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The Amino Acid Deficiencies of Certain Plant
Proteins and the Supplementary Effect
between Plant Proteins as measured by
means of their Biological Values.

By J. 5. Co MARAILIS aud D B SMUTS, Seclion of Nutrition,

Onderstepoort.

Ix previous work by the authors (19383-9) the amino acid deficiencies
of different plant proteins were established by means of the paired
feeding method. As was pointed out then, the paired feeding method.
which measures the response caused, by the inclusion of certain amino
acids 10 terms of growth, does not supply any information regarding
the metabolic effeet of these minule amounts of amino acids on the
utilizability of the nitvogen complex contained n the plant proteins.
In ovder to obtain this desired information, as well as additional
proof of the amino acids limiting the nutritive value of the proteins,
the biological values of the supplemented plani proteins were deter-
mined. TFrom the combined data it 1s not only possible to obtain
a detailed picture of the changes in nitrogen metabolisin, which are
caused by the absence or presence of certain indispensable amino
acids, but also to apply this information in the economical nutrition
of farm animals. Thus 1t may be known that lucerne is deficient in
cvstine, but unless the nitrogen conservation through the addition of
cvstine, and ihe exteni {o which other feeds in practice can supple-
ment this eystine deficiency, are known, the results remain of purcly
academic value.  For these reasons a separate study on the biological
utilization of the supplemented plant proteins was undertaken which,
in conjunction with the resulis of the paired feeding tests, will afford
a scientific basis for the future selection and balancing of protein feeds
i rations for livestock.

In this study the supplementary effect of methionine on lTucerne,
lysine on whole oats seed, cystine and methionine on peanutnieal,
evstine on linseedmeal and the supplementary relationship between
whole vellow muize and lucerne and sovabeans have been investigated.

That nrethionine has o supplementary effect on the proteins of
lucerne has already leen shown by the authors (1940) by means of
the paired feeding method. Similarly MeCollum and Simmonds
(1916) and Mitchell and Smuts (1932) obtained evidence of a lysine
deficiency of oats. The supplementary relationship between gelatin
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From the experimental data given in Tuble 2, it will be seen
that the hiological values for lucerne +0-2 per cent. dl-methionine,
whole oats zeed +0-2 per cenl. d-lysine-di-hvdvochlovide. peanut-
meal +0-2 per cent. l-cystine, pe: anutmenl + 02 per cent. dlamethio-
nine, linscedmeal -+0-2 per cent. l-cyvstine, vellow maize -+ lucerne
and  vellow maize + sovabeans arve Y0+ 0-68, 80+1-00, 66+1-81,
T8+1:-93, 86068, 80+0-61 and TH+2-77 respectively. Nccording
to Smuts and Malan (1938) the biological values for lucernemeal,
peanuimeal and lingeedmeal are 60+1-49, 72+ 1-61 and T8+ 1-92
respectively, while thie biological values of whole oats seed, whole
vellow puaze and soyvabeans are ;1((01‘(1in(r f() Smuts and Marais
(1938-40) 83 +2-04, 67+0-98 and 55+ 1-72 respectively., 1t 1s,
therefore, clear that the supplementation mL lucerne with 0-2 per
cent. dl-methionine tmproved the nitrogen utilization of the lucerne
proteins by 304164 per cent. This improvement 1s verv nearly
the same as that obtained previousiy (1938) for the supplementation
with (2 per cent. l-cystine, namely 284+2-46 per cent.  This
enhancenent in the biological value of the supplemented protein
verifics the previous results (1939) obtained Ly means of the paived
feeding method,

The supplementation of the proteins of oats seed with 0“7 per
cent. d-Iysine-di-hyvdrochloride gave only a slight increase of 34-2-27,
whicl signifies no significant mem\o]nent and the lysine (1eh(,1en(:.\'
of oats must be vegarded as only of very litlle mtmportance.  The
biological value of peanutmeal supplemented with cystine definitely
proves that the proleine of peanutmeal is not deficient in cystine,
sinee supplementation even lowered the l»ml()ﬂ](al value.  The result
of the methionine supplementation on the other hand indicates that
the proteins of peanutmeal may be deficient in anethionine as a
G+2-22 per cenl. increase in the nitrogen utilization was obiained.
This would seem to be in agreement with the findings of Beach
and White (1937) and Baernstein (1938) on the methionine deficiency
of arachin.

The increased nitrogen utilization of Sif'(i—lr per cent., caased
by the supplementation of linseedmeal with -2 per cent. L-cystine
aorees very well with the results of Smuts and Marais (1938) by
nieans of the paived feeding method and delinitely establish the
evstine deficiency of linseedmeal.

It no supplementary relationship existed belween the proteins
of veltow maize and lucerne and vellow wmaize and sovabeans, the
mean biological values of the protein mixtures would have hbeen
G4+ 126 and G1+1-40 vespectively. 1t will be seen, 11()\\‘(1\'61‘, that
the hiological values are actually 80+0-61 and 75 +£2-77 for the
protein mixtures of vellow maize + lucerne and vellow maize +soyva-
beans. The differences obtained namely 16+1-40 and 14+ 3-10
definitely prove that there exists a supplementary rvelationship
Letween these proteins. The supplementations ave perfectly in harmony
with the respective amino acid deficiencies of the proteins.  The
proteins of vellow maize are deficient 1n lysine and trylophane
whereax the proteins of lucerne and sovabeans are markedly deficient
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in eystine. I 1s, therefore, clear that the maize proteins can supple-
ment the cystine deficiency of lucerne and soyvabeans, while the
proteins of lucerne and sovaleans can again supplement the lysine-
tryptophane deficiency of the maize proteins.

It is evident that the present data on the amino acid deficiencies
of the different proteins wmay serve as a baxis for predicting anv
possible supplementary relationship hetween mixed proteins,

SUMMARY \ND (ONCLUSTONS,

The supplementary effect of methionine on lacerne, lysine on
oats seed, eystine and methionine on peanutmeal, cystine on linseed-
meal as well as the supplementary relationanip Letween vellow maize
and lucerne and of yellow maize and sovabeans have Leen determined
by means of their biological values. Irom the results obtained it

is concluded : —

1. That 0-2 per cent. dl-methionine increased the mnitrogen
utilization of the lucerne proteins hy 30+ 164 per cent.

2. Cystine has no supplementars effect on peanutmeal, while
methionine improves the protein to a slight extent.

3. Cvstine supplementation increases tlie nitrogen utilization
of hinseedmeal by 8 ©2-0F per cent,

4. Lysine supplementation has no significant cffeet on the
proteins of whole oats seed.

5. The proteins of whole yellow maize and lucerne and of

whole muize and sovabeans supplement each other in a
marked and significant manner,
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Tanre 2.

Nitrogen Metaboiism Data and the Calculation ¢

N-low period.

Mzerasoric N.
o - Daily Daily Daily
Initial Final Average Y - S
Rat Number. s i 1 Food N Faecal
Weiplty Ny siphets Weight: Intake. Intake. N. Per Gram Per
[Food. Day.
- i ’i' ]‘ —
Gm. : Gm. | Gm. Gm. Mgm. Mgm. Mgm. Mom.
Liviossvsnnnmmommasss 115 | 124 i 120 9:9 — 34-2 3-45 s
Zossnpicsennupnngs 95 96 | 96 8-0 -~ 27-2 3-40 —
Boissieas.balamagsss 87 87 87 | 77 24-2 3-14 ey
4o 116 112 114 ! 8-1 29-0 358 —
B0 o 0 ¢ 0 e a6 & 90 90 | 90 i 5-9 = 18-6 3-15 =
Biov o v e nn mmmmnosn s s s 92 92 | 92 | 6-3 — 22-0 3-49 -
R I R , I R B
Lucerne+0+-2 per cent. di-methionine period
Lo 153 163 158 12-7 184-2 78-4 345 43-8
7 . 134 146 140 12-2 176-9 70-8 3-40 41-5
3l i v o wmmmmma s s s u s A 125 137 131 13-0 188-5 56-8 3-14 40-8
e T IITII I 149 161 155 13-1 190-0 74-0 3-58 46-9
0% 5% 5 PRNGIIRE RES AR ED 132 148 140 13-1 190-0 74-8 315 41-3
00 5 8 & Burmmonine 55 88 2 56 Bib 125 141 133 13-1 190-0 70-4 3-49 45-7
|
|
l
l
N-low period.
Lisiiniiuiiniteibesn 100 104 102 9-7 — 30-4 3-13 —
2 128 132 130 12-0 — 41-0 3-42 —
A 140 142 141 10-7 = 39-8 3-72 —
Ao o wmmmass © 2 5 5 6 % 5 5w 127 129 128 10-9 — 32-6 2-99 —
S s ssmmmwnsreresanme 135 133 134 11-9 - 43-0 | 3-61
0z 55 copms s 585 5 8 5 Bh 140 138 139 10-7 — 39-4 | 3-68 —
|
Oats seed+0-2 d-lysine-di-hydrochloric perioc
Lo s 5 poesarmss s 3 s 555 s 100 104 102 I1-0 159-5 38-0 1 3-13 34-4
s 35 eEa SRR 5§ 506 B 115 135 125 13-6 197-2 54-0 3-42 46-5
T T T 132 152 142 14-9 216-1 59-2 3-72 55-4
L 112 134 123 15-2 220-4 47-6 2-99 45-4
Dl i 2 imonmmesn o 5 % 8 5 5 5 125 135 130 12-9 1871 50-4 3-61 46-6
Bl i s v 5 w5 g n 127 142 135 14-3 2074 53-6 3-68 52-6

(A
[
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Tavre 2.
1 the Calculation of the Biological Value.
-low period.
Expocexours N.
Food N in Absorbed Daily Food N XN N Biological
Faeces. N. Urinary N. Per 100 Gram st o in Urine. Retained. Balance. Value.
Weight. or vay.
Mgm. Mgm Mgm. Mgm. Mgm. Mgm. Mgm. Mgm
- - 21-0 17-5 — — —_ - —
— — 18-3 19-1 = — - —
| — 20-5 236 ity = = —
| - - 19-0 18+7 —-
| 18-8 20-3 -
1 — ‘ — 228 24-8 - — —
|
nethionine period (1-45 per cent. N).
, ' E— —
34-6 149-6 | 40-8 1745 277 1341 } 136-5 +65-0 91
29-3 147-6 40-5 19-1 26-7 13-8 133-8 +65-6 91
16-0 172-5 47-0 23:6 30-9 16-1 136-4 +-84-7 91
27-1 162-9 j 47-0 16-7 25-9 21-1 141-8 +69-0 87
} 33-5 156-5 427 20-3 284 14-3 142-2 +72-5 91
| 24-7 165-3 ' 47-6 24-8 330 14-6 150-7 -+72-0 91
{ ..
: 90
| —
| i —
V-low period.
— - 244 239 - . _ . -
- _ 28-4 21-8 . . . - N
- - 27-6 19-6 . - . _ -
- — 276 21-6 — - — _ -
- 28-8 21-5 — — — — .
- o 244 176 — - — - —
ydrochloric period (1-45 per cent. N).
3-6 1559 52-4 239 24-4 28-0 127-9 + 691 82
75 189-7 55-6 21-8 27-3 28-3 1614 + 87-6 35
3:8 212:3 56-0 19-6 27:8 28-2 184-1 +100-9 87
2.2 218-2 52-0 21-6 26-6 25-4 192-8 +120-8 s8
3-8 183-3 50-0 21-5 280 22-0 161-3 ~+ 86-7 88
1-0 2064 47-6 17-6 23-8 23-8 182-6 +106-2 88
86
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TaBrLe 2 (a).
Natrogen Metabolism Data and the Calculation
N-low period.
\ Merasoric N.
S 5 Daily Daily Daily
Initial Final Average R ¥ S B R e
Rat Number. . : s o Food N Faecal
WS Weighi. Welght. Intake. Intake. N. Per Gram Per
‘ Food. Day.
Gm. Gm. Gm. Gm. Mgm [ Mgm. Mgm. Mgm.
s 5o i s Sy s sy s ow 82 82 82 6-7 i 26-4 3-94
L Y LY 103 100 102 7-0 — 23-4 3-34
L R S T T T 102 102 102 87 — 25-2 376 -—
A0 semmpenssa v 5 0w 0 1m0 2o 85 90 88 6-6 248 | 3-76
| 90 88 89 7-0 25-2 } 360 [
12 drmmman as v v s 5 0w 95 89 92 8-3 21-6 ‘ 260 | - 1
] J |
.Linseﬂd:nea]+~0‘2 per cent. Lnustuui(l-
I
Ts v mwiogeamans v 5 5 % 5 o 1 toum 109 111 110 7-8 ’ 114-7 32-6 394 l 30-7
85 e 3 5 £ 5 6§ 6 132 142 137 10-8 | 158-8 51-5 3-34 ‘ 36-1
Do s 08555 800 6 139 149 144 10-9 J 160-2 48-3 3-76 I 41-0
T irsorosaneiion m Ko § 5 58 5 3 B 120 124 122 849 ‘ 130-8 ‘ 39-9 3-76 [ 335
) 130 136 133 8-8 | 129-4 ‘ 44-1 3-60 l 31-7 ‘
1200 125 133 129 10-9 160-2 1 49-7 ’ 2-60 28-3 {
' | |
— _— : ‘ —_ ‘
235-236b  m—
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TaBLE 2 (4).
wd the Caleulation of the Biological Value.
N-low period.
Expocexous N.
Food N in Absorbed Daily - " - Food N N N Biological
Faeces. N. Urinary N. Per 100 Gram Pei in Urine. Retained. Balance. Value.
Weight. Day.
Mgm. Mgm. Mgm Mgm. Mgm. Mgm. Mgm. Mgm.
— - 13-¢ 13-3 16-2 — — -
o — 15-0 147 s — — e -
— = 13-0 12-7 - - - = -
- e 13-5 15-4 - - . = -
- . 130 14-6 . — — . .
. - 14-8 16-1 — - - . -
cent. l-cystine (1-47 per cent. N).
1:9 112-8 30-8 16-2 17-8 13-0 99-8 + 51-3 88
15-4 143-4 42-4 14-7 20-1 22-3 121-1 + 64-9 84
T43 152-9 41-0 12-7 18-3 22-7 130-2 -+ 70-9 85
6-4 124-4 33-3 15-4 18-8 14-5 109-9 + 57-6 88
2-4 117-0 36-1 14-6 19-4 16-7 100-3 + 49-2 86
| AEES 138-8 42-0 16-1 20-8 21-2 117-6 + 68-5 85
86
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TaBLe 2 (1
Nitrogen Metabolism Data and the Cale

N-low peric

METaBoLc N.
Rat Initial Final Average %gi)lc‘l Daily Daily Nl
Number, Weight. Weight. Weight. Tiitiks: N Intake. Faecal N. o~ i
Food. Day.
‘ {
Gm. Gm. Gm. Gm. [ Mgm. Mgm. Mgm. Mgm.
1 88 88 88 55 - 15-9 2-89 =
2 87 83 85 60 — 21-4 3-57 —
3 97 92 95 6-8 e 23-5 3-46 —
4 98 92 95 53 — 20-2 3-8l -
5 95 91 93 5-6 — 21-0 3-75 —
6 90 92 ’ 91 7:3 . 26-8 3-67 -
I |
Whole Yellow Maize meal + Lucerne n
1 103 111 107 8-2 129-6 35-4 2-89 23:7
2 111 124 118 11-1 175-4 47-8 357 39-6
3 116 130 123 11-1 175-4 49-4 3-46 33-4
4 } 112 128 120 111 175-4 54-0 3-81 42-3
5 | 111 130 ’ 121 11-6 183-3 50-3 3-75 43-5
6 | 123 138 | 131 12-3 194-3 57-7 3-67 45-1
|
N-low peric
1 114 111 113 7-9 . 30-0 3-80 —
2 120 120 120 | 6-2 — 22-4 3-61 st
3 113 114 114 | 9-6 e 36-0 3T — |
4 116 110 13 67 - 296 4-42 s }
5 110 108 109 75 — 28-0 3-73 — i
6 123 121 122 10-4 — 38-0 3-65 —
Whole Yellow Mazze meal + Soyabean
1 120 118 119 55 85-8 236 3-80 209
2 123 129 126 6-1 95-2 27-6 3-61 22-0
3 112 119 116 10-0 156-0 53-6 3-75 375
4 113 115 114 58 90-5 30-4 4-42 25-6
5 114 115 115 -8 117-0 34-8 3-73 28-0
6 118 121 120 8-9 138-8 53:6 3-65 32-5
237-238h e
D
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TasLE 2 (B).
Data and the Calculation of the Biological Value.

N-low period.

Expocexors N.
Food N Absorbed [.l .).M‘l): i = Food N N N Apparent True Biological
in Faeces. N. Ay Per 100 in Urine. | Retained. Balance. Digestibility.| Digestibility. Value.
o Gram Per Day.
Weight.
Mgm. Mgm, Mgm. Mgm. Mgm. Mgm. Mgm. Mgm.
— - 13-6 155 — — —_ — — — —
— - 14-0 165 - — — — — = —
16-1 169 | . — o - - -
. 16-9 17-8 - — = o - = — -
, : 11-9 12-8 - - e o = — — —
‘ - — 14-8 16-3 - - — — — . -
| 5 |
meal + Lucerne meal period (1-58 percent. N).
11-7 117-9 42-0 15-5 16-6 25-4 92-5 + 52-2 73 91 78
8-2 1672 541 16-5 19-5 34-6 132-6 -+ 735 73 95 79
11-0 1644 505 16-9 20-8 29-7 134-7 += o~ 72 94 82
117 163-7 52-3 17-8 21-4 30-9 132-8 + 69-1 69 93 81
68 176-5 48-2 12-8 15-5 32-7 143-8 - 84-8 73 96 81
12-6 181-7 872 16-3 21-4 35-8 145-9 + 79-4 70 94 80
72 94 80
N-low period.
‘ — - 18-8 16-6 - - . ! . . . -
— : 17-2 14-3 e - — — — - —
‘ e 21-6 189 . . — . - - .
\ s - 25-6 227 - — — - - . .
1 . — 14-4 13-2 — - e~ - . . -
‘ - P = 232 19-0 — — — — — — -
| | |
meal + Soyabean meal period (1-56 per cent. N).
27 831 40-4 16-6 19-8 20-6 62:5 + 21-8 73 97 75
56 896 38-2 14-3 18-0 20-2 39 4 — 29-4 71 94 77
16-1 139-9 696 18-9 Z 47-7 2-2 -+ 33-0 66 90 €6
4-8 85-7 39-1 22-7 ! 13-2 2.5 + 21-0 66 95 85
6-8 110-2 39-4 13-2 15-2 24-2 30 — 42-8 70 94 78
21-2 117-6 593 19-0 22-8 365 -1 -+ 25-9 61 85 69
68 93 75
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