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EARLY in 19:38, we ~ubmitted for publication t\Yo artides, one on 
" the supplementary effect amongst plant proteins " and the o(·.her 
on '' the animo al·i cl deficiencies of plant proteins ''. 'l' he~e art-icles 
are now in the press. In the former paper (1938) \Ye fou nd uy means 
of complete nitrogen metabolism experim en t~ that the ach1ition of 
·20 per cent. Z-cystiue to an 8 per ce11t. lucerne ration markedly 
increaserl the nitrogen utilization and enhanced the biological value 
of lucerne s ignificantly . In the latter paper (1938), we confirmecl, 
by 1neans of paired feeding tests, that lucerne was markedly deficient 
in <"ystine. About th e same time there appeared a short article hy 
Rose (1938) in " Science ", in which h e claimed that methionine 
was the inclispensible sulphur containing amino acid and that cy<Stine 
was dispensi ble for growth . In the first paper we stated that at 
present, it is difficult to reconcile t h is statem ent of Rose (1938) with 
the existing data on rystine m etabolism. In the following paper, 
we intimated that the evidence for the clispensibility of cystine must 
await further confirmation, since it is not fully established that these 
t"·o amino aeids may haYe a reeiprocal function in nutrition. 

At presen't. the opin ion on the question of the indispensibility of 
cvstine and methionine is divided. (A) Those who obtained a marked 
s~lpplementat.ion by C'ystine, (B) others wh o claim that methionine 
can entire];,· replace cystine and that the latter i s t lwrefore clis­
pensible; anfl a third grollp (C) who adopt an intermediate view, 
nam ely, that methionine and !;ystin e go t-hrough the sam e pathways 
in metabolism. 

(A) 'fhe majority of the work on sulphur containing amino acids 
prior to Rose's announcement centred around the indispensability of 
cystine. Thus John and Finks (1920) demonsirated that when cooked 
beanmeal was supplemented by 2 per cent. cystine, rats grew much 
faster, attaining an average weight of 250 grams in 80 days as against 
80 grams on the unsupplemented ration. Sherman and 'Woods (1925) 
utilized this stimulating power of cystine tor the biologiral assay of 
the cystine r.ontent of feeds. Shrewsbury and Bratzler (1933) founcl 
soya beans fleficient in cystine. By means of the paired feeding method 
Havward, Steenbock and Bohsteclt (1936) as well ::ts Mitchell and 
Sm~1ts (1932) , found soyabeans seriously lacking 111 cystine. 
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Similarly Haag (UI:H), Kellermann (1930), Smuts and )larais (1938) 
found with rats, that the addition of cystine to lucerne increased its 
growth-promotiug properties significantly. The latter \Yorkers also 
obtained results showing that the a(lclition of cystine enhances the 
biological value of luceme by almost 25 per cent. Scolz (1932) and 
\ \" eichselba.um (19:)!)) obtained poor gTO \\·th 011 a diet clefieient in 
cntine. The latter investigator obtained a characteristic syndrome 
o"i:t a Sherman-Merrill cystine deficient ration. Both cystine and 
methionine pre,·enterl this syndrome. Once the syndrome hRs defi­
nitely deYeloped, c,vRtine brought a bout recovery in some cases, while 
methionine was "-ithout effect. Krohn antl Barnv.-olff (J 937) found an 
increased nitrogen retention after the atlministration of cystine. 

(B) By means of mixtures of purifiecl amino aeids fed to rats 
Rose (1938), concluded that methionine is actually the indispensible 
amino acid and should be present in suboptilllal quantities for cystine 
to have an effeet. Jackson and Block (1903) found that both d and [­
methionine effectively supplement a ration deficient in methionine 
and cystine. Beach and White (1937) sho\l·ed that arachin, present 
in the protein of peanut, is defieient in methionine and that cystine 
cannot cover thiR deficiency. 

(C) A few papers haYe appeared, whieh intlicate that these l\To 
amino ac.;icb may he intraeonvertible or follo \\· the same paUnYays in 
metabolism. Brand, Block, Kossel and Cohill (1937) in 1937, from 
ob,;enations on a l'ystinuric patient, found that one of the pathw·ays 
of methionine t'atabolism is its eonYersion into cysteine. The cystine 
excreted frOJJJ this type of patient is derived mainly from <lieiary 
methionine. ·white ( 1937) sho\l·ecl that the ineorpora tio11 of i odo­
acetic acid in the mtion markedly restricierl growth in rats , but that 
growth was immediately resumed after the addition of ('ysiine or 
rl anrl Z-methionine . By the determination of cystine in the plasma 
of rabbits Lewis and Brown (1938) found an increased cystine content 
in the plasma after cystine or methionine administration. In a iitudy 
on the growth response to sulphur amino acids Brand (1938) statf'fl 
that the conversion of methionine into cysteine is only one of the 
pathways of its metabolism and that it has another important fm1ction 
in the animal body. Bennet (1938) maintains that her iihuly in cli­
c:ates that 1 molecule of cystine is metabolically equiYalent to two of 
methionine or cystein e. 

In this study we have further innstigatecl the effect of an addi­
tion of r:ystine and methioni11e to lueerne on the growths of rats. 
'l'he results of this investigation are reported helo\1-. 

EXPERDIENTAL. 

Rats " ·ere selected and paired according to the usual procedure 
followed for the paired feeding method. In the first comparison of 
lucerne, lucerne plus cystine and lucerne plus methionine triplicates 
instead of pairs were used. The standanl conditions of feeding and 
''"eighing \\·ere similar to that practised unrler paired feeding. Food 
consumption \Yas equated amongst the three animals comprisinrr a 
triplicate. Cystine was prepared from wool in the laboratory ~nd 
the methionine obtained from Dr. Theo. Schulharrlt, Goroitz. The 
composition of the Ration is giYen in 'rable I. 
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TABLE 1. 

C ompos,ition of Rations. 

A. B. c. D. E. 

Lucerne .............. .. .. . 55·2 54·2 54·2 46·7 46·7 
Cystine ................... . - 0·2 - 0·2 0·4 
~Iethionine ... .. .... ..... . . . - - 0·2 0·2 -
Butterfat ...... . ... ....... . 8·0 8·0 8·0 8·0 8·0 
Codliveroil ................ . 2·0 2·0 2·0 2·0 2·0 
Yeast extract* ............ . 10·0 10·0 10 ·0 - -
Harris Yeast ... . .......... . - - - 2·0 2·0 
Sucrose ...... .. . , .. . ...... . 10 ·0 10 '0 10·0 10·0 10·0 
Salt mixturet . ........ .. .. . 4·5 4·5 4·5 4·5 4·5 
NaC1 ..... ....... ......... . 1·0 1·0 1·0 1·0 1 ·0 
Starch .... ... .. ... .. .. ... . . 9·3 10 ·1 10·0 25·4 25·4 

TOTAL ...... .... . 100 ·0 100 ·0 100·0 100·0 100·0 

1,33 1,34 

I 

1·34 1,57 1,64 

I 

P ercentage Nitrogen .... . .. . 

*Yeast Extract was pmpared according to the method of Itter, Orent. 1\!J'cCollum , 
J.B.O. Vol. 108, No. 2, pp. 571-577 (1935). 

t A modified Osbomc and l\Iende1 salt mixture proposed by Hawk, P. B. and Oscr, 
Bl. SciencP. Vol. 74, pp. 369 (1931). 

RESULTS. 

In Table II the data pertaining to the comparison o£ lucerne 
supplemented by cystine and methionine is tabulated. It will be 
seen that lucerne supplemented by m ethionine gained over l uccnte 
supplemented by cystine in five out o£ six comparisons, and that 
these two supplementations gained more than the unsupplemented 
lucerne iu every comparison . However, the significance o£ such an 
outcome can only be assessed by a statistical analysis of the data. 
Before treating the final outcome statistically, i.t becomes necessary 
to ascertain whether the error in the outlay of the test may not have 
been instrumental in causing the difference amongst treatments as 
noticed. This factor can be eliminated by an analysis of the 
variance. By means of such an analysis it is found that the chance 
of such an outcome being clue to an inherent error in the test is 
approximately 1 in 1,000, which na.tnrall.v iR insignificant, and can 
thus be disregarded. Analysing therefore the flifference in average 
gain in weight, it is found that the S.D. of a mean of six observation,; 

is equal to~;~ and that the S.D. of a difference o£ two m eans woulr1 

therefore he 3·982 y2j6 = 2·299. On this basis t which is equal to 

S.E~~~· cliff . at N = 10 is equal to 2·228 at P = 0·05 and 3·169 at 

P = 0 · 01. Hence for significance at P = · 05 difference between means 
must be equal to or less than 5 ·122 and for significance at P = · 01 the 
the difference between means must be equal to or less than 7 · 285. 
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TABLE II. 

A Comparison of the Effect of Supplementing Lucerne u·dh Cystine 
and 111 eth·ionine on its Growth-Promoting Value in Young Rats. 

.. --
TRIPLICA'I'E l. 

Lucerne Lucerne 

plus Lucerne. 
plus 

Methio-Cystine. nine. 

Initial weight. grams .... . . .. .. 
I 

93 !);{ !l:l 

Final weight, gmms ...... .... . ]] 8 ll:3 129 

Average gain, gran1s .... . .. ... . 2ii 20 

Total consumption ...... . ..... . 437 437 437 

TmPLICA'n: 3. 

------· 

Lucerne Lucerne 

plus Lucf'rnc. plus 
\lethio-Cystine. 

nine. 
I 

I i 
I Initial weight, gl.'ams ......... . 

I 

77 77 82 

]?ina] weight, grams .. . ... ... . . 114 98 11 5 

Average gai n, grams ...... .... . 37 21 :13 

Total consumption ... .......... 403 403 403 
I 

TR!I'LICA'J'E :). 

- -----

Lucerne Lucerne 

plus Lucerne. plus 

Cystine. Methio-
nine. 

Initial weigh t, gran1s .......... 95 86 92 
' 

Final weight, grams ........... 11 9 91 124 

Average gain grams ........... 24 5 32 

Total consumption ............. 412 412 412 

I 

I 

TRIPLICA'J'E 2. 

---- --- -

I 

Lucerne 
plus 

Cystine. 

I 
68 

I 88 

20 

355 

Lucerne. 

L ucerne 
plus 
ethio-
1ine . 

JV[ 

I 

--

70 72 

70 100 

28 

3.5:i 355 

Tml'LICA'J'E 4. 

-

Lucerne I Lucerne 
plus plus 

LuPcrne. :'llethio-
Cystine. j nine. 

--
105 107 107 

130 115 137 

25 8 30 

421 421 
i 

421 

-

TRli'LlCA 'l'F. 6. 

- --- -

.Lucerne Lucerne 

plus Lucerne. plus 

Cystine. Methio-
nine. 

76 72 763 

102 84 104 
' 

26 12 

I 

31 

372 372 372 

-----·---

Based on this analysis it can clearly be seen that lucerne and 
methionine and lucerne and cystine were significantly better than 
lucerne alone, and that the chances are approximately 1 in 100 
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that such an outcome is due to chance. Continuing on the same lines 
of comparison it will be seen that lucerne supplemented by methionine 
is significantly better than lucerne supplemented by cystine at 
P = · 05. That is, the chances are approximately 1 in 50 that the 
differen ce in gain~ registered is actually due to the methionine 
supplementation. Hence it must be concluded that in this experi­
ment the addition of methionine enhan ced the g rowth-promoting 
properties of .lucerne, beyond that proclured by the addition of 
cystine . 

In T able III data are presentecl in " ·hich lucerne is supplemented 
by methionine and cystine compared against lucerne supplemented 
by cystine. Cystine alone was supplemented at the rate of ·4U pet 
cent., while in the other comparison methionine a ncl cystine were 
supplemented at t he rate of ·20 per cent. as shown in th e composition 
of the rations. 'l'he S.D. of a mean of six differ ences i s 2 · 0776 and 
t = · 722. For N = 5, P becomes 0 · 5, '"hich shows that the probability 
that the difference in gain in faYour of cystine is only accidental and 
may be brought about by ch an(·e a lonr onre in eYery two trials . This 
result is ther efore quite insignificant. 

TAm.r-: III. 
A Cornpa1'ison of Lucerne Supp.Zemented lr!J .1/ethionine pl11s ('_lJsline 

and CystinP . 
--=~~-~~=~====~================~========= 

Ini tial weight ..... . .......... . 

Final weight . . .... .. •. . .... . .. 

Aver·age gain . . . .. ....... .. .. . . 

Food consumpt ion . . ........ .. . 

Initial weight ..... .. .. ..... ... 

F inal weigh t .. .. .. .. . . . . .. . . . . 

Average gain ..... . ... . . . ..... . 

Food con sumpt ion . . ..... .. . ... 

PAIR l. 

Lucerne 
plus 

Cystine 
plus 

Methio­
nine. 

Lucerne 
p lus 

Cystine . 

PAIR 2. PAIR 3. 

-- ---- -,-------,----
Lucemc: Lucerne 
plu:~ Lucerne plus 

Cystm e Ius Cystuw 
plus C P . I plus 

:VI ethio - ystm c. Methio-
nJne. n1ne. 

Lucerne 
plus 

Cy,tinc . 

~r~~---~~ 11 4-

14-8 14-l 133 li\2 1 14 7 

129 

164 

;!() 

340 340 

p ATR 4 

Lucerne 
plus .Lucerne 

Cystine plus 
plus Cystine. 

:.\1ethio -
nine. 

I 137 130 I 
158 ] i)8 

21 28 

340 340 

4-1 4-5 

3-l-0 

p AIR 0. 

37 

:J-l-0 

33 

:!4-0 

p ~ 6. All 

Lucer.·ne 
___ , ___ 

Lucerne 
plus Lucerne 

Cystine plus 
plus Cystine . :V[ethio-
nine. 

-

124 I 119 

I 

I 

148 146 

24 25 

340 340 

plus 
Cystine 

p lus 
:.\!fethio-

nine . 

104 

1:!9 

35 

340 

I 
! 

I 
\ 

Lucerne 
plus 

c~'stine. 

102 

143 

41 

340 
I -----·------ ··--------------------------
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DiscussioN. 

These results together with our findings on the supplementation 
of lucerne by cystine are difficult to interpr et especially in regard 
to the new theory of dispensibility of cystine as propounded b:v Rose 
(1938). In the case, where we found increased g rowth as well as 
an increased nitrogen utilization, after cystine supplementation, it 
must be assumed in order to fit in with Rose's theory that lucerne 
contains suboptimal amounts of methionine. U nder such conditions 
the postulation by Brand (1938) that a small portion of the methio­
nine fulfils a certain function in the system, which cannot be replaced 
by cystine seems very plausible . Furthermore in order to explain 
th e increase of nitrogen utilization of lucerne protein after the addi­
tion of cystine i t has to be assumed th at methionine content of lurerne 
is minimal and that cystine can replace the major portion of methio­
nine . 'rhe data presented in this paper definitely show that methio­
nine supplements lucerne significantly better than cystine. In the 
paired feeding trial the addition of cystine is slightly superior to 
that of methionine plus cystine, although not statistically significant. 
Our findings do not seem to support the statement of Bennet (1938), 
namely that one molecule of cystine is metabolically equivalent to 
two of methionine. Because, if that was so, one would expect in 
the t riplirate comparisons a superior gain in weight by the cystine­
fed rats . 

\Ve are rather inclined to believe that age m ay have some effect 
on the methionine and cystine n eeds. Young rats such as we had 
in our triplicate test, may need more of that fraction of methionine, 
which cannot be displaced by eystine. Older rats, of 100 grams or 
more, as in our paired feeding test may need less of this fraction, 
and in this· case the major portion of methionin e a ncl cystine go 
through the same metabolic pathways, being utilizell primarily for 
supplementing the sulphur moiety in the animo acid romplex of 
lucerne protein , to enable the synthesis of new tissues to take place. 

SuMMARY AKD CoKcLusroxs. 

By means of the paired feeding method it " ·as sho,Yn that 
methionine supplemented lucerne significantly better th an cystin e. 
I£ lucerne is supplemented by methionine plus cystine and compared 
with lucerne supplemented by cystine no difference in total gains 
between the two comparisons is noted .. 

LITERA TURK 

BENNET, M. (Ul38). A quantitative study of the replaceability of cystine 
by vari ous 8 -containing amino acid;; in t he diet of t he Albino r at. 
J.B .G., Vol. 123, Proc. Ame1·. Soc. of Biol. Chern, VoL 32, March . 

BRAND (1938) . Growth r esponse to s ulphur a mino ac ids. .J .B .G., Vol. 123. 
P1·oc. AmeT Soc. Biol. Ohem ., VoL 32, March. 

BRAND, E., BLOCK, R .J ., KASSEL, B. Al'D CAHTLL, G. F. (1987). The 
mPtabolism of ca.&ein and lactalbumin . . T.TJ. C. , Vol. 119, pp. 669-680. 

BEACH, E. F. AND WHITE, A. (1937). Methionine A.S. limiting factor of 
arachin. Sci. proc. Soc. Biol. Chem. J.B.C. , Vol. 119, No. 8. 

HAAG, J. R . (1931). Cystine as a limit ing factor in t he nutritive value of 
a lfa lfa protein. J. Nutr. A ., pp. 363-370. 

374 



J. S. C. MARAIS AND D. ll. SUUTS . 

HAYWARD J. W .. RTEK1\BOCK, H. A1'D BOHSTEDT, G. (1936) . The 
effect 'of cystin'e on t he nutriti1·e value of t he protein of raw and bak ed 
soyabean s . J. S tlt. , Vol. 12, pp. 275-283. 

J ACKS01\. R. W. Al'\D . BLOCK R . J. (19a3). M etabolism of d and 
c mcthi oninc. 8 oc. J<Jxp. RiaL and Med. , ]!rue., Yo\. 30, No. 5. 

JOHN. 0. A~D F I NKS . A. J. (1920) . Di ~tribution of Basic N it rogen in 
phaseolin. J.B.O., Vol. 4 , pp. 375-377. 

KELLERMAN N , J . H. (1935). Furt ht'r obHe rn~tion~ on t he cystine detiei en cy 
of lucerne protein a nd the effeet of heat and incubat ion upon t h eir 
growt h promot ing 1·a lue. Onderst epoort J. l'et . Sci. and ;ln. I nd . , 
Vol. 4 , No. 2 , pp. 437-451. 

KRAHN, H. AC\U BATt\YOLFF, W. (19:37). Clwr d ie Abha ng ig kcit cle r 
" Tirkung ei ncr S usatzl iehc n Cysti nga lw auf dPn Bd riebsstoffw<:>chsel Yon 
der Qualitat des Nahrun gseiweisses und ihre ·wirkung be i e i11·eisfr e ier 
Ernahrung. R1·och. Z ed s. Vol. 2.89, pp. 266-272. 

LEWIS, H. B. A:Ku BROWN, B. H. (1938). The .-;ystine content of blood 
plasma afte r administr ation of eyst i n<• and methionine to rabbits. 
J.R.C. , Vol. ·123 , l'roc. Soc . Amer. Bioi. Chem ., Vol. 32, :Vtarch. 

1\IITCH I<~LL. H. H . AND SM1J'I'S, D . B. (19:12). Tl1o a1nino aeid defic ieucics of 
bee f, wiJ <'at , <"Orn , oa.ts :wd soyabcans for g ro11·th in the 11·hi.tc rat. 
.f.R.I '., Vo l. 9i'i , pp. 26!3-281. 

ROS E , vV. C. (1938) . The n u t rit i ,·e s ig nifi<"nncc of t he a mino acids a nd eer t ain 
re lated compou nds . Science, Vol. 86, pp . 298-300. 

SHEIDJAX, H. C .. WOODS, E. (J925). T lw dete rmin ation of e~·st ine b.1· 
mea ns of fcedi n,g e~periments . .T.BJ)., Vol. 66, pp. 29-36. 

RHRJ<:WSBURY, C. L .. BH.ATZLRR , J. W. (1 93:~) . Cystin<' deficie ncy of soya 
bea n prote in a t var ious levels in a purified rat ion and as su pplement to 
corn . . J. Agrir. He-' . , Vol. 47, No. ll , pp. 889-895. 

SCOZ, G. (1932). Tho importa nce of cy~ti n c in t he ec-o nomy of t he orga ni sm 
a nd p articularly for g rowt h of hair. !heft. Sci . Biol. (Nap les) , Vol. 17, 
Ko. 4, pp. 341-a82. 

SMU'l'S , D . .13. AND MARAIS, J . S. (1938). The supple men tary effeet mno ngst 
plant prote in. Onde1·stepoo1·t Ju tu nal f'rt. Sci-. and An. Ind. , Vol. 11. , 
pp. 151-159. 

Sl\[l'TS, D. B . AND MARA IS, J. S. (1938). T he amino acid deficie twies of 
<"e rta in p la nt prote1 n. Onde ro~t e j)OI)ft J ut1 11Wl l'et . Sc i. and rln. l nd., 
Vol. 11, pp . 407-41G. 

\VEICHSELBAUM, '1'. K (1935). Cystine d eficien cy in the a lbino r at. 
(Juad .. J. Ex p. P hysiol. , Vol. 25, pp. 363-367. 

WHITE , A. (1937). I odoacet ic a cid and su lphur metabolism. Science, Vol. SG, 
p. 588. 

375 




