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Onde1·~tE>poort . 

.\.J.'I'liOl'l;u l h e m a jorit.v ·0 f the mni!JO ::t('id,; " ·e re diRcoYer ed prim to 
1900, Yt'r~· lim itt>cl clata exist concerning their r elahYe (li~h·.ibutiou. 
Cow:e<Jll en tl ,v thE>re baR hec11 l.ittlt' nppl'e<"iation of tht' fact t hn t tl1e 
nntr itiYe YDl ue of a proh•i11 d ep PJldt> upon the k in<l nucl quautiti<',; 
of itt, component· <Ul liuo :J('id,.; . lt it>, ther efor e, not stupri,.;iug- that 
thE' prote iu requi remenh; a re m o;:;t f!."t'llt'rally e"pres,;ed in t t> nn,; of 
anJotlll h; ot rlig·e,;tihl t' pr.ot eill without nn.v l't'fert'Jl<"e to l he clitl't•rt>n r·<"" 
in quality. Ho" ·e,·t-r, th e biologica l Yalu e of proteins, as <l evelo]lerl 
b.v M:itcl1 ell (1929), ta kes into M·count tlH·' qunli tntiYe differen<'et< 
existing a n10n gst proteins, sin<'l' it lll Pn,; ures !he magnitude of 
nhsodw!l llilrog-t•Jl a ctually u tilixE>!l hy 11H" burly . lt 1s , tlw 1·efore, a 
necessar y m}(l est>ential measure iu tlte culc ulation of the net t 
e:fficie nr·.~· o f different proteins for maintE'n ance, growth, etL '1\w> 
protein ,; may conta in the sa m e amount of digestible 1Jl·oteill, tl1e onl,\· 
<lifferen ce heiug- , that one has u biological Yalue of 40 while t he otht>r 
has a biologica l Y;dn t> of HO. lhsreganling qualitnh,-< .. <lifferen('e,; OJl t' 
,,-onl<l fetod Pxactly the snm e an1onnt of the hvo rl igPstiblto protein,; 
t.o c·ov E> r a specific n eE'd of an rmimal. Ho" ·eye1·, " ·h en the <1m1.lity 
of th ese hYO protei Jlt> is taken in to con si<lt· r ation, it i,; o In· im.t,.; t h ;\I· 
only h al± t h e amount of d igestibl E' protein of tlw latter p 1·o!ein i,; 
n ecessarv to fulfil th e same hmdion ns the full muonnt· of i he 
formE'r. · 

-WhilE' the biologica l Yaht(' actually i·a ke,.; into acooun t !he 
rl efic· ienrie~:> of inrlispensabl e <llni.no aciLls in t he protei n nlOlectll t> , 
it does not supply cli red informatio n m; to t he uatu1·p ,of su ('h 
defici E> ncit>s. Tn mcler, therefon•, to aceomplit>h ~:>upplemen tatioJl 
ju!lici.ously, t h en•by enh ancing tltt> quali t.,- of rlE>fi.eiPnt pmtt>ins. it 
lwcmnes impera tive t hat the Hature of t h e amin o aci rl cleficit>ll ciPR 
prevailing in our feeds Rhould b E> determined. 

r nforhmate]y llO di r ect a n cl tmi table m etho <l of rl f' tPn nining t h e 
amino acicl contenJ· of feeds is a Yailable . Chemical a nalvsis is not 
only handicapped by labori.ou fi, and in m rmy ways i~u·o mple t P, 
methoflR of fl et(-'rmination, but a l so by th E> fad !hat su ch fig- urPoi. 
while indicative, h aYe no actual hiologicnl ,;ig·nifi('ance 1.mless t hey 
are testecl out on animals. As a 1·e;;mlt t h E> lll el h()(l most g·e u endl~· 
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em]Jloyed ts very i nc1ircd and of the " h'lt mul 1n iss " t_q1e, by \Yhid1 
differen t ami no aci<ls tmspected to be <leficien t are inr:orpor a ted with 
a protein and the effpd st n(lied h,,. differences in gTmdh response 
tU}(ler controlled con ditions. 

Hose (1\l;lo, 1H:'l1), through hi:-; e::de nsi\'1-' stuoies, h;t s iu l'ece u t 
yean; considerably au g mentecl the existing list- of inll i spen saLle amino 
acids. Apart from threonine (o. amino (3 hy droxy butyric acid) no 
n ew indispen:sihle amino acid has been a<lded. HO\Yever, valin e, 
phcnylabnilll', lenciltP ~1 nrl isnl en <'in P, 11·hich h ave i11 Lhe pac,t LePn 
couRidered (liS]lf'nsahl <> are nm,· cbs~i{ie (l hy Hose (19>17 ) a .~ 
i n lli;;pensahle, making Hte problem,; •)£ r.lt-d.ennini ng- the umin.o acid 
<1efi<'ie n('i t>s in feeJs eYen more complica ted. 

A:-; far Lack as 1915 Osbome :1nd Mendel (1915) denwnstrated 
that Z-cystine supplem ents stimulaterl the growth of ntts on a casein 
containing diet of loll' sulphur. Sin ce ihen man y inYPsligit.iors haYe 
r:ontrilmteu ronfirma.tory eYi<le nee of t he indispensability ·of cyst i11P . 
.TohllH illld Finks (1H:20) fonlld t lu'lt thP additi on of eyshne to uiPt ::; 
euntaining phaseolin markP<ll.'· improves th e nutritiYe quality of 
this protein. Similarly S he nnan ~tnd Menil (1H2!>) found that. 
eystine enhanced the gTowth promoting pm,·er of ~Ybole milk po,nle1· 
oYerdiluted IYith sbn·h. Mitchell and Smuts (19:~2), in t he ir ,;tnclies 
on meat protein, showed that \Yhile :20 per cent. meat protein "~as 
adecpwte in cystine, :1. significant stimulation of cystine 011 gTOIYth 
tH'l' lliT<~cl when thi s pr·otein constitu tes \l per cent. of the ra tiolJ. 'l'he 
same worker s (19;32), as well a t> Shrewsbnry and Bratzler (1930) , and 
Hayward, Steenbock an rl Bohste<lt (193G), fmm(l that r:y,.;tine was t he 
Limit~ing awino <l('icl in l:'oyabE>ans. lnd(eecl, so marked is t he growth 
re,;ponsE' of r:tts i o the inclusion of cystii' e in au othenYise adequate 
1·ation t hat Shennan allll \Voods (1925) actually employed it as a 
n1d hod for quantitati l'e deterruination of t his amino acid. U ecently, 
hmYeve1· , Hose (19:\7), Beach and White ( l9 ~H), and B.:wrnstein h :tve 
pl'oclueecl eviden('e ::;howing t hat methim1 in e insteafl of cystin e i c< the 
in(li:;pe>nsahle ::nnino acid. Such evidenr,e must await further 
('Onfirmalioll , sin ce it m ay be po,;~ ible that ihE>se h1o ;uuino acids 
ma,v haYe n l'eciprocal function in nutr ition. 

B~· using Zein as the sole protein in a rat ion for ra ts, Osborne 
allll J\fenrlel (Hll4) dE-monstrated in a decisiYP 1n anne1· ihe 
iH<lispPnsa hili ty of tryptophan e an<l lysine . The addition of 
tryptophane to such a ration satisfi ed the maintenan ce requirt>nwnts, 
but !.n·o,l·th \\~ a . .; actually milv attai1' ecl ll'hf'u lv:>in e wns incorpontt.ed. 

Several inve,;tiga tors found soya hectus (leficient in c~·st.i ne. Ho11·
ever , the supplem entary effe<·t of this amino acid on soyahean protein 
\l·a:s r epeated , sin ce the possibility existed that. a ll spe<·ies \\~ ere not 
llPCPSSa rily rleficient in cystin e. Monis an<l vVright (1900) fmlll<l 
peanutmt>al c1eficient in lysine fm milk production , "'hile John s :wd 
Jones (1917), by JI IPnn s nt ch Pmical analysis, found no sur·h de:ficie]l(:.)'. 
Conseq uently ly,; in e appem·erl to be a possible limiting fa ctor in the 
protein of pea mthnea l. l\~ o inrlir:ahon of any de:fini t~e amino acid 
<leficien(;y iu lin:-;eedme<ll an<l coprameal was avai lable, so that 
c,vt>t.ine, the most easily aYailahle amino aeicl, appE-ared to be the most 
re~tsonahle to try. The outcome of these differen t tests is reported 
belO\Y. 
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ExrERDLENTAL. 

The protein feeds whic·h \Ye1·e of an average connnen:ial quali ty, 
\\·er e fine[,\' gronlltl an U Jlll"'cd \\·ith the rest of the ingTNJients of th<:> 
ration so us to give approxiwatel.v 8-JO per cent. of protein. The 
amino aci(h; were incorporated at the ra1e of ·20 per Gent. , l'Pplacing
an equivale nt a moun t of prot ein u i lrog-en. 'rhese aruino acicb were 
carefulh mi xed with 1hr res! of t he ration P•O as to ewmre 
hom oge;H·ous di st ribution. The p <:>rcentnge composition of the rations 
is giYPn in Tahlt' 1. 'l'hC' pain•tl fe c>1ling mC'tlw(l was usetl i·hrm1ghoul 
these studi es. Tn some cases morr i ha11 six pairs of ntb; were Utif'(1, 
lnd neYer l e:-<s. The 1 \YO nds of each pai1· r el'ei YP(1 iclentica 1 alllounh 
of foo d , the supplemented rntion in one ease ancl tlw unsupph·menled 
ration in the other. (\mtimHm,; record,; were kPpl of ali refusal,; of 
feecl , whi1·h JlPces,.;itnted a redudion in the ammmt ,,·eig-hec1 011l to 
hoth nJE•rnlwn-; of the pair. 11ats ,,-e re pairrc1 accon1iJJg- to age, sex, 
litte r rtnd \Yeight. l <' req uently rrtts weig·hing m or e !ha n thP l'!":]uin·c1 
weig-ht (GO gm,.;.) had to bP u s<·Ll dnP to sea rrit_y of rats . Rorly ,,-e ig-ht,.; 
,,-Pn' takPn 11·eekl.v ar;d th e initial <1ll(1 final ,,-rig·h!s \YPl'P tlw <~ HT<Ig'P 
of ihrt>e r-on,;pc·JdiYe daily IYPig.hing,.;. 

'l'be r esult,; of 1 he vai1·e <l feeding- c•xp<>ri 111ents an' summ;ui11ecl 
i n 'rahles 2 and :~ . A11y sig·uifif·an(·e attrihntPcl to trc><~tm enb must 
n a hna ll:v be b;t sed on the c1iffrreu r·es in total gai liS of pair m a tPs o ,-er 
I he· e)( peri mental period_ 'l' he si:o~P of tht•se r1iffereJlCes <lllrl tht> 
<'Oilsi,.;trnc:v with whi(~h they appPar tlelc>rmim• the probability of the 
('Ondusions that they favour . 'l1 he statist ic-al analyses IH'n' perforn1 t>d 
iu acc-onbnce ,,-i1h tht> methotl of Student (HlOS) for !h r int<-•rpretatiou 
of paired expPri111ental data. 'rhese calc-11lations are summarizecl in 
Tahlt> 4. The:· probability (P ) is obtaine(1 from the ratio of the mean 
clifft>ren c-e bPhn•t>n pair nw tt>,; t o the stan cb n1 <l eYia tion of difterPnC<'S 
and by the JmmlJer of observations . 'l'h e Y<~hu· .of I' nahnall,v 
indi('Ht t>s 1he ::;ig-nifil'<!ll('P of ill e outeomP of a treatment . Heuer if P 
i ,; P<lual to -01 , it may for all practieal purpo;;es lw l'•OnclttdP(l tlwt 
the 1·esult obtained is tlue to the treatment applied and not 1o a 
fortuitous outoom e (1ue to rhnnce . The g-reate1· P be(·omes th e mon· 
likely it is that the outcome is clue to chance alone. 

The supplementing' effed of tryptophan e 011 pea nuhnral has been 
tPste rl out on 9 pr~irs of rats . As will be seen h om the,p n•fmlts 
tr_vptO])hane ;;uppl elllenta timl had 110 effe(·t on the gTo\\·th promoii11g 
properties of peanuttneal, since .out of the !) pairs in the c·ompariso11 
I favonrPcl the 11nsupplem ented ration, \Yhih· only 2 faYoured the 
supplement~·cl rr~tio11 iu total gain s in weight. Iu fact, t he probabili ty 
P strongly favours the unsupplemeHtec1 ratimt, indicating- that the 
at1(1ition of tryptoph ane h a (1 in all probability exerted a drprP~sing
effc'd on ihe rnlion. 

In the c:rt,;e of p eanut m eal supplemente<l hy l,\·sinP uPg-a tiYe 1e:mlt-s 
\Yere also obtniut>d. Out of tl1e 11 pairs in the t·OmJH1rison, (; faYOlll'P(l 
the uHsupplemente rl and 5 the supplementt•(1 ration in t otal g-ains in 
" ·eig-ht. 'l'he probability P .of -28 for the <·omparismls of total g-ain,; 
i s so large that chance a lone mig-ht well haYe r1etPnnint><1 t hp ouh·oJliP. 

409 



'J'
,\ 

H
L

E
 
1.

 

f'
e

,.
c
e

n
fo

r;
e

 (
'r

il
ll
jl
ll

s
if

 io
n 

o
f 

th
e

 H
o

t i
on

s.
 

-
-
-
-

~
-
-
-
-
-

-
-
-
-
-
-
·
-

. 
-
-
-
-
-
-

-
--

·-
-·

 --
-

-
-
--

-
--

-
-
-
-
-

l'
~<

tn
ut

me
al

. 
..

..
..

..
.

.
..

..
. 

. 
C

:o
pr

nm
ea

l .
..

..
.

..
..

..
..

..
..

.
..

. 
. 

L
in

sc
cd

m
ra

l.
 .
..

..
..

..
..

..
..

. 
. 

H
o

vn
h

P
an

m
ea

l .
..

..
.
..

..
..

.
..

..
.

. 
. 

(
\;

st
in

c .
..

..
..

..
..

.
..

..
..

.
..

..
 . 

'l'
r·y

p
to

p
h

a 
ne

 .
..

..
..

..
.

..
..

..
..

..
 . 

L
y

si
n

e 
..

..
..

..
..

..
..

..
..

.
..

..
. .

 
fl'o

. 
i:

lu
cr

os
c 
..

..
..

..
.•

..
..

.
•
..

 
>

-'
 

.l:
lu

tte
rf

&
t .

..
..

.
..

..
..

..
.

..
..

..
..

 . 
° 

C
od

l1
ve

r 
oi

l.
 .
..

..
..

..
..

..
..

..
..

. 
. 

H
an

; i
s 

y
ea

st
 ..

..
..

..
.

..
.

..
..

.
..

.
. .

 
Y

ea
st

 E
x

tr
a
c
t(

1
) 
.
.
.
.
.
•
.
.
.
.
.
.
•
.

.
. 

N
aC

l.
 .

..
..

..
..

..
..

..
.

..
..

..
. 

· ·
 

;\
g

a
r 
..

..
..

..
..

..
..

..
..

. ~
 .

..
..

 . 
S

;t
lt

 m
ix

tn
re

 (
2)

 .
..

.
..

..
.

•
..

..
..

 
S

tn
rr

h 
..

..
..

..
..

..
..

..
..

.
..

..
..

. 
. 

rr
O

'T
'A

L
S 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 . 

I'
P

I"
("

C
ll

t.
 

)J
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 . 

1.
 

]:
) ·

7
 

]0
·0

 
8

·0
 

:2
·0

 

1
0

·0
 

1 
·0

 

4
·:

)
 

+8
·R

 

10
0

·0
 

1
·i

i0
 

:2
. 

:l.
 

-J.
. 

I 
:).

 
I 

G.
 

7.
 

R
. 

1.
1.

 :~
 

].
)·

7
 ~
 -1

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

-
I 

:l
:l

·i
l 

I 
:u

-o
 

-:
!0

 

1
0

·0
 
I 

10
·0

 
R

·O
 

8
·0

 
:2

·0
 

:2
·0

 

1
0

·0
 

1
0

·0
 

1
·0

 
1

·0
 

4·
.1

 
4 

·.)
 

4
9

·0
 

1 
+

8·
8 

. 

·:!
0 

1 0
·0

 
8

·0
 

:2
·0

 

10
·0

 
1 

·0
 

4·
<>

 
4!

)·
0 

10
0·

0 
~

~~~
~

~ 
l
~

~-
-1
·
+2

 
=

=
1=

--J
.=I

= 

1
0

·0
 

8
·0

 
:2

·0
 

:!
·(

) 

1
·0

 
:2

·0
 

4
·i

i 
.)

:)
·0

 

10
0·

0 

1·
-J

.ii
 

·:
20

 
10

·0
 

8
·0

 
:2

·0
 

:2
·0

 

l·
O

 
:2

·0
 

4
·5

 

·:
!0

 

10
·0

 
1

0
·0

 
8

·0
 

8
·0

 
2

·0
 

:2
·0

 
2

· 0
 

2
·0

 

l·
O

 
! 

l
·O

 

'I 
4

·5
 

I 
4

·i
i 

3
9

·J
 

. 
4

0
·3

 

.10
0-0

-/JO
o.o

 
==

=,
 1-40

 ~
-~
~0

 
1

0
0

·0
 

:)
;)

 ·1
 

1·
+.

5 

!)
. 

:2
ii

·(
i 

10
·0

 
8

·0
 

2
·0

 
:!

·0
 

J·
O

 

4
·

:) 

4
5

·9
 

1
0

0
·0

 

1
·9

6
 

('
) 

Y
en

si
. 

e"
tr

n
<

·t
 

11
·a

s 
p

re
p

a
re

d 
a

cl
'o

rd
in

g
 
to

 
th

<•
 m

l'
th

o
d

 o
f 

H
te

r 
S

, 
O

re
ll

t 
1•:

. 
H

.,
 a

n
d

 M
cC

'o
ll

u
m

, 
1<:

. 
\'

. 
(.

!.
 J

1i
"l

. 
f'

hr
•m

., 
\'

o
l.

 1
08

. 
X

o
. 

2
. 

p
p

. 
'5

71
-5

7
7

, 
1

9
3

5
).

 

("
) 

A
 

m
oc

li
fh

•d
 

O
sb

o
.•·

np
 

a
n

d
 

M
P

nc
le

l 
sa

lt
 
m

ix
tn

rP
 

d
e,

c·
ri

b
cd

 
b

y
 

1'
. 

13
. 

H
a

w
k

 
a
n

d
 

B
. 

T
,. 

O
sl

e
r,

 
19

:3
1.

 
S

ti
e
n

u
. 

V
o

l.
 7

4
, 

p
. 

:~
G9
. 

j_~
~-

:!
fi

·O
 

·:!
0 

1
0

·0
 

8
·0

 
:2

·0
 

2
·0

 

1
·0

 

4
·i

i 
-!

6·
3 

10
0

·0
 

1-
!)

3 

I 
11

. 

I 

:~
:)

.:
! 

1
0

·0
 

8
·0

 
2

·0
 

2
·0

 

1
·0

 

4
·:

) 
37

·3
 

10
0

·0
 

2·
0-

J.
 

1:
!. 

:l-
J.·

 7
 

·:
W

 

10
·0

 
8

·0
 

:2
·0

 
2

·0
 

1
·0

 

4
·,

) 
37

·6
 

10
0

·0
 

l·
!l

6 

>-:
; 

:..
 

!7.
 

1-
i 

>-:
; 

;:;;
 

0 >-
' l'i
 

H
 z (/
) 



T
.u

n
.1·:

 '2
. 

T
h

i' 
S

11
pp

lr
m

rn
ti

n
,q

 
E.

B'
el

'l 
of

 
T

ry
e

lo
jl
li
n

n
e,

 
.l;

ys
i1

1e
 o

nr
l 

C.
'J

'l
11

1e
 

0
11

 
th

e 
P

ro
lr

'i
n

s 
of

 P
ea

11
11

f.
 

--
-
-
-
·
-
-
-
-
-
-
-
-
-

·
-
-
-
-

-
-
~
-
-
-
-
·
-
-
~
-
-
-
-
-
-
~

-
-
-
-
-
·
 

-
-
-
--

-
·
-
-
-
-
-
-
-
-

-
-
-
-

-
-
-
-
-
-
-
--

--
--

--
--

--
-·

--
--

--
·-

In
it

ia
l 

"·
ei

g
ht

 
g

m
 .

..
..

.
..

.
..

..
..

. .
 

,..
.. 

F
in

a
l 

w
ei

g
h

t 
g

m
 .
..

.
..

..
..

..
 . 

"""
" 

T
o

ta
l 

G
a

in
s 

g
m

 .
..

..
.
.
.
.
.
.
.
 . 

....
.. 

T
o

ta
 I 

fo
O<

l 
ro

n
su

m
 p

ti
on

 g
m

. 

T
ni

ti
a

l 
"

·e
ig

h
t 

g
n1

 .
..

..
..

.
..

..
..

. .
 

F
in

al
 w

ei
g

h
t 

g
m

. 
T

ot
a

l 
G

ai
n

s 
g

m
 ..

.
..

 
T

ot
al

 
f'o

o<
L

 c·
on

w
m

p
ti

o
n 

P'
m

 ..
 

8 
p
,,
~ 

C
E

:\
'1

'. 
P
E

.I
~
l
"

I' 
I'

R
O

'I
'I

·:r
\'

. 

l'
a

i1
· 

I.
 

l'
a
ir

 :
2.

 
l'

.'.
ir

 :
!.

 
l'

n
i1

· 
-f.

 
I 

l'
ai

r 
:;

_ 
l'

;c
ir

 6
. 

I C
o

n
tr

ol
. I T

ry
p

to
-

1 Co
nt-r

<-,1-.
-~-T-

ryl-
,t-o
--I

-Co-
ntr

ol. 
I-,

J-'
r_y

_p
:

-
Cm~

-tt-.o
-l.I

_T_l.-y
-pt-o

~ 
C~

nt~
ol.

l T
ry

p
to

-
~<~

~t~-
:-~
-T-r

yp
t:
 

ph
a

n
c•.

 
, 

p
h

c:n
e.

 
ph

n
nc

. 
p

lw
ne

. 
1 

pl
m

n
c

. 
. 

p
h

:u
w

. 
_

_
_

_
_

_
_

_
_

 , 
I 

! 
I 

10
2 

1:
14

 
32

 
31

4 P
a

ir
 7

. 

10
.>

 
1:

!0
 

:Y
l 

3
1-

l-

!)
6

 
uo

 
:2

+ 
:2

8(
j l'n

i1
· 

8
. 

06
 

L
l:

) 

I!J
 

28
6 

73
 

10
.:;

 
:1
~ 

:2i
i8

 P
a

ir
 D

. 

76
 

10
2 :l
6 

2
;)
8

 

1

-
-
-
-
-
-

, 
T

n
· J

to
-

, 
T

IT
 

>t
o-

, 
] T

1·
 -

)t
o

-
( 

on
tr

ol
. 

"
l 

C
o

n
tr

o
l. 
I

,· I 
( 

on
tr

ul
. 

.Y 
I 

I 
ph

an
<"

. 
p

.>
al

w
. 

1 

p
h:

1n
c.

 

u:;
 

1;
2!

) 

:)
(j

 

3:
J(

i 

\)
.) 

12
8 :l:
l 

:~
36
 

I -
-
-
-
-
-
-
-
-
-
·
 

80
 

I 
!)
~ 

]0
8 

I 
I 
i(

i 

:2
8 

2
~

-

:~
22
 

:{
:!:

! 
I 

7:
i 

I 
67

 
10

:2
 

I 

1(
)0

 
27

 
:J

:l 
:w

l 
:{

:!:
l 

7:
l 

10
-l- 3::
> 

24
6 

7:2
. 

10
0 

:28
 

24
6 

1
0.

) 
14

7 n :3
43

 

10
2 

84
-

14
-2

 
12

9 
40

 
45

 
34

3 
M

:l 

8
-l-

13
0

 
46

 
:) 

~:
J 

-
--

--
-
-

ti
 

U
J .....
 

q >-
l 

U
J :..
 
~
 

ti
 

U
J 

("
) "" > :::;
 

>
 

;-
; 

•Y
l 



>!
' ,_..
 

~,
:)
 

'1
',1

 !I
T

.E
 

:2
-
(

co
n

 I 
i11

 u
er

/)
. 

8 
P

ll
R

 
C

E
N

T
. 

l'
E

A
N

U
T

 
P

R
O

T
E

IN
. 

_
_

_
 P_a~i

"-~
--
~-

P
a

ir
 2

. 
_\ 

P
ai

r 
:l.

 
P

ai
r 

4.
 

l'
;t

ir
 :

3.
 

P
ai

1·
 (

L 

! C
o

nt
ro

L
 I L

y
si

n
e.

 I C
on

tr
ol

. 
I L

y
si

n
e.

 I C
on

tr
ol

. 
[ 

L
ys

in
e.

 
C

on
tr

oL
 I L

y
si

n
e.

 
C

o
n

tm
l.

 j 
L

.v
si

nc
. 

C
on

tr
ol

. I 
L

y
si

n
e.

 

I 
T

ni
ti<

d 
w

ei
g

h
t 

g
m

 ..
..

..
..

..
. .

 .
..

..
 

79
 

79
 

64
 

63
 

:)2
 

!'>
2 

49
 

49
 

7:)
 

76
 

;)
5

 
:)7

 
..

..
. 

13
0 

1 :
26

 
12

2 
11

 :)
 

li:
Z

 
11

9 
!)

:j
 

!)4
 

13
:2

 
1:

22
 

11
0 

11
8 

..
..

. 
5

1 
+7

 
58

 
;)
~ 

60
 

67
 

+6
 

4:
) 

:)
7 

46
 

55
 

6
1 

..
..

. 
42

7 
42

7 
42

7 
+:

!7
 

.J-
1:)

 
4

1:)
 

3:
17

 
33

7 
42

7 
I 

+2
7 

40
6 

40
fi 

I I 

F
in

al
 w

ei
g

h
t 

g
m

 .
..

.
..

..
..

. 
. 

T
o

ta
l 

G
ai

n
s 

g
m

 .
..

..
..

..
..

. 
. 

T
o

ta
l 

fo
o

d
 c

on
su

m
p

ti
o

n
 g

m
 ..

 

P
ai

r 
7.

 
P

a
ir

 8
. 

,,,,
 ,_ 

.I 
'"''·,

 10. 
P

ai
1·

 l
l.

 

C
o

nt
ro

l. 
I L

y
si

n
e.

 1 

C
o

n
tr

o
l.

/ 
L

y
si

n
e·

 
C

o
n

tr
ol

. I 
L

y
si

n
e.

! C
o

n
tr

ol
. 
I L

y
si

ne
. 

C
on

tr
ol

. 
I L

y
si

n
e.

 

In
it

ia
l 

w
ei

g
h

t 
g

m
 .

..
..

..
..

..
..

.
..

 
iiO

 
52

 
:iO

 
:)0

 
46

 
+8

 
48

 
47

 
63

 
60

 
F

in
al

 w
ei

g
h

t 
g

m
 .
..

..
..

..
.

..
..

..
. 

66
 

6-'
i 

62
 

()
7

 
:)6

 
liO

 
67

 
:)

9
 

90
 

SH
 

T
o

ta
.l 

G
ai

n
s 

g
m

 .
..

.
..

..
..

..
.
..

..
. 

16
 

1:
1 

1:2
 

17
 

10
 

12
 

19
 

12
 

27
 

28
 

T
o

ta
l 

fo
od

 c
on

su
m

p
ti

o
n

 g
m

 .
..

..
..

 
17

6 
17

6 
I :i

 I
 

I :i
 I

 
l:i

6 
l.i

6
 

16
7 

16
7 

17
:2 

17
2 

-
-

-
-

-
-

-
-
-

-
-
-
-
·
 

-
-
-

--
P

rti
r 

1.
 

_ 
P

ai
r· 

:2
. 

P
a

ir
 ~;3_
_
_
 

Pa
ir

 +
. 

I 
P

ai
r 

:i.
 

l'
ai

r 
(i

. 

C
on

tr
ol

. I
 Cy

st
in

e.
 

C
on

tr
oL

 I C
ys

ti
n

e.
 

C
on

tr
ol

. 
I C

ys
ti

n
e.

 
C

o
nt

ro
l.

 I C
ys

L
in

c.
l C

on
tr

ol
. 
I C

y
st

in
e.

 
C

on
tr

ol
. 
I C

ys
ti

n
e.

 

1 n
it

ia
l 

w
ei

g
h

t 
g

m
 .
..

..
..

..
..

..
..

..
 

81
 

7
1 

I 
76

 
7G

 
6:i

 
6

2
 

13
:) 

13
8 

67
 

69
 

6+
 

64
 

F
im

tl
 w

ei
g

h
t 

g
m

 .
..

..
..

..
.

..
..

..
. 

10
6 

91
 

98
 

10
+ 

90
 

88
 

17
0 

17
fi 

89
 

93
 

96
 

10
+ 

T
o

ta
l 

G
ai

n
s 

g
m

 .
..

..
..

..
..

..
..

.
.

. 
25

 
:2

0 

I 
22

 
28

 
i.

) 
2

6 
3:

) 
37

 
:2

2 
u 

32
 

-W
 

T
o

ta
l 

fo
o'

l 
(·o

ns
um

pt
io

n 
g

m
 .
..

..
..

 
:1

60
 

36
0 

:l:
i6

 
:1

:)
()

 
M

2
 

3-l
-:Z

 
+9

7 
+9

7 
:n

:Z 
3

7
2

 
3+

9 
3+

9 
I 

-
-
·
~

··
~
 

-
-
-

-
-
-
-
-
-
-

-
-

-
-
-
-

--
-

"t
t 

;..
. 
~
 

....
; 

"t
t 

t:;;
:l 

0 ....
; 

l'
j 

>-<
 z [/

) 



, 
I 

'f
A

H
L

Jo
: 

~J
. 

::;:
; 

'r
lt

l! 
S7

t[
ijl

le
m

en
ti

n
fj

 R
fl

e<
·t 

o
f 

C
ys

ti
nl

! 
01

1 
R

n.
ti

on
s 

ro
n

to
iu

in
q

 C
u

fJ
/'{

/I
IU

'a
l,

 
l.

in
sl

!l!
d

m
!!r

tl
 a

n
d

 S
o

ya
b

ea
n1

11
eo

l.
 

In
it

ia
l 

w
ei

g
h

t 
g

m
 ..

 . 
F

in
al

 w
ei

g
h

t 
g

m
 .
. 

. 
T

o
ta

l 
G

ai
n

s 
g

m
 .

..
. 

. 
T

o
ta

l 
fo

od
 

co
n

su
m

p
ti

on
 

g
m

 .
..

..
. .

 

~
 

.....
. 

C
N

 

ln
i~

ia
l 

w
e

ig
h

t 
g

m
 .
..

..
..

..
..

 . 
F

in
a

l 
w

ei
g

h
t 

g
m

 .
..

..
..

. 
. 

T
o

ta
l 

G
ai

n
s 

g
m

 .
..

..
..

. 
. 

T
o

ta
l 

fo
o

d
 

co
n

su
m

p
ti

o
n 

g
m

 

-
-
· 

Jn
it

ia
J 

w
ei

g
h

t 
g

m
 ..

..
.

..
..

..
..

..
. 

. 
F

in
al

 
w

ei
g

h
t 

g
m

 .
.
..

 . 
T

o
ta

l 
G

ai
n

s 
g

m
 .

..
..

..
..

..
..

..
..

 . 
T

o
ta

l 
fo

o
d

 
co

n
su

m
p

ti
on

 g
m

 .
..

..
. 

. 

8 
P

ER
 
c
~
N
T
.
 

C
oP

R
A

M
EA

L
. 

-
-
-
-
-
-
-
-
-

-
-

-
~
-
-
-
-
-
-
-
-

-
-
-

P
:t

i1
· 

I.
 

P
ai

r 
:2

. 
P

ai
r 

3
. 

P
a

ir
+

. 
Pa

ir
 :

). 
P

a
ir

 6
. 

! C
o

n
tr

o
l.

 I 
C

y
st

in
e.

 
C

o
nt

ro
l.

 I C
y

st
in

e.
 I 

C
o

n
tr

o
l.

] 
C

ys
ti

n
e.

 
C

on
tr

ol
.

] C
y

st
in

e.
 

C
o

n
tr

o
l. 
I C

y
st

i n
e.

 I
 C

on
tr

o
l. 
I C

y
st

in
e.

 
J 

I I I I 

11
.5

 
10

7 
7i

i 
75

 
16

2 
17

2
 

13
7 

13
ii 

47
 

65
 

62
 

6
0

 
51

2 
51

2 
44

2 
4

4
2

 

P
a

i1·
 

I.
 

P
a

ir
 2

. 

C
o

n
tr

ol
.

[ C
v

st
in

c.
 

C
on

tr
o

l.
\ C

y
st

in
e.

 

90
 

97
 

10
2 

10
+

 
1

0
0

 
:2

00
 

IS
8 

19
9

 
U

L 
10

3
 

S6
 

9
5

 
;)

;}
;)

 
;);

"")
;)

 
55

5 
5

;'i
5

 

I 

P<
ei

r 
I.

 
P

a
ir

 2
. 

-
-
-
-
-
-

S5
 

S
6 

79
 

79
 

]
.)
4

 
15

0
 

11
7 

13
0

 
69

 
6

4
 

3S
 

;j
1 

4
9

2
 

4
9

2
 

4
0

5
 

4
0;

i 

s 
PE

R
 C

E
N

'l'
. 

L
I)

;S
EE

D
M

EA
L.

 

P
ai

r 
::L

 
I 

P
ai

1· 
4.

 

7
0

 
13

4 
(i

4 
4S

I P
a

il'
 5

. 

6 ]4
 7 48
 8 1 3 I 

C
o

n
tr

o
l.

[ 
C

y
st

in
e.

 
C

on
tr

o
l.

 I 
C

y
st

in
e.

 
C

o
n

tr
o

l.
\ C

y
st

in
e.

 

90
 

9
0

 
9

5
 

95
 

S7
 

8
8

 
19

0 
18

7 
IS

7 
19

S 
JS

O
 

19
5 

10
0 

9
7

 
9

2
 

10
3 

93
 

10
7

 
5

3
1 

53
1 

;j
i)

5
 

;)
;)

;) 
;)

.:::i
:)

 
5

:)
{)

 

8 
P

E
R

 C
EN

'l'
. 

SO
Y

A
B

llA
N

S.
 

P
ai

l·
 3

. 
P

ai
r 

4.
 

P
a

ir
 •>

. 

73
 

11
4 41

 
4

0
7

 P
ai

r 
6.

 

7
+

 
11

4 4
0

 
+

07
 

C
o

n
tr

o
l. 

I C
y

st
in

e.
 

97
 

10
0 

18
7 

19
2 

9
0

 
9

2 
5:

15
 

5:
).5

 

P
a
ir

 6
. 

C
o

n
tr

o
l.

 I C
y

st
in

e.
 

C
o

n
tr

o
l.

\ C
y

st
in

e.
 

C
o

n
tr

ol
.

] C
y

st
in

e.
 

C
on

tr
o

l.
[ C

ys
ti

n
e.

 
C

o
n

tr
o

l. 
I C

y
st

in
e.

 
C

o
n

tr
o

l. 
I C

y
st

in
e 

·
·
-
·
·
-
-
-

I 
lO

S 
11

0 
U+

 
9:

2 
10

0 
99

 
8
~ 

S:
2 

so
 

so
 

10
:) 

10
6

 
l:i

S 
18

7 
lii

O
 

17
7 

16
0 

17
:i 

12
0 

1-
l-!

l 
13

1 
1+

:2 
10

+ 
17

S 
;)
()

 
77

 
;)
()

 
g,

; 
GO

 
76

 
:l6

 
li7

 
:i
l 

6:
2 

4!
1 

7:
!. 

:{
61

 
:H

i I
 

:l
6

1 
:w

 I 
:!

6
1 

:H
i I

 
;{

ii:
!. 

:li
i:2

 
:l:

!O
 

:l
::J

O 
:~

fi
 I 

:H
il

 
I 

t:::
l 

i:::
l 

[/
) ....,
 "" d >-
' w
 

;..
. 

~L
; t:::
l 

[/
) 0 I.
' ....,
 

;..
 

l:;
j 

;..
 "" '/l 



A
 .....

 
~
 

'f.
<

\H
L

I£
 

4
0

 

S
ta

t i
s!

 iu
d

 
N

es
u

ll
s 

o
f 

f>
o

ir
er

l 
F

ee
rl

in
.r

; 
E

'.r
pe

T
im

en
ts

. 

-
-
-
-
-
-
·
-
·
 

T
ot

a
l 

ga
in

 
iu

 
w

ei
gh

t 
g

rn
.-

\'l
ca

n 
d

if
fe

re
nc

es
 

''L
 .
. 

,o
 
•
•
•
•
•
•
•
 

o 
•
•
•
•
 

0 
0 
•
•
•
•
 

0 
o 
•
•
•

•
•
 

o 
•
•
•
•
 

o 

S
ta

n
d

ar
d

 c
le

vi
at

io
n 

S 
..

..
 0 

•
•
•

• 
0 

0 
0 

•
•

• 
0 

o 
0 
•
•
•
 

o 
0 

0 
•
•
•
 

0 
0 

•
•

• 
0 

0 

H
at

io
 M

/S
 

(Z
) .

..
.

..
.
.
.
.
.
.
.

. o
 
•
•
•

• 
o 

o 
•

•
•
•
 

o 
o 
•
•
•
•
 

o 

P
ro

b
,b

il
it

y
 (

!'
) .

..
..

. 
0

. 
0 
•
•
•

•
•

• 
0 

0 
0 

0
0

 
0 

0 
0 
•
•
•
 

0
. 

0
0

.
0 

0 
0 

0
.
 
0

.
 

0 
0 

C
om

p
ar

is
o

ns
 

o
f 

w
ee

k!
_,.

 g
ai

n
s 

in
 

w
ei

gh
t-

-
N

o.
 

fa
,·

o
ur

in
g 

su
 p

pl
cm

en
tc

d
 r

-a
tio

n 
..

. .
 

N
o

. 
fa

v
o

u
ri

n
g

 
u

n
w

p
p

le
m

cn
te

d 
ra

ti
o

n 
..

..
..

 0
. 

0 
0 
•
•
•
•
•
 

0 

J\
o

. 
fn
,·
o~
lr
in
g 

p
j+

-h
p

r 
ra

ti
on

 .
..

 

J>
ca

n
u

t
m

ei
\1

 
R

 p
er

 
ce

n
t.

 

C
op

ra


ln
ca

l 
8 

pe
r 

ce
n

t.
 

C'
YS

'l
'J

~ 
E

. L
in

se
ed


m

ea
l 

8 
fJ

P
l' 

ce
n

t.
 

-+ 
2 

-:
l 

I 
-f 

., 
-:1

 
+

 7 .
• , 

~
-
~
 

0
·3

 
8

·7
 

· -~
l 

-.
)7

 
l

· 
I 

--
I 

·1
~7
 

. I
 IS

 
I 

·0
28

 

-
1

-
-
-
-
1

-
-
-
-
-
-
-
-
-

J ;
) 

1 G
 

.)
 

:2
;)

 

lG
 1 

:!G
 

1 :
3 !)
 

S
o

v
a

be
an


"m

ea
l 

8 
p

er
 

ce
n

t.
 

f-
:?

2·
8 

7
·9

 
::?

·9
 

·0
00

7 

38
 

:)
 

;) 

L
Y

S
IX

E
. 

T
H

Y
.P

'l
'O

· 

L
'
I
I
A
~
E
.
 

P
e-a

n
u

t-
I 

PC
!tn

u
t-

m
ea

l 
m

ea
l 

8 
p

er
 

8 
p

e
r 

cC
'n

t.
 

j 
c-

en
t.

 

-
-
-
-
-
-
-
-
-

-
1

·0
 

f:>
 •

 H
 

·]
 i 

i 
·:

!S
1 

I 
1
-
-
-
-
~
 

I 
27

 
l 

33
 

I 
I 

;, 
I 

-
"2

·7
 

~
-
0
 

0
·6

7 
·0

~1
 

14
 

30
 

.1
0 

~
 

:- ~
 '"' "' ~ s ~ >- '/.
 

JJ
 



]). IL S :HL1TS Xt\n :1 . S . C . )1.\lt.IIS . 

'J'hi-; fin<ling- is not in agreem ent wi th that of MotTi:- anrl \\' rig-b l 
(HJ;1:1 ), " ·ho foun d pennutm e:=d seriously ln<:king· in ly~i.ue for Jlli.lk 
pr«><lndion. H 011·eyer, it is quit-e po:=-s ihle that milk productim1 C<lllH 
for an innease of quantity of this amino ncid so that J> ~'n nn tmenl ntay 
u n<le1· t hese <·Pn< litions he sh ort· of lvsi.nl". On th e othPr hand Johm; 
<lll<l Jones (1D17), by m ea11s of ch en;i.l'nl :JJlal)·Ri,- , fmJn<l no deAI'iPlll' .\. 
of l.1·sin e in the protein s of p r anutmeal. 

VVheJI j)P<IJIUt !Ileal i~ supplem en ted b_v cystine tlw lYStdt i:-; 
n egatiYe . .\ltho,~g· it :·J ()t ihe (i pain; sh01Y a g-reater total gain in 
1n•ig-ht " ·lw11 c)·,;tin e is inl'orporate d , t h ese gain s nrP not lnrgp enong-lt 
lo mnke tlll' <lifferPilCP shti"icdiutlly ,;ignifil'ant. 'l'he probability P i,; 
equal to · }:)7, :1 Yalne whirh i s far gTPater tha n thu :tl'ceptP<1 stnnrl al'fl 
of s ignifil'<lllC'P . F nrler t lH:'SE' l'Onclitiom; i.i mu st he coJu•h ul e<l tlw t 
l'hance nlon e l'oul'l hnve pnHiur·e <l the outcome . 1f, hoii'Pver, pair 1 
i.:; omittPrl tlwn r·_v:-;tine supple m ents pennutmeal s ig·nific-:mtly. AftPl' 
our results ha<l b een obtai u e<l B each antl \ Vhite (19;17) <lllll RaPm stein 
(19:18) showe<l th:d m t:·t·heon in e " ·as the li111it i n g- amino aritl in 
:nncl1in, mte of t h e prott> il tR of pt•mml. Conaral' h in t lw otht·r 
prdPi11 , i:; <l]Jp;lr<•nil.Y <·on 1plete . HPnee it \\'0111<1 appE-a r tktt 
lJWthinni n e is t lw limiting in<li,;p t> lhahle a min o al'i<l in p eclllutmeal. 

lu Table : j the ,;tq>plein e n htr,l' eftPd of eystinP on copntm t>al , 
lim;PedmPal mHl so:-· a bPn nm en l \w;, b een ,;ultllll:n·ir,ed. Of the (i pairs 
of rats on thP c;opnt llll' :J l :ulll copnllllPal :-J ll]Jl>lenwntPd by c,v;;tin e, 
: j bll'oure d tlw :-;nppl ementPtl antl :j t h P un suppl <'lllentl'fl rati on as 
I'E'ganl ,; total g-:tin in IH'ig-h t . Tn th f' 42 \l' et•kl y eon1pari ,;ou s of g-ain 
in w Pight , rat s, •On th<· ,;upplt•ntenh·d nd ioJJ , gai11Pd 21i time~ nurl 
tho,;p on t lw 11ll ei 11 pplPmPnh•d r:ttio n on ly Hi timp,.;_ Ho,Ye,·pr , th e 
probability J> , thnt th f' g- rP:di'l' g·ain of th e ,; upp!PmPnh•<l ntlio 1t l1as 
been a c b:tn cr m!lcome i,.; ·lJS, a ,-aluP :it'YPntl iinJ p,; gT<•a ter than the 
criticnl YaluE' of ·O:'l . Ti i,;, iherefore, r·OJ ll'ln<lt•<l that tlw <liftt' l'Pnr·e 
in toLtl :,;.t in l'aHn ol lw :dtributl'<l to ilw dfed of cystin e . 

fn :1 t·ol llJlnris on of lin see<lmeal 11·i.ih lin see<lm enl snpp]Pmented 
h)· cY:;t inP , ,-> out of the (i pain; fayoure<l th e Rupp_lPntt·•n te<l ra t ion in 
toLd ga in . Th e probnh ili t.v ( P ) ilw t ihi, d iffprem ·e in to tnl g-ain s 
i s <hu• t o <·hnnt·e j , onh ·02S, " ·hil'h llll'<1ll:i t-lt:d tlw dwlti'Ps are 
approxinwtel \· :)4 to 1 t hat l'h:u11·e alone 11·onl<l haYe hmug h t about 
snrl1 a r esnlt. Tt i,; l'l ear , th e1·eforP, tl);lt <·.n;tin P ha ,; exPdecl a 
snpplemPnting pffed on thP prote in s of lilt S<'t>llm E'a l. 

'rh,tt <·:-·stine ha c; a rlefinit e , ,;upplenw ntar:v pftpd o11 i hE' protein s 
of so_valwan s is " ~'el l frolll Tnhle ;). Of th<• (i pnin; in tlw t est all 
respon<lP<l to tre at"111 Pllt of n ·stin e :t 111l outg:tin <• <l 11\· f a1· ih e ir pnir 
m :des o n thP 1lli Sllp]ll t• lliPlli Pd rati on. 'J'lw p roh:thili t,,- P thnt tl1i s 
l'PR nH i,; due to l' h nnce i,.; P(j1' <tl io ·0007, 11·hiclt d t•arly d e mon strates 
th<Jt this onT<'OlllP is l'Xl'l n siYel :\· !hlP to t lw .indus ion of <·.n;ti n e in th e 
r:1 tion. 

H.\· llH:'<liiS o f n](~ pnire<l fe<•tliug' w eth<Hl, the po,.;sihle i n<lis peHsnh le 
<lJnin n a r i<l <1 efi,· iPncies of p ennutmeal , copram l'nl, lilt SPP(lm eal <tn<l 
soyaheanm eal h aYe lwP n in ve:<tigated . 
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PLAKT PHOTElXS. 

It has been founJ that peanu tmea1 i s uot r1 eficient in cystine, 
t r.vptophane or ly,.;ine , but may he in the light of investigations which 
appeared after the work had Leen completeJ, deficient in methionine. 
Oopr ameal is not defici ent in cystine, " ·hile 1 inseerlm ei\ 1 an d 
so:vabeanmeal are definitely deficient in cystine. 
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