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One of the most important of the factors which influence the baking
quality of noefat dry millk solids is adequate heat ireatment of the skim
milk before drying, In the manufacture of nonfat dry milk solids for
beverage use, however, it is desirable to avoid excessive heat which induees
changes in milk proteins associated with cooked flavor, rough tactual qual-
ity, and reduced solubility of milk powder. Accordingly, the military
specifications for beverage quality nonfat dry milk solids have long re-
quired that this ingredient of recombined milk be manufactured under
mild conditions of heating, This requirement creates a need for a labora-
tory test which will serve as an indication of the extent of heat treatment.

The undenatured protein content has been suggested as such an index,
and Harland and Ashwerth (9) developed a very useful turbidimetrie
method for the estimation of whey proteins. The results of collaborative
tests by that method, however, were not always in close agreement. If was
thought that a eolorimetric method might lend itself toward greater repro-
ducibility, and so the biuret reaction was used for replacing the turbidity
measurement by eolerimetry. The influence of non-protein constituents of
the whey upon the reliability of the method was investigated. The major
interference was caused by lactose which exhibited the properties of a
polyhydrie aleohol by reacting with the copper sulfate and sodium hy-
droxide of the biuret reagent to form a dark-blue complex. Its reducing
action on the copper sulfate was an additional source of error. The method
which was developed correets for the interference by lactose without the
necessity for a iime-consuming lactose-removal operation, The method is
simple but elose attention to its details is necessary for best results. This
paper is confined to a description of the method, the steps in its devel-
opment, and its applieatiog to nonfat dry milk solids of known preheat
freatment. Y

MATERIALS AND METHODS

Equipment, Constant temperature hath at 40° = 1°C.

Centrifuge for operation at 2,000 to 2,400 r.p.m. (Internstionzl Equipment Com-
pany © size Ne. 2, equipped with No. 831 and Ne. 845 angle heads, was used.)

*Presented at the Twelfth Annual Meetieg of the LF.T.,, Grand Rapids, Mich.,
June 11, 1952,

“This paper reports research undertaken by the Quartermaster Food and Cenfainer
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Spectrophatometsr. © (Coleman Universal Model 14 with 13-mm. aquare cuveites
was nsed.)

Test tubes, 25 X 150 mm., fitted with No. & rubber stoppers.

Contrifuge tubes with constricted necks, i00-ml. capacity (Corning No. 8460).

Conienl centrifuge tubes, 15-ml. eapacity (Corning No, 8060 or 8080}, fitted with
Ne. 1 rubber stoppers.

Rubber capy for 15-ml centrifuge tubes {International Equipment Company Ne.
580,)

Filter paper, Whatman No. 2, Il-cm, and 24-cm. diameter.

Reagents. Sedinm chloride, granular, reagent grade.

Saturated sodium echloride soluticn, prepared by mechanicaily stirring for at Iczet
30 minutes .a mixture of 370 g. of reapgent grade granular sodium chloride and 1,000
mi of distilled water. -

Lactosc-sodium chloride solution, prepared fresh dally by disselving 4450 g. of
reagent grade lactose monohydrate in saturated sediwm chleride sclution and diluting
to 100 ml, with saturated sedium chleride,

Trichloroacetic naid sointion (7.5% TCA}, prepared fresh daily by disselving 7.5 g.
of reagent grade TCA in distilled water and diluting te 100 ml.

Bodinm hydroxide solution (395), prepared fresh daily by disselving 7.5 p. of
reagent grads sodium hydrexide pellets in 2§ ml of distilled water, cooling, and dilut-
ing 1o 250 ml.

Copper ex)fate solution (5%}, prepared fresh daily by dissolving 2.50 g. of reagent
grado cuprie sulfate pentahydrato in 35 ml. of diatilted water and diluting to 50 ml.

Procedure. 'The proé¢edure is presented schematically in Figure 1. The cascin-free
filtrate, hereafter referred to-as ‘‘whey,’’ is prepared according to the proeedurs of
Harland snd Ashworth (9). Weigh 8.0 . of sedinm chloride into a 25 X 150 mm. test
tube and 2dd 2.0¢0 g. of nonfat dry milk sclids. Pipette 20 ml of distilled water inte
the tube; stopper the tube, shake it vigorously with a vertical metion for 40 seconds,

/—\'\ ‘ Inscluble Whey Proteins

Gasein
Fal

e 0ml, Hp0

Soluble Whey Protsing
NPN {0.27mq, per ml.)
Loctose [44.5mg. per ml.)
Salis

— T

tml 5% GuSq,

2¢.Kenfat milk
9 powder

Bg.NaGL

Smi. 7.5% GGlzC00H

10 ml, Tml. tactose-NaGl 101, 3% NaOH
’ salution
Imld ml. Whey saturated
g with NeGL
BIURET COLOR
560 mu,

Figure 1. Diagram of the biyret method for whey proteins.
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and immerse it, without further agitation, in a 40°C. water bath for 30 minutes. Filter
the mixture threugh an 11-¢m, Whatman Ne. 2 paper inte & test tube. The fuunel
should be supporied by the receiving tube and covered with n wateh glass, Stopper
the receiving tnbe and swirl to mix coateats. The filirate can be held until the follow-
ing day, if desired, buf it shenld be held at room temperature.

Using a2 volumetric pipette, transfer a portion of the whey to a 15-ml. cenical
centrifuge tube, Three ml. of whey are sufficient in all cases. Howerver, if the sample
is koown or suspeeted to have had high-heat treatment, it is preferable to use 2 10-ml.
aliquot of the whey. If less than 10 ml. are used, dilute the whey to 10 ml. with lactese-
sodimn chleride solutien. Add 5 ml of 7.5% trichloroacetic acid (T'CA} solntion and,
without delay, stopper the tube and invert it gently § times in about 10 fo 15 seconds
total time. The metion should be gentle and at poiform rate with insufficient agitation
to start flocculation. The rubber stopper should fii the tube tightly with no dead space
arcand the rim and leave an encloged volume of at least 15.5 ml. In some cases it is
necessary to shorien a No. 1 rubber stopper by cutting off approximately 5 mm, a$ the
smaller end. Graduations on ihe tube ean be used for memsuring the lactese-sodium
chloride and TCA solutions, but it is betier fo measure these with pipeties. Twelve to
14 tubes ean be run conveniently in a group. Twenty minutes after adding the TCA to
the last tube ef a group, remove {ho stoppers, and centrifuge the tubes for 10 minutes
at a speed of 2,000 te 2,200 r.p.m. It iz not necessary to balance each pair of tubes at
time of use if all the tubes for a day's run are weighed in advanes and selected
within a tolerance of 0.5 to 0.6 g. of each other, The centrifugation should be done
under cenditions which prevent evaporation frem the tubes. This can be accomplished
by closing the bottom opening of the centrifuge guard bowl and wetting the inside of
the bowl with water, er by closing each tube with a rubber ecap.

Decant the supernaztant solution. it i3 generally perfectly clear. QOeccasionally, it
may have a slight torbidity, but protein flakes should be entirely absent. Invert the
tube on 2 paper towel or filter paper and allow it to drain for 20 mioutes. Wipe off
the last remaining drop on the rim of {he tube with a cleansing tissue and return the
tube to an upright position.

Add 10 ml, of 3% sodium hydroxide solution, measured with a volumetric pipette,
and atopper the tube with the same stopper used préviously, Shake the tube unfil the
precipitate dissolves commpletely. When the tube ia mounted horizontally in a Eabn
shaking machine parallel to the direction of travel, approximately 12 to 15 minutes are
required. Set the tube in a rack until the foam disappears, generally 30 minutes, or
15 minutes if unstoppered. The tubes may be allowed to stand for a longer peried if
desired.

Add@ 1 ml. of 5% copper sulfate soluticn, measured from a 10-m! burette, and
without delay, stepper the tube with the same stopper used previpusly and shake it
vigorously 10 times with a vertieal motion. The shaking procedure should be uniform
for ali tests, and in the case of a serics of tubes each copper sulfate addition and
shaking shonld be completed before proceeding to the nmext tube. Run a blank deter-
mication consisting of 10 ml of 3% sodium hydroxide and 1 ml. of 5% copper sulfate
al the same time. Note the time of addition of eopper suifate te the first tube and
make sucecssive additions at 30-second intervals. Remove the stoppera and, 10 minutes
after the last mixing, centrifuge the tubes for 10 minutes at & speed of 2,000 rp.m, in
order to setile the precipitate of copper hydroxide. Prevent evaporation from the fubes
as in the previens centrifugation.

Precant the selutions into cuvettes and rmeasure the intensity of the celors with
reference to the blank at 560 mp. Make the first reading 40 minutes after the first
addition of copper sulfate and econtinue with succeeding tubes at 30.second intervals.
Convert the absorbency readings to milligrams of protein nitrogen by refercnce to a
standard ewrve, and finally to mg. of whey protein nitrogen per g. of nonfat dry milk

11.75

lids by multiplying by the factor ————ii——-.
solite by TPy by mi, of whey Lested

Preparation of standard curve. Select a sample of nonfat dry milk sclids of low-heat
treatment or high whey profein content, Combine 60 g, of sodium chloride with 15.0 g.
of the nonfat dry milk selids and 150 ml. of distilied water in a 500-ml. Erlenmeyer
flask, close the flask with a rubber stopper, and shake it vigorously for 40 scconds,
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Preparc 3 such flasks and immerse them in a 40°C, water bath for 30 minutes. Filter
each mixture through o fluted 24-om, Whatman No. 2 paper inte an Erlenmeyer Nlask.
Cover the funnel with o watch glass and close the mouth of the receiving flask around
the funnel stem with paper to minimize evaporation, Combine the 3 filtrates in a single
flask, stopper the flask, mix the confents and stere at room temperature. The yield of
whey is 300 o 350 ml.

For nilrogen determination, pipetle aliquots of the whey into 100-mi. centrifuge
tubes, The aliquots should be from 23 to 50 ml. in velume, and from 2 to 6 determina-
tions should be made. Dilute each aliquot of whey to 60 mi, with saturated sodium
chloride solution and add 30 ml, of 7.5 TCA soluticn. The sedium ¢hloride and TCA
solutiors may be measured earefully in 50-ml. graduated cylinders, Stopper the fubes
wilh rubber stoppers and invert them gently § times in about 10 to 15 seconds tolal
time. Euch tube should be stoppered and inverted immediztely after the TCA addition
and before proceeding to the next tobe. Affer 20 minutes, centrifuge the tubes ab
2,400 r.pm. Decant the supernatant solution, being careful not te loge any of the
precipitate. Add 25 ml of a wash solution composed of 1 volume of 7.5% TCA plua
2 volumes of saturated sodium chloride solution. Mix the selution and precipitate by
awirling the tube gently and by breaking up lumps with a glass rod. Add 66 ml
more of the wash solotion, which i3 used alse for washing the plass rod, remove the
tod, stopper the tube, and invert it several times. After 20 minutes, centrifuge and
decint ag before. Subject the precipitate to a second washing of the same kind.

Digsolve the precipitate 3n 60 ml. of 3% sodium bydroxide solution and transfer
quantitatively with washing to an §00-ml, Ejeldahl Aask. (Note: If facilities for
centrifuging 100-ml. tubes are nof available, 10-ml. aliquots of whey ¢an be treated in
15.ml. tubes and the contents of 3 or 4 such iubes combined in a single Kjeldahl flask
at this point.} Determine nitrogen by the Kjeldaht procedure and correct for blank
determinations on the reagents in aceordance with the A.O.A.C. procedures (1), For
the digestion use 35 ml. of contentrated snlfuric acid, 10 to 12 g. of anbydrous apdinm
sulfate, 0.7 g. of merenric oxide, and glass beads. Digest the mixture for 30 minutes
after it is colorless. Express the results as milligrams of nitrogen per mb of whey.

Prepare 1:10 whey by diluting exaetly 5 ml of whey to 50 mi. with lactose-sodium
ehloride solution. Prepare 1:1 whey, similarly, by diluting 25 ml to 50 mi. with lactose-
sodium ehloride solution. With volumetrie pipettes, transfer 0, 1, and 3 ml of 1: 10
whey and 1, 2, 2, 4, 5, 8, 8, and 10 ml. of 1:1 whey ta 15-ml. eentrifuge tubes, Dilute
cach aliquot to 10 ml with Iactesc-sodium chloride solution, and continue witk the pro.
ccdure deseribed previously, Prepare a standard curve relating absorbeney to milligrams
of mitrogen.

DEVELOPMENT OF METHOD

Size of sample. Almost identical results were obtained when the method was applied
to the whey separated from 1., §-, 10-, and 20y samples of noafat dry milk solids.
Consequently, it is permissible to make a bulk separation of whey in order to obtain
suflicient material for calibration purposes and to use a smaller sample for the test.

Total volume of whey. In computing the mg. of whey protein nitrogen per g. of
nonfat dry milk solids in the last step of the analytical procedure, the facter 11.75
ropresents the velume of wher in ml obtained from one g. of sample. This value way
obtained in two ways. The first was a double-dilution precedure in which lzetose was
determined in 2 whey solutions of different conmcentration and different volume by a
modification of Cajori’s [2) icdometrie procedure for the determination of aldoses.
The second was 2 gravimetric method in which the total volume of whey wsas deter-
wined by establishing the relationship between volume of whey and weight of water
contrined in it.

The [actor 12.0 used by Harland and Ashworth was apparently determined by the
method which they described in an earlier paper {8). In that methed, the volume occu-
pied by the precipitated protein was jgnored on the basis of Rowland’s (11) work on
the volume occupied by cnsein and fat separated from whole milk, Hewever, Row-
1and’s factor of 0.985 ta correet for the volume of the precipitated ensein and fai was
arrived at by analysis of filtrates from milk diluted 10-fold. The factor is not applie-
able to undiluted milk in which ease it would be reduced from 0.995 to 0.85. Using the
value 1,318 for the density of casein, as reported by Chick and Martin (5} and cited
later by Coln aud Edsall (4), the volume correction for 1.0 g. of nonfat dry milk solids
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is 9.28 ml. The Harland and Ashworth factor redueed by this amount agrees closely
with the factor used in this werk,

Composition and stability of whey. The major constituents of the whey are listed in
Figure I. The fipure for non-protein nitrogen was obtained by subtracting the protein
nitrogen from the total nitrogen. These were determined on the whey from a typical
low-heat powder by the Kjeldahi method, using TCA for the protein separation as
deseribed under ‘‘Preparation of standard curve.’’ The value of 0.27 mg. per ml
agrees closely with the amounts reported by othems (8, 2, 21, 1£). The figure shown for
lactose, 44,5 mg. per ml, represents lactose monohydrate. Tt was determined by the
iodometric procedure referred to previously (2) and is nearly constant for all samples.

Kjeldahl mitrogen salues on a sample of whey defermined 8 days apart differed
by less than 195. Varistions in biuret determinafions 9 days apart were less than 2%.
A white precipitate separates from the whey up‘an prolenged standing. This separation
can be minimized by belding the whey at room {emperature rather than under refrig-
eration. A Ejeldahl nitrogen determination on the insoluble material which had sep-
arated from z sample of whey after several weeks’ standing amounted to 0.04 mp.
of nitrogen per g. of the originul milk powder.

Volume of whey for analysis. Three ml. of whey from a low-heat sample of nonfat
dry mitk solids or 10 ml. from z high-heat sample provide an amount of protein which
ean be measured within the most accurate range of the Coleman spectrophofometer or
Evelyn colorimeter, The final result by the biuret method was found to be independent
of the volume of whey tested. This was not always the case with the Harlapd and
Ashworth procedure, in which the degree of turbidity, measured in absorbeney units,
bore a linear relationship with volume of whey tested in some cases, but not in others,
This variability with concentration cast some doubt on the reliability of the turbidi-
metric resuits.

Lactosesodium chloride gofution. The salt concentration imfluences the recovery of
protein. Dilution of the whey with water rather than with saturated sodium chloride
solution reduees the intenmsity of the final binret eclor. The concentration of laetose
in the laclose-sodium chloride solution is the same as the coscentration of lactose in
the whey. Regardless of the amount of whey taken for analysis, after it is dilnted to
10 m!. the sclution containg 445 mg. of lactose monchydrate. The significance of this
ju discussed under the heading ‘‘Cempensating the error due to lactoze.’?

Trichlorcacetic acid solution (TCA). The final concentration of TCA is 2.5%. This
concentration gave the greatest recovery of protein, and, according to Hiller and Van
Slyke (10), is optimum for the separation of protein from non-protein nitrogencus
material. As the final concentration was waried from 0 to 20%, a second, but amaller,
maximum recovery point oceurred at about 13%. Abeve 13%, the prolein separated
as an gil from which a rolid precipitate could be recovered by shaling with water.

+ Precipitation of whey protein. In some instances the head space zboeve the 15-ml
mark in the eonical eentrifuge tubes was so small that it was necessary to shorten
the No. 1 rubber stoppers by cutting off approximately 5 mm, from the smaller end.
There are & number of advantages in using the full capacily of the tuhke. Greater
aecuracy was provided in measuring the jargest possible volumes of reagents. Also,
dilution of the whey imsured greater purity of the protein precipitate. If the tubes
contained less thaw 15 ml, and were unsteppered during eentrifugation, drying oz the
sides abeve the liguid allowed lactose and other non-protein material to be retained, as
well as some protein which may be lost, in the subsequent decantation.

Recovery was best when only gentie mixing with TCA was employed, and the use
ef tubes with only 0.5 o 1 ml of air space insured the required pentle mixing. When
the tubes were shaken or when the coneentration of TCA was high, protein wea fre-
quently lest during decantation. Immersing the tube in a beiling water bath for 10
minutes coapulated the precipitate to a non-coherent mass which did not stick to the
glass, even after centrifuging,

When the time for coagulation of the protein was varied from 0 1o 30 minuten
the maximum variation in final color densily was 2,5%. The period for optimura
recovery was 20 minutes,

Re-solution of whey protein. Approximately 15 minutes on the Kahn shaking machine
with 3% sodium hydroride molntion was satisfactory for re-selution of the protein
precipitate. There were no apparent ndvanizges in using higher coneentrations of

(5]




HAROLD SALWIN

sodium hydroxide or shaking iimes longer than aecessary te effect soluiion of the
protein. Although the concentration of sedivm hydrexide alfects the intensity of the
finzl color, the conccntration selected is mot important if it is kept uniform throughout
the ealibration, tests, and blank determinations.

Pevelopment of biuret color, The concentrations and volumes of sedium hydroride
and copper sulfale selutions correspond closely with thoss uked by Fine (5). Gornall,
Bardawill, and David (6) recommended a biuret reagent sontaining copper sulfate,
sodinm potassinm fartrate, and sedium hydroxide in a single solulion. This *fone piece?
rengont was tried and discarded because the final solutions were always turbid.

The copper sulfate solution was prepared fresk dnily because a precipitate forms
in the selution after several days. Somewhat higher results were obtained with 2
3.day-old solution.

Oune ml of 5% copper sulfate solution appeared te be adequate for color develep-
mont. Inercased amounts of copper sulfate reduced the celor intensity, dut varintions
of 10% in the volume added ehanged the color density less than 17,

When the period of contact with copper sulfale from the point of addition until
the start of cenbrifugation was vatied from 8 to 16 minutes, the variatiens in color
intensity were Eot more than 2%, '

Upon addition of copper sulfate there is an immediale precipitation of cupric
hydroxide. Thorongh mixing is necessary for complete color development, apparently
to effect contact between the remaining copper sulfate and the protein adsorbed by the
precipilate, The method of mixing at this poini is important icasmweh as it affecta
the density of the final color. Consistent results between operatars were oblained with
the procedurc deseribed and variatioms from day to day with ome operator did met
exceed 8.5%. With more gentle miving, ranging from 5 inversions of the tube at
slow speed to 5 gentle rockings of the tube, results were asg much as 14% lower. With
more Vigorous mixing, from 30 seconds of vertical shaking to 16 minutes on the Eahn
shaking machine, resulis varicd by less than 3%, and in pe case did this amount to
more than 0.12 mg. of nmitrogen per g. of powder, Centrifugation of the precipitate
should be dome under eonditions bemding in prevent cencentration of the solution by
evaporation.

Stability of the biuret color. The biuret color fades, but in the pericd from 3G to
60 minutes after addition of tha copper sulfate the eolor did not fade more than 2.4%
for a low-heat sample nor more than 4% for a high-heat sample. The maximum fading
encountered during any 10-minute interval between 3¢ and 90 minutes represented
0.04 mg. of nitrogen per g, of powder.

Effects of non-prutein components of lic whey. When the wkey proteins were pre-
cipitated fram solution, and the supernatazt liquid deeanted, portions of the other
constituents remained, cither adsorbed by the protein or adhering to the walis of the
tube, Lactose ndded to the final color by reacting with the copper suifate and sedinm
hydroxide to form a dark-blue complex. The redusing action of the lactose was prob-
ably responsible for the subsequent fading of the color discussed in the previous scetien.
Of the non-protein components of the whey, only lzctose interfered with the reaction.
This is demenstrated by the data in Table I. The whey proteins were precipitated from
a solution made up of 2 volumes of saturated sodium chloride and one volume of T.S‘Xi

TARBLE 1
Effect of non-protein components of whey on the biutet reaction

. . . Biunret color, Absorbency,
Materinl reacting with biuret reagent 500 24

(1} Whey protein (impurities removed by washing

precipitate with CCLCOOH-NaCl solution) .wreane 0.400 0,402 0411 | Av. 0404
{2} Whey protein {not washed) ..o vene] 0475 0,484 0.486 | Av. 0.482
(3) Laetose associated with (2)

{determined by anulysis) i i rere) 0073 0078 0.080 | Av. D077
(4) Whey protein, corrected for lactuse, (2)-{3}.. 0.402 0406 4,406 ! Av. 0405

4597, 578, and 5.91 mg. lactose monchydrale, respectively ; averagn 5.65 mp.
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TCA, as in the regular procedure with the exception that the sodium chiorido solution
used for diluting tho whey to 10 mi. contained mo lactose. A wash solution of soditm -
chloride and TCA made np in this proportion waa found to be effeclive in removing
impurities from the precipitate without loss of protein. The binret reaction was applied
to the protein precipitated from 3-ml. portions of whey. The impurities were removed
from 3 of the precipitates by re-suspending them in 14 ml. of the wash solution and
scparating 2gain by eentrifuging. The remasining 3 precipitates were not purified,
and the lactose contzined in them was determined by analysis, The amount of celor
due to lactoss was then catimated from a calibration curve for the biuret reaction with
lactose, When this figtre waa subiracted from the coler density produced by the
¢rude precipitate, the corrected measurement apreed within 1% of the value obtained
with the purified preeipitate. This was taken ,ns evidence that lactose is the anly
non-protein component of the whey whick contributes to the biuret color,

In order to demonstrate the magnitude of the crrors due to nom-protein materials
in the whey, the data of Table 1 arc presented again in Table 2. The figure 1.69 mg.

TABLE 2
Magnitude of errors introduced by lactose and non-protein nitrogenous materials
Amgunt Amonntin | Biuroteolor, | onioion
Whey componenk tn 3 ml, OCLCO0H Absorbeney, of biuret
whey precipitate 560 my color
mg. my. mg.
Protein 10.8 10.8 0,405 1.6%
Lactnse . e} 133.5 5.65 0077 034
NEN e mtasssssse s s 9.81 0.05 .

TLnctoss Brroy = f—':;— » 100 == 20%%.

9.05 "
NEPN orror = oo X 100 5 3%,

corresponds to absorbeney 0.405 on a calibration curve for the biurel reaction with
whey protein in which caeh protein precipitate was purified with a TOA-sodium ehloride
wash solution. The fgure 0.34 mp, corresponds te absorbeney €.077 on the same curve,
and represents the nitrogen equivalent, in terms of biuzet eslor, of 5.65 mp. of lactose
monohydrate. The figure 10.8 mg. was obtained by multiplying 1.69 mg. by the factor
6.38. These dats indicate that tho error due te laclose may be na much as 20%. The
figure 0.05 mg. for NPN was obtained by difference belween Kjoldahl nitregen deter-
minations on erude mand purified protein precipitates. Although this amount is 3%
of the total mitrogen, the error in measuricg the binret color would be amaller becanss
the NFN comsists of some fractions which give no hiuret reactiom, and of other frae-
tions which, if they do reaet, form products which do pot have absorption mazima ab
560 mu (7). The protein-washing step deseribed under ‘‘Preparation of standard
curve’’ is intended to eliminate the 3% error in Kjeldahl nitrogen determinstions.

The pessibility of reducing or eliminating the error due to lactose by measuring the
color at Bome other wave length was invesligated. Figure 2 demonstrates that in going
from 560 to 455 my, the eolor duc to lactose is reduced by four-fifths, but the coler
due to protein is reduced also by two-thirds. A 20% crror at 560 mp would still be
an 179 error at the shorter wave length.

Dialysis was tried for removing lactose from the whey, This time-consuming step
made the procedure less practicable and led to varinble results. The error due to
lactose was eliminated by removing the lactose from the precipitated protein with the
wash solution described previeusly and tho method gave satisfactory results. How-
ever, tho extra time required for the purifitation step made it difficult to complete a
large number of detorminations in z siugle day. In the shorter procedure described
in this paper, instead of removing lactose, mere is added.

Compensating the error due te lactese, The data jn Table 3 demonstrate that lactose
would produce a variable error if no correction were made for it. Each point on the
standard eurve would then be made under the condition of a censtant lactose-niirogen
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Figure 2. Bioret reacticn absorption spectra.

ratio in the whey. If the nonfat dry milk solids chosen for the standard ¢urve gen-
tained 5.88 mp, of whey protein nitrogen per g, determined by XKjeldahl, this fixed
ratio would b 89. In the examples of sample tests in Table 3, however, the lactose-
nitrogen ratip varies from 67 fo 445.

Table 4 shows the effect of having 44,5 mg. of lactoss monohydrate dissolved in
gach ml of saturated sodium chloride solution used for diluting the whey. Each point
on the standard curve and each test is then made in the presence of 445 mg. of lactose
monobydrate. By this means, the error due to laciose i compensated for and the
procedure is appreeiably shortened.

Standard curve. The calibration eorve for the methed was prepared for the Coleman
Universal Spectrophotometer, Mode! 14, with 13 mm. square cuvettes, at 560 mix. Theo

TABLE 3
Variability of error due to lactose

Standard cerva
"‘mt:air Baturated
L es Protot
nitrogen Whey uublluluc;n ni{l?om‘:x Lactoso
mg./g. md. i, =y, mg. \
5.88 0 10 0 0 i
1 9 0.5 44.5
2 8 1.0 89
3 7 15 133.5
4 6 2.0 i78
7 3 3.5 3115
10 0 5.0 445
Sampla tasta
Low Leat
7.83 3 7 2.0 133.5
3.92 3 7 1.0 133.5
High heat
1.66 3 T 0.5 133.5
118 10 0 i0 445
(sl
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TABLE 4
Standardization of error due to lactose
Standard carve
ml:? Sn;:‘l:a]lcd
olein jni i
Birogen Whey e niagen Lactosa
1actoss
per ml.
./ ml. mi, mg. mg,
5.88 0 10 0 445
1 5 . 05 445
2 8 1.0 445
3 7 1.5 445
4 5] 2.0 445
7 3 3.5 145
10 0 5.0 445
Sample testa
Low heat
T7.83 3 7 24 445
392 3 T 1.0 445
High heat
1.96 3 ¥ 05 445
1.18 10 0 10 445
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Figure 3. Effect of preheat treatment con soiuble whey protein content of nenfat
dry milk aolids, determined by the biuret method.
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regression line, obiained by the metbod of least squares, is N = 3.327 A — 0.090, in
which N is the aumber of mg. of protein nitropen in the final selution, and A i3 tho
absorbeney of the biuret color. The standard error of estimate is 0.018 mg, of nitrogen.
For the procedure in which the lactose is removed from the precipitated protein with a
wash solution, the equation is N = £125 A + 0,018, and the standard error of estimate
iy 90.016 mg.

APPLICATION OF THE METHOD TO NONFAT DRY MILE SO0LIDS

As little as 0.06 mg. of protein nitrogen ean be determined. The effect
of preheat treatment on the soluble whey protein content of nenfat dry
milk solids is illustrated in Figure 3. In applying the metkod to 24 com-
mercially-prepared milk pewders, samples designated as having high-pre-
heat treatment were found to contain less than 2.0 mg. of whey protein
nitrogen per g., whereas low-heat samples generally contained from 5.0
to 8.0 mg. of whey protein nifrogen per g. Table & summarizes the results

TARBLE 5
Analysis of commercial samples of nonfat dry milk solids
Commercinl desighation of samples Wg?{rg;:‘tlai ”

Low-preheat treatment* mg. per 7.

Average of 12 samples 6.62

Range of 12 samples. 5.30-1.98

3 gamples 1.66, 3.02, 3.80
High-preheat treatment ¥

Average of & samples 113

Range of 9 samples 0.36-1.6G4

»From 165'F. for 30 soconds to 179°F. for 10 to 20 seconds.
TFrom 175°F, for 30 minutes to 265°F. for 40 seconds.

of these tests which indicate that determinations of soluble whey protein
nitrogen provide a fairly reliable differentiation among milk powders of
different preheat treatment.

SUMMARY

A biuret method for the determination of soluble whey proteins in
nonfat dry milk solids is deseribed. The composition and properties of the
whey, the interferenee by non-protein components, and the analyticak
details wwhick influence the reliability of the method are discussed. Errors
due to the reaction of lactose are standardized and compensated for by a
calibration eurve. Commereially-prepared nonfat dry milk solids having
high-preheat treatment were found to contain less than 2.0 mg. of whey
protein aitrogen per g. whereas low-heat samples generally contained from
5.0 te 8.0 mg. of whey protein ritrogen per g.
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