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ABSTRACT 

Accounting for Milk Protein Equivalents by Dye Binding 

Analysis of Cheese and Whey 

by 

Prahlad H. Patel, Master of Science 

Utah Stat e University , 1969 

Major Professor : Dr . C. A. Ernstrom 
Department : Food Science and Technology 

vli 

Each of thirteen lots of Cheddar cheese was made from 430 lb . of milk, 

and the protein recovered in the cheese and whey was compared with that in the 

original milk. Protein determinations on the milk , cheese and whey were made 

by an acid orange 12 dye binding test, and by Kjeldahl analysis . Similarly fat 

recovery was determined by using the Babcock fat test on milk, the modified 

Babcock test on cheese, and the Mojonnier test on whey . The total weight 

recovered as cheese and whey was 99 . 0 :!:_ • 5% of the milk weight . Protein 

recovery was 99 . 0 :!:_. 6% by Kjeldahl analysis and 97 . 7 :!:_. 6% by the dye bind-

ing test. Fat recovery was 97 . 0 :!:_ 1%. 

Even though Kjeldahl analysis gave better protein accountability than 

the dye binding method , because of its simil ari ty the dye binding test along 

with fat testing could be used by cheese factories to account for two economically 

important milk constituents . 



Vlll 

Protein hydrolys is reduced th e apparent perce nt protein in cheese and 

milk as measured by the dye bmding test. However, Cheddar cheese cont ai ning 

37-38 % moisture and cured at 7. 2 C was satisfact ory for prote in acco untm g up 

to 30 days of age . 

(47 pa ges ) 



lNTRODUCTTON 

The prot e in content of milk is of s ,gn1f1ca nt importance from a 

nutritional sta ndpoint. Milk proteins are o f the highest quality, both in 

digest ab ilit y and in content of esse nt ial ami no acids. The protei n cont ent 

of milk is the mo s t impo rta nt factor affecting the yield of cheese and is a 

major factor in determin ing the nutri ti ve val ue and palatability of m any oth er 

manufactured dair y products. For the se reasons , the pricing of milk ca n 

hardl y be realistic if protei n content is not taken into accou nt. 

Until a few years ago no simple and practical method was available 

for meas uring milk pr otei n wit h sufficie nt accuracy to use it as a basi s for 

pric ing . Th e Kje ldah l Method, the offici al method for de ter mining protein , 

is impractical for routine use because it is costly, comp lic ated , and tim e­

consumi ng. Res earc h during the last few years on va riou s procedures for 

measuring protein in da ir y and other food prod ucts has led to the dev e lopm ent 

of dye-binding methods which are now generally considered superior to other 

chemical m ethod s for l arge numb ers of samp les . Dye-binding procedures 

have an advantage over Kjeld ahl analyses wit h respec t to spee d , cost, equip­

ment , training of tec hnic ans , and repeata bilit y (4, 5). One disad va nt age of 

the dye- binding me thod is that results are usually obt a ined in the form of 

scale readings on a spectrophotometer, and th ese a r e not directl y conv e rtibl e 

to perc ent protein. The usual meth od of conversion is to analyze a s er ies of 

duplicate samples by a dye -bindin g method and some other method (most 



frequently Kjeldahl) . Results of the two methods must be related mathe­

matically to permit rapid conversion of the spectrop hotom etric readi ngs 

into percent protein. 

Dye- binding techniqu es have been Ltsed for some time to determine 

the protein content of fluid milk , and a li mit ed amo unt of work has been 

published concerning their usefulness for measuring protein in manLtfactured 

dairy products. For example, Ashworth 1, 2) and others (17 , 28) ha ve shown 

that dye-binding analysis of various products correlate well with Kjeldahl 

anal ys is. The purpose of this study was to mvestigate whether dye-binding 

of acid orange-12 by cheese and whey made from the same milk could account 

for all the protein in the original milk . A second objective was to determine 

the effect of age of cheese on its dye-binding capacity, and to find a maximum 

age that cheese might be used for protein accounti ng. 

2 



REVIEW OF LITERATURE 

Polar groups in pr oteins can bind oppositely charged dyes to form 

insoluble protein-dye comp le xes . A known excess of dye is required, and 

the protein content 1s estim a ted from the amount of unbound dye (10). The 

dye concentration can be measured spectrophotometrically (2 , 7) . 

During the early work on protein accounting in grain and dairy 

products , a relationship was found between bound dye and nitrogen measured 

by the Kjeldhal procedur e (l , 4 , 21 , 28 , 29, 24) . Kjeldahl nitrogen in milk 

was multiplied by 6. 38 to give the percent pr-otein. Several writers including 

Ashworth (1 , 2). Ashworth e t al. (4) , Ols en and He ighes (17) , Tarassuk and 

Ab e (25 ) and Udy (29) showed that this relationship was good enough to justify 

using dye-binding to indic a te the percent protein m the sample 

The need for a rapid routine method for the determination of milk 

prot e in has become increasingly evident since increased emphasis has been 

placed on the importance of the nonfat fraction of milk. Udy (28) first applied 

the dy e -binding procedure to the determination of flour protein. He found 

th at when the binding capacities of the proteins in either whole wheat or 

wheat flour were taken collectively, the total protein could be characterized 

by a single binding-capacity value . Although the starch and bran of wheat 

also btnd some dye , the total protein 10 whole wheat or wheat flour can be 

conveniently measured by this technique (28). Udy (27 ) reported 17 9 . 5 mg 

3 
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of orange G bound per gram of protein in whole milk, and 182 mg per gram of 

protein in dry milk. 

Dyes used for protein analysis 

Dyes currently used for protein analysis are amido black lOB, orange 

G and acid orange 12 . Structural formulae (24) for these dyes are as follows · 

HN 
2 

OH 

0 ~ o~ N=N ~ N=N _ 
Na0

3
S """ /, S0

3
Na 

Am1do black lOB mo! wt 616 . 5 

Orange G mo! wt 452 

Acid orange 12 mo! wt 349 

European workers (7) have preferred Merck's amido black . Th e 

use of amido black for protein analysis was first reported by the German 

scientists Schober and Hetzel (20). The dye content of the commercial 

product varies from 95 to 97% Ashowrth et al. (4) specified the use of 

certified orange G which s hould assa y at least 9S% pure. Orange G 
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and amido black react in the same molar ratio with basic groups in proteins , 

but amido black, owing to its high er molar absor banc y, gives a more sensi-

tive measurement. 

Advantages of orange Gover amido black !OB are that the dye dissolves 

more readily in a simplified buffer system . Filtering is more rapid and it is 

less likely to give a cloudy filtrate . The commercial dye is also more readily 

available and can be obtained in pure state . 

Structural formulae for the two orange dyes differ mainl y in that orange 

G has two sulfo ni c acid gro ups whereas acid orange 12 has only one . Other con-

ditions being the same, one would expect two molecules of aci d orange 12 to bind 

the same amo unt of protein as one molecule of orange G. Two advantages of 

acid orange 12 over orange G are that its absorbancy index is greater which 

allows more precision in measurement, and that the dye binding capacity is 

about twice that of orange G. 

Dye binding capacity (DBC) 

Ashworth and Chaudry (3) defined dye binding capacity as the milli-

grams of dye bound per milligram protein (N x 6. 38) . Dye binding capacity 

assumes a stoichiometric reaction between dye and protein, which is tru e 

within certain limits . 

mg of dye bound . 
DBC = f t . = mg of dye/mg of protein 

mg o pro em 

Ashworth and Chaudry (3) reported that DBC was affected by protein con-

centration and free dye concentration in the supernatant solution . 
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Ashworth , Seals and Erb (4) reported that whey protein had high er 

bmdmg values than casein. Th e mi lk prote ins , casein and ? -lactoglobu li n , 

bound 0. 34 and 0. 58 m1ll 1moles of dyE. respectively per gram of protein . The 

d1alyzable non-protein nitrog en (NPN ) fraction m milk reportedly bound no dye 

(2) . This could be true or th e NPN could have bound the dye and not precipated 

with the mai n pr otei n-d ye comp ex. In this ca se ih e soluble NPN-dye complex 

could have absorbed light at the same wave length as the fr ee dye . At any r ate , 

NPN in milk is included in the dye-binding test only because the test is standard­

ize d against total protein as determined by the Kjeld ahl procedure which includes 

NPN . Ashworth (2) reported that the ratio of the milk protein binding factor for 

acid orange 12 to that o f ora nge G was close to 0 . 50 which meant that milk pro­

teins had twice the dye binding capaci ty per mole for acid orange 12 as for orange 

G. Ashworth and Chaudry (3) gave the following dye binding values for orange G: 

178 mg per gram protein for whole milk , 199 mg for o( -casein , 170 mg for 

? -case in and 247 mg for whey protein . 

Udy (27) applied ihe dye binding procedur e to the determination of 

milk protein using orang e G dye. He found th at , compared with Kjedahl values , 

th e standard error of estimate for the dye method was±: 0 . 07 % protein in whole 

fluid milk and :<::_ 0. 42 % for spray-dried milk . Steinsholt (23) tested 64 samples 

of milk pr ese rved with mercuric chloride and 62 unpreserved herd milk samples . 

The correlation between Kjeldahl protein and absorbancy of the supernatant dye 

solution was -0. 982 for the preserved and -0. 975 for the unpreserved samples . 



Confidence intervals (0. 95 level ) for protein by dye binding as com­

pared with Kjeldahl protein were .!: 0. 12% for fresh samples within the range 

7 

of 2. 8 to 4 % total protein , and :±:. 0. 09% for preserved milk samples in the 

same range . Corresponding confidence intervals for formol titration (by auto ­

matic titrator ) and for protein ca lcul ated from fat content were:±:. 0. 21 and 

:::. 0. 37, respectively. Expressed as standard errors of estimate, the error 

in the dye-binding test was approximately half the above values . Recently , 

Treece et al. (26) reported a correlation coefficient of 0. 98 between the method 

of Udy (27) and the Kjeldahl procedure . They also stated that seldom did a 

sample vary as much as :±:. 0. l percentage units from the Kjeldahl value , and 

that approximately two-thirds of the samp le fell within:±:. 0. 05 percentage units 

of the corresponding Kje ldahl value . 

Udy (27) published a formula to calculate the percent protein in milk 

by using orange G dye . After acid orange 12 was tested an addendum was 

published which gave an extension of the original technique. He also proposed 

a method for estimating the protein content of manufactured dairy products in 

general (29) . Udy discovered that l unit of milk protein binds 0. 312 units of 

acid-orange 12 dye . This factor was based on an average of many samples of 

milk reacted at room temperature. Later developments showed th.at the bind­

ing equilibrium of protein to dye was a function of temperature (29) . One degree 

fahrenheit was equivalent to 0. 005 % change in protein . Increased temperatures 

cause low protein readings . The factor of . 312 is based on a 6. 33 Kjeldahl 

factor and a dye-protein reaction at room temperature (77 F). 
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E [feet of pH and dye concentration on dye bind ing 

Ora nge G dye ,s a d1sul foni c aci d which binds the basic groups of 

pr otei ns near pH 2. 00 . Frae nkel-co nrat and Cooper (10 ) showed th at in buffers 

a t pH 2 . 2 the ac id dye , orange G, combin ed stoichiometric wi th these ba s ic 

gro ups . Schober and Hetzel (20 ), using dye sol ut ions buffered to various pH 

val ues with in the range of 3. 5 to 1. 9 , obtained parallel cur ve s when th e 

absor bancy of unb ound dye , as plo tted against the quantity of milk protein 

added. These workers preferred dyes buffere d at pH 2 . 35. Udy (28) used 

citrate-phosphate buff er at pH 2. 2. Ashworth and Seals (4) employed citric 

aci d alone in orange G dye solutions to give a pH of 2. 00 . Since the work of 

Schober and Hetze l (20) indi cate d high dye binding and an absence of acid 

hydrolysis of protein at thi s pH , it appeared a logi cal choice . The y further 

rep orted that when amido black lOB was reacted with proteins , dye binding 

increased in a linear manner as the pH was reduced from 3. 5 to 1. 9 , and that 

it varied only s li ghtly with temperature betwee n O to "., C. They found that it 

was unaffected by the addition of lac ti c acid , lactos e , phosphate, citrate or 

sodium ch lorid e. However , calcium chloride incr ease d dye binding . Schob er 

and Hetzel (20) found th at above pH 3 . 5 precipitation of the milk prot e in was 

not quantitative . Lower absor banc1es were observed when the pH of the 

ci trat e-p hosphat e buffer was decre ase d from 2. 8 to 1. 9 . This meant that 

more dye was bound by the protein at lower pH values . Some dye was precipi­

t ated in filtrates from milk treated with trichloracetic acid, indicating that some 

non-prot ei n nitrog en was bound to the dye . When free amino acids were added 



to dye so lutions only arginine , at a concentration greater than 1 %. ch anged 

the absorbancy . 

Factors affec ting dye binding capacity of milk proteins 

9 

The dye binding capacity of milk proteins has been st udied by employ­

ing experimental procedures and variables which would be commo n in protein 

dye-binding tests applied to samples of raw and processed milks . It was 

assumed that such milks would vary widely in composition and other proper­

ties. Udy (27) reported that protein denaturation by hea t treatment was the 

probable reason for the difference in DBC between whol e milk and powdered 

milk. Ashwort h and coworkers (3) studied the effect on dye binding of the 

preservatives H2
o2, HCHP, K

2
cr

2
o

7
, and HgC12. Th8 ~' r eported that H

2
o

2 
had 

no effect on dye binding but could not preserve the milk sample for more than 

2 days at room temperature ; that HCHO reduced the apparent protein cont ent; 

that K
2 

Cr 
2
o

7 
increased the apparent protein conte nt at the initial stage and then 

reduced it after a week of storage at room temperature; and that HgC1
2 

reduced 

the appare nt protein content very slightly but was the best perservative for 

milk to be tested by dye-binding. Tarassuk and Abe (24) reported that heating 

milk enough to indu ce browning decreased the DBC. The relationship between 

intensity of browning and DBC was linear. Ashworth (2) reported that commer­

cial sterilization did not appreciably e ffect the dye-binding ca pacity of proteins 

in evaporated milk . T arassuk and Abe (24) reported that condensation , homo­

gemzation (up to 4000 PSI) and heating (up to 90 C for 15 minut es) did not affec t 

dye binding capacity , while mastitis increased dye-binding capacity . Extensive 



proteolysis increase d the absor ba ncy of the supernatent dye so lution and 

increased the dye-bi nding capacity of the proteins not precipitated by 20% 

TCA, Mass protein analyses by dye-bindi ng (amido bl ac k lOB) r es ulted 

10 

in somew hat different r egressio n eq uatio ns for different geographical areas 

(24). It appeared that the main cause for the diffe rences was that the dye­

bindi ng capacity was affected by different protei n-d ye rat ios us ed by various 

workers . This r e la tionshi p betwee n the protein-dye rat io and dye-binding 

capacity followed a straight line whe n the dye concentration was between 360 

and 320 mg / g protein and the protei n co ncentr atio n in the milk was between 

2 . 10 and 4. 8%. 

Ashworth (2) reported proced ur es for usi ng orange G dye to tes t suc h 

products as fortified milk , evapora ted and dried milk, and ice cream and 

sherbet. The dye-binding capacity of chees e pr odu c ts was reduced by the agi ng 

process because protein breakdow n products bound less dye than intact proteins 

(2). He also showed th at the nonfat solids in milk may be es tim ate d from the 

protein conte nt by us e of a factor of 2. 78 , which assumes th a t the nonfat solids 

to protein ra tio is constant. The value of the ratio for the bulk milk coming to 

a processing pl ant is s uffi cie ntl y const ant for composition control, althou gh 

it may vary from one milkshed to another or with the season of the year (8) . 

Erb et al. (9) re port ed the correlation coefficient of percent protein 

to percent SNF was 0. 48, 0. 62, and 0. 58 in 771 Jers ey s , 1355 Holsteins , and 

710 Guer ns eys, respectively at monthly inter vals. In a similar study on USU 

dairy herds of 216 Holsteins and 216 J erseys cattle , LeBaron et al. (14) 

reported the correlation coefficient of percent protein to percent SNF to be 
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0. 57 and 0. 55 respectively . Ashworth (2) found that nonfat powder r emai ned 

reasonably consistent in it s abil ity to bind dye eve n a fter sto r age perio ds of 

a number of years . Ashworth also reported that small mol ec ular weight com­

pounds such as those present in the proteose-peptone fraction of milk and whey 

react s lowly with dyes to for m complexes whic h s lowly produ ce turbid fi ltrates . 

Usually this diffi culty can be resol ved by allowi ng th e reaction mixture to stand 

over night a t room temperature (~G C) or by using high sp ee d centrifugation . 

Clea r filtrates are ev idence of complete separation of the protein-dye complex , 

altho ugh a small amou nt of turbidity has little effect on the protein determination . 



MATERIALS AND METHODS 

Protein determin ation 

The nitroge n content of milk , cheese and whey was determined by 

a semi-micro Kjeldahl method (13) . Protein was computed by multipl ying 

N x 6. 38 (21). 

Protei n determination by dye binding 

12 

Protein determ inations were made by the Udy (29) dye- binding met hod 

rn which acid ora nge 12 was emp loyed wit h a Udy color analyzer Model 101. 

A flow-through cuve tt e was used which had a light path of approximately 0 . 30 

mm . 

Standard curve . A sta ndard curve relating absorbancy at 480 my to 

concentration of aci d orang e 12 was estab li s hed on ser iall y diluted dye sol utions 

(Figure 1). 

The operating range of thi s curve was between 0. 40 mg/ml to 0. 80 

mg / ml of dye concentration . Beyond this range inconsistenc y of results were 

observed by Ashworth and Udy (2, 29). This curve was used to determin e the 

protein content of milk , cheese and whey. The concentration of unbound dye 

was rea d from the standard curve. This value was multiplied by the total sample 

volume to give the tot al amount of unbound dye . The bound dye was found by 

subtr ac ting this amount from the tot al amount of dye added (52 mg). The dye 

binding capacity was then calculated as the ratio of dye bound per unit of 
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Figure 1. Standard curve relating a.hsorhs.ncy at 480 mJ to dye concentration (mg / ml ). 
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protein . From this ratio , its reciprocal was used as a factor for multiplying 

th e amount of dye bound by unkn own s ample s to find the amount of protein 

pr esent . 

Cheese prote in was determined by blending 20 g of cheese with 80 g 

of hot (180 F) 0. 05 M N aOH for at least 5 minutes in order to obtain a homog-

eneous mixture . The mixtur e was quantitatively transferred to a 100 ml 

volumetric flask , cooled and made to final volume with distilled water. The 

protein in this solution was de termined by a modification of the acid orange 12 

procedure for milk (29 ) . 

A calibrated syringe was used to measure 2. 24 ml of well mixed che ese 

solution into a 2 oz . poly et hyl ene sample bottle . The sample weight was dete -

min ed to within ::1: 5 mg . A Udy (29 ) au tomatic pipette was used to add 40 . 44 g 

reagent dye solut10n to the sample which was then analyzed for protein by the 

Udy method for milk protein (29 ) . 

The protein content of the cheese was determined by the following 

formula . 

100 [ V Co - (V + v) c] 
Percent protein = x 5 

. 312 W 

Where C = concentration of unbound dye in filtrate (mg / ml) 

Co = original dye concentration (mg / ml) 

V = volume of reagent dye solution 

v = volume of sample 

W = mg of sample 



. 312 = dye binding capacity 

5 = constant diluti.on factor 

16 

Whey protein was determined by the Udy (29) method for milk protern 

except that the sample size was four times as large (8. 98 ml ) as for milk 

samples . 

Method of cheese manufacture 

All batches of Cheddar cheese were made by following the time schedule 

recommended by Price and Calbert (18) . Their general procedure was modified 

to the extent that 2% starter was used , and the ripening time was eliminated . An 

outline of this procedure is given in Table 1. 

Thirteen vats of Cheddar cheese were made from pasteurized milk 

obtained from Utah State University dairy products laboratory . Each vat con­

tarned 430 pounds of milk. A mixed strain commercia l lactic starter was used 

throughout the experiment and coagulation of the milk was accomplished by the 

addition of 90 ml single-strength rennet per 1000 pounds of milk. Single-strength 

cheese color was added at the rate of 30 ml/1000 pounds of milk. The curd was 

salted with 2. 90 pounds salt per 1000 pounds of milk. 

The rate of acid development in each vat of cheese was carefully noted . 

Acid development was measured by titratable ac idit y of the milk or whey and 

expressed as percent lactic acid , and by pH of the curd which was det ermi ned 

by a DFL (Dairyland Food Laboratory) pH meter with quinhydrone e lectrod e (6) . 

The titratable acidity of the whey and pH of the curd were taken at the time of 

cutting the curd, draining the whey and milling the curd . 
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Table 1. Cheddar cheese making record (based on University of Wisconsin 
Bulletin 464 , " Cheddar Cheese from Pasteurized Mil k") 

Time of Mi nut es to 
Steps in m a king eac h step next s tep Temp. % Acid 

Add starter 8:15 0 86° . 16 

Add Color 8: 15 2 87° . 16 

Add Rennet 8: 17 12 88° . 165 

Coagulation 8:2 9 18 88° No test 

Cut 8 :47 15 88° . 10 

Steam on 
a 

9 :02 30 88° . 10 

Steam offa 9 ·32 45 102° . 105 

Settle Curd 10 :27 30 102° . 12 

End Dipping 10 ·57 15 102° . 14 

Pack 11 ·12 Turn 101° . 17 

Pil e Two High 11 :57 Curd 96° . 25 

Pile Three High 12 :27 Every 930 .30 

Mill 12 :57 15 min. 910 . 40 

Salt 13 :1 7 40 89° No test 

Hoop 13 :57 20 88° No test 

Press 14: 17 30 88° No test 

Dress 14 :47 No reading No test 

aCooking Schedule = Mi nutes from Steam On 
Temperature °F 

0 5 10 15 20 25 30 
88 89 91 93 96 99 102 
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Curd from each batch was placed in two 20-pound square hoops . Th e 

curd was pressed for a minimum of 30 minutes before being removed from the 

press for dressing. It was then pressed overnight . 

The curd was weighed before and a fter pressing and a sample from 

eac h batch was taken for protein, fat , moisture and salt analysis . Cheese 

blocks were then wrapped with "Pa rakote" and returned to the hoops for steam 

sea ling . The cheese was cured at 7. 2 C for 255 days. Samples were taken 

for anal ys is after 1 day and every 15 days thereafter. 

Salt analysis of cheese and whey 

The ADSA procedure for the det er mination of salt in cheese was 

modified acc ording to Silverman et al. (22). 

Two grams of cheese , 10 ml of 0. 1711 N silver nitrate, 10 ml of nitric 

ac id, and 50 ml of water were placed in a 250-ml Erlenmeyer flask . The mix­

ture was boiled during which time three 5. 0 ml portions of saturated potassium 

perman ga nate were added. After the che ese was digested, the clear mixture was 

cooled and 2. 0 ml of nitrobenzen e and 3. 0 ml of ferric ammonium sulfate were 

adde d . The flask was shaken and titrated directl y with 0. 1711 N potassium 

thiocyanate to a brick-red end point. 

Press drippings contained a high salt concentration. Therefore, it was 

necessar y to add 5 ml of 0. 1711 N AgN0
3 

and 5 ml of HN0
3 

or to dilute the 

sample 12. 5 times and take a 2 ml aliquot for analysis. 



Determination of fat in milk , cheese and whey 

Th e fat content in the milk was determined by the Babcock method 

(8). Cheese fat was determined by the modified Babcock method (31) and 

whey fat was measured by the Mojonnier method (16). 

Determination of casein in milk 

19 

Casein in milk was determined by a formol titration procedure (11). 

Determination of moisture in cheese 

Cheese moisture was determined by the method of Wilster et al. (31) . 

Preparation of cheese for analysis 

Samples of fresh cheese were pressed through an 8-mesh wire screen 

and mixed thoroughly in a sample jar . Samples were then used for protein, 

moisture , fat and salt analysis . 
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RESULTS 

Effect of tr yp tic digestion on apparent protein in milk 

A calib ra ted syringe was used to measure 2. 24 ml of past eurized m ilk 

into eight 2 oz. polyethylene sample bottl es . A 280 mg sample of tr ypsin powder 

was tr ansfer red to a 100 ml volumetric flas k and m ade to fin al volume with dis­

tilled water. Into each of the 8 sa mple bottl e s , 0. 1 ml aliquot of tr ypsin solution 

was added . All bottles were incubated at 25 C. They were removed from incu­

bation at 2- hour intervals at which time the dye sol ution was added immedi ately 

to s top fur ther reaction . From this point on the Udy Dye Method (29) was followed . 

The nitro ge n co ntent in the dye filtrate was de termined by Kjeldahl ana lys is . Then 

the protein equivalent in dye filtr ate was computed by multipl ying N x 6. 38 (21). 

The effect of tr yptic di gestio n on the appare nt prot e in content in milk as meas ur ed 

by dye binding is s hown in Table 2. The relationship betw ee n apparent prot ei n 

in milk and protein eq uivale nt in the dye filtrate are given in Figure 2. As di ges­

tion time increased, the appare nt percent protein decrea sed . Initiall y the dye 

binding test indic a ted 3. 47 :t . 02% protein . After 10 hours incubation with tr yps in 

the dye tes t indi cated 1. 46 :t . 03% protein . These r es ults were obviousl y not 

due to a loss of pro tein during dig es tion , but to th e e ffect of protein hydrolysis 

on the dye binding te st . 

The validity of Kjel dahl determinations on dye filtrates was tested by 

running Kjel dahl analyses on 1-ml samples of dye solution to determine whether 



Table 2. Effect of tryptic digest 10n of milk at 25 C on the apparent percent protein as determined 
by dye-binding and on the protein equivalent in the dye filtrate as 

determined by Kjeldahl analysis 

Incubation Protein equivale nt Total protein 
time Replication Apparent protein in dye filtrate equivalent 

(hr .) (%) (%) (%) 

0 8 3. 47 :':.. 02 0 . 00 3.47 

2 8 3 . 19 :':. . 02 0 . 26 3.45 

4 8 2 . 91 _:':.. 03 0.53 3.44 

6 8 2. 55 + . 02 0.90 3.45 

8 8 2.03_:':..01 1. 42 3.45 

10 8 1. 46 :':.. 03 1. 98 3 . 44 

"" ,... 
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Figure 2 . Change in apparent protein (dye binding) and protein equivalent in 
dye filtrate during the tr yptic digestion of milk . 
~ Protein eq ui vale nt in dye filtrate 
.----..Appar ent protein 
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or not n itroge n in the dye itself would be measured, and whether it would inter­

fere wit h the m eas urem e nt of soluble nitrogen in dye filtrates. These results 

are pr ese nted in Table 3 . Even though acid orange 12 cont ai ns nitrogen in its 

structure, it is ev ident from the table th at this nitrogen does not interfere in 

Kjeldahl analysis of dye filtrate . 

Table 3 . Kj el dahl analysis of acid orange 12 dye 

Acid titer (0 . 0373 N) 

Sample Number 

2 

3 

4 

Blank 

(ml) 

. 04 

. 05 

. 04 

. 05 

Eff ect of ag ing on the apparent prot e in content of Cheddar cheese 

Sample 

(ml) 

. 04 

. 05 

. 04 

. 04 

Four 20-lb . blocks of Cheddar cheese were made from differ e nt lot s of 

milk and placed in storag e at 7. 2 C for curing . The cheese contained 38 . 00 , 

37. 50, 37 . 00 , and 37 . 25% moistur e respectively . Protein determinations on 

the cheese were m ade by the dye-binding tests, and the protein equivalent in the 

dye filtrates was measur ed by Kjeld ahl analysis when the cheese was l , 15, 30, 

45 , 60, 75, 90 , 105 , 120, 135 , 150 , 165 , 180 , 195 , 210, 225, 240 , and 255 da ys 

old . Results of this expe r iment are presented in Table 4 . The relationships 
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Table 4 . Effect of aging four lots of Cheddar cheese at 7. 2 C on the apparent 
percent protein as determin ed by dye binding with acid orange 12 

and on protein eq uival e nt in the dye filtrate 
----- -----

Protein equivalent in 

Age Apparent protein dye filtrate 
- ----- --------
(days ) (%) (%) 

Lot I Lot IT Lot III Lot JV Lot I Lo t 1'.i Lot JlI Lot IV 

23.07 23 . 50 22 . 94 23.00 00 00 00 00 

15 23 07 23 . 50 22 . 94 23 . 00 00 00 00 00 

30 23.04 23 . 44 22 . 90 22 . 95 . 03 . 06 . 04 . 05 

45 22.95 23.36 22.8 1 22.88 . 12 . 14 . 13 . 12 

60 22 . 71 23 . 26 22. 78 22. 73 . 36 . 24 . 16 . 27 

75 22.50 22 . 87 22. 1., 22.40 . 45 . 61 . 75 . 59 

90 22.39 22 . 76 22.09 22 . 16 . 67 .73 . 8 1 . 72 

105 22 . 10 22 . 61 21. 93 22.06 .97 . 89 1. 01 . 94 

120 21. 86 22 . 40 21. 69 2 1. 91 1. 21 1. 10 1. 25 1. 09 

135 21. 41 21. 75 21. 00 21. 19 1. 65 l. 74 l. 93 1. 81 

150 21. 07 21. 45 20 . 78 20. 99 1. 98 2. 05 2.16 2.01 

165 20 . 76 21. 08 20 . 60 20. 81 2 . 31 2 . 40 2.31 2 . 19 

180 20 . 43 20 . 90 20 . 28 2 . 64 2.57 2.62 

195 20 . 00 20 . 39 19 . 94 3.05 3. 09 2.99 

210 19 . 4 8 19 . 56 3. 59 3.91 

225 19 .09 ]9.49 3 . 98 4.01 

240 19.02 19 . 40 4 . 05 4 . 10 

255 18 .8 2 19.19 4 . 25 4 . 31 
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between apparent protein in the cheese and protein equiva lent in the dye filtrate 

are given in Figure 3. 

The apparent percent protein de cre ase d in all four batc hes of Cheddar 

cheese as aging progressed . The percentage of apparent protein in the fresh 

che e se were 23 . 07 , 23 . 50 , 22 . 94 , 23 . 00 respectively for batches l , 2, 3, and 

4. The protein percent after 255 days of aging for batch l and 2 was 18. 82 and 

19. 19 respectivel y and for baiches 3 and 4 was 19. 94 and 20 . 81 at 195 and 165 

days respectively. The sum of appare nt protein and protein equivalent in the 

dye filtrate was compared wiih the total protein in each batch of cheese . The 

results presented in Table 5 show that the agreeme nt was very close and that 

protein not accounted for by dye binding was acc ur a tely measured in terms of its 

equivalents in the dye filtrate . Since the same phenomenon was observed during 

tryptic hydrolysis of milk it was appare nt that the decrease in appare nt percent 

protein during cheese curing was the result of protein hydrol ysis. A correspond­

ing incr ease in protein equivalent in the dye filtrates was obtained during curing . 

The dye filtrate was completely free of Kjeldahl nitrogen until the cheese was 15 

days old but increased as the cheese cured . Accordingly the protein equivalent 

in the dye filtrate increased to 4 . 25 and 4. 31 in lots 1 and 2 respectively, when 

aged for 255 da ys, and to 2. 99 and 2. 19 for batches 3 and 4 that were aged for 

195 days and 165 days respectively . The sum of apparent protein in the cheese 

and the protein eq uiva lent in the dye diltrate was closely equivalent to the total 

protein as measured by the Kjeldahl procedure . 
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Figure 3. Change in apparent protein (dye binding) and protein equivalent in dye filtrate during the 
aging of cheddar cheese. 
o---o Protein equivalent in dye filtrate 
-----. Apparent protein 
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Table 5. Effect of aging four lots of Cheddar cheese at 7. 2 C on the total 
protein equivalent (sum of apparent protein and protein equivalent 

in dye filtrate) and total protein 

Total prot e in equivalent Tot al protein (Kjeldahl) 

(%) (%) 

Lot l Lot TI Lot III Lot IV Lot I Lot II Lot l1I Lot IV 

23 . 07 23 . 50 22.94 23. 00 23. 71 23. 69 23.70 23.25 

23 . 07 23 . 50 22 . 94 23 . 00 23. 78 23. 71 23.01 23. 24 

23.07 23.50 22. 94 23.00 23. 80 23.75 23.15 23. 25 

23. 07 23 . 50 22 . 94 23.00 23. 75 23. 70 23.20 23.24 

23. 07 23 . 50 22.94 23.00 23. 58 23. 71 23.21 23.24 

23. 05 23.48 22. 93 22 . 99 23. 80 23. 74 23.17 23.25 

23. 06 23 . 39 22.92 22.98 23. 90 23. 65 23. 16 23.30 

23. 07 23. 50 22. 94 23 . 00 23.78 23. 68 23.17 23.25 

23.07 23 . 50 22.94 23.00 23.85 23. 71 23.17 23.30 

23. 06 23 . 49 22 . 93 23.00 23.87 23.68 23. 16 23.31 

23.05 23.50 22.94 23.00 23 . 88 23. 71 23 . 17 23.30 

23. 07 23 . 48 22. 91 23.00 23.95 23. 72 23.16 23.31 

23. 07 23.47 22.90 23.87 23. 76 23. 15 

23. 05 23.48 22.93 23 . 81 23. 71 23.10 

23. 07 23. 47 23.82 23.70 

23. 07 23 . 50 23. 91 23. 81 

23. 07 23.50 23.94 23.81 

23. 07 23. 50 23 . 97 23.80 



Accountability of milk pro te in by dye binding 
of aci d ora nge 12 on cheese and whey 
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The proposed dye binding m et hod for the determination of the protein rn 

m ilk, cheese, and whey was compared wit h the conventional Kjel dahl procedure 

on each of 9 lots of Cheddar chee s e . 

A sample of milk was taken from eac h of the 9 lots of cheese milk and 

analyze d for protein , fat and casein before the milk was manufactured into 

cheese . 

A 150 ml of sample of whey from eac h lot was ta ken for determinati on 

of protein and fat. A sample of press drippings was also taken from each of the 

cheese blo cks for protein , fat and salt analysis . Each cheese was anal yz ed for 

protein , moistu re, fat and salt . 

Th e results in Table 6 show the protein content of milk , cheese and 

whey as determined by dye binding and the Kjeldahl Method . Th e total recovery 

of pr otein obtained with the Kjeldahl and dye binding methods was 99. 00 :!:. . 6% 

and 97 . 7 :!:. . 6% respectively . It is evide nt tha t the differences between thes e two 

methods, with respect to total protein recovery, are small but the total recovery 

of protei n by dye binding was less than that obtained by the Kjeldahl proc edur e. 

Analysis of nin e lots of milk , chees e and whey 
for fat and protein 

T abl e 7 s hows the percent recovery of milk fat and protein in 9 lots 

of cheese and whey. The salt content of th e cheese and press drippings were 

subtracted weight to arrive at the recovery figures. It can be seen from the 

table th at average perc ent r ecove ry of milk fat in cheese and whey was 



Table 6 . Protein content of milk , Cheddar cheese and whey as determined by 
Kjeldahl and dye binding (acid orange 12) 

Dye Binding 

l'rotern 
accounted 

Batch Product Weight Rc;piication Protein Protein for 

(lbs . ) (%) (lbs . ) (%) 
1 Milk 438. 60 4 3 . 20 .:!:. • 03 14.03 98 . 07 

Cheese 41. 25 6 23 . 90 .:!:. . 61 9.86 
Whey 390 . 00 4 1. 00 :!:. . 07 3.90 
Milk - (C + W) 00. 27 

2 Milk 438.60 4 3 . 22 :!:. • 02 14. 12 98.51 
Cheese 42 . 00 6 24 . 00 :!:. . 59 10.08 
Whey 391. 00 4 0. 98 .:!:. • 08 3.83 
M - (C + W) 5.60 00 . 21 

3 Milk 438 . 60 4 3. 25 :!:. • 03 14 . 25 97. 47 
Cheese 43 . 00 6 24. 05 :!:. • 55 10.34 
Whey 394.25 4 0. 90 .:!:. • 09 3.55 
M - (C + W) 1. 35 00.36 

4 Milk 438.60 4 3. 25 :!:. • 02 14 . 25 97 . 26 
Cheese 42 . 00 6 24. 11 :!:. . 52 10.13 
Whe y 393.00 4 0. 95 :!:. . 10 3.73 
M - (C + W) 3.60 00. 39 

5 Milk 438 . 60 4 3. 21 :!:. . 02 14.08 98.08 
Cheese 43.00 6 23 . 95 :!:. . 49 10. 30 
Whey 394 . 00 4 00. 89 .:!:. . 08 3.51 
M - (C + W) 1. 60 00. 89 + . 08 00 . 17 

6 Milk 438. 60 4 3.21:!:_.0l 14.08 97.58 
Cheese 42 . 75 6 23 . 84 :!:. . 4 1 10. 19 
Whey 394. 00 4 00. 90 :!:. . 05 3.55 
M - (C + W) 1. 85 00. 34 

7 Milk 438.60 4 3. 26 :!:. . 07 14.30 96.64 
Cheese 42.50 6 24. 10 :!:. . 42 10.24 
Whey 395 . 75 4 00 . 91:!:_.07 3.58 
M - (C+ W) 2. 35 0.48 

8 Milk 438 . 00 4 3.26:!:_ . 0l 14.30 97.34 
Cheese 43 . 00 6 24 . 00 :!:. . 48 10.32 
Whe y 394 . 00 4 0. 92 :!:. . 06 3.60 
M - (C + W) 1. 60 0.38 

9 Milk 438 . 60 4 3. 22 :!:. . 02 14.12 98.72 
Cheese 42. 75 6 23.92:!:_.47 10.23 
Whey 395.00 4 0. 94 :!:. . 03 3. 71 
M - (C + W) 00.85 0.18 

Average 97. 7 :!:. • 6 
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Kjeldahl 

Protein 
accounted 

Replication Protein Protein for 

(%) (lb.) (%) 
4 3. 21 :':_ . 01 14.08 98 . 79 
4 24. 57 + . 21 9.93 
4 1. 02 :':_ . 02 3. 98 

0.17 
4 3.24:':_.0l 14.21 99.65 
4 24. 30 :':_. 24 10.21 
4 1.01:':_.03 3.95 

0.05 
4 3 . 26 :':_ . 01 14.30 99.37 
4 24. 35 :':_. 22 10 .47 
4 00 . 95 :':_ . 02 3.74 

0.09 
4 3. 26 :':_ . 02 14.30 98. 32 
4 24. 32 :':_. 25 10.21 
4 00. 98 :':_ . 03 3.85 

0.24 
4 3. 23 + . 01 14 . 17 99.29 
4 24 . 20 :':_ . 20 10.41 
4 00. 93 :':_. 03 3.66 

0.10 
4 3. 23 :':_ . 01 14.17 99 .65 
4 24 . 10 :':_. 26 10 .30 
4 00 . 97 + . 03 3.82 

0.05 
4 3.27:':_ . 0l 14 .34 97. 98 
4 24 . 27 :':_. 21 10.31 
4 00 . 95 :':_. 02 3. 74 

o. 29 
4 3 . 27 :':_ . 01 14.34 9 8. 88 
4 24 . 19 :':_ . 19 10 . 40 
4 00 . 96 :':_ . 02 3.78 

0.16 
4 3 . 24 :':_ . 01 14.21 99.08 
4 24. 10 :':_ . 18 10 . 31 
4 00. 98 :':_ . 03 3. 77 

0.13 
99. 0 :':_. 6 
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Table 7. Anal ys is of nine batches of milk , cheese and whey 
for fat and protein 

Batch Product Cheese Whey Milk Recov ery 

(lbs.) (lbs.) (lbs.) (lbs . ) (%) 

Weight 41. 25 390.00 438.60 98.05 
Fat 13.20 1. 72 15. 13 97.80 
Protein 9. 86 3.90 14.03 98 . 07 

II Weight 42 .00 391. 00 438.60 98. 45 
Fat 13.18 1. 85 15.35 97 . 90 
Protein 10.08 3.83 14. 12 98.51 

m Weight 43 . 00 394.25 438.60 98.42 
Fat 13.2 0 1. 31 15. 13 95.90 
Protein 10.3 4 3.55 14.25 97. 47 

IV Weight 42 . 00 393.00 438.60 99. 15 
Fat 13.80 1.49 15. 79 96.83 
Protein 10. 13 3.73 14.25 97.2 6 

v Weight 43 . 00 394.00 438 . 60 99.37 
Fat 12. 90 1. 77 15.35 94.90 
Protein 10.3 0 3.51 1. 408 98.08 

VI Weight 42 . 75 394.00 438.60 99.32 
Fat 13.68 1. 50 15. 79 96. 14 
Protein 10. 19 3.55 14. 08 97.58 

VII Weight 42.5 0 393.75 438 . 60 99. 19 
Fat 13. 01 1. 85 15. 35 96. 80 
Protein 10.24 3.58 14.30 99.64 

vm Weig ht 43 . 60 394.00 438.60 99. 49 
Fat 14.00 1. 21 15. 79 99 . 96 
Protein 10.32 3.60 14.30 97.34 

IX Weight 42.75 395.00 438.60 99. 52 
Fat 13.25 1. 66 13. 35 97.10 
Protein 10.23 -2..11. 14. 13 98.72 

Total Weight 382.25 3539. 00 3947. 40 99. 0 :!:. . 5 
Fat 120. 22 14. 46 139. 03 97. 0 :!:. 1 
Protein 127.53 32.96 91. 69 97.7+.6 
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97. 00 ±. 1% whereas the average protein recovery was 97 . 7 .:!:. 6 %. The average 

percentage weight recovery in 9 lots of cheese milk was 99 . 00 ±. 6% as shown 

in Table 8. 

T1b le 8. Analysis of nine lots of Cheddar cheese for fat, moisture and salt 

Lot number a 

2 

3 

4 

5 

6 

8 

9 

Moisture 

(%) 

38. 15 

39.04 

38.00 

37 . 77 

38.40 

38 . 10 

37.87 

37.94 

37.81 

aSamples run in duplicate 

F/ DM 

(%) 

52 . 0 

53.3 

52 . 0 

52.5 

52.9 

51. 4 

52.8 

51. 4 

53.0 

Cheese Salt 

(%) 

l. 83 

1. 84 

l. 90 

l. 87 

1. 80 

1. 86 

1. 86 

1. 89 

l. 78 
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DISCUSSION 

The dye binding capacity of Cheddar cheese decreased with age, and 

the apparent percent protein also decreased . However , the protein eq uiv alent 

(NPN) in dye filtrates exhibited a corresponding increase . This suggested that 

the decrease in percent protein was due to proteolysis which accompanied aging . 

It was ass umed by Ashworth (2) that the non-protein nitrogen fraction in milk 

bound none of the dye . Tt must be recognized th at these compounds have been 

determined in fluid mil k only because, the dye methods were standardized against 

tot al Kjeldahl mtrogen on samples in which the NPN fraction was included . Actu­

ally as mentioned by Ash,mrth (2) , the non-protein nitrogen in milk may have 

bound the dye even though Udy was unable to show a reduction in color in the 

filtrate. The nitrogen in acid orange 12 was not measured by Kjeldahl analysis . 

This enable d the Kjeldahl determination of unprecipitated NPN in dye filtrates . 

The dye binding method successfully accounted for the protein in 

Cheddar cheese up to 30 days of age when cured at 7. 2 C and when the moisture 

co ntent of the cheese was 37. 00-38 . 00%. Thereafter the apparent protein con­

tent of the cheese decreased , and the protein equivalent in the dye filtrate in-

creased . 

Fat acco unting has long been used as an indication of processing efficiency 

in dairy plants. Since cheese yield is as dependent on the casein content of milk 

as it is on fat , accounting for protein as well as fat should provide a better index 

of efficiency. 
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Use of dye-binding test with acid orange 12 on 9 lots of Cheddar 

cheese and whey was capabl e of accounti ng for 97 . 7 :!:_ • 6% of the original milk 

protein. At the same time 99 . 0 :!:_. 5% of the origin al milk weight was recov er ed . 

The corresponding recovery of fat was 97 . 00 :!:_ l %. Even though Kjeldahl analysis 

gave better protein accountabilit y (99 . 0 :!:_. 6%) than dye binding , re s ults from the 

dye binding test for proteins were as good as those obtained by cur rent methods 

of fat accounting . Because of their speed and s implicit y, the dye binding test 

along with fat testing could be used by cheese factories to account for two 

economically important milk constituents. 
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