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THE DYE BINDING OF 

MILK PROTEINS 


By N". P. TAUASSl'K, formerly 1J1'ofess01' of food science ctndtechnology and 
dairy "honistry, and N. ABE, formerly re::;ectrch assistant, CaliforniCL Ag1-i. 
('(ltural Experiment Station; and ,\\'. A. MOATS, -resea),ch chemist, Mctrkel 
Quality Research lJit';sion, Agricnltuml Research Service, U.S. Depa1't
ment of Agricnltltre 

INTRODUCTION 
From a nlltritional standpoi.l1t, the protein content of milk is of 

outstanding importance. Milk proteins are of the highest quality, 
both in digestibility and in content of essential amino acids. Pro
tein content is a reliable indication of the content of calcium and 
phosphorus in milk. In addition, the protein content of milk is 
the most important factor affecting the yield in cheesemaking and 
is a major factor in determining the nutriti1;e value and palata
bility of nearly all other manufactured dairy products. For these 
reasons, the pricing of milk can hardly be realistic if protein con
tent is not taken into account. 

Until a few years ago no simple and practical method was 
available for determining protein with sufficient accuracy to use it 
in pricing milk. The Kjeldahl method, the official method of de
termining protein, is impractical for routine use, because it is so 
costly, complicated, and time-consuming. In the last 30 years, 
many approximath'e methods (based on diverse principles) have 
been proposed; the more important ones were reviewed by Booy 
and Coworkers in 1962 (5).' Of all methods published, only two-
alkali steam distillation and dye binding-are accurate and simple 
enough to be used on a large scale for pricing milk 

The Kofranyi method (17), 'which is based on the liberation by 
alkali steam distillation of ammonia in pl'oportion to the quantity 
of protein, was found to be more reli~ble than the formal titration 
method and was the first to be adopted for mass analysis of milk 
samples for protein content (19). Now the Kofnl.nyi method has 
been superseded by the simpler dye-binding methods (21, 22), 

The development of dye-binding methods, the study of which 
began in 1925, has depended on the quantitative aspects of the 
binding of dyes by proteins (9). Polar groups in proteins can 
bind dyes of opposite charge. Milk proteins, on the acid side of 
the isoelectric point, carry an excess positive charge and act as 
large cations. When a negatively charged dye (an acid dye) is 
introduced into the solution, it combines with protein, forming 

1 Italic numbers in parentheses refer to Literature Cited, p. 42. 

1 
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an insoluble protein-dye complex. Excess dye is required for the 
precipitation of protein to be complete. The protein content is 
estimated from the amollnt of free dye (not bound), which can be 
determined by ml;)asuring the opticai density of the supernatant. 

The dye-binding procedure appears to be a quick and re1iable 
method for the routine determination of protein in normal milk 
(2, 3, 7, 2:2, 27, 28, S6). Yet to be o\'ercome are some of the limi
tations of the dye-binding method. Also, there is a need for stand
urdization of the method so that the same procedure can be used in 
all laboratories. Opinions differ as to the choice of a dye. The 
principal dyes used for the test have been two acid dyes, orange 
G and amido black lOB. It has been shown that amido black 
g'ives much more sensitive optical indication of protein content 
than orange G (7). On the other hand, Ashworth and Chaudry 
(2) claim that ol'ange G shows more stoichiometry in its reaction 
with milk proteins than amido black. The apparently greater 
stoichiometry of orange G may instead reflect its lower sensitivity. 
European laboratories (21, :2J) are using amido black lOB far 
mass protein testing, with what appears to be great success. 

In Holland, the dye-binding method with amido black lOB for 
protein determination has been used on a large scale since 1958, 
both for milk pricing and guidance in breeding. In 1964 in the 
province of Friesland, all milk produ.ced was paid for on the basis 
of protein and fat content. In other regions, milk for manufac
turing was paid for on the basis of protein and fat, and market 
milk on the basis of fat alone. Protein determinations are m,:de in 
large central laboratories, where the amido black test is practically 
completely automated. 

The procedure usecl in the central laboratory of The Association 
of Cooperative Dairies, Zutphen, Hollaud, consists of the following 
phases: 

(1) Pipette 1 ml. of milk (96 samples are taken simultaneously 
with an assembly of Cornwall-syringe pipettes). 

(2) Adcl 20 ml. of amido black solution (automatic). 
(3) Mix milk and dye (by introducing a stream of compressed 

ail' for 1 min.). 
(.:1) Separate the protein-dye complex (samples in racks are 

centrifuged in a specially built, large centrifuge). 
(5) Read the optical density of the supernatant and convert 

the reading directly into nercentage of protein. Both these steps 
are fully automatecl, which makes possible the protein determina
tion of 2,000 samples per hoUl'. , 

Every 12th sample is a control (nl'otein content determined by 
Kjeldahl) . T\venty-five percent of all samples are run in duplicate. 
The maximum tolerance of deviation from the Kjeldahl test is 
:t.O.12 percent. The all-inclusiYE' cost of the test is 0.1244 guilder 
per sample, which is equivalent to about 3.5 cents. The test is 
l'lm on producer's composite milk samples preserved with HgCb. 

The Zutphen laboratory-with a personnel of 12 girls. 2 tech
nicians with college degrees, ancl 1 supervisor-ran 3 million test 
samples in a year of 235 working clays. This experience with dye 
binding in Hollancl has been described in detail to illustrate the 
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feasibility of routine, large-scale protein determination by the 
dye-binding method. 

This bulletin consists of a review of the literature and a detailed 
study of the binding of dye by milk proteins. The topics covered 
include an evaluation of the accuracy, reproducibility, and sensi
tivity of the dye-binding reaction; binding by individual proteins; 
effect of processing and preservatives; abnormal milks; and re
sults from field tests. 

LITERATURE REVIEW 

With the increase in emphasis on the i:rrportance of milk pro
tein, the demand has grown for simple and rapid methods for 
protein determination. Several methods have been studied for 
this purpose. Developments in this field have been reviewed 
briefly by Raadsveld (2.1), Dolby (7), and recently, Booy and 
coworkers (5). Among the many methods, the one thought to be 
the most suitable at present is dye binding. 

Dyes Used 
The dyes cUlT0.ntly used for dye binding are orange G and 

amido black lOB. Acid orange 12 has been recommended by Udy 
(34). Figure 1 shows the structural formulas of these dyes. 

In 19·1L1, Fraenkel-Conrat and Cooper (9) reported that orange 
G is bound almost quantitatively by several proteins at pH 2.2. 
Udyfirst applied orange G to determine the protein content of 

Amido Black lOB 

NH2 0H 
1 J ~ 

ON r N= N-·f 'rN = N -,:' '~)'. 

2 ~ -"'::=J 

Na03S . S03Na 

Orange G Acid Orange 12 

,y~y<:..~S03Na 
i l' j 

, li : 
HO-1.~'~'<>,) 

NaOS "-N=N 
3 

FWlHlE I.-Dyes most Jrequently used in dye binding. 
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wheat (31), and later applied the method to milk and powdered 
milk (32). Adclitional work with the orange G method has been 
reported by rl.shworth and coworkers (3). 

The amido black method was first reported by the German sci
entists Schober and Hetzel (27). The accuracy of the amic10 black 
method for determination of the protein in milk was extensively 
studied by Steinsholt (29). Raadsveld (22) and Posthumus (21) 
modified the method to make it suitable and practical for mass 
protein testing of producers' milk in Holland. 

The procedures of the dye-binding test used and recommended 
by various workers vary greatly. These variations are briefly 
reviewed here. 

Amount of Sample 

vVhen using the orange G method, most workers have used for 
the test 1.5 ml. of mille Ashworth indicated, more precisely, 
1.500± 0.003 ml. (.J). The dilution of milk samples is suggested 
by some workers (7, 28). 'i'i'hen the amido black method is usec1, 
it has been cJaim(lci that dilutecl sar..1ples give more accurate 
results (7, :27, 28, 2.9). l.. certain type of syringe used by Raads
veld gave good results \vithout any dilution of milk samples (22). 
The standard deviation of that syringe in measuring 0.5 m!. was 
only 0.005 ml. Others have used 1 ml. (11) and 0.95 m!. (21) of 
milk sample. 

Buffer Solution and Dye Concentration 

To make the precipitation of the protein dye complex complete, 
the protein must be treated with excess dye in acidic solution. 
For the results to be reproducible, the pH of the reaction mixture 
must be rigidly controlled, which is accomplished by dissolving 
the dye in acidic buffcr solution. 

Fraenkel-Conrat and Cooper (9), working with egg albumen 
and several other proteins, including casein, and using citrate
phosphate buffer, reported that protein dissociation was complete 
at pH 2.2. An acid solution of lower pH caused a breakdown of 
protein. The amount of dye bound per unit amount of protein 
was independent of protein or dye concentration, provided that 
protein concentrati::m ,vas within the limits of 0.08 to 0.2 per
cent and dye concentration was within 0.05 to 0.1 percent. 

Citric acid burTer of pH 2.0 was used by Ashworth and co
workers (3). Shiga and coworkers (28) used a 0.1 j1,1 HCI-sodium 
citrate buffer at pH 2.2 and 25 ml. of buffer-dye solution (1.0 g. 
of orange G pel' liter). Dolby (7) used a 0.3 M citric acid buffer; 
his dye concentration was also 0.1 percenL, but he used 10 m1. of 
buffer-dye solution. 

All workers using the amido black method reported using 
ci tl'atf,L phosphate buffer. Schobel' and Hetzel (27) dissolvec1 
0.6165 g. of amido black lOB in 1 liter of 0.1. 1111 citric acid phos
phate buffer of pH ~.8 (19.212 g. citric acid and J 1.876 g. 
Na~HPOI·2H~O dissolved in 1 liter of water). Twenty ml. of the 
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buffer-dye solutiorl was used in the experiments. They reported 
that the protein-dye complex precipitation was incomplete above 
pH 3.5. Shiga ancl cowo.rkers (i8) used the same buffer-dye solu
tion and reported that the amonnt of dye bound decreased slightly 
with an increase in pH. \-Vhen the pH was more than 4.0, precipi
tation of the protein-dye complex was incomplete and measure
ment of the relation between pH and the amount of dye bound 
became impossible. Raaclsveld (2J) and other workers (11, 21) 
used a bufter-clye solution in ,vhich OA··lOO g. of amido blae!;: lOB 
was dissolved into each liter of citrate-phosphute buffer of pH 
2.05 (15.850 g. of citr;c acid ancl 2.078 g. of N1.l~HPO.I·2H~O 
were dissolved in 1 liter of water). Vanderzant and Tennison 
(35) reported using 0.6 g. of buffalo black dissolved in 1 iiter of 
citrate-phosphate buffer of pH 2.35. They later repartee! that ~\ 
dye concentration of 0.342 g. per liter of buffer solution was 
enough to complete precipitation of the protein-dye complex in 0.5 
ml. of milk (.Hi). Dolby (7) dissolved 0.6165 g. of amido black 
lOB in 0.3 M db'ic acid buffer and used 10 ml. of buffer-dye solu
tion for the precipitation of protein in a di1uted milk sample 
equivalent to 0.25 ml. of undiluted mille. 

Herrington (13) reported that phosphoric acid buffer was 
superior to citrate buffer because citrates are attacked by some 
micro-oJ'ganjsms, which changes the pH anci causes 0r1'OrS in pro
tein determinations. Some workers recommended using mold 
inhibitors such as thymol ancl propionic acid. 

Commercially prepared dyes are not 100 percent pure. The best 
grade of amido black lOB available is only 86 percent pure. In 
addition, it is hygroscopic and changes in moisture content on 
storage. Raaclsvelcl (2,1) recommended standardizing buffer-dye 
solution by optical-density measurements. The use of the absorb
aney index (absol'baney index K ;;.: AIC, where A = absorbance 
in a I-em. cuvette and C ;;;c dye concentration) as a cdtel'ion of 
the purity of dye was suggested by Ashworth and Chaudry (2). 

Method of Mixing Sample Buffer-Dye Mixtures 
Fraenkel-Conl'at and Cooper (9) reported that 20 hOUl'S of 

shaking was necessary to complete the reaction between orange G 
dye and the protein. The long reaction time was supposedly caused 
by their use of a very sm~l1J amollnt of buffer solution (only 1 m1.). 
Udy (32) shortened the shaking time to 5 minutes; this method 
was used by later workers (30). Ashworth and coWorkers (3) 
reported shaking the mixture 15 seconds. Schober and Hetzel 
(27) stirred the mixture with a mechanical stirrer for 10 minutes. 
Posthumus (21) used ail' bubbling for 1 minute instead of me
chanical stirring. Shiga and coworkers (28) added buffer-dye 
solution \vhile shaking the mixture and aDowec1 it to stand for at 
least 3 minutes. Vanclerzant and Tennison (35, 36') studied this 
problem more precisely and found no difference between the 
shaken and unshaken mixtul'es. This finding indicates that the 
reaction between dye and protein is fast enough so that no addi
tional ;shaking or stirl'ing is necessary if the dye and milk are 
properly mixecl. 
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Method of Separating Protein-Dye Complex 
The precipitate from the reaction mixture is obtained by filtra

tion or centrLrugl1 tion. Most workers prefer the centrifugation 
method as more rapid and suitable, especially in testing a large 
nLlmber of samples. A centrifuge with a capacity of 96 samples 
has been introduced in Hol1and (23). Various centrifuging speeds 
havE: bf'en reported, ranging from 1,500 to 4,000 r.p.m. 

Ashworth and co\vorkel's (J) claimed that with the orange C 
method the fi.ltration procedure is superior. The pl'otein-6ye com· 
pie x formed is presumably of lower cir:1sity with orange G than 
with amido black ane! cannot a.lways be separated completely by 
centrifugation. A vcry small amount of dye is abso:tbed by the 
filter pap(;'l', but the amount is so small that the difference in 
results between filtration and centrifugation is negligible (28). 
The e.... icknce that the prot<:'in-c1ye complex "formed with amido 
black is more clens(' and therefol'e more easily separated by cen
lrifugation was one of the reasons for claiming the superiority of 
the amido black method OWl' the orange G method (27, :2.9, 36). 

Measurement of Optical Density 
The concentration of unl1~ed dye is determined by measuring 

the optical density of the supernatant of the protein-dye reaction 
mixture. 

For optical measurement to be applicable, the solution must obey 
Beer's law. The solutions of both orange G and amido blad: satis~ 
fy this rl'quil'em('nt under the experimental conditions (3, :29, 3.1). 

The amount of dyt' added to the sample is in considerable excess, 
and therefore the sup('rnatant must be d.i1uted twentyfold or more 
for mp<1surcment of optical density in a usual l-cm. cuvette. Udy 
(83) 1'('ported llsing a special short-light-path cell that had a light 
path of 0.007 inch. \Vith this cell he could measure the optical 
density of the sUlx'rnatant without any dilution. This type of ceU 
has been llscd bv other workcl.·s also. 

The maximur11 absorption of orange G has been reported to be 
at 4Rfi mf( by l)dy (31), ancl from 430 to 480 m". by others (2S). 
Maximum absorption fo)' amido black 10B is reported to be at 
610 to 620 m,u. (7, :29). 

Accuracy of Dye-Binding Method 
Numerous workers (2, 7, 22, 28, 29, S6) have compared the 

accuracy oJ the dye-binding method against the official Kjeldahl 
method. All h<1\'(' reported a linear relation between the two. 
Table] gives regression equations cxpressing the relation between 
P~'l'c<\ntag(' protein by li1l' Kjpl(lahl method and optical density. 

The ('quations cliffe'!' somt'what because of different experimental 
procedurcs. These d::tta would be much more valuable if clifferent 
laboratories could agl'e<.' to use the same procedure. However, 
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Tr\lILI~ L .., (·()mpa,.i,~on oj dyc-/J'indi/!{J mtlhods 'with 

J\jclda!tt 'lttC't/wd jor milk protein determination 


XUlIlber Hlandard, ('orrelll- Hef
of ltl'~reH~i()n NjU!ltiOll 1 Equatioll fol'- l'I'I'Or of {ion ('()- Cl'enee 

sumples ('Rt ill1ule ' ,,!Iicil'n! 

---".---- ----------! I 

PI'1'('('lIt 
Q2,. ' [J= . :i.l:J2 D+4,73S Amido hhl('k JOB ±O,12 - n,BS2 (2.'1) 
HO I''"' -2,11)1 J)+5.1U Amido hlll('k lOB ±O,12 - O,!Hl2 (22)

.\ = (l.OG:l I'+O.!Jl:l Amitio hlack JOB ±D,Osa ,- D.!IS (28) 
WO I' =. :l.GS 1>+5.07 Amido blu('k lOB ±O.,12 -- o.OGa (dU)
:W I) "" G.!JO .\ +OJ)\l AlIlitio blu!'k JOB ±().O7 «() 
:1(1 P ~ 20.(iJ) -1-11.2.) OJ'lll1g(' (l ±(l,(17 (~ 1 
1:\2 I' '" I.72/)+4 .7D Anlidn hlu('k lOll O.\l12 (.!l 

I P '" p('r('!'ntll~(' of p!'ot('in; I) =opt i('ILI den:;ity: .\ '" tiy(' bound ('hlln~e in opt i('1l1 
dell::lily d.llt' to dye hinding by Jl1'()ll'in I. 

there is no clC'dbt as to the high accuracy of either the amido black 
or the orange G method, as can be seen from the numerical value 
of standard' deviations and correlation coefficients. This review 
of the literature of the dye-binding test has been limited almost 
exclusively to mixed samples of fresh raw milk 

Dye-Binding Capacity 
Uely (8z) reported 179.5 mg. of orange G bound per gram of 

the protein of whol(' milk, anel 182 mg. for the protein of dry mille 
He indicated that the reason :for the slight difference might be 
denaturation of proteins by the heat treatment. Ashworth and 
Chaudry (;2) gave the :following values for OJ'ange G: 178 mg. per 
gram protein for whole milk, 199 mg. for Cl-casein, 170 mg. for 
p-casein, and 2·J7 mg. for whey protein. 

FOl' amido black lOB, Hadlancl and Johnsen (71) reported 325 
mg. of dye bound per gram of protein of fresh milk, 300 mg. 
for cheese whey, al1d 220 mg. for ripened cheese. Values obtained 
by Vanclerzanl and Tennison (36') were 266 mg. for fresh milk, 
279 mg. for {t-casein, 2.12 mg. :for p-casein, 202 m~r. for ",(-casein, 
and 288 mg. for lactalbumin. 

There is a considerable variation in dye-binding capacity 
(DBC) reported by different authors. One of the reasons is un
doubtedly a variation in the purity of dyes used. 

Rosenberg and Klotz (25) theorized multiple equilibria in dye 
binding A series of equilibrium relations must be considered 
between p1"0tein and dye, and it is possible that more than one 
dye mOlecule can be bound to one protein molecule when the con
centration of dy<, present is in large excess. 

Ashworth and Chaudry (2) defined DRC as the milligrams of 
elye bound per unit of weight of protein. According to them, DBC 
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was affected by both protein concentration and free dye concen
tration in the supe.Lnatant solution. They stated that the reaction 
between protein and dye was not a simple stoichiometric reaction. 
Results were unreliable when the ratio of total dye to protein 
became excessively large. Working with normal milks, Dolby (7) 
reported, contrary to the finding of Ashworth and coworkers (3), 
no increase in the DBC of protein as the protein content of the milk 
increased. 

Other Factors Affecting Dye Binding 
The amount of dye bound was slightly different at different 

temperatures (27), but the difference was so small that the effect 
of temperature could be disregarded (28). Vdy (32) reported 
that protein denaturation by heat treatment was the probable 
reason for the difference in DBC between whole miik and pow
dered milk. Alais and coworkers (1 ) also suggested that the 
binding of dye might be affected by heating the mille Vanderzant 
and Tennison (36) reported no significant effect from pasteuriza
tion by holding or by the HTST (high temperature-short time) 
method. 

Data are scanty and inconclusive on the accuracy of the dye
binding test on milk from individual cows and atypical milks. 
Raadsveld (23) indicated that testing laboratories in Holland 
consider the test accurate for mixed milk as well as for milk of 
individual cows. Only colostrum and milk of the very last days 
of lactation gave abnormal deviations. Vanderzant and Tennison 
(36) indicated that milks from cows with acute mastitis were 
frequently outside of the normal deviation from results with the 
Kjeldahl method. 

Ash\vorth and coworkers (3) studied the effect on dye binding 
of the preservatives H~O~, HCHO, K~Cr:!O .. , and HgCb. They re
ported that H:!O:! had no effect on dye binding but could not pre
serve thp milk sample for more than 2 days at room temperature; 
that HCHO lowered the apparent protein content; that K:!CnO.. 
increased the apparent protein content at the initial stage and then 
lowered it after a week of storage at room temperature; and that 
HgCh lowered the apparent protein content very slightly but was 
the best preservative for the dye-binding test. Successful use of 
HgCb was also reported by others (22,29). According to Vander
zant and Tennison (.36), milk samples could be stored for the 
dye-binding test as long as 7 days at 40° to 45° F., with or without 
HgCh or K:!Cr:!O.. as preservatives. 

Comparison of Orange G· and Amido Black Methods 
The amido black method was found to be more sensitive than the 

orange G method (7, 28). The ratio of sensitivities was 4.3/1.2 
(28). Moreover, the amido black reacted more quickly with the 
protein, and thi!> protein-dye complex, being more dense, was more 
easily removed by centrifuging (27, 29, 36). 
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EXPERIMENTAL PROCEDURES 

Determination of Protein in Milk 

Dye-Binding Methods 
Amido Black lOB Method 

After preliminary study of several procedures, the authors 
adopted the Raadsveld method (22) with minor modifications. 
The principal modification was that optical density was measured 
at 615 mfL (maximum absorption) instead of at 570 to 590 mIL' 

Reagent.-Amido black lOB, electrophoresis grade.!! 
Buffer solution of pH B.SS.-This solution was prepared from 

1.674 g. of Na~HPO~ (anhydrous) and 17.371 g. of citric acid. 
H20 per liter of solution (or 826 ml. of 0.1 M-citric acid and 59 
mL of 0.2 M-Na!!HP04 and 115 ml. H20). The pH was adjusted 
carefully. 

B1.l.ffer-dye solution.-0.4400 g. of amido black lOB dye was 
added to 1 .liter of the citrate-phosphate buffer. The solution was 
mixed thoroughly and allowed to .stand for 24 hours with occa
sional stirring before standardization. The buffer-dye sol ution 
was standardized by a spectrophotometer at 615 mIL. A 100-to-I 
dilution of this solution has an optical density of 0.320 -t- 0.005 
with a Coleman Junior 6A spectrophotometer (10- by 75-mm. 
cuvette). This instrument was standardized at 610 mIL against a 
Coleman No. 6-400 didymium calibration standard. 

Method of analysis.-At room temperature, 0.5 m!. of milk was 
transferred to a centrifuge tube and exactly 20 ml. of the buffer
dye solution was added.a The mixture was stirred for 30 seconds 
with a mechanical stirrer and then centrifuged for 10 minutes at 
2,500 r.p.m. 

Most of the supernatant from the centrifuge tube was decanted, 
and 1 m!. of this supernatant was diluted with 25 m!. of distilled 
water:' 

The optical density of this diluted supernatant was measured 
against distilled water in a I-cm. cuvette at a wavelength of 615 
mIL' 

Orange G Method 

The orange G procedure used was essentially that used by Ash
worth, except that 0.5 m1. of milk .sample and 20 ml. of buffer-dye 
solution were used in place of 1.5 ml. of milk and 25 ml. ·of buffer
dye. Both filtration and centrifugation were tried and compared 

2 Available from E. Merck A.G. Darmstadt, Germany. 
3 The buffer-dye solution was added with a 20-m1. automatic pipet from AB 

Ljungberg & Co., Stockholm, Sweden; the pipet's standard deviation is 0.0104 
(see appendix table 10). 

4 The distilled water was added with a 25-ml. automatic pipet from AB 
Lju.ngberg & Co., Stockholm, Sweden; this pipet's standard deviation is 0.0046 
(see appendix table 10). 
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for separation of the protein-dye complex. Optical density was 
read at 480 mil-' In another experiment, in which the sensitivity 
of orange G and amido black lOB were compared, 1 ml. of milk 
sample and 20 ml. of the orange G dye were used, giving nearly 
the same protein-to-dYe ratio as that used by Ashworth and co
workers (3), 

Calculation of Dye-Binding Capacity 

(1) 	The milligrams of dye left in the supernatant were calcu
lated from the equation: 


!\,r'I!' r f d _!~xdye concentration of buffer-dye solution 

... 1.1 . 19rams 0 ye - E\ 	 100 

XD.F. 
where: 

E) = optical density of 1 :100 diluted buffer-dye solution 
E2 = optical density of diluted supernatant 

D.F. = dilution factor 
(2) 	Protein was calculated from Kjeldahl nitrogen values as 

follows: 
Protein percentage:-..: (total nitrogen - nonprotein nitro
gen percentage) X 6.38 
Grams of protein = weight of sample X protein percentage 

(3) Dye-binding capacity was calculated from 	the equation: 
milligrams of dye in 20 ml. milligrams of dye left in 

DB(' = \)uffer-~y!:...s~~~~i_on - su~ernatant______ 
grams of protem 

milligrams of 
= dye/ grams of 

protein 

Kjeldahl (Semi-Micro) Method 
The following modification of Rowland's Kjeldahl method (26) 

was used. 

Kjelduhl Uengent 

One thousand milliliters of concentrated chemically pure H2S0~ 
low in nitrogen was added slowly with stirring to a solution pre
pared by dissolving 25 g. of CuSOJ·5H~0 and 200 g. of anhydrous 
Na2S04 in 1,200 ml. of double-distilled water. After the solution 
was cooled to room temperature, 20 m!. of selenic .acid was added, 
and the total volume was brought to 2,500 ml. with double-distilled 
water. 

neceiving Solution 

Ten ml. of O.l-percent methyl red and 20 ml. of O.l-percent 
bromcres01 green in ethyl alcohol were added to each 2 liters of a 
2 percent bork acid solution. 
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Total Nitrogen 

Ten ml. of milk sample was weighed and diluted with double
distilled water to 10~ ml. in a volumetric flask. Triplicate analyses 
for total nitrogen were made on 10-ml. aliquots of the diluted milk 
samples. 

Nonprotein Nitrogen 

Ten m1. of milk sample was weighed into a 125-ml. Erlenmeyer 
flask. Twenty m1. of 20-percent trichloroacetic acid and 10 m1. 
of double-distilled water were added to the sample with continuous 
shaking. After the contents remained undisturbed for 5 minutes, 
they were filtered through a Whatman No. 12 folded filter paper. 
Three 10-m!. samples of the filtrate were pipetted into three 
Kjeldahl digestion flasks. Two or three glass beads and 8 m1. of 
Kjeldahl reagent were added to each flask. 

Digestion of ,.he Sample 

After a few drops of antifoam were added, the samples were 
digested for 1 hour on the digestion rack. Ten m1. of the double
distilled water was added when the flasks were cooled to room 
temperature. 

Distillation 

After each flask received 17 ml. of 30-percent NaOH, the con
tents were distilled for 12 minutes. The distillate was received 
into 20 ml. of receiving solution. The boric acid solution was 
titrated with 0.01 N Hel solution until a faint pink color appeared. 

Preparation of Protein Fractions 

The butterfat was separated from mixed herd milk. All casein 
fractions were prepared from the skim portion. The skim milk 
was dialyzed against a large volume of distilled water for 72 hours 
at 2° C. and then freeze-dried. 

Acid Casein 

Acid casein was precipitated at pH 4.6 with addition of 1 N 
HCI. The precipitate was washed three times with distilled water 
and then dissolved with dilute NaDE solution, raising the pH to 
8.5. The casein was reprecipitated at pH 4.6. The procedure was 
repeated four times. Finally, the casein precipitate was washed 
three times with distilled water and dried with ethyl alcohol fol
lowed by ethyl ether. 

a-, tJ-, and y··caseins were prepared by the urea method of Hipp 
and coworkers (14). 
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FIGURE 2.-Starch-gel elect:rophoresis of casein fractions: I-dialyzed freeze
dried skim milk; 2-acid-precipitated casein; 3-a.-casein; 4-i3-casein; 5
"'-casein. 

a-Casein 
Acid casein was dissolved in 6.6 M urea, and the a.-fraction was 

precipitated at a urea concentration of 4.6 M by dilution with 
distilled water. The a.-casein was suspended in distilled water and 
dialyzed against distilled water for 72 hours at 2 0 C. and then 
freeze-dried. Starch-gel electrophoresis in 7 M urea at pH 8.6 
showed some contamination with i3-casein (fig. 2). 

~-Casein 

The portion that precipitated in 3.3 M urea was discarded. 
,a-casein was precipitated by further dilution to a urea concentra
tion of 1.7 M, and the pH was then adjusted to 4.7. Purification 
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was done by reprecipitating twice from 4.6 M urea solution. Each 
time, the portion pl"ecipitated at a concentration of 1.7 M was col
lected. The final precipitate was washed with distilled water 
three times, dialyzed, and freeze-dried. Starch-gel electrophoresis 
in 7 lvl urea at pH 8.6 showed no contamination with other frac
tions (fig. 2). 

'Y-Casein 

The portion soluble in 1 M urea but insoluble in 1.6 M am
monium sulfate was collected. The precipitate was dissolved in 
dilute NaOH solution and brought to a pH of 4.7 at 20° C. to pre
cipitate the impurities. The filtrate was dialyzed against distilled 
water for 72 hours at 2° C. and then freeze-dried. The starch-gel 
electrophoresis pattern was identical to the one for y-casein ob
tained \'lith Hipp's method as shown by Groves and coworkers 
(10) . 

Ca-Sensitive and Ca-Insensitive a-Casein 

Fox's method (8) was used to prepare these fractions. Purified 
a-casein was dissolved with dilute NaOH (proteiu concentration 
was about 2 percent) and the solution was cooled to 5° C. CaCb 
was added to bring the concentration of CaCb in the solution to 
0.15 lv!. The pH of the solution was then adjusted to 8.3. The 
precipitated Ca-sensitive fraction was collected by centrifuging, 
washing with water, and ch·ying with ethyl alcohol and ethyl ether. 

The supernatant was warmed to 30° C. and adjusted to pH 4.7. 
The precipitated Ca-insensitive a-casein was centrifuged, washed 
twice with distilled water, and dried with organic solvents. 

K-Casein 

K-casein was prepared by the method of Cheeseman (6). To re
move Ca-sensitive a-casein, 0.2 iv! CaCb was added to casein solu
tion to pH 7.0 at 4° C. The solution was warmed up to 37° C. and 
then kept standing for 1 hour. The precipitate was centrifuged 
out. The supernatant solution was kept overnight at 4°C. and 
K-casein was precipitated at that temperature and at pH 4.6 with 
acetic acid. The K-casein was washed twice with distilled water 
and dried with organic solvents. The purity of this fraction is 
shown by starch-gel electrophoresis in 7 M urea at pH 8.6 (see 
fig. 2). 

Whey Protein 

Acid whey was kept in the cold (about 0° C.) overnight at pH 
4.6, and then filtered. The filtered whey was dialyzed against a 
large volume of distilled water for 72 hours in the cold and then 
freeze-dried. 
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1 2 3 4 5 .6 

FIGl'RE 3.-Starch-gel electrophoresis of whey protein fractions: I-whey pro
tein; 2-globulin; 3-albumin; <I-a-lactalbumin; v-a-lactalbumin; 6
i1-lactoglobulin. 

Lactoglobulin Fraction 

Lactoglobulin \vas precipitated at half-saturation of ammonium 
sulfate from acid whey at pH 6.0. The precipitate was dissolved 
in 0.02 M phosphate buffer of pH 7.0 and then dialyzed against 
the same buffer solution for 72 hours. The dialyzed solution was 
applied to a DEAE column (9.0 by 5.5 cm.) and chromatographed 
by the stepwise method described by Yaguchi and co-workers (J8). 
The effhwnt of the peak l> was collected as the lactoglobulin frac
tion, dialyzed against distilled wate)" and then freeze-dried. The 
starch-gel electrophoresis pattern sbowed only one band, and it 
is presumed that the fraction was pseudoglobulin (fig. 3). 
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a-.Lactalhurnin and ,a-Lactoglobulin 
The filtrate from the separated globulin fraction of whey was 

saturated with ammonium sulfate, and the lactalbumin fraction 
was precipitated. The precipitate was dissolved in phosphate 
buffer of pH 7.0 (0.02 illJ) and dialyzed against the same buffer. 
The dialyzed solution was chromatographed on a DEAE column 
(8.0 by 5.5 cm.) in the same manner as the globulin preparation. 
The effluent of peaks c, d, and e, comprising primarily the «-lact
albumin fraction," was dialyzed against distilled water and freeze
dried. The fJ-lactoglobulin fraction was prepared by treating the 
etnuent of peah f and g in 11 similar manner. The starch-gel 
electrophoresis pattern showed some contamination of (L-Iactalbu
min with #-lactoglobuUn, and some admixture of a-lactalbumin in 
the P-lactoglobulin preparation (fig. 3). 

Starch-Gel EI(~ctrophorcHiH Method 

Essentially the same starch-gel electrophoresis method described 
by \-Vake and Baldwin (J7) was used. The only difference was 
that the stained gel was washed with 2-percent acetic acid (by 
volume) instead of 10-percent glycerol. 

STUDY OF FACTORS AFFECTING DYE BINDING 

Spectral Ahsorption Curves of Amido Black lOB 
and Orau(ye G 

l:l 

One m!. of each buffer-dye solution was diluted to 100 m!. with 
distilled water. Optical density at each interval of 10 mJ.L in the 
range from ,/00 to 700 mJ.L was measured with a Coleman 6A Jr. 
spectrophotometer. Absorption was maximal between 610 and 
620 mJ.L for each amido black lOB and at L180 mJ.L for orange G 
(fig. 4). The curve for amido black shows a second small peak at 

:{20 ill,.,.. The pH of the dye solution was founei to have no effect on 
maximum absorption. \Vavelengths of 615 and !180 miL, respec
tively, were adopted for amiclo black 10 B and orange G and used 
in determining optical densities in all subsequent experiments. 

Comparative Sensitivity of Amido Black lOB .and 
Orange G 

Milk samples of high, medium, and low protein content were 
diluted with distilled water to get various protein concentrations 
ranging from 2.74 to 4.02 percent. The samples were analyzed by 
three methods: (1) the amido black lOB method, (2) the orange G 
centrifugation method, and (3) the orange G filtration method. 
Amido black is more sensitive than orange G (fig. 5). The differ
ence in the results from filtration and centrifugation was not 
significant. 

~ Obtained from R. Jenness, University of Minnesota. 
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.FIGURE 4.-Special absorption curves, amido black lOB and orange G. 

TABLE 2.-Replicaled analysis of a milk sample 
containing 3.19 percent protein (Kje/dahl) 1 

,--------_1_----------

Protein 
Analysis found with 

amido 
cl d 

black lOB ~ i 

1__ . ____________ · 
2 ___ N ____ ~_____

3. ______________ ' 
4 __ - ____________ ' 

::::::::::::::::17 _______ ._______ 
N_______________ 

9_______________
10. _______ • _____ ' 

Percent3.19 i 
3.19 
3.20 : 
3.20 I 
~:~g II'3.20 
3.21 
3.19 i
3.19 I 

-1 
-1 

o I 

o 1 
o 

-1 
o 

+1 
-1 
-1 

1 
1 I 

o 
() 

o 
1 , 
o i 
1 
1 
1 

I 
'. 

i 

i 

Pm'cent 
3.19 
3.19 
3.23 
3.19 
3.1n 
3.15 
3.19 
3.23 
3.19 
3.19 

I 
I 

0 
0 

+4 
0 
0 

-4 
0 

+4 
0 
0 

() 

0 
16 

0 
0 

16 
0 

16 
() 

0 
I 

'rota!...______ 31.961 -4; 6 I 31.941 +4) 

3.20 1--------:--------; 3.19 1--------1--------
I d=(Xt-XlXI02 
2 RegresRion equations used to calculate percentage of protein: 

Amido black: X = - 4,4893Y +5.111 
Orange G: X = - 3n.53Y +Hi.23 

Where X =pereentage of protein 
and Y =optical density. 

48 
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FIGURE 5,-Relation between Kjeldahl protein and opticai ci::\nsity, Curves are for 
amido black (1), orange G (2, centrifugation), and orange G (3, filtration). 

The accuracy of the dye-binding test was not affected signifi
cantly by whether optical density was measured by the Beckman 
DU or Coleman 6A Jr. spectrophotometer. The Coleman instru
ment, which required less time, was therefore used in all subse
quent experiments. 

Reproducibility of Amido Black lOB and OrangeG 
Methods 

Ten separate analyses were made on the same milk sample with 
amido black lOB and orange G methods. The protein content of 
the sample as determined by the Kjeldahl method was 3.19 per
cent. The results are shown in table 2. Both methods gave excel
lent reproducibility. Because of its higher sensitivity, the amido 
black lOB method was used in an of the following experiments, 
unless stated otherwise. 
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Effect of Processing Treatments on Accuracy 
and Reliahility 

pH of Buffer Solution 
The same amount of amido black lOB (440 mg.) was dissolved 

in l~liter amounts of buffer solutions of pH 1.75, 2.00, 2.35, 2.50, 
2.75, 3.00, <1.00, and 5.00. The ra\\' skim milk sample was analyzed 
with these eight different buffer-dye solutions. The protein-dye 
reaction was affected greatly by pH (fig. 6). The higher the pH, the 
less dye was bound by the proteins; at pH 5 almost no protein
dye complex was fermed. This fact indicates that the pH of the 
buffer-dye solution ~,hould be adjusted very carefully. 

Fraenkel-Comat and Cooper (9) reported that a pH below 2.2 
may '~ause a breakdown of protein by hydrolysis. For the analysis 
of milk protein, Raaclsvelcl (22) and other workers in Europe 
(11, £1, 29) chose a pH of 2.35, 'which appears to be optimum 
for the dissociation of ionizable protein groups without acid 
hydrolysis. This pH was adopted for the procedure used in the 
experiments described in this bulletin. 

Time of Mixing 
The milk sample was pipetted into a centrifuge tube and dye 

solution was added to the mille The sample-dye mixture was 
stirred by a mechanical stiner for 0, 0.5, 1, 2, 3, 5, 10, and 15 
minutes. After the protein-dye complex was removed by centri

0.4 

>-
I 

~ 0.3 
lU 
a 
-l 
~ 
U 

j:: 0.2 

a.. 
0 

0.1 
2 3 4 

pH 

FIGn~E G.-Effect of pH on dye binding; amido black lOB. 
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T.UlLI:: :~.~'l'he effect of lime of mi.ring on dye binding 

Optical density of dye 
remaining in supernatant

Time of mixing (minutes.) 

! Amido black Orange 
lOB c: 

0.'145 0.a30 
.442 .::m 

., .445 
.44'1 

.329 

.328 
.444 .328 
.44a .327 
.442 .328 
.4.Jl .328 

fuging, optical density was measured. The results are shown in 
table 3. K0 significant difference in optical density was found 
between unstirred samples and those stirred for 15 minutes. The 
data indicate a very rapid reaction between protein and dye. 
vVhen, however, milk is added to the dye solution instead of dye 
solution add0d to the milk, more mixing time is required. The 
\"olume ratio of milk to dye solution is 1 :40. Under these condi
tions, adding milk to dye solution at a pH below the isoelectric 
point causes partial acid coagUlation of casein. Completion of the 
reaction between protein and dye requires that the coagulated 
aggregates be dlSpersed by stirring. 

Reversibility of ]>rotein-J)ye Reaetioll 

The reversibility of the protein-dye reaction was tested by sus
pending the precipitated protein-dye complex in the same buffer 
solution used in the buffer-dye solution and dialyzing against this 
buffer for 48 hours at room temperature. No dye was dialyzed out. 
This fact indicates the ineversibility of the reaction between pro
tein and dye at the pH of the reaction. Additional experiments 
with dialysis of protein-dye complex at higher pH showed that 
the dye was dialyzed out at a pH aboye 5.0. 

In the presence of urea in concentrations of 0.2 iltl or above, the 
dye was dialyzed out at pH 2.35, the chosen optimum pH for dye
protein complex fOl·mation. The evidence indicates that hydrogen 
bonding is involved in the formation of the dye-protein complex. 

Tempt'ratur.e 

The optical density of the supernatant was not changed sig
nificantly by temperature changes within the range of 10° to 
42" C. 
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Stahility of Buffer-Dye Solution 

In repeated trials no change in optical density was observed 
when the buffer-dye solution 'was aged for one month. It is con
cluded that the solution is stable if there is no gross environmentai 
contamination by molds. 

l'se of Preservatives 

The effect of three preservatives was tested on identical samples 
of mixed-herd raw milk. Both controls and samples with added 
preservative were kept at 5" C. and at room temperature. Analy
ses were made daily for 15 days. 

The preservatives and their concentrations were: 
(1) Formaldehyde (36.6 percent) ; 2 c1rops/200 ml. of milk. 
(2) RgCb: ]00 mg.j200 m!. of milk. 
(3) K:!Cr:!O.: 100 mg. ;200 ml. of milk. 

The r~sldts were summarized in table -1. K:!Cr:!O. significantly 
lowered initial optical density below that of the control. Since 
K~Cr!!O. is a stroug oxidizing agent, it is very likely that some of 
the amido black was oxidized. Formaldehyde added at the rate of 
1 drop/l00 ml. of milk [much less than the amount recommended 
by the A.O.A.C. (4) ] had no effect on initial optical density, but 
with stol'age the results became erratic. Formaldehyde is known 
to react with protein, and the reduction in dye bound as formalde
hyde concentration is increased (fig. 7) suggests that it may com
pete \vith the dye for NH:l~ sites of the protein. Table 4 shows 
that HgCb can be used to preserve milk for the dye-binding test, 
even though added HgCb slightly lowered the initial optical 
density. The difference was within experimental error, however. 

TABLE ·L-H.fTccl of pl'C'serl'aliIW; on dye binding 

Optical d('usit.l' of dyt' rPllutining in supernatant I ~ 
StorllV;l' tt'mpl'rllt lift' 

aud time (dOllS) 

);() IrC'HO IIgC'b 
preservative 

---~-------- ---- -----
Stumgl' Ilt 27' C.: 

().. 
.) 

'" ltL -, 

0.455 rd 
A'HJ dpf 

., ~ .. - , .. -

rd0,455 
.474 al! 
.'17", a 

0.447 
.451 
.451 
.451 

def 
cdc 
cde 
cde 

i 0,429 
.435 
,4;32 
.436 

g 
fg 
g 

erg 
15 .457 cd .447 clef 

Btorugr !tt 5" C.: 
(L 
a 
7_ 
10. 
Iii 

0.455 
.4:;1 
A50 
A5J 

rd 
ede 

dl,f 
('de 

ed0.455 
.4iiH cd 
.460 hed 
,462 h('d 
.46G abe 

0.447 
.'~4H 
.447 
.44!) 
.452 

def 
clef 
def 
def 

cd 
, 

0.429 
.421' 
.4!W 
.426 
.431 

g 
g 
g 
g 
g 

I Averag(' of threr salllpies of :~,a1. 3.a:l, llnd a.al pereent [l1'O\ein. 
~ )'lctllll' followed by tll(' ;;IUll(' Il'Itl'r Ilr(' nut signifi.cllntly diffcl'cnt III thc 5-percenl 

lrvrlll('('ording to DUlH'a!1's Illultiple rn!1gc test. 
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FIGURE 7.-E.ffect of formaldehyde concentration on dye .binding; amido 
black lOB. 

Heating 

Mixed-herd milk was subjected to various temperature-time 
heat treatments commonly used in processing milk. The heat
treated samples were analyzed for protein content by both the 
amido black and the Kjeldahl method. No significant difference 
was observed between the dye-binding capacity of heat-treated 
and control samples (table 5). Thus, the dye-binding method can 
be used for protein determination of pasteurized milk and milk 
subjected to other common processing heat treatments. 

A sterilization heat intense enough to cause browning lowers 
the DBC of the milk proteins. Skim milk samples were heated to 
120" C. for 10 minutes and for 8 minutes. The DBC of unsteriJjzed 
and sterilized milk samples is shown in table 6. It is well known 
that the bro'lNning reaction in milk is due primarily to the Mailliard 
reaction of aldo-sugars with amino groups of proteins. The lower
ing of DBC by the browning reaction is to be expected. To study 
the relation between DBC and the intensity of the brown color, 350 
m!. of condensed skim milk (32.11 percent total solids) was 
diluted with 150 ml. of distilled water and heated at 120 0 C. for 0, 
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TABLB 5.-EjTect oj heat tre(limenl lin dye-binding capa.city 

Heat treatment 
~______________c---________ 

I'
.DB(, 1 2 (amido 

blaek lOB) 
TemperatW'e (0 C.l Time 

Mg. dye/g. 
1Jfo1l'in 

:\ot heated .... _...•.•.. _............ _•..•• __ ._ •.• _••.• ___ . __ :3:38.65 a 
(i3 . _ _. _.. .' ___ " __ •...•. ____ . 30 min ...... __ . _ .. _. __ . :NO.I0 a 
74.... 
X5 - . _ 
!J:3 . _ 

. .. _._. __ .• _... 
.•. __ . _ . __ •. _.... _ 
. __  _. _ .. _... _. _ 

. __ . _ 
__.. _ 

15 min __ •• ___ .. _•. _•... 
15 sec _• __ ... __ .. _ . _ . _ . 
1 sec .. ___ . __ • _ _.. _... . 

:339.15 a 
3a9.50 a 
3:35.\J5 a 

SX......... _ ._............. 15min•.•. __ ......... __ • 338.88 It 

-----_._--------, 
1 Avera~e or IW(I milk samples. 
~ ~l('alls followed hy the sallll' letter arc not si~niCieantl~·dilT£'renl at the 5·percenl 

h~\'el, according to Duncan's multiple range test. 

T:\IlJ.I~ G.~l~'jT('cl oj slerii£zation oj milk on dye-binding capacity 

Dye-binding capacity I 
Intensity 
of brown 

Hample Heated Ilt 1200 C. for- color of 
::\ () heat heated 

treatment sample 2 

l(l minutes S minutes 

.~.- ~---------- ------- -------------i----
Mo./g. Mgjg. MO·/g· j .

334.7 :322.8 
2. a:30.7 i::::::=====] SlIgl:iso.:;121.:3 

.._ •. _______ ' Do.:) 3a5.2 328.7 
4 . a:3:U; 328.7 I Very slight.
5_ . , :33:3.6 326.9 I Do. 

I 

1 \lilligrams of dye per gram of protein; amido black lOB. 
~ \'isunll)" (lbst'rved. 

2, 4, 6, 8, and 10 minutes. After the sample was cooled to room 
temperature, further dilution was made to reduce the concentration 
of lota1 soUds to that of normal skim milk. The brown color was 
measured by a colorimetric method with Colormaster (a differen
tial colorimeter of Mecco Manufacturers Engineering and Equip
ment Corp.). Figure 8 shows the straight-line relation between 
reflectance and optical density at 615 mp.. 

Condensing 

Condensed skim milk (3 :1) was prepared from freshly sepa
rated skim milk with a small milk-condensing apparatus (lO-lb. 
capacity) at 55° C. under a vacuum of 28 inches Hg. The con
densed milk \vas diluted with distilled water to the original skim 



23 'rUE DYE BINDING OF MILK PROTEINS 

70r-~~--'-------~------r-------' 

69 
.... 
c: 
Q) 
u 
'-
Q) 

Cl. 50 
LU' 
U 
Z 
~ 
I-
U 40 Blue Filter 
LU 
-.I 
~ 
LU 
Q::: 

30 

.0.39 0.40 0.41 0.42 0.43 
OPTICAL DENSITY AT 615 mJ.L 

FIGt:RE 8.-Relationbetween hrown color (inversely proportional to reflectance) 
and optical density. 

milk concentration. Both skim milk dnd diluted condensed milk 
were analyzed by the amic10 black a~lc1 Kjeldahl methods. The 
average DBC calculated from two independent experiments was 
334.2 mg. dye per gram of protein for skim milk and 335.9 mg. 
dye per gram of protein for diluted condensed mille The process
of condensjng had no effect on DBC. 

Homogenization 

Identica1 milk samples were warmed to 60° C. and homogenized 
at pressures ranging from 1,500 to 4,000 p.s.i. The DBC of un
homogenized and homogenized samples is shown in table 7. Even 
at the very high homogenization pressure of 4,000 p.s.i. no change 
was found in DBC. 

Fa.t Content 

It was thought that a dye might be preferentially adsorbed on 
the fat g10bules and form a complex with a fat globule membrane 
material. If this were true, fat content would affect the DBC. 
Samples with a range of fat content were prepared by varying the 
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TABU; 7.-EJfect of homogen-izaiilYn on dye-binding capacity 1 

Homogenization pressure (p.S.1·.) DBC 2 

Mg, dye/g. 
prole-in

0•.•...... _._ ....•..... __ .. _•....... __ ... __ . _______ .. _•. __ _ 
 342.7 a
1 • 5D!L ....... _•• __ •. __ .... __ • __ ..• __ • ___________________ • __ _ 
 340.5 a
'2, ()(J().. • .. __ . __ • __ ...... __ .. _ _ ___ • __ ' • __ • ________________ _ 342.2 a 
2,500..• __ .. _., ..... _•• __ ... __ ._._. _____ .. _. __ •• ____ • __ _ :341.0 a
:3,000. . •... _•. ___ . _....• _' . _____ . __________________ _ 341.8 a1,5(MI ___ . _____ ... _. ____ .... __ . __ •.... _____ . ________ .. ___ .. __ . 340.7.a 
4,000 .......•..... _....... "" " ..•••• __ ..•. __ •• _..••• _ 342.5 a 

J Average of two milk samples, warmed to 60° C. 
~ :\leau:l followed b~' the salIle letter are not significantly different at the 5-percent 

level, according to Duncan's multiple range test. 

proportions of skim and cream taken from a single lot of milk 
(table 8). The data show that the DBC of milk protein increases 
slightly as fat content increases from 0 to 4.10 percent; there is 
no further increase in DBC as fat content goes up to 10.50 per
cent. At a higher concentration, some fat remains in the super
natant after centrifugation and affects the optica1 density reading. 
Normally, fat is entrapped in the protein-dye complex, leaving the 
supernatant deal" and fl"ee of fat. 

Surface Tension 

DBC was not affected when the surface tension of skim milk 
was lowered, by the addition of Tween 20, from 51.8 to 35.8 
dynes/cm. or when that of whole milk was lowered from 46 to 35 
dynes/em. 

TABLE B.-Ejfect of fat content on dye-binding capacity 
......._-_._--_._._-------------- 
~amplc 1 Fat Protein 2 DBC 3 

Mg. dye/g. 
P"rcent 

4 . .., 
Percellt 

3,47 
protein

303.3 
o a.73 289.9 

3. __ 1.1.5 3.67 ' 291.4 
.1. .. 
5... 

2,20 
:LlO 

a,63
a.62 

I: 290.8 
294.6 

(L 4.10 3.46 ' 300.9 
7 10.50 3,34 . 297.8 

J Skim milk nnd cream, excrpt a;; indicnted. 

2 J\:jehlahL 

3 Amido black 1013 method, 

~ Original milk. 


::-;kim milk. l 



THE DYE BINDING OF MILK PROTEINS 25 

Proteolysis 

Freshly separated skim milk was pasteurized for 15 seconds at 
75° C., adjusted to pH 7.5 with diluted NaOH, and warmed to 40°. 
To 200 m!. of the skim milk was added 200 mg. of pancreatin 
powder; the mixture was then stirred with a magnetic stirrer 
until the pancreatin was completely dissolved. The samples were 
incubated in a constant-temperature water bath at 40°, and sam
ples were removed for analysis every 10 minutes beginning just 
ah~l· the pancreatin was completely dissolved in the milk. To 
prevent further progress of proteolytic reaction, dye solution was 
added to each sample as soon as it was removed from the water 
bath. Both total nitrogen and nonprotein nitrogen were deter
mined by the Kjeldahl method. For nonprotein nitrogen deter
mination, 20 percent trichloroacetic acid \vas immediately added 
to the sample. Progressive proteolysis increases DEC because of 
a decrease in true pntein content, as shown by the Kjeldahl pro
tein analysis. From the results of experiments to be described 
subsequently, this increased DEC is thought to be due to the 
decrease in the protein-dye ratio in the reaction mixture. With 
this lowering of protein content by proteolysis an increase in the 
optical density of the supernatant is to be expected. This relation 
is shown in figure 9. 

From the data on Kjeldahl protein in this experiment, the extent 
of proteolysis was much greater even after only 10 minutes of 
incubation with pancreatin than would normally occur in milk 
aged for as long as 2 to 3 weeks if kept at about 0° C. It was re
peatedly observed in other experiments in this study that a very 
slight proteolysis may take place when milk is aged without sig
nificantly affecting the accuracy of the amido black lOB dye-bind
ing test. 

Stability of the Protein-Dye Bond 

The stability of the protein-dye bond as affected by pH and urea 
solutions was investigated in the following manner. 

The protein-dye complex was washed with pH 2.35 citrate-phos
phate buffer to remove unbound dye. Different portions of the 
complex were then suspended in buffer solutions (citrate-phosphate 
at pH's of 2.0, 3.0, 4.0, 4.5, 5.0, 5.5, 6.0, and 7.0) and then dialyzed 
against these same buffer solutions for 48 hours at room tempera
ture. The effect of pH on the stab'lity of the protein-dye complex 
is indicated in the following tabulation: 

pH of buffer 

2.0 
3.0 
4.0 
5.0 
5.5 
6.0 
7.0 

Dye dialyzed out 

No 
No 
No 
Some 
Yes, slowly 
Yes 
Yes 



26 'l'ECHNICAL BULLETIN 1369, U.S. DEPT. AGRICULTURE 

310r---~----'-----r---~----~ 

2.5"'--"'_-L_~__""'""-_-J.___ 

....J>-«Iu
f: Z0.45 
o..LU 
oQ 

20 40 60 80 100 
REACTION TIME, minutes 

FIGURE 9.-Change in optical density, percentage of protein, and DBC with 
progressive proteolysis. 

The reaction bdween the protein and the dye at the pH of the 
reaction was irreversible, but when the pH was increased to 5.5 
the dye was liberated from the protein-dye complex and dialyzed 
out. "When urea was added to the buffer, this liberation took place 
at pH 2.35. The effect of urea G11 the stability of the protein-dye 
complex is indicated in the following tabulation: 

U1'ea concentmtion 
in pH 2.35 buffer' Dye dialyzed out 

1M. No 
2M. Yes 
4M. Yes 
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RELATION BETWEEN PROTEIN 

MEASUREMENT BY DYE-BINDING AND 


KJELDAHL METHODS 

The accuracy of the dye-binding test with amido black lOB was 

studied on milk from a large number of individual producers from 
three different areas in California. The areas differ in climate, 
feeding practices, and the protein content of the milk. A limited 
study was also made 011 mastitic milk 

Samples of producer's milk, identical to those taken for the fat 
test were refrigerated and shipped to the laboratory. At time of 
analysis the samples were 2 to <1 clays old. Separate experiments 
established that the dye-binding test was unaffected by an increase 
(up to 0.05 percent) in titratable acidity that might have taken 
place during shipping. Titratable acidity was determined in all 
samples suspected of having developed acidity. 

Mastitic Milk 
Milk from mastitis-affected udders of four cows was studied. 

The mastitic infection. exnerimentally induced, was relatively 
mild as determined by the California mastitis test. The Kjeldahl 
nitrogen on all samples was run in triplicate, and, when necessary, 
the determinations were repeatecl in duplicate. 'l'he dye-binding 
tests were made in duplicate. 

The correlation coefficient between Kjeldahl protein and dye 
binding was only 0.681 for mastitic milk. This relatively low 
correlation is to be exnected, since the ratio of various protein 
fractions, particularly those of whey, is quite different in mastitic 
milk from that in normal mille Different types of proteins present 
in milk have different specific binding capacities for the dye. 

Mixed-Herd Milk 6 

In the sample of 440 obsej'vations of mixed-herd milk from 
three different areas in California, the relation between optical 
density as determined by dye-binding and protein content as deter
mined by Kjeldahl test was as follows: 

Y = 5.155 - l!.289X 
R"!. = 0.916 

S.E. = ± 0.093 

Where Y is the protein content by Kjeldahl and X is the optical 
density. This equation "explained" 91.6 percent of the variance 

6 This section prepared by A. C. Manchestet·, agricultural economist, Market
ing Economics Division. Economic Research Service. U.S. Department of Agri
culture, on the basis of 11 statistical analysis by Elsie D. Anderson, formerly 
analytical statistician with the same Division. 
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in the protein content by Kjeldahl. The standard error of esti
mate was :::: 0.093 percentage points. 

Both of the measures are averages of several observations-two 
measurements of optical density and three of Kjeldahl nitrogen. 
The measurements are not completely reproducible, of course. The 
standard deviation about the mean of each sample was: 

Standard del'iation Mean 
Optical density ___________________ 0.0031 0.3989 
Kjelclahl nitrogen_________________ .0042 .5330 

In other words, two-thirds of the measurements woule! be within 
one standard deviation of the mean for each sample. 

The observations came from three different areas in Califor
nia-246 samples fl'om the Sacmmento area, 50 from Fernbridge, 
and 1-14 from Petaluma. Analysis of the data from each of these 
areas yielded somewhat differellt results (table 9). 

The equations for herd milk in the Fernbridge and the Petaluma 
areas are homogeneous. That is to say, statistically there is no 
significant difference between them. That for the Sacramento 
area is significantly different in a statistical sense from those for 
the other two areas. The observations for the three areas are 
plotted in figure 10. 

In an effort to determine why different equations were obtained 
in the three areas, a large number of regression analyses were 
performed, including the use of various curvilinear forms. On the 

TAfiLr: D.-Statislical data for mixed-herd milk 

Regression statistics 
('(J(,ffi(·ien t 

Nnurrp ~!lmplet\ of deter
nf :;!lmpl('~ mination [ ('onstan t Regression coefficient Standard 

term (with its standard error of 
error) ~ estimate 3 

Sl(rll/i('r PerCl'llt 
::iaerarnento :?l(i nO.6 5.662\) - 5.3445 (±().II04) ±O.Oi7 
Fernbridg(· 50 Ill .• 5.:H2S -4.(j14il (± .2()40) ± .OS2 
Petaluma 14·1 !l:3.(l ,). J'i'l:3 -·1.4H!l:> (± .10:31) ± .064 

I Coeffieient of drlcrminlltion is tlw percentagl' of varilltion in milk protein per
\'('ntl~gl' l\s~()('i:ltl'd with variatio!l in (\ptieal density. 

~ AV(,rflgl' inrr('llSe or de('rea~(' in jJerc()ntage of milk protein t hat ()c(~urs with cach 
inrrell::;e of !HI(' in npti('al densit.". 'I'll(' figures in pllrenth~'seH indi('ate lhe limits of 
change to b(' expec·ted in the regression coefficients t\\'1) tirne~ out of three from rc
peat(>(i iI('ls of sum pies. 

3 Imli('ntion of til(' agreement expedecl hetween a percentage of protein cstimllted 
from thr ('qulltio[J and the true protein pereentllge. Estimated values ean be dis
tributed llhuut thl' true valtws liS follows: within one standard error for two out of 
three estimates; within two times the s\/lndltrd error for l.!) oul t)f 21l estimates: within 
three time:; the slanlilmi error for !J!J out of lliu estimates. 
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FIGUltE: 10.-Graph of l'egression lines for different categories of milk: from 
Sacramento area (1) ; from individual cows (2); from Fernbridge area (3) ; 
from Petaluma area (4); mastitic milk (5). 

basis of the evidence that there is a difference in DBC at different 
levels of protein, an analysis of the relation between optka:1 dens
ity and Kjeldahl protein was run at three different levels of pro
tein and no significant differences between these protein levels 
were found. None of the curvilinear forms gave better results 
than the linear. 

An analysis which divided all 440 observations into three groups 
on the basis of the level of optical density yielded coefficients of 
determination (r!!) of 0.646,0.514, and 0.773 for the three groups. 
The standard errors of estimates for these groups were ± 0.064, 
-+- 0.109, and ± 0.099. Thus, use of three different regressions for 
different levels of optical density would yield "better" results for 
only about one-third of the range at the lowest level of protein. 
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More damaging than this fact, however, was the observation that 
the regressions obtained by this method were not logically related. 
\Vhen plotted, the three regressions would form a saw-toothed line 
for which no logical explanation seems possible. Total range of 
protein content was rather narrow, 94 percent of the samples 
being between 3 and 4 percent protein, which made fitting the 
data to a straight line more difficult. 

One of the additional regressions fitted did seem to improve the 
measurements slightly. \Vhen the butterfat percentage of the 
sample was included as a separate independent variable, it in
creased the predictive power of the equation slightly: 

J' = 4.126-3.21-1.\1+0.1-14,\'1 
R'.!= 0.934 

8. f ..:. = +O.OR2 

\Vhere Y is protein by Kjeldahl, XI is the optical density, and X:! 
is the butterfat percentage. The slightly curvilinear relation be
tween protein content and butterfat content known from much 
previous \vork appeared to improve the measurement slightly. 
This is consistent with the experimental observation that butter
fat content clid have a small effect on DBC (table 8) . 

There are a number of possible sources of variation, which may 
account for the somewhat unsatisfactory fit. These include season 
of the year-the Sacramento area observations were from July 
26 to September 2; Fernbridge, October 2 to October 16; and 
Petaluma, October 16 to December 6·-and breed. The Fernbridge 
area had predominantly Jersey and Guernsey; the Petaluma area 
had about 50 percent Jersey and Guernsey and 50 percent Hol
stein; and the Sacramento area had almost exclusively Holstein. 
It is possible that these and other factors may cause variations in 
the nonprotein nitrogen content or in the relative amounts of vari
ous proteins that differ in dye-binding capacity. 

STOICHIOMETRY OF DYE·BINDING METHODS 
It has been commonly assumed that, within certain limits of 

protein and dye concentrations, the reaction between protein and 
dye is stoichiometric. Dolby (7) reported no DBC change with 
normal protein variation, but Ashworth and coworkers (3) found 
the contrary. The data of mass protein analysis suggested that the 
difference in protein content between milks from different areas 
may be a signficant factor in the difference in DEC indicated by 
the regression equations for the different areas. Therefore, the 
following expcl'iment, was designed to study the relation between 
DBC and protein-dye concentration in the reaction mixture. 

Six samples with protein contents ranging from 1.011 to 6.003 
percent were prepared from condensed skim milk (12.2 percent 
protein concentration) by dilution with distilled water. The DBC 
was determined at six level~ of dye concentration. Figure 11 
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shows the relation between DBC and Kjeldahl protein percentage 
for this series. It is clearly shown that at each level of dye con
cenh'ation, the DBC is decreased by an increase in the protein 
content. However, it should be noted that at the dye concentration 
level of 440 mg. ;'liter (the concentration llsed in the amido black 
method), the extreme difference in the protein content of normal 
milk, from 2.8 to "1.5 percent, \\Till give a difference of 10.5 mg. 
of DBC, which is equivalent to about 0.12 percent protein by the 
amido black lOB test. 
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FIGURE 12.-Relation between protein-dye ratio of the reaction mixture and 
DBC; amido black. 

The relation between DBC and Kjeldahl protein is not linear, 
but plotting the DBC against the protein-dye ratio of the reaction 
mixture gives a fairly gooc1linear relation, as seen in figure 12. 

A study similar to the preceding one was made with orange G 
dye. DBC was determined on seven samples of protein concentra
tion ranging from 2.15 to 5.34 percent and three levels of dye con
centration. The relation obtained was similar to that observed 
with amido black (fig. 13 anclI4).

The experiments on the relation between DBC and dye concen
tration were repeated with a single sample of milk of 4.34 percent 
protein and different dye concentrations. Two separate tests were 
macle ill duplicate with each dye. The results are shown in figures 
15, 16, 17, and IS. Distinct inverse linear relations were observed 
between DBC and protein-dye ratio for both amido black and 
orange G though the amount of dye present in the reaction mixture 
was always in excess.. 

Multiple equilibria in dye-binding were described by Rosenberg 
and Klotz (25). Working with one protein (serum albumin) 
rather than a mixture of proteins, they found that when 1/1' is 
plotted against 1/ (D), where l' is dye-binding capacity and (D) 
is a free dye (dye in supernatant), a straight line can be obtained 
if no interactions other than the protein-dye reaction are involved 

4 
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FIGURE 13.-Relation between Kjeldahl protein and various 1evels of dye con
tration (orange G). The dye concentration (in milligrams per liter of buffer 
solution) is constant for each curve: 1-1,200; .2-1,000; 3-ovo. 

in the dye-binding reaction. The data of the preceding experi
ments in the present study were accordingly plotted in the same 
way. Neither dye showed a straightline relationship. One might 
then conclude that in a complex system such as milk there might 
be other interactions of dye besides the main reaction of dye with 
protein. But that was not the case: no fractions of milk other than 
protein were found to interact with amido black lOB. The inter
pretation of Rosenberg and Klotz was based· on working with a 
single protein (serum albumin). Milk protein is a mixture of 
different proteins that vary in dye-binding capacity, so one cannot 
expect a straight-line relation between the reciprocals of DBC and 
a free dye. 
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DYE·BINDING CAPACITY OF VARIOUS 

MILK PROTEIN FRACTIONS 


Various milk protein fractions were prepared as described in 
Experimental Procedure~. All preparations except acid casein, 
Ca-sensitive a-casein, Ca-insensitive a-casein, and K-casein were 
freeze-dried for use in the experiments. Starch-gel electrophoresis 
was used as a criterion of purity (see fig. 2 and 3). 

About] g. of each protein fraction was dissolved in 25 m!. of 
phosphate buffer of pH 7.0 Total nitrogen of the protein solution 
was determined by the semimicro-Kjeldahl method. The percent
age of protein was calculated by multiplying the total nitrogen 
value by the conversion factors given in Jenness and Patton (15, 
p. 125). In the absence of the known factor, 6.38 was used. The 
aliquots of each protein solution were weighed (about 0.5 g.), and 
DBC was determined at eight levels of ami do black lOB concen
tration (350, 400, 450, 500, 550, 600, 650, and 700 mg./l. of buffer 
solution). The resulting data are presented in figures 19 and 20. 

The present data confirm findings of Ashworth and Chaudry 
(2) that the DBC of whey protein is considerably greater than 
that of case.in. a-lactalbumin has the highest DBC of all fl"actions, 
followed by lactalbumin and .8-lactoglobulin. The DBC of globulin 
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7 ---p-cusein ..... " ....... _•••• __ • '" ____ • __ ._. T.X. XG.5:3 =:3.] \J percent 

(pseudoglobulin) is much lower than that oi othel' whey il'actions, 
Ca-sensitive a-casein is the fraction of casein with the highest 
DBC, followed in descending order by a-casein, Ca-insensitive 
a-casein, K-casein, 'I-casein, and J:I-casein. 

It is of interest to note that the DBC of K-casein and of globulin 
was essentially the SHme at all levels of dye concentration, whereas 
the DBC of all other protein fractions increased with dye concen
tration. 

http:T.X.XG.3R=::l.OO
http:TS.Xli.:3S=o2.im
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~1 milkproteinaS:Lwh()ll'~ ____ ."~.~ ... ~_"" .•• T.:\".XG.:3H=3.23 percent; 
J-a-IH(·talbu!l1iIL ... __ • ~ .. ~._ ......... T.X.XG.aO;=2.JOIJercent; 
2·~lu('t:Lllltllnin " ~ ~ ~ _.... T.X.X(j.;~H=;LGn pel·cent.; 
a·ti-l:wtogl(lbulin .•.. ~ •. ". '" _... __ , __ T.X.XGAl=3.G(j percent; 
4· -wlwy protein .. _______ .. '., ......... ". '_I'.x.XG.aH",,:~.Gl percent; 
5---glubuhn. _••.. ___ ...... ___ .• , ~ .. ; .... , _____ T.X.X(j.38 =2.42 percent.. 

DISCUSSION 
The present study investigated the quantitative aspects of dye

binding by milk p.roteins to determine the limitations of dye
binding methods for rapid, accurate estimation of the proteins in 
mille It deais primarily with' amido black 10Band, to the lesser 
extent, orange G, the two dyes used most commonly in dye-binding 
tests. 

Below their isoeJectdc points, milk proteins bind negatively 
charged dyes. Since pH governs the number of positively charged 

http:T.X.X(j.38
http:I'.x.XG.aH",,:~.Gl
http:T.:\".XG.:3H=3.23
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protein groups, the amount of dye bound depends on the pH of 
the reaction mixture of dye and protein. The relation between 
pH and the amount of amido black lOB was found to be linear 
within the range of pH 1.75 to 4.0. A pH of 2.35 was chosen for 
the standard buffer-dye solution. This is near the optimum pH 
for a maximum positive charge on the protein molecules without 
a breakdown of protein by acid hydrolysis. 

Different workers have reported different wavelengths at which 
the optical density of the supernatant (unbound dye) was deter
mined. In our work, spectral analysis of amido black showed the 
maximum absorption peak between 610 and 620 mp', and .a much 
smaller peak at 320 mp.. For orange G the maximum absorption 
was at 480 mp.. Therefore the wavelengths chosen for determina
tion of the optical density of the supernatant from the reaction 
mixture were 615 mp' for amido black and 480 mp' for orange G. 
It Wl."3 confirmed that in the concentrations used in the tests both 
dyes obey the Beer-Lambert law. 

Sensitivity and reproducibility are the two basic criteria of any 
analytical method. The data of figure 5 show that the amido black 
method is more sensitive than the orange G method: the differ
ence of 0.01 in optical density corresponds to 0.05 percent protein 
for amido black and 0.16 percent protein for orange G. These data 
are in agreement with results of Shiga and coworkers (28) and 
Dolby (7). Reproducibility for the methods of both dyes is very 
good (see table 2). Ten separate analyses of the same sample of 
milk gave standard deviations of optical densities of 0.0017 and 
0.0005 for amido black and orange G, respectively. These values 
cOlTespond to 0.0095 and 0.008 percent protein. Standard devia
tion for the Kjeldahl method has been reported to be 0.008 percent 
protein (26). 

Other controversial points in the literature have been the time 
and method of mixing dye and milk. The observation of Richard
son (24) that the procedure of adding buffer-dye solutior. to milk 
is preferable was confirmed. When dye and milk were mixed in 
this manner, the optical density of the supernatant did not change 
even after it was stirred for 15 minutes with a mechanical stirrer 
(see table 3.) The volume proportions of milk to dye solution are 
1 :40. If, in contrast, milk is added to the .dye solution (pH 2.35), 
a partial acid coagulation of casein takes place and at least 30 sec
onds of stilTing is required to disperse the coagulated proteins. 

Of three commonly used preservatives-HgCb, K2Cr!!O., and 
HCHO-only HgCb was found to have no significant effect on the 
dye-binding test. K2Cr20. lowered optical density by partially 
oxidizing the dye and thus increasing the apparent protein con
tent; HCHO reacted with NHa+ groups of protein in competition 
with the dye, resulting in an apparent lowering of the protein 
content. 

The effect of common processing treatments on the DBC of milk 
protein was studied. Homogenizing up to 4,000 p.sj., condensing, 
and heating for 15 minutes up to 90° C. did not affect the DBC 
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of milk protein. With concentrated milk, it is essential to dilute 
the sample to a concentration of protein equal to that of normal 
milk before a sample is taken for the test. It is of interest th",t 
although 15 minutes at 90° denatured whey proteins almost com
pletely, it did not affect DBC. Denaturation of serum albumin 
destroys its dye-binding ability (16). Denaturation of many other 
proteins enhances this property (20), and DBC has been used as 
a sensitive criterion of denaturation (12). It is possible but not 
likely, that DBC is enhanced in some denatured whey proteins 
and destroyed in others in such a way that the net effect is nil. 
The probable l'eason is that whey proteins are always denatured 
under conditions of the test by acid environment (pH of reaction 
mixture is 2.35) and/or by breaking of hydrogen bonding by 
amido black lOB. Kronman and coworkers (18) have observed 
the aggregation of a-lactalbumin at a pH below 4.0 and concluded 
that this is consequence of a "denaturation-like" conformational 
change at the molecular surface. 

It was shown that heating milk enough to induce browning 
decreases DEC. This would be expected because of the interaction 
of the amino groups with the aldehyde groups of sugar in the 
browning reaction. The relations between intensity of browning 
and DEC is linear (see fig. 8). 

Extensive proteolysis of milk increases DBC (fig. 9). This is 
interpreted as not the effect of proteolysis per se but rather the 
effect of the decrease in the protein-dye ratio that results from the 
test procedure. With a decrease in true protein content by prote
olysis the optical density of the supernatant is increased (fig. 9), . 
as would be expected. The increase in optical density would be 
somewhat greatel' if it were not for an increase in DBC result
ing from the increase in protein-dye ratio with a progressive 
pl·oteolysis. 

Mass protein analyses of pnducers' milks from three different 
areas of California by dye-binding (amido black lOB) and Kjel
dahl methods confirmed the high accuracy of amido black methods. 
Standard errors of estimate for the regression lines for milk of 
each area wel'e 0.077, 0.082, and 0.064 percent. The linear regres
sion equations relating Kjelclahl percentage of milk protein to 
optical densit~r were statistically homogeneous fo)" two areas, but 
that of the third was statistically significantly different from the 
other two. Figures 9, 11, 13, 15, and 17 show that the reaction of 
protein with dye is not entirely stoichiometric and that the DBC 
changes with the protein-dye ratio in the reaction mixture; a 
straight-line inverse relation is obtained (fig. 12, 14, 16, 18) when 
DBC is plotted against the protein-dye ratio. This limitation of 
the dye-binding methods is not serious, because the most extreme 
variation in protein content in normal milk is from 2.8 to 4.5 
percent, a difference of 1.7 pe1'cent, which in the amido black test 
would cause an error of approximately -I- 0.12 percent protein. 
The probable explanation for the variation in DBC with protein
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dye ratio is that it is possible for more than one dye molecule 
to be bound by a protein molecule, and hence the interaction 
between protein and dye is a multiple-equilibria reaction (;2.5) 
dependent upon the eoneentration of freE' dye. Furthermore, there 
may be interaetion among bound dye molecules. 

The data on the DlJe of various protein fractions (figs. 19, 20) 
showed that all proteins of milk differ in DBC. The DBC of whey 
proteins exeept pseudoglobulin is eonsi(h~rably highe)" thall the 
DBC of easein fractions. u-Lactalbumin has the highest DBC. 
Similar to milk Pl'Otl'lll as a whole, the DEC of each protein frac
tion, except K-easein and globulin fraction (pseudoglobulin) 1 varies 
inversely with protein-dye ratio in the reaction mixture. 

SVM~IARY 

Factors affecting cletermination of milk proteins by dye-binding 
proeedul"es Wfn'e studied. Of the two dyes most commonly used 
fOl' protein determination, amido black lOB and orange G, amido 
black lOB was judged to be more suitable because it gives a 
greater change in optical density pel' unit of protein. The study is 
therefore mainly concerned with this dye. 

Of three commonly used preservatives-HgCb, K~Cr207, and 
HCHO-only HgCb was found to have no significant effect on 
the dye-binding test. Homogenizing, condensing, and heating to 
90' C. for Ii) minutes did not affect the dye-binding capacity 
(DBC) of milk protein. Heating sufficient to cause browning did 
reduce DBC. Extensive proteolysis increased DBC. The slight 
hydrolysis that may take place in storage had no effect on DBC. 

A slight increase in DBC was observed with increasing butter
fat content through the 0- to ·1.1-percent range. with no further 
effect at higher levels of butterfat. The DBC decreased linearly 
as the protein-clyt' ratio in the solution increased. The resulting 
enOL" would, hOWL'HI!", be only approximately::: 0.12 percent fo)" 
samples within the normal variation of protein content of milk 
(2.8 to ·1.5 percent). 

Data on the DEC of various protein fmctions showed consider
able variations. These cliffel'ences in DBC exclude the possibility 
of using the dye-binding protein test on atypical milk such as 
colostrum, mastitic milk, and milk of very late lactation. Tests 
with mastitic milk did show poor correlation between protein by 
Kjelclahl and protein by dye binding. 

Mass protein analysis by the amido black method of producers 
milk from three different areas of California showed standard 
etTors of estimate of 0.077, 0.082, and 0.064 percent protein com
pared with Kjelclahl protein. Two areas gave regression equations 
that ''len: statistically homogeneous with one another but that were 
significantly different from the third area. Reasons for the clif
fcrences are not dear; however, milk from the third area is 
mostly from breeds different from those in the first two areas. 
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APPENDIX 

TAlILE [G.-Accuracy oj automatic pipets 1 

20 m\. pipet 2 25 ml. pipet 2 ____....4_ 
Trial 

Weight tl I1 " - ·Weight d tP 
of wnter of wllter 

-, ...... --,,--~ 

Grams Umms 

., 
UJ.,~mn +7H (j,OS-l 2·l. lJ LSH +(j2 :>.X44 

2 l!J.H7UO - 135 1~~225 2·UlL47 +21 441 
:l l!Uill70 +75 5,625 24.!Jl(j7 +(jl a,721 

11Ui!l711 +S4 7,056 24. lJ 12() -G ali 
I ·)·)e:i_ lll.H7!)5 • ltlO W,OOO 2·1. \JOIJ5 ··:!5 ,_... ,) 

Ij 1\J .H750 - 145 11,025 24. !J034 -112 S,4G4 
7 U).oono +lOii tl,O:W 24.HI16 .. JO 100 
s U)..'i!)(H +60 4,7tit 24.1)1 II -ll HI 
!l l!l.S7S6 . lOG 1l,2a6 24. !Jl07 - l!l :iG I 

(j')CHU;!)(j\) ~;) _I,)to +74 5,G7G 24.9151 +'r 
...". .._." .... _...---- -~- ...-.-- -'-- -----~--~--

Total l!)i\.H!HG . 1 IOO,5l3 24\J.1262 -2 IS.,~H~ 
AV('rllge HJ.i\H!J5 24.\)t26 

S.D. =O.lll04 S.D. =0.0046 

I 'I'll!' s[l('rifird voltllll(, \l'llS l11N1SUrrd (en timcs with cll<'h pipet tlnd the delivered 
VO)UlIH' II'Ht' wpiglwd etl('h lillie. 

2d=tX1 -.\/XlO l 

"* u.s .. GOV(ffNMENT "UNTlNG ornce. ltU-O iH.:U 
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