29

The Effect of Cystine and Methionine, Added Separately or
Together, on the Biological Value of the Proteins of Dried
Skim Milk
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It is now well recognized that cystine and methionine are the limiting amino-acids
of milk proteins (see, for example, Mitchell & Block, 1946; Block & Mitchell, 1946—7).
It is also well known that methionine can be converted into cystine in the animal body
but that cystine cannot serve as a source of methionine (Womack, Kemmerer & Rose,
1937; Beach & White, 1939; Tarver & Schmidt, 1939; Burroughs, Burroughs &
Mitchell, 1940; Rose & Wood, 1941; Sahyun, 1949). In fact cystine only stimulates
growth if the diet contains some methionine (Womack & Rose, 1941; Glynn, Hims-
worth & Neuberger, 1945).

Working with rats, we have shown in this laboratory (Henry, Kon, Lea & White,
1948) that the addition of 029, cystine to spray-dried or freeze-dried milk increased
its biological value, at an 89, level of protein intake, by some 7%,.

In view of the metabolic relationship between cystine and methionine we have now
compared the effects of both amino-acids on the biological value of milk proteins
when added separately or together to milk.

EXPERIMENTAL

The biological values and true digestibilities of the proteins were determined, at an
89, level of protein intake, by the method of Mitchell (Mitchell, 1923—4; Mitchell &
Carman, 1926). Two experiments were done each with three litters of four young
growing rats. In both experiments each rat received each diet in turn according to
a Latin-square design. Details of the management and feeding of the rats will be
found in our earlier publications (Henry, Kon & Watson, 1937; Henry et al. 1948).
In Exp. 1 milk was supplemented with 029, L-cystine, or 0:4%, PL-methionine, or
0-29, L-cystine with 0-4%, DL-methionine. In Exp. 2 the supplements were 0-49,
L-cystine, 0-2%, DL-methionine, and 0-29, each of L-cystine and pDL-methionine. The
basal diet had the following percentage composition: rice starch 64, sugar 12, potato
starch 10, margarine fat 10, salts (de Loureiro, 1931) 4. In the experimental diets the
milk samples were added to the basal diet in place of an equal weight of rice starch.
Details of the milk, nitrogen and moisture contents of the diets are given in Table 1.

RESULTS

Table 2 gives, with their standard errors, mean biological values and true digestibilities
of the proteins of the milk samples tested, and Table 3 gives an analysis of variance of
the results. These show that 0-29%, L-cystine (Exp. 1) increased the biological value
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Table 1. Percentage of dried skim milk, added amino-acids, nitrogen and
moisture in the experimental diets
Amino-acid added to spray-dried skim milk, Milk in Nitrogen in  Moisture
as percentage of the milk diet diet in diet
Exp. 1: None 234 1°247 8-94
02 % L-cystine 230 1°237 8-88
0'4 % DL-methionine 231 1°235 8-88
02 Y%, L-cystine and o°4 9% DL-methionine 230 1-248 9'10
Exp. 2: None 21-8 1-278 8-64
0°4 % L-cystine 2177 1°229 8-74
02 % DL-methionine 218 1°279 867
02 % L-cystine and o0'2 % DL-methionine 217 1-236 863

Table 2. Mean results for twelve rats in each experiment for the biological values
and true digestibilities of the proteins (N x 6-38) of the milks studied

Biological

Amino-acid added to the milk value
Exp. 1: None 865
02 % L-cystine 9I°I
0'4 % DL-methione 958
0'29%, L-cystine and 0°4 % DL-methionine 952

S.E. +1°34

Exp. 2: None 897
0°4 % L~-cystine 963
02 9%, pL-methionine 95°3

0'2 9%, L-cystine and o'z %, DL-methionine 96°4

S.E. +1'03

True
digestibility

or1
94
92

-6
'O
-6

936

+o

93
93
93

93
+o0

-60
‘2
3
‘4
-8
73

s.E. Standard error calculated from analysis of variance (see Table 3).

Table 3. Analysis of variance of differences in biological value and true digestibility
of the proteins (N x 6:38) of the milks studied in the two experiments

Exp. 1 Exp. 2
Mean squares Mean squares
r A = s A -
Degrees of Biological True Biological True
Component freedom value digestibility value digestibility
Litters 2 327 23-87% 2821 5:36
Diets 3 224 5Q%** 14 11% 12272 %%* o-8o
Periods 3 438-87%wx 23-01%* 202°33%¥* 26:70*
Litters x diets 6 63-36% 6-99 11°35 363
Litters x periods 6 13-76 16-04* 913 7°59
Rats within litters 9 67-32% 26-31%% 11°03 565
Error 18 2168 437 12'85 636
Biological value
[ A )
Conclusions: Cystine > Control* Cystine > Control*¥**
Methionine > Cystine* Cystine + methionine >
Methionine > Control#*# Control*#*#
Cystine + methionine > Methionine > Control*#*
Cystine*
Cystine + Methionine >
Control***
True digestibility
Cystine > Control*
Cystine + Methionine >
Control*

* Significant at 59%,. ** Significant at 1 %.

*%* Significant at 0°1 %,
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of the milk proteins by some 5%, in agreement with our earlier results (Henry et al.
1948). The further addition of 0:49, DL-methionine raised the biological value by
another 5%, ; methionine alone had the same effect as the combination of cystine and
methionine. Exp. 2 showed that 0-29, pL-methionine was as effective as 049, L-
cystine, the increase in biological value being this time some 7%, a result very similar
to that obtained in Exp. 1 with 0-49%, methionine. The addition of cystine to the milk
supplemented with o0-29, methionine (Exp. 2) failed to increase the biological value.
These findings indicate that 0-2%, DL-methionine gives a nearly maximal response at
this level of protein intake.

The effects of these amino-acid additions on the true digestibility of the milk
proteins are not clear-cut. Thus, in Exp. 1, cystine, alone or in combination with
methionine, significantly improved the digestibility in agreement with our earlier
findings (Henry et al. 1948); but in Exp. 2 neither cystine nor methionine, separately
or together, caused any increase in the true digestibility.

DISCUSSION

It has not always been recognized that milk is deficient in the sulphur amino-acids.
Thus Fairbanks & Mitchell (1935) considered that the deficiency of cystine observed
by them in samples of spray-dried milk was not inherent, but due to destruction of
this acid during drying. However, the development of microbiological and other
methods for the measurement of amino-acids and the resulting more precise informa-
tion about the amino-acid composition of different proteins enabled Mitchell and
Block (Mitchell & Block, 1946; Block & Mitchell, 1946—7) to calculate that, compared
with the proteins of whole egg, which are almost completely utilized by the rat, milk
proteins are deficient in both cystine and methionine. Moreover, tests in this labora-
tory showed that the proteins of freshly prepared spray-dried skim milk had the same
biological value as those of freeze-dried milk and that both benefited to the same
extent from the addition of cystine (Henry et al. 1948), thus indicating that normal
heat treatment during processing causes no destruction of cystine.

As methionine can replace cystine it would be expected that with proteins short in
both, the former would be the more effective supplement. With small additions,
experimental evidence points that way. Thus in the present experiments methionine
as 0-2%, of the milk solids proved better than o-2 9, cystine and equal to 0:4%, cystine.
With casein Kik (1938) found that the biological value determined at a 9%, protein
level was improved to a greater extent by the daily addition of 25 mg methionine than
by the same amount of cystine. He estimated that, in this way, the methionine or
cystine content of the diet was increased by about 0-25%,. This differentiation between
cystine and methionine was also found with milk at a slightly lower level of intake
(see below).

This superiority of methionine over cystine is not evident from experiments where
the rat-growth technique of Osborne, Mendel & Ferry (1919) was used, probably
because in the growth tests the amino-acids were added at higher levels resulting in
final dietary concentrations some three to eight times those used by us. Thus Block
(1949) found 0-3%, cystine and 0-4 9%, methionine equally effective as supplements to
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a diet containing 309, whole dried milk and supplying 7-59%, protein. Both supple-
ments were superior to an additional 109, milk in the diet, which with it contained
10Y%, protein. This result might have been anticipated since it can be calculated that
the additional milk would only add some 0-0259, cystine and 0-0859%, methionine
to the diet, amounts very much less than the amino-acid supplements themselves.

Riesen, Schweigert & Elvehjem (1946) added o-2 %, L-cystine or 0-4 %, DL-methionine,
or both, to diets containing 8, 18 or 509, casein. The acids, whether added separately
or together, improved the growth rate of rats to an equal extent with the 8%, casein
diet but did not improve growth with the diets containing the higher proportions of
casein. In fact, the simultaneous addition of these acids to the 509, casein diet
resulted in a decrease in growth rate, probably because of an amino-acid imbalance.

Lewis & Fajans (1951) found cystine and methionine, added separately or together,
equally effective supplements to a diet containing 7-59%, casein. The additions were
at the relatively high rate of o-5-0-69, of the diet.

The dried-milk diets used in the present experiments contained some 0-22%,
methionine and 0-059%, cystine (Henry et al. 1948). Our additions of o-2 and 049,
cystine or methionine to the milk would increase the concentration of these acids in
the diet by some 0-05 or 0-109,. The latest estimate from Rose’s laboratory (Wretlind &
Rose, 1950) of the minimum methionine requirement for normal growth of the rat in
the presence in the diet of all other factors, including 0-29%, cystine, is 0-3—0°4%.
Even with the addition of 049, pL-methionine to the milk the total content of
methionine of our diet barely reached Wretlind & Rose’s (1950) minimum; moreover,
even with the addition of 029 cystine to the milk, the cystine only amounted to
about half that in the experiments from which the methionine minimum was derived.
A similar estimate of requirements can be reached using Mitchell and Block’s
(Mitchell & Block, 1946; Block & Mitchell, 1946—7) method in which whole-egg
protein is taken as the standard. It must be pointed out, however, that our rats were
not growing normally on the restricted intake of 89, protein in the diet and their
requirement may have been below Wretlind & Rose’s (1950) minimum. In fact our
results would suggest that, at this low level of protein intake, the minimum require-
ments are covered by the presence in the diet of some 0-27%, methionine and o-05%,
cystine or 0-229%, methionine and o-159%, cystine, as at these levels the biological
value of milk proteins was raised almost to the level of that of whole-egg proteins.

These estimates are based on the assumption that both isomers of methionine are
equally well utilized by the rat for growth. Experimental evidence for this has been
put forward by Jackson & Block (1937-8), Rose (1938) and Wretlind & Rose (1950),
though under certain conditions (Bennett, 1939; Nasset & Anderson, 1951; Van
Pilsum & Berg, 1950; Wretlind & Rose, 1950) the unnatural isomer may be less well
utilized than the natural.

SUMMARY

1. In two experiments cystine and methionine were added separately or together
to dried skim milk. The effect of these additions on the biological value and true
digestibility of the milk proteins was determined on rats at an 89, level of protein
intake.
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2. The biological value of the proteins was improved significantly and to the same
extent by the addition to the milk solids of 0-29, DL-methionine or 0-49%, L-cystine.
No further improvement occurred with 0-4%, DL-methionine or when cystine and
methionine were given together; 0-29, L-cystine alone was less effective.

3. In these experiments the sulphur amino-acid requirements of rats growing at
a restricted rate because of a limited intake of protein were apparently satisfied by
some 027 %, methionine and 0-05 %, cystine or 0-22%, methionine and o0:15%, cystine
in the diet.

4. The true digestibility of the milk proteins was not affected by additions of
cystine, methionine or both except in the first experiment when cystine caused a small
but statistically significant improvement.

Our thanks are due to Miss M. V. Chapman for help with feeding the rats and to
Miss V. Glover and Miss M. R. Cooling for help with the nitrogen analyses.
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