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Fig. 2: Effect of salt concentration on thiophilic adsorption of bovine IgG

T-gel was equilibrated with sodium sulfate solutions of 0.2-0.6 mol/l concentration
and then treated as described (Fig. 1). The amount of IgG in washing and elution
fractions was determined for various salt concentrations. Values reported are the
average of five determinations, the standard deviation being less than +4%.




‘ T-gel: Effect of temperature on adsorption of bovine IgG
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Fig. 3: Effect of temperature on thiophilic adsorption of bovine IgG

Adsorption of IgG to T-gel (0.5 g aliquots of suction-dried gel) equilibrated with
sodium sulfate solutions of 0.3 and 0.5 mol/l concentrations (in 0.05 mol/l sodium-
potassium phosphate buffer, pH 7.5) was performed at 20 °C and 40 °C,
respectively. Elution was done as described (Fig. 1) at 20 °C and the concentration
of IgG in all fractions was quantified spectrophotometrically. Values reported are
. the average of five determinations, the standard deviation being less than +4%.
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Table I: Capacity of T-gels and Protein G- Sepharose 4FF for bovine IgG

Dynamic capacity at 10% Eluted (static) capacity

breakthrough, at a linear

flow-rate of 34 ml/h

(mg IgG/ml gel) (mg IgG/ml gel)
T-gel (crosslinked 4% 12.1+0.32 12.0+04 2

beaded agarose)
T-gel (6% beaded agarose) 18.240.32 19.0+0.4 2
‘ 1731050 18.310.5b

Protein G-Sepharose 4FF 22.11042 19.040.6 2
a at20°C

b at40°0C
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Fig. 4: Purification of IgG from whey by thiophilic chromatography

Clarified sweet whey (85 ml), with solid sodium sulfate added to concentration of
0.5 mol/l, was applied to a column (1.5 cm x 1.3 cm) of T-gel (matrix: 6 % beaded
agarose) equilibrated with 0.5 mol/l sodium sulfate / 0.05 mol/l sodium-potassium
phosphate, pH 7.5. After washing with the same buffer (B), adsorbed IgG was
eluted with 0.05 mol/l sodium-potassium phosphate, pH 7.5 (E). The
chromatography was performed at a flow-rate of 1.0 ml/min. Fractions from the
chromatography (W: IgG-depleted whey, I: IgG fraction) were characterized by
SDS-polyacrylamide electrophoresis (see Fig. 5).




SDS-PAGE of fractions from chromatographic purifications

of sweet whey on T-gel and Protein G - Sepharose 4FF

Fig. 5: Sodium dodecyl sulfate polyacrylamide electrophoresis (denaturing conditions)
of fractions from chromatographic separation of sweet whey on T-gel and
Protein G-Sepharose 4FF

SDS-PAGE wasrunona 8 cm x 7 cm x 0.75 mm gel (stacking gel: 4 %
acrylamide, separating gel: 12 % acrylamide), using the Laemmli buffer system at
constant voltage 200 V.

1= a-lactalbumin, 2=bovine IgG (standard; H= heavy chain, L= light chain),

3= bovine whey IgG from T-gel chromatography at 20 °C (see Fig. 4, fraction I),
4= bovine whey IgG from T-gel chromatography at 40 °C, 5= bovine whey IgG
from Protein G-chromatography, 6= IgG-depleted whey after T-gel
chromatography (see Fig. 4, fraction W), 7= IgG-depleted whey after Protein G-
chromatography, 8= whey, 9= molecular weight standards, 10= f-lactoglobulin



Immunoelectrophoresis of Bovine Immunoglobulin G
. purified from whey
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Fig. 6: Immunoelectrophoresis of IgG from whey

Immunoelectrophoresis was run on 10 cm x 10 cm x 0.1 cm agarose gel (2 %
agarose solution in 0.06 M barbital HCI buffer, pH 8.6 / 0.002 % Thimerosal) at
constant voltage 60 V (6 V/cm) for 3 hours. Immunodiffusion step (with antisera:

. anti-bovine whole serum, rabbit; anti-bovine IgG, rabbit; anti-whey proteins,
rabbit) was performed at 4 °C for 24 hours, then the gel was dried and stained with
Coomassie Brilliant Blue R-250.
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Fig 7: Antibody response in sera and whey from cows immunized with DNP-KLH

Cows were immunized with DNP-KLH in combination with Imject Alum
(aluminum hydroxide) adjuvant, and boosted on days 21 and 42. Anti-DNP
antibody was measured by ELISA. There was no antibody response in sera or

whey from control cows (not shown).
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Fig 8: Antibody response in sera and whey from cows immunized with mouse IgG

Cows were immunized with mouse IgG in combination with Imject Alum
(aluminum hydroxide) adjuvant, and boosted on days 21, 42, and 66. Anti-DNP
antibody was measured by ELISA. There was no antibody response in sera or

whey from control cows (not shown).
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Introduction

Current trends in the American diet clearly indicate that low-fat dairy products will be one
of the most important research areas of the 1990's. Unfortunately, traditional cheese flavor is
presently not available in reduced-fat varieties, and the inferior flavor and texture of these
varieties limits their acceptability among consumers. In general, the lower the fat content, the
more difficult it is to produce a cheese similar in quality to full-fat cheese. Starter cultures and
media which perform well in the production of full-fat cheese often are not suited to low-fat
varieties. As a result, there is a pressing need to develop specialized culture systems that
overcome low-fat cheesemaking constraints. Development of new starter systems for low-fat
products would be facilitated by more sophisticated knowledge of the role microbial enzymes
and metabolites play in cheese flavor development. Studies of cheese maturation have revealed
that nonstarter lactobacilli dominate curd microflora during the ripening period and thus are
likely to contribute heavily to cheese flavor development. This hypothesis is supported by
studies which demonstrated that certain strains of lactobacilli can be used as adjunct starter
cultures to improve and accelerate cheese flavor development. Efforts to develop starter systems
that improve flavor development in low-fat cheese would be greatly facilitated by a more
sophisticated understanding of the role individual microbial enzymes and metabolites play in the
maturation process. The most expedient way to approach such a complex problem may be to
focus research efforts on cheese flavor adjunct cultures. These bacteria accelerate cheese flavor




development and are used industrially to obtain high quality reduced fat (33% fat reduction)
cheese.

This proposal represents a unique collaborative effort between researchers at the Western
Center for Milk Proteins Research and Technology at Utah State University, the Center for Dairy
Research at the University of Wisconsin-Madison, and members of the Minnesota-South Dakota
Dairy Foods Research Center at the University of Minnesota. Together, we seek to
systematically identify and characterize key enzymes and metabolites which enable flavor
adjunct cultures to accelerate and enhance flavor development in lowfat cheese. Elucidation of
key biochemical pathways involved in both desirable and undesirable cheese flavor production
would have immediate application in the development of starter systems for manufacture of
high-quality low-fat Cheddar cheese.

Objectives:

1.  To systematically characterize enzymes and metabolites implicated in cheese flavor
development in starter and flavor adjunct bacteria.

2.  To track the microbial conversion of milk proteins into peptides, amino acids and volatile
flavor compounds in ripening cheese made with and without culture adjuncts to identify
key flavor components which develop more rapidly.

3.  To evaluate the role and specificity's of primary proteolysis on cheese flavor development.

4. To characterize the influence of peptidase activity from lactococci, Lactobacillus casei, and
Brevibacterium spp. on cheese flavor development.

5. To characterize the enzymology of amino acid degradation in lactococci, Lactobacillus
casei, L. helveticus, and Brevibacterium spp.

6. To characterize a-dicarbonyl production in flavor adjuncts.

Results:

Research to date has focused on objectives 1-4 as listed above. Forty-eight 550 Ib vats of
50% reduced fat Cheddar cheese were manufactured at the University of Wisconsin using a
single lactococcal starter or a starter-adjunct pair (Table 1). Starters selected for the study
include two commercially used lowfat cultures and one strain known to produce bitter cheese.
The adjuncts included four commercial Lactobacillus flavor adjuncts and two brevibacteria. In
an effort to reduce extraneous influences on flavor development in the cheese, all vats were
manufactured under conditions previously shown to minimize contamination by nonstarter lactic
acid bacteria. Samples were collected for time O analyses, and the remainder was vacuum
packaged and stored at 4-70C for ripening. At monthly intervals, samples of each cheese were
removed and analyzed for microbiological, enzymatic and chemical attributes (Table 2). To link
changes in cheese composition with flavor properties, expert and consumer taste panels were
performed after 2, 4 and 6 mo of ripening. Statistical results from consumer taste panels have
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demonstrated that both starter and adjunct made significant contributions to flavor development.

Efforts are now underway to draw correlations between taste panel conclusions and the chemical,

enzymatic and microbiological data we have collected on each cheese over time.

TABLE 1. Starter-adjunct combinations used in the study 1.

Starter Lactobacillus casei L. helveticus Brevibacterium linens

MM100 |LC201 LC202 LH32 LH212 BL1 BL2 Control 2
MMI11 LC201 LC202 LH32 LH212 BL1 BL2 Control 2
MM210 |[LC201 LC202 LH32 LH212 BL1 BL2 Control2

1A1l combinations were manufactured in duplicate.
2Duplicate starter-only control vats were prepared at the beginning and end of the make schedule.

TABLE 2. Characterization of cheese flavor attributes in 550 Ib. vats of lowfat Cheddar cheese.

USuU
Sensory analysis
and statistics
(consumer
preference panels)

Free amino acid
content (CE, amino
acid analysis)

Peptide content
(CE)

p-cresol, indole and
skatole (CE)

Aminopeptidase
activity
(colorimetric)

X-PDAP activity
(colorimetric)

Significance to the Dairy Industry

Uw
Sensory analysis
and statistics
(trained panels)

Non starter bacteria
levels
(microbiological)

Starter levels
(microbiological)

Adjunct levels
(microbiological)

Redox potential
(potentiometer)

Methylglyoxal,
glyoxal & diacetyl
(HPLC)

D/L lactic acid
(commercial kit)

UM
Free fatty acids
(GO)

Ammonia content
(GC)

H?2S content (GC)

Methanethiol
content (GC)

Levels of other
sulfur-containing
volatiles (GC)

Future acceptance and demand for low-fat cheese will be heavily dependent on the

availability of high-quality products. Solutions to the flavor and textural problems that have

dogged low-fat cheese manufacture will require a more comprehensive understanding of the role

other microbial enzymes and metabolites play in cheese flavor development. This proposal seeks




to identify and characterize specific enzymes and metabolites which enable cheese flavor adjunct
cultures to accelerate cheese flavor development. Identification and characterization of these
properties will facilitate the development of low-fat starter systems, through strain combinations
or recombinant DNA technology, for the manufacture of high-quality low-fat cheese. Low-fat
cheese with organoleptic qualities of full-fat varieties will increase consumer acceptance of low-
fat dairy products and expand consumer demand for these goods to individuals that avoid cheese
for reasons of diet and the absence of high quality low-fat alternatives.

Publications
none in 1993-94

Abstracts
Strickland, M. and B.C. Weimer. 1994. Use of capillary electrophoresis for detection of
phenylalanine, tyrosine, tryptophan, indole, skatole, p-cresol, caseins and peptides in
Cheddar cheese. J. Dairy Sci.(Suppl. 1) 77:
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Introduction

Future acceptance and increasing demand for low fat cheese will be heavily dependent on th:
availability of starter cultures that consistently produce a high-quality, flavorful product.
Development of these cultures will in turn be dependent upon identification of key metabolic
functions, which promote desirable cheese flavor, texture, and body, and their relationship to
bacteriophage (phage) resistance. Production of full fat cheese is still plagued with problems
associated with bacteriophage during cheese making and low fat cheese makers will be faced with
fewer starters to choose from that will make an acceptable product. This dichotomy between phage
resistance and starters with desirable production characteristics has left the cheese maker with a har
full of strains for manufacture of low fat cheese.

Low fat cheese manufacture presents unique demands for lactococcal starter cultures in term
of flavor production and phage resistance. Traditional strains, commercially available, have proven
to produce inferior low fat cheese even though they produce high quality full fat cheese. One
important difference for low fat cheese starters is that the strains used must produce acid at a slowe:
rate, so acid development can be controlled during cheese making.

Derivation, widely used in New Zealand and Australia to obtain phage resistant variants,
ields many slow acid-producing mutants that have been discarded in the past. However, phage
derivation also changes many biochemical characteristics that influence proteolysis and subsequent

flavor development. These changes also alter optimum growth parameters for bulk starter
production when used for cheese making. To consistently produce a high quality, low fat cheese
commercially, it is necessary to isolate and characterize starter cultures specifically for use in low fai
cheese. It is important to develop a bank of cultures suitable for use by commercial cheese
manufacturers that will be phage resistant.

In Australia, derivation has been used successfully in factories to produce many phage
resistant starters used industrially for many years. This technique has provided a continuing suppl
of uncharacterized starters that have varying genetic and metabolic characteristics as compared to t]
parent. A need exists to have a bank of phage resistant starters for low fat cheese production that ar
characterized with regard to proteinase, peptidase, lipase, and other key enzymes that contribute to
cheese flavor, texture and body of cheese.

Objectives
A. Select slow acid-producing starter strains (both Lactococcus lactis ssp. lactis and Lactococcus
lactis ssp. cremoris) that have proven quality records in full fat cheese manufacture. Isolates
will be compared to benchmark strains that are currently used for low fat cheese production

B. Examine effect of media and environmental parameters on growth, proteinase, and peptidas
activity.




C. Characterize effects of derivation for phage resistance on the phenotypic expression of

‘ B-galactosidase, proteinase, peptidase, and metabolism of parents and phage-resistant
derivatives.

Results

Slow acid-producing phage resistant starter strains have been isolated from three strains
of lactococci used to make good quality low-fat and high fat Cheddar cheese. These phage-
resistant strains have been partially characterized for phenotypic changes due to selection
(Table 1). Changes are mutant dependent and are found in enzyme systems associated with
cheese flavor which influence the commercial utility for flavor development and acid
production in cheese production. Characterization of some traits are still underway for the

mutants. Initial results indicate B-galactosidase, proteinase, peptidase, and metabolism of the
mutants are significantly different from the parent strain.

Early results from objective 2, determination of the influence of media composition,
indicate media has a significant effect on the peptidolytic and lipolytic activity of the strains
tested. This is an important finding and suggests bulk media composition will impact starter
culture performance and flavor development via enzyme system activation during bulk starter
growth. These data provide insight into which enzymes can be manipulated with media
composition and what impact they will have on cheese flavor when bulk starter cultures are
used in cheese manufacture.

.T able 1. Characteristics that will be determined for parents and derivatives.

Acid production (coloimetric assay and pH [Pearce, 1969])

General metabolic characteristics - 95 biochemical attributes (Biolog)

Salt tolerance - 0 to 5% (coloimetric assay)

Arginine metabolism (Differential broth)

Phage host range (coloimetric assay, plate assay)

General proteinase activity (chromogenic assay, capillary electrophoresis)
Total aminopeptidase activity (chromogenic assay)

Lipase/esterase activity (chromogenic assay)

Genetic characterization (Pulse field Gel Electrophoresis, plasmid profile)
a-dicarbonyl (King Test [Vasavada and White], HPLC, capillary electrophoresis)
p-cresol, indole, and skatole (HPLC, capillary electrophoresis)
Glutathione - cellular content (HPLC [Fernadez and Steele, 1993])

Significance to the Dairy Industry
Phenotypic changes due to selection of phage resistant mutants significantly impact the
flavor of cheese. This work highlights the importance of the culture characterization and




suggests metabolic traits that influence cheese flavor can be controlled and may need to be
accounted for when cultures are rotated for phage resistance. Determination of the growth

.conditions which influence the enzyme systems that contribute to desirable cheese flavor will
lead to recommendations to the cheese maker that will minimize undesirable flavor systems
while maximizing desirable characteristics.

Publications
none in 1993-1994

Abstracts
none in 1993-1994
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matrix

Report to the western dairy foods research center

Antonio Torres and Conly L Hansen, Co-Principal Investigators

INTRODUCTION

Manufacture of high quality low-fat cheese (with = 50% reduction in fat
compared to its full-fat counterpart) has proven difficult because these types of
products typically lack characteristic flavor and texture attributes of full fat
cheeses.

When a significant percentage of fat is removed from milk for the
manufacture of low-fat cheeses, the rheological properties and texture of the
cheeses are adversely affected. A common defect is in the cheese texture.
Removal of fat from milk increases the protein content. It is thought this makes -
the texture of cheese too hard and plays a role in the lack of flavor development in
low-fat cheeses. There are many factors that affect the quality of low-fat cheese.
One factor that must be explored is to determine how manufacturing conditions
affect miccrobial growth and protein functionality and breakdown in low-fat
cheeses. The principal investigators listed above are part of the team researching
how to improve the quality of low-fat cheese. '




Determine how manufacturing conditions affect microbial growth and protein functionality and breakdown in
low fat cheeses.

Research Strategy 3.1
Fat reduction effect on the water interaction with the protein-fat matrix,

Specific
A

Objectives:
Prepare cheese at minimum, 75% reduced, 50% reduced, 33% reduced and full fat lovel following
curd handling procedures used in industry. (Year 1 and 2). :

Determine during early storage (under 30 days) and at constant temperature the changes of the state
of water in the reduced fat - protein matrix. Measurements used include differential scanning
calorimetry (DSC) and moisturs, (Year 1 and 2).

Determine during early storage (under 30 days) the state of water in cheese slabs as affected by
temperature gradient and location in the slab. (Year 3)

Determine during early storage (under 30 days) structural changes with time and temperature of the
cheese matrix by electron microscopy. (Year 1 and 2)

Develop and validate a moisture transter model by determining the driving forces affecting free whey
generation and its movement in the cheese matrix and quantifying the appropriate model parameters.
(Year 2 and 3).

Make process recommendationa for the handling of low fat cheese curd and pressing into blocks.
(Year 3).

KEY DELIVERABLES (first year):

1.

Cheese microstructure changes in a few days from a porous sponge-like material with interconnected
channels (diameter = 10 um) in freshly pressed cheese to a continuous protein matrix with embedded
fat particles. This provides a new interpretation for the locking of moisture variability in Cheddar
cheese blocks and should lead to processing conditions reducing this variability.

The presence of interconnected channels during the time that moisture gradients are established in
a cheese block suggest that moisture movement within cheese blacks may be described as whey flow
in a porous media.

Temperalure differences affect rate of free whey production but do not explain its movement within
acheese block. This suggests that moisture gradients could be reduced even if temperature gradients
are not eliminated.
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WORK DONE: Experimental work completed (first year):

. 1. Cheese has been prepared at three different fat lovels:
» minimum fat
- 50% reduced
- full fat cheese

2. Curd treatments included so far have been:

A - stired curd

B - curd and whey mixture cooled to 70°F (*)

C - curd and whey mixture cooled to 80°F (*)

D - curd washed with cold water to 70°F

E - curd washed with cold water to 80°F

F - curd and whey mixture cooled to 70°F (*) and minimum water ringe
G - curd and whey mixture cooled to 80°F (*) and minimum water rinse
H - stirred curd (vat A replicate for additional variability assessment)

(*) chilled water through the jacketed wall

3. Sample handling procedures were as follows. Each vat yielded one cheese block (= 20 Ib) which was
cut into small size chunks (2'x1.5'x5") for faster equilibration to storage temperature (under 2 hours).

- Storage temperature: 4°C, 13°C, and 25°C.
- Storage time: 1, 2, 5, 10 and 21 days.
. - Measurements included DSC analysis, moisture content and pH.

EXPERIMENTAL RESULTS

The data obtained and analyzed so far indicates that the volume of whey expelled from cheese is affected by
temperature and curd handling procedures. It is important to nots that such expulsion occurs even in the
absence of temperature differences within the cheese samples. For example, Figure 1 (minimum fat cheese,
.e., = 1% fat) shows a large drop in moisture content in samples stored at 25° C even though the initial sample
temperature is approximately the same as the storage temperature. Furthermore, the small size chunks
(2'x1.5"x5") used in our experiments can reach 4°C and 13°C in = 2 hours. Therefore, whey movement to
the block surface occurs even in the absence of temperature gradients. The driving force for this whey
movement will be determined in years 2 and 3 of this project.

A related experiment was the preparation of thin curd layers (Figure 2) stored at constant temperature
for approximately 24 hours. These thin layers were pressed at each sampling time and the amount of whey
expelled was estimated by recording changes in the weight of the pressed curd, The curves obtained suggest
a first order kinetics behavior in the 5-30° C temperature range. A comparison between Figures 1 and 2 shows
that in the small size chunk experiments no significant differences are observed between 4°C and 13°C, This
observation might reflect the relatively large distance that the whey needs to travel to reach the surface in the
case of the cheese chunks as compared to thin curd layers. Also, in the latter experiment the samples were

‘ pressed at each sampling time. This preliminary experiment suggests a mean to differentiate between free




whey generation and free whey movement. Combining this information with pH changes (Figure 3) we will
. propose a mechanistic model for moisture variability in natural cheese blocks.

A mechanistic interpretation of moisture movement in natural cheese requires information on the
moisture matrix interaction. Differential scanning calorimetry (DSC) can provide such information. A DSC unit
donated by the Technology Center at Kraft General Foods fo support this project is being used to quantify the
energy involved in phase transitions as a function of storage time and temperature, fat level, and curd handling
(Figures 4 and 5). The ice melting peak area remains more or less constant after an initial drop (Figure 4).
Note that peak area, expressed as energy (J) per sample size (gram of cheese) depends on the moisture
content of the sample, Therefore, a better parameter is the amount of energy involved per gram of water
divided by the amount of energy per gram of pure water. This parameter (*free water index", FWI) reflects the
water fraction participating in the phase transition. Figure 5 shows changes in FWI occurring early during
storage time. We are currently determining whether FWI Is affacted by curd handling technologles.

Electron microscope (SEM) observations show cheese microstructure changing in a few days from
a porous sponge-like material with interconnected channels (diameter = 10 ym) in freshly pressed cheese to
a continuous matrix with embedded fat particles. This provides a new interpretation for the locking of molsture
variability in Cheddar cheese blocks. Whey movement is reduced to near zero when the interconnected
channels disappear.

In summary, the first phase of this study shows that factors involved in moisture migration in Cheddar

cheese block are active during storage (probably less than 5 days). Moisture movement In chunks, syneresis
in thin curd layer, DSC determinations, and SEM structure changes were observed only during early sample

‘ storage.
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Introduction

The objective of the project is to characterize and evaluate recently isolated, unique strains
of Lactococcus lactis subsp. cremoris for proteolytic specificities, and for their potential use in
low fat cheeses. The characterization focuses on proteolytic activity because it is necessary for
the acid production required in milk fermentations, and is a determinant of the flavor in cheeses.
Ultimately, our goals are to identify the characteristics among these new strains of L. Jactis subsp.
cremoris that are favorable for making low fat cheeses, and to understand the chemical and
biological differences between strains that account for the differences in their abilities to make
high quality cheeses.

Nearly all commercial and laboratory strains of L. lactis subsp. cremoris are derivatives of just
a few unique strains. Many attempts to isolate different strains have failed, leaving the fermented
dairy foods industry with a limited variety of genetic and biochemical characteristics in this
subspecies.

Recently, two labs in our department have collaborated on a NDPRB-funded project, and
isolated 28 new strains of L. lactis subsp. cremoris. Five of these strains have been tested by
seven independent methods, and are genetically and biochemically different from one another,
as well as from any of the known cremoris strains. Our lab is characterizing these strains in the
following way: 1) determining the specificities of the proteinases by the electrophoretic pattern
of the products of casein hydrolysis, 2) making and testing a low fat cheddar cheese and 3)
cloning and sequencing the gene(s) for proteinases with unique proteolytic specificities.

Specific Objectives

In broad terms, the objective of the project is to characterize and evaluate 28 recently isolated
and unique strains of Lactococcus lactis subsp. cremoris for proteolytic activities, and for
potential use in low fat cheeses.

To accomplish this, the project has the following specific objectives:

a) Determine the specificities of the proteinases by analyzing the cleavage products of
the casein substrate.

b) Make and analyze a low fat cheddar cheese using one or more of the new strains.

c) Clone and sequence the gene(s) for proteinases with unique proteolytic specificities
and favorable cheese-making characteristics.

Significance
Our project is to characterize newly isolated strains of Lactococcus lactis




subsp. cremoris, starting with the one of the most important characteristics of the starter culture,
the proteinase activity. There are many significant reasons why the proposed research will
benefit the dairy industry. First, low fat cheese is now made from only a few acceptable strains
of subsp. cremoris, and the proposed project would identify those newly isolated, unique cremoris
strains with the proteinase characteristics required for commercial use. Second, our approach to
the problem of a lack of commercially usable cremoris strains takes advantage of the natural pool
of cremoris traits that have gone untapped. Much emphasis has been placed recently on
modifying existing cremoris strains using genetic engineering, particularly by the European dairy
research groups. However, our proposal would avoid the legal and commercial uncertainty of
using genetic engineering, and characterize new, potentially usable, and naturally-isolated strains
of subsp. cremoris. Third, preliminary tests have shown that the new strains have characteristics
which are different from existing strains of cremoris, and which are favorable for cheese-making
(such as fast acid production and phage-resistance). This indicates that the new strains are
potentially usable for making cheese, and have characteristics previously unknown in other
cremoris strains. Fourth, our approach is to understand a chemical/enzymatic basis for
differences between the strains' abilities to make a better cheese. This would give the industry
a rational way of screening new strains in the laboratory, without having to test each strain by
trial and error in a cheese vat. Fifth, by isolating the proteinase genes from these "new" strains,
they could be transferred to other strains to produce unique combinations of characteristics
important for cheese-making. )

Results

Twenty-eight of the new cremoris isolates have been screened for their proteolytic degradation
patterns of casein. Two appear to have unique patterns that are different than any of the three
known patterns. Thus, at least two of the new strains appear to be different in their proteolytic
degradation of casein than any of the existing cremoris strains. We are currently screening more
of the strains for their casein degradation patterns, including two that taste-tested bitter. W have
also started a more detailed characterization of the proteinases with unique patterns, which
includes a kinetic analysis of the crude proteinase preparations, and an analysis of the degradation
of the individual casein subunits. In collaboration with the Sandine and Giovannoni labs and
Tillamook Dairy, we are planning to make and test a low fat cheddar cheese using at least one
of the strains that we have identified as having unique proteolytic activity.

Deliverables
For FY95 (07\01\94-06\30\95), the deliverables are:

1. Identify strains of Lactococcus lactis subsp. cremoris with unique patterns of casein
degradation.

2. Make a low fat cheese with at least one of the new cremoris strains, and analyze it by
objective and subjective criteria.

3. Identify and characterize the peptides formed from the hydrolysis of casein by the
unique proteinases of the new cremoris strains.
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Project Title: Preliminary Examination of Hazelnut Enzyme Extracts for Flavor
Enhancement of Reduced Fat Cheddar Cheese
Personnel: Floyd W. Bodyfelt
Michael H. Penner
Dan Smith
Dept. of Food Science and Technology, Oregon State University
Funding: Western Center for Dairy Proteins Research and Technology
Introduction:

In previous work at the OSU Department of Food Science and Technology (~1950), a
crude enzyme extract of hazelnut enzymes (HEE) was applied to Cheddar cheese curd for
the purpose of developing aged cheese flavor within 1-2 weeks time This study was
terminated primarily because the protease and/or lipase activity could not be controlled;
developed flavors became too intense. Recent application of high hydrostatic pressure
(2000-4000 atmospheres) treatment has demonstrated the potential for inactivation or
control of enzyme systems without destroying sensory properties of cheese. Thus, this
study is a preliminary examination of the feasibility of developing more appealing flavor
and textural properties of HEE treated lowfat Cheddar cheese.

Objectives:

1. Assay the protease and lipase activity and ascertain the extent of potential
bitterness developed in 2% UHT milk with added hazelnut enzyme extracts.
Determine the optimum high pressure treatment for HEE inactivation.

Determine and describe the effects of high pressure treatment on the sensory and
rheological properties of Cheddar cheese.

Characterize the proteolytic, lipolytic and flavor imparting properties of various
hazelnut preparations.

Evaluate the suitability of propylene oxide sterilized hazelnuts as a source of HEE
and "whole nut" preparation(s).

Study and refine methodologies for preparation and incorporation of potential
flavor imparting hazelnut preparations onto cheese curd.

Conduct necessary cheesemaking trials to optimize incorporation of HEE and
whole hazelnut preparation; ascertain proteolysis, lipolysis and sensory properties
modification of lowfat cheese.

N o AW

Results:

Hazelnut meats were obtained from an Oregon processor (Westnut, Inc., Dundee).
Hazelnut enzyme extracts (HEE) were prepared using (1) 1.0 M NaCl and (2) 0.05 M
phosphate buffer (pH 7.0) with subsequent purification by salting out with ammonium
sulfate. The aqueous portion of the extracts was obtained by centrifugation and filter
sterilized (0.2 um). Cartons of 2% UHT milk (236 ml) were aseptically inoculated in
duplicate with aliquots of each extract(4% by volume), incubated for 3 and 6 days at
7.29C, and then examined for the appearance of proteolytic products using the OPA
method of Church, et al. Both extracts produced significant amounts of proteolysis in the
milk within three days. The detectable proteolytic products in milk treated with the NaCl
extract were 3-4 times greater than the assay's background detection of amino acids and



peptides in untreated milk. Detectable proteolytic products in the phosphate buffer extract
treated milk were 2-3 times above background. The phosphate buffer extract showed
much better stability, as the NaCl extract lost almost half of its proteolytic activity when
held at 40C for 24 hours prior to inoculating the milk. Beyond day 3 of incubation the
proteolytic activity in both extracts diminished markedly. Treatment of inoculated milk
samples with high pressure (3500 atm for 30 min) terminated proteolytic activity.

A trained sensory panel did not detect bitterness or other off-flavors in sterile filtered
HEE treated milk samples. Total plate counts showed them to be free of microbial
contamination.

Lipase activity was estimated by titration of free fatty acids produced in HEE inoculated
2% UHT milk. Negligible amounts of fatty acids were detected, perhaps owing to the
low milk fat. The NaCl hazelnut extract exhibited esterase activity toward artificial
substrates of chain lengths C4 to C16. The phosphate extract is still to be tested for
lipase/esterase activity.

Low fat cheddar curd was treated with 2% (volume of NaCl extract/weight of curd) HEE.
To date, at ten weeks aging at 7.20C, the sensory panel has not observed any difference in
flavor characteristics between the HEE treated and control low fat cheddar. There is no
significant difference in proteolytic products as measured by the OPA assay.

Microbial contamination of the hazelnuts and instability of the proteolytic activity in the
HEE are two challenges that have been partially overcome. The microflora present on the
hazelnut surface confounded the initial observations in milk. Hazelnuts treated with
propylene oxide gas, provided by Westnut, have a much lower plate count while retaining
most of the proteolytic activity. The use of nisin or irradiation of the HEE are also under
consideration as controls of incidental contamination. Ideally, we hope to provide an
extraction protocol that avoids the need for a somewhat cumbersome sterilizing filtration.
As noted above, HEE is more stable in phosphate buffer than the NaCl solution. We are
working to optimize both initial activity and stability of the extract. Freeze drying has
also shown promise for the retention of enzyme activity in this extract.

Significance to the Industry:

Recent consumer trends toward consumption of lower fat content foods prompts the dairy
industry to closely examine all technological approaches toward the development and
production of higher quality, more appealing lowfat Cheddar cheese. This study
represents anothe possible means of attaining this industry goal.

Deliverables FY 95:

It is our intent to determine an optimum method(s) to separate and utilize either hazelnut
enzyme extracts and/or incorporate a whole hazelnut preparation (i.e. semi-flowable
powder) for the potential treatment of lowfat Cheddar cheese curd for enhancement of
lowfat cheese flavor properties.
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Objectives:

Development of Thermophilic Cultures for
Manufacture of low-fat and non-fat Mozzarella
Cheese.

Donald J. McMahon
Craig J. Oberg

WESTERN CENTER FOR DAIRY PROTEIN
RESEARCH AND TECHNOLOGY
Utah Agricultural Experiment Station

In the manufacture of low fat and non fat Mozzarella cheeses it has been well

recognized that the moisture content of the cheese must be increased without having

“weeping” of whey from the cheese after packaging. It has also been shown that low fat

Mozzarella cheese takes a longer time to “mellow” and develop good melting properties.

This process could perhaps be accelerated by increasing the proteolysis occurring in the

cheese during storage. Both of these factors (increasing moisture and increasing

proteolysis) can be manipulated through use of appropriate starter cultures.

Results:

A. Develop thermophilic starter cuitures, including Streptococcus
thermophilus, Lactobacillus helveticus, Lactobacillus delbruekii ssp.
bulgaricus, and Lactobacillus casei strains that will be suitable for
use in the manufacture of low fat and non fat Mozzarella cheese.

B. Manufacture low fat and non fat Mozzarella cheese using cultures
developed in objective A that have the desirable physical properties of
part-skim Mozzarella cheese.

Some cultures that have been reported to increase moisture content of Mozzarella cheese

have been obtained. Also some Lac- Prt* cultures have been obtained. The graduate

students who are to work on this project did not commence their program until June 1994.

Preliminary cheesemaking trials have been conducted but no results are available at this

time.

Publications:

Nil
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