy/ fl oral, sulfur , and hrothy. 

3. !\ preference pane l on chees.: at room 
temperature , with recruit ing li mited to 
frequent consumers o r cheese (people who 
consume cheese on at least S occas io ns per 
week) for f"l avor liking , tex ture liking, and 
overall liking. 

4. A preference panel using the same panelists 
will eva luate the cheese when used to 
pn..: pare cheese qucsad illa s tha t an: served to 
consumers wann. 

S. Tex ture pro fi le analysis using 25% 
com press ion. 

Experimental Plan Summary. 

3 
20 
30 

Replicates 
Vats of cheese (5 preliminary, IS study cheeses) 
20-lb Blocks o f cheese 
Descriptive taste pane ls 
Prefe rence pa nds - cheese as table ch~..:e sc 

Prefen~ nce panels - che~..:se in cheese quesad ill <ls 
Text ure profi le ana lysis with 257r compress ion 

RESULTS AND DISCUSSION 

hfteen cheeses were made . th ree replica tes for each of 
the requisite sa lt levels (Tab le 2. 1.1 ). Consumer acceptance 
of the cheeses decreased with decreasing sa lt content 
(Figure 2. \. I ) 

Table 2.1 .1. Composition of reduced salt cheeses. 

Salt Target Rep pH 

0.75 Rep 1 4.99 
0.75 Rep 2 4.99 
0.75 Rep 3 5.00 
1.00 Rep 1 5.00 
1.00 Rep 2 5.29 
1.00 Rep 3 5.00 
1.25 Rep 1 5.10 
1.25 Rep 2 5.02 
1.25 Rep 3 509 
1.50 Rep 1 5.04 
1.50 Rep 2 5.01 
1.50 Rep 3 5.04 
1.80 Rep 1 5.28 
1.80 Rep 2 5.16 
1.80 Rep 3 5.33 

Liking Score 

0.75 1.25 1.5 

Sa\t l..cl'i!l (p!!n:ent) 

Figure 2.1.1. Average consumer liking scores of reduced salt cheeses 

CONCLUSIONS 

During. cheese making the ra ti o between addtcd salt 
and retained salt va ries as the salt conce nt ra tion d :wngcs . 
Sa lt additio ns in the "norma l" ran ge ( 1 .5-2.0~) nnust be 
increase to ensure that the proper amo unt of sa lt is ne ta ined 
in the curd . At these levels the percent salt loss is b•etwcen 
8- 12o/c. At lower k ve \s o f salt in the cheese (0.9- 1.2!k) 
there is less salt loss as less moisture is expe lled rr·om the 
curd . ;\ t 0 .7o/c sa lt leve l there is no loss o f salt cl ut.: to the 
loss of mo isture from the curd . 

The level o f salt added to the curd . a lso inlluentccs the 
linal pi I o f the cheese. Low salt cheeses nearl y al ways 
have a lowe r pi I th an high sa lt cheese~. 1\s coth.:en lt rat io ns 
o f sJ lt increases in the curd . more syneresis take ~.; place. 
and thi s ex pul sion of whey from the c urd removes !lactose , 
resullin g. in a decreased growth of the starter org;a nisms. 
/\s the grow th slows the pll drop is less sigmiflcant. 
Consequentl y. the ti na! pl-1 of low salt cheese is low'er than 
the fl n<tl pi I of a cheese wit h hi ghe r sa lt. 

NEXT STEPS 

Cheese wi ll be analyzed as schedulecl. 

%Fat %Moisture %Salt 

34 .50 36.55 073 
35.00 37.00 0.72 
35.00 36.44 0.77 
34.50 36.47 1.64 
31 .50 37.26 0.92 
34.00 36.24 1.04 
30.00 37.46 1.28 
30.00 38.43 1.28 
30.00 37.43 1.28 
30.00 38 02 1.32 
34.50 36.68 178 
30.00 37.52 1.47 
33.00 34.60 1.90 
32.50 35.59 1.84 
31.50 35.44 1.98 
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Influence of 33% reduction of salt on Mozzarella cheese 
acceptability 

Donald J . McMahon *, Carl Brothersen, Balasubramanian Ganesan, and Dav id Irish 

*Principal l!west(~ator: Utah S/(1/e Unil ·ersily. Western Dairy Cenler. Logan. UT84322 -8700 
email: donald.mnnahon lfil usu.ed11 

Funded hy: Dairy Managem~n t Inc .. September 2009 - September 2010 

BACKGROUND 

An incr\!asing importance is be ing pl acl.!d o n sodium 
reductio n in foods hy the US nutr ition and heahh commun ity. 
Most d1<ccscs have re lati vely high sod ium conte nt s i"lt!C<I use 

salt is an import ant component of cheese and is used for i .~o. 

ability to he lp prevent undcs irahk backrial growth during 
storage o f chcc:sc and it s contribution to des irable navor 

f} fld pe rformance attri hutl!s. This project will eva luate the 
c fft.::ct o f reduction in salt content nf MoLzard la cheese o n 
its fi <~vo r :.mrl func tiona lity. 

RESEARCH PLAN 

Objecti ve 1. 

Manufactur\! Mo7za rclla cheese with sa lt kvd s of 
1.8'l<, I . .Vi 'l<, l .2 o/c. 0 .9o/c and 0.7%. 

Object ive 2. 

Dete rmine the effect o f salt reduct ion in Mot.zard la 

cheese o n it s fl avor and fun ctionality. 

Object ive 3. 

Prepare r~port and wri te manuscript. 

MATERIALS AND METHODS 

Objective 1. 

Mozzarel la cheese (with fat contcnt o f20 % to 22o/r ) will 

be made from I)()() lh mi lk using a hori zonta l va t using til t.! 

standard WDC LMPS mozzare lla cheese make procedure . 
on 2 scparate occas io ns . T he c urd wi ll he d ivided in to 2.'i ~ 

lb portio ns and then proct.:ssed in the cookcr-s trelchcd a~ 
follows: 

%Salt 
% Salt in 

Target Salt Dry Salting in Cook 
Cool Water 

Water 

1.80% 1.80% 4% 3.8% 

1.35% 1.20% 4% 2.8% 

1.20% 0.90% 4% 2.5% 

0.90% 0.25% 4% 1.9% 

0.70% 0.00% 4% 1.4% 

Tht.: checst.: will colkctt.:d in approx. 6 lb portions as 
it ex its the cooke r/stretc he r and then cooled in co ld br ine. 
then vacuu m packaged , and s to red at 38°F Afh.:: r 5 d , thc 

cheese will be sampled for proximate ana lysis (moisture. 
fat , sa lt and pll , and sod ium content by ICP ana lys is. and 

returned to storage . 
If the salt and compositi on levels arc with in ta rget 

spec ificatio ns then the cheese will be used for O bjective 
2. If not the checs~.: make proc~durc wi ll b~ modi lied and a 

new batc h of checs~ mad ~.: . Three replica tes o f checs~ wil l 
be mnde for usc in Objec ti vt: 2 . 

Objective 2. 

The mozzarell a chcest: from Objecti ve I w ill be tes ted 

for fun c tion ality as fo llows: 

Me lt ability using. the UW mt: ltme te r on d 14. 

28 and .'i6. [Changed to 21.42. 63 I 
Stretc hability using th t: USU stretch tes t on d 

14 . 28 and .'i6 . 

The mozzare lla cheese wi ll be shredded and tes ted for 
fl avor as fo llows: 

Descri pti ve taste panel o f cheese at 2 wk to 
quantify the foll owing fl avor desc r iptors in 

the \.: hccsc : sour, oxidi Led. hitter. salty. !-o We~ I. 

bctond fatt y ac id , cooked , umami . nutty whey. 
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buttery. fruity. rosytnoral. sul fur. and brothy. 

The mozzart.!l la cheese will he tested for consumer 
acceptabi lity as fo llows: 

Prese nted as cold cheese shreds at ~ wk usin g 
a pn: fercncc panel, with rec miting limited to 
frequent consumers o f chcest.! (people who 
consume cheese on at least ) occasions per 
week) for flavor liking, texture liking, and 
overalllik.ing. 
Prese nt ed as cheese on a hot pi zza (60°C) at .'~ 

wk using the same preference panel. 

Experimental plan summary. 

Objective 1. 

J:stimatcd 4 cheese makes to rl.:!ach targe t salt levels. 

Objective 2. 

3 Replicates (vats of c heese) 
) Vats o f cheese (S treatme nt s per va t 
30 6-lb Blocks of cheese 
~Descript i ve tas te panels 
3 Pn.: fl..! n: nct: panels - chet.!se as shreds. and as 
pi L.za 
<) Mchahi lity (:"cheeses x 3 suhsamples per 
test , 3 time points) 
9 Stretchability(:" cheeses x 3 subsamples per 
tes t , 3 time points) 

RESULTS AND DI!IS tUSSION 

The f-irst replicate of cheeses·s hve bee n made (Tabbk 
2.2. 1). 

NEXT STEEP; 

The second and th ird replidicrc cheeses have beecn 
scheduled . Analys is wi ll be compplc<!d as sc heduled. 

Table 2.2.1. Composition of reduced sodium mozzarella cheese, trial 1. 

NAME % MOISTURE % FAT % SALT I pi 

VAT 1 0.7% 48.10 17 0.75 55.13 
VAT2 0.9% 47.81 0.92 55.1 
VAT 31 .25% 47.36 18 1.17 55.13 
VAT4 1.35% 47.65 1.24 55. '4 
VAT 51 .8% 45.21 18 1.77 55.Gl 
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