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PROTEINS IN SALTED WHEY

L D, Riraar*, M, A. Knorsuip, A. A. Horr,
AND M. H. Asp Er-Savam

The whey proteins are precipitated by heating salted whey to 837C
at pH 5.5 and 6.8. The product contains ; in an average, 15.89Y%, N,
0,117, P, 0.41%, C1 and .24, amino N.

The acid hydrolysis of whey proteine contained ; 0.39% plviine,
2.51% alinino, 2.81'%, valine, 26,77, leueine, 10.44%, theriovine,
10. 037, asparticacid, 16,557, glutamie acid. §.92%, methionine, 2. 539,
arginine, 7.62", lycine, .86, phenvlalanine, 3.26%, listidine, sad
1.24%, proline. The resin hydrolysis of the whey proteius give;
0.19°Y, glyciue, 1.867, alanive, 2.25%, wvaline, 17.88%, leucine,
2.84%, therionine, 1.0l'%, aspartic aecid, 1.9, glutumic acid,
0.85", methionine, 2 89", arginine, 0.89'% lyeine, 2.46%, pheny
lalanine, .93, histidine, and 1.27, proline,  The resin hydrolyzates
containa tess amounts of amino acids then acid hydrolyzates,

Whey is considered as a waste in the manufacture of cheese. It contains,
however, two important milk proteins, namely, albumin and globulin.

Attention has been paid to the preparation of whey proteins either as
a heat denatured or as undenatured protein. The resulting protein precipi-
tate is separated from the whey and washed and then either dried directly
or treated before drying with alkaline salts to render the product more
goluble. This research deals with the preparation of whey proteins from
salted whey and analysis the product for N, P, Cl, aminc acid N, and
amino acid content.

Maierials and Methods
Preparation of total whey proteins

Salted rennet whey was adjusted to pH 6.4 with 1IN HC1, and the preci-
pitated casein was discarded. The filtrate was adjusted to pH 5.5 with
3N NH,OH, heated to 85°C for 1 h. and the precipitated albumin was
collected. The filirate was made alkaline, pH 6.8, with 3N NH,OH and
heated again to 85¢C for 30 min to precipitate the globulins, The first and
second precipitates were combined and washed thoroughly with distilled
water, and dried with alcohol, and ether.

Chemical analysis

Nitrogen was determined by the micro Kjeldahl method as described
by Ling (1956), phosphorus was estimated spectrophotometrically as descri-
bed by Snell and Snell (1949) and chlorides were determined volumetrically
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as described by Sanders (1939). Dry weight and sah content were deter-
mined according to the method of Chibmall et ol (1943), while the amino
acid N was determined following the method of Pyne (1932).

Aecid hydrolysis : the acid hydrolysis of wheyv proteins wss carried out
according to the method of Paulson et al (1953), 0.2 g of proleins were
refluzed with 20 ml of 6N NC1 for 20 h. The hydrolytic product was stirred
with 100 mg charcoal and then filtered. The charcoal was washed several
times with 0.15N NH,OH and the combined filirate was evaporated to dryness
under vacuum, and the residue was dissolved in 100 al of 10%, isopropanol.

Resin hydrolystz : The resin hydrolysis of whey proteins was carrisd out
according to the methods of Paulson et al (1933}, 0.25 g of proteins were
refluzxed with 25 ml of 0.05N NCI and 0.2 g of dried resins 50 W. The
hydrolytic product was treated exactly the same as in the acid hydrolysis.

Quantitattve determination of amino acids by paper chromatogra phy
The ascending technique for paper chromatography was used throughout
all the experiments. Two separate solvent systems were wused to develop
the chromatograms. Butanol : acetic acid : water (4:1:3) (solvent A),
and methyl ethyl ketone : pyridine : water {(7:1.5:1.5) (solvent B). The
chromatograms were developed twice successively to improve the resolu-
tion of the amino acids. With solvent A and B the chromatograms were
developed into two solvent systems according to the pattern recorded in
table 2. The chromatograms were sprayed with 0.1%, ninhydrin in butanol
and 19 copper nitrate solution as described by Bode ef al. (1952). The
coloured spots were cut, put in a clean test tube and then extracted
with 5 ml methanol. The optical density of the extract was then measured
spectrophotometrically at 515 mu wavelength. The concentration of the
amino acids was calculated from standard curves.

Quantitative determination of tryplophan and tyrosin

Determined spectrophotometrically as deseribed by Goodwin and
Morton (1946).

Quantitative determination of cystine: 0.2 g of whey proteins were
weighed in a test tube, 2 ml of 57Y%, hydroiodic acid were added and the
tube was scaled and then heated at 100°C for 24 h.  The hydrolyzates were
transferred to a 25 ml volumetric flask and made up to volume by water.
Cystine was determined 1n the hydrolyzate colorimetrically by the method
of Kassel and Brand (1938).

Rasults and Discussion

1. Analysis of whey proteins

Results in table 1 showed that the N confents of the whhey proteins
varied from 15.68 9, with an average of 15.89%, The phosphosrus con-
tents ranged from a minimum of 0.08% to & maximum of 0.13%, while the
mean value was 0.119%,. The maximum C1 content was found to be 0.749/
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and the minimum was 0.22%,, while the mean value was 0.412/. The amino
acid nitrogen contents ranged from 0.169 to 0.44%, with a mean value of
0.249%, :

2. The amino acids composstion of whey proteins

{a) Paper chromatography of amino aeids 1 Tt was noticed that running
the chromatograms of amino acids obtained by acid and resin hydrolysis of
whey proteins for 18 to 20 h. in solvent systems : butanol-acetic acid-water
(solvent A) and for 12 h. in methyl ethyl ketone-pyridine-water (solvent B),
gave a poor separation. However, running the chromatograms of the two
solvent systems for another period after drying gave better separation. Ta-
ble 2, shows the amino acids patterns of whey proteins In (solvent A) and
(solvent B) arranged in a descending order to their position on the chromato-
gram. The first spot in the amino acid pattern of whey proteins had relative
movement of arginine, The second spot in solvent A had the relative move-
ment of lysine either in the acid or resin hydrolysis. The third spot in solvent
A had the relative movement of histidine in the acid and in the resin hydro-
lysis, The fourth spotin solvent A had the same movement of both gly-
cine and aspartic acid in the acid hydrolysis and in the resin hydrolysis, The
fifth spot in solvent A had the same movement of both glutamic and therio-
nme in the acid hydrolysis and resin hydrolysis. The sixth. seventh and
eighth spots in solvent A had the same movement of alamine, proline, and
tyrosine respectivaly. Valine and methionine were found to occupy the
ninth spot in solvent A in the resin hydrolysis, phenylalanie was placed in
the tenth spot. Leucine was found to occupy the elsventh spot in solvent A.

As presented in, table (2), the first spot in solvent B had the same move-
ment of arginme. The second spot had the same movement of both lysine
and aspartic acid, The third spot had the relative movement of glutamic
acid. The fourth and fifth spot had the relative movement of histidine and
glycine respectively. The sixth spot had the relative movement of both
alanine and therionine in the acid hydrolysis, and resin hydrolysis. The
proline was found to occupy the seventh spot in solvent (B). Valine was
found n the eighth spot in solvent (B). Methionine was found to occupy
the ninth spot in solvent {B), The tenth spot in colvent B had the rdlativem
movement of tyrosine, The phenylalanine was fourd to occupy the eleventh
spot in solvent (B). The twelveth spot had similar movement to leucine.

(6) The amino acid contenis

1. The mono-amino-mono-carbozylic contents of the whey proteins
The glycine content of whey proteins in acid hydrolysis ranged
from 0.13 % to 0.74 9, with an average of 0.39 %, table (3).
The corresponding values in resin hydrolysis had s smaller
range than acid hydrolysis since they varied from 0.13 to
0.299%, with a mean value of 0.19%, table (4).
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TABLE 1.— STANDARD DEVIATIONS AND STANDARD ERRORS OF TN, AMmINO

acip N, P anp €1 CONTENTS OF WHEY PROTEINS.

Min Max I Mean 5.1, 5.E.

TN. 15.68 16.08 . 15.89 | 0.15 | 0.05

Amino acid N . . . 0.16 044 | 0.24 | 0.11 | 0.04

P 0.08 0.13 0.11 | 0.02 | 0.01

Gl o e e 0.22 0.44 | 041 | 0.20 | 0.07
| |

TABLE 2.- THE AMINO ACIDS PATTERN OF WHEY PROTEINS ARRANGED IN
AN INCREASING ORDER TO THRIR MOBILITY ON AN ASCENDING

FILTER PAPER CHROMATOGRAM.

1+

g B =1

10
11
12

Solvent {A)

Solvent (L}

.......

(ycine-Aspartic
Glutamic-Therionine . . . . .
Proline . . - + - « = « = +
Tyrosine « - « - + = « -

Valine-Methionine . . . . . .
Phenylalanine . .

Leucine

.......

Arginine.
Lysine-Aspartic,
Glatamie.
Histidine,
Glyeine.
Alanine-Therionine.
Proline.

Valine.
Methionine.
Tyrosine.
Phenylalanine.

Leugine.
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The alanine content of whey proteins in acid hydrvolysis ranged from
2.25 to 3.179%, with a mean value of 2.51%, table (3) On the other hand, the
alanine contents of whey proteins in resin hydrolysis were less than that in
acid hydrolysis, The values ranged from 0.11 to 2.529%, and thus gave
Iower mean of 1.859%, table (4). '

TABLE 3, —MAXIMOUM, WMINIMUM, MEAN, STANDARD DEVIATIONS AND
STANDARD ERRORS OF AMING ACYD CONTENT OF WARY PROTEINS
(acro BEYDROLYSIS),

Amino aeids Min | Max | Mean 3.D. 5.1,

L. Mono-Amino Mono-Carbomylic

Aeid

Gly¢me . . . . .. .. .. 0.12| 0.74' 0.39| 0.205| 0.07

Alamine . . . . . .., ... 2.25 3.17 2.5110.338 0.12

Valine . ... ...... 2.0% 3.47| 2.81! 0.525| 0.19

Leugine . . . .. ... .. 23.16| 30.56| 26.77| 3.095; 1.09
I1. Hydroxy-Amino Aeid

Thenonine . . . . . . . . . 7.97| 12.30] 10.44| 1.560] 0.55
IIL. Dicarbozylic Acid |

Aspartie . . . . . .. . .. 11.93| 9.56] 10.03| 0.758| 0.27

Glutamie, . . . . . . . .. 13.99| 22.02| 16.55| 2.715| 0.96
IV, Sulphur Containing Amin Acid

Cvsteine-Cystine . . . . . . 1.69| 8.64| 5.87, 2.677; 0.95

Methionine . . . . . . .. 0.43] 1.71| 0.92) 0.386] 0.13
V. Basic Amino Acid

Arginine . . . .. ... .. 2.15| 3.17| 2.B5| 0.579| 0.20

Lyeine . . . . ... ... 7.14| 8.31| 7.62| 0.424| 0.15

V1. Aromatic Heterocyelic
Tryptophane . . . . . . . . 0.86| 3.17) 2.30! — | —

VIL Aromatic Amino Acid

Phenyl Alanine . . . . . . 2.27| 4.50| 2.86| 0.754| 0.27

Tyrosine , . . . . . . . . 1.24| 5.21| 3.82| — -
VIII. Hetero Cyclic Acid

Histidine. . . . . . .. .. 1.79] 4.77) 3.26| 0.585| 0.30

Proline ., . .. ... ... 0.48[ 2.11; 1.24} 0.371} 0.13
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The alanins content of whey proteins in acid hydrolysis ranged from
2.25 to 8.179%, with a mean value of 2.51%;table (3). On the other hand the
alanine contents of whey proteins in resin hydrolysis were less than that in
acid hydrolysis. The values ranged trom 0.11 fo 2.529%, and thus gave a
lower mean of 1.86%,, table (4).

TABLE 4. —MaxiMuM, MINIMUM, MEAN, BSTANDARD DEVIAIIONS AND
STANDARD ERRORS OF AMINO ACID CONTENT OF WHEY PROTEINS
(RESIN HYDROLYSIS).

Amino acids M Max | Mean 8.D. S.E.

1. Mono-Amine Mono-Carbozylic

Aeud
Glyeine . . . . . . . . .. 0.13| 0.29] 0.19) 0.05| 0.02
Alsnine . . . . . . .. .. 0.11f 2.562) 1.86| 1.03| 0.37
Yalime . .. .. ... .. 1.62| 2.94| 2.25| 0.39] 0.14
Leucine . . . .. .. ... 10.51) 22.22| 17.68| 3.91; 0.14
II. Hydrozy-Amino Aoid
Therionine . . . . . . . . . 2.00| 3.30| 2.84| 0.50| 0.18
1I1. Dicarboxylic Aecid
Aspartic . . . . . . . . .. 0.18) 3.18 1.51} 1.16| 0.41
Ghutamie. . . . .. . . .. 0.45| 4.91) 1.91] 1.53| 0.54
IV. Sulphur Containing Amino-Aoid
Cysteine-Cystine . . . . . . — — — ] - —
Methionine . . . ... .. i 0.40; 1.54] 0.85| 0.36] 0.13
V. Basic Amino Aeid
Arginine . . . .. ... .. 2.4% 3.02) 2.69; 0.25| 0.09
Lycine ... ... ..., 0.46| 1.34 0.89 0.29| 0.11
V1. Aromatic Heterocyclic ,
' Iryptophane . . . . . . . . —_ — — - —
VII. Aromatic Amino Acid
Phenyl Alanine . . . . .. 1.29] 3.16( 2.46) 0.67| 0.24
Tyrosine . .. . ... .. — — — —_ —_
VIII. Heterocyclte Acid
Histiine . . . ... ... 0.37| 1.80| 0.93| 0.59] 0.21
Proline . . .. ... ... 0.48) 2.41) 1.27} 0.66| ©.23

The valine content of whey proteins in acid hydrolysis ranged from 2.03 to
3.47%with a mean value of 2.81%, table (3). Resin hydrolysis however,
showed lower mean value of 2,259, with a range of 1.62 to 2.949, table (4).
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Hihger values that found in both methods for valine were reported
by Joshi and Raj (1954). They found that it ranged from 5.37 to 5.409,
for whey proteins of buffale milk.

The leucine contents of the whey proteins in acid hydrolysis ranged from
23,16 to 30.569, with a mean value of 26.779%, table (3) while in the resin
hydrolysis the range wasg less, being from 10.5 to 22,229, with a coresponding
lower mean value of 17.689, table (4).

Lower values for leucine however, were found by joshi and Raj (1954),
namely 9.44 to 9.55%, for whey protein of buffalo milk,

I1.—The hydroxy-amino acid contents of the whey proteins

The mean values gf therionine cortent of whey proteins in acid hydrclysis.
was higher than fhat n resin hydrolysis, being 10.44, and 2.84Y, table 3
and 4 respectively. Aecordingly, its values ranged from 7.97 to 12.39%, in the
acid hydrolysis and from 2.00 fo 3.30% in the resin hyrdrolysis.

Joshi and Raj {1954}, reported that the therionin content of whey protein
of buffalo milk ranged from 4.62 to 4.679%), this finding was lower than the
therionine content in the resin hydrolysis found in this study.

1. —Dicarborylic acids contents of the whey proteins

The mean value of aspartic acid in acid hydrolysis wss 10.03%,
table (3} which was higher than that found in resin hydrolysis, being 1.519.
It ranged from 11.93 to 9.56%, in the acid hydrolysis which was high in range
than resin hydrolysis, being 0.18 to 3.189%, table (4).

The mean value of glutamic acid in hydrolysis was 16.55%, table (3)
which was higher than that found in resin hydrolysis, being 1.91%,. It ranged
from 13.99 to 22.02%, in the acid hydrolysis which was high in range than resin
hydrolysis, being (.45 to 4.91%, table (4).

IV.—Sulphur-contatining amino-actd contents of the whey proteins

The acid hydrolysis of proteins is known to cause destruction of cystine,
according separate hydrolysis with hydroiodic acid was used for the determin-
ation of cystine. Block and Balling (1944), had showed that the hydroiodie
acid hydrolyzate gave the most reliable results for cystine in proteins, The
cystine-cysteins content was ranged from 1,69 to 8.639, with a mean value
of 5.87%, table (3).

The methionine content of whey proteins in acid hydrolysis ranged from
0.43 to 1.71%, table (3) with a mean value of 0,929, Iun resin hydrolysis to
the methionine content had nearly the same values as in acid hydrolysis since
it ranged from 0.40 to 1.54%, with a mean value of 0.859%, table (4). Joshi
and Raj {1954}, however, found higher values of methionine content of the
total whey protein of buffalo milk, namely 2.77, and 2.829.

V.—Basic amino acid conlents of the whey priteins

The arginine contents of the whey proteins in th acid hydrolysis r.anged
from 2.15 to 3.17%, with mean value of 2.55%,, table (3). In resin hydrolysis
the arginine contents had nearly the same values as in acid bvdrolysis since it
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ranged from 2.43 to 3.02% with » mean value of 2.69%,, table (4). There
values were olose to that reported by Joshi and Raj (1954), for total whey

proteins of buffalo milk, being 2.43 10 3.02%.

The mean value of lycine in acid hydrolysis was 7.62%, table (3) which
was higher than thai found in resin hydrolysis, being 0.89%, table (4),. It
ranged from 7.14 to 8.31%, in the acid hydrolysis which was bigher in range
than resin hydrolysis, bing 0.46 to 1.34%. Joshi and Raj (1954), reported
that the lycine contents of the total whey proteins of buffalo milk ranged from
7.01 to 7.071%, nearly the same as in acid hydrolysis.

VI The aromatic heterocyclic acid contents of the whey proteins

The tryptophan contents of the whey proteins determined spectrophoto-
metrically In the proteiu as such, after dissolving b in alkaline. The tryptophan
contents ranged from 0.86 to 3.17% with a mean value of 2.3%, table (3).
These values were higher than that reportd by Joshi and Rag (1954), for the
total whey proteins of buffalo milk, bing 1.36 to 1.42%,.

VIL—The aromatic amino acid contents of the whey protemns

The tyrosine content of the whey proteins determined spectrophoto-
metrically in the protein as such, after digsolving it in 0.1N NaOH using
ultraviolet absorption. The tyrosine contents ranged from 1.24% to 5.21 9%,
with a mean value of 3.629, table (3).

The mean value of phynylalaine in acid hydrolysis was 3,86%, table (3)
which was higher than that found in resin hydrolysis, being 2.46%, table
{4). It ranged from 2.27 to 4.50%, in the acid hydrolysis which was higher
in range than resin hydrolysis, being 1.29 to 3.16%,. Joshi and Raj (1954),
reported higher values than found in both methods for phenylalaine. They
found that it ranged from 4.561to 4.57% for total whey proteins of
buffalo milk.

VIIL—Heterocyclic acid contents of the total whey profeins

The histidine contents of the whey proteins in acid hydrolysis ranged from
1.79to 4.77%, with a mean value of 3.26%,, table (3), while in the resin hydro-
lysis the range was less, being 0.37 to 1.80%, with a correspondingly lower

- mean value of 0.93%, table (4). Joshi and Raj (1954}, reported that the
contents of whey proteins of buffalo millc ranged from 1.99 to 2.029, this
finding was lower than the hidstindine contents in acid hydrolysis and higher
than the histidine contents in the resin hydrolysis found in this text.

The protein contents of the whey proteins in acid hydrolysis ranged from
0.48 to 2.119, with a mean value of 1.24%, table (3). In resin hydrolysis the
proline contents had nearly the same values as in acid hydrolysis since it ranged
from 0.48 to 2.419, with a mean value of 1.27%, table (4).
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