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IN a previous paper (1940) it was shown that an acute protein 
deficiency exists in the natural grazing of the Transvaal and that this 
deficiency, which was shown not to be due to a difference in food 
intake during the different seasons, prevails f.or almost six months 
{lf the year. On the basis of the above results, it was further 
demonstrated that the magnitude of the protein deficiency is such 
that it necessitates a daily catabolism of tissue protein in order to 
provide for the inevitable nitrogenous losses ass-ociated with the proto
plasmic activities constituting life. It is, therefore, conceivable that 
this condition of tissue catabolism operating over a considerable 
portion of the year may indeed be the primary if not the exclusive 
eause of the highly emaciated condition of stock during winter. 
In fact, according to the existing laws of nutrition, it seems impos
sible for any animal to maintain its normal intensity of tissue meta
bolism under a continual strain of protein shortage. The natural 
response under sur:h conditions will in all probability be a reduction 
in intensity and rate of metabolism in order to conRen-e as much of 
i~~ s own tissues as possible. Such a state of affairs ultimately lead,; 
t.o a reduced vitality and consequently an increased susceptibility 
to disease from which large numbers of animalR may indirectl:v 
succumb annually. 

From the above consideration of existing collditiuns, it i~ evident 
that sheep husbandry can never, under the prevailing n u tritiona1 
conditions, he established on a sound and permanent ba~is. Fortu
uate!ly the condition is not beyonit repair, since the only requirement. 
is a judicious and economical method of supplementary winter 
feeding. Such a method of supplementation is simplifie<l by the fact, 
that our national animal feed, namely maize , can he or is cultivated 
on nearly every farm and should therefore be available to serve as 
an excellent basic feed for winter feeding. On the other hand it is 
appreciated that the practical applicability of supplementary winter 
feeding is largely a matter of economics. It is, therefore, essential 
that the purpose and requirements of winter supplementation should 
be clearly unilerstood. Thus it will be absolute!;~' fn llacious to try 
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and obtain any form of production, namely fattening, growth etc., 
during winter at the expense of supplementary feeding. Production 
should be attained exclusively during summer, when the natural food 
is plentiful and of a good nutritional value. vVinter supplementation 
should have as its onlly object the prevention of tissue catabolism, 
i.e. the breakdown of tissue which has been synthesized during
summer. For this reason it is of the utmost importance that only the 
minimum quantities of feed necessary to replenish the inevitable 
daily losses associated with the normal animal metabolism, should 
be fed. \Vith this view in mind, the work to be reported on was 
conducted in order to obtain more information on the supplementary 
feeding value of some concentrates as well as the most efficient ilevel 
at which they should be fed. 

ExPERIMENTAL. 

The original object was to conduct a series of supplementations 
on grazing cut during the months of April and July. Due to the fact 
that biological value determinations were also made on the same 
cuts there was not enough left to study the supplementary effect of a 
number of concentrates. Consequentlly only a few of the more 
practical feeding stuffs or combinations thereof were investigated. 
In order to augment this data a grass of more or less similar protein 
content as that of April was utilized for further supplementation 
studies. Five Merino wethers, previously used in the determination 
of the biological values of the grazing during the different seasons 
of the year, were utilized for these studies. They were therefore 
accustomed to the metabolism cages and this type of work. The grass, 
together with the supplementary feed were fed twice daily. Minera,J 
supplementation was practised in all cases. 

'l'he metabolism cages were cleaned daily and the daily collection 
of faeces and urine aliquoted and stored over the 10 day collection 
period. At the end of the collection period the faeces were ground 
and representative samples taken for analysis. Representative samples 
of the composite 10 day urine and faecal aliquots were analyzed for 
total nitrogen. Prior to the collection period which lasted 10 days 
a preliminary period on the same ration and of the same duration was 
inserted. 

ExPERIMENTAL RESULTs. 

The results obtained from the various supplementations are 
summarized in Table 1. It wiill be noted that in the first investiga
tion, April grazing of 0 · 73 per cent. nitrogen, which was previously 
shown (Smuts and Marais, 1940) to be inadequate in respect of 
protein for the maintenance of mature sheep, was supplemented 
by 5 grams of urea. By the addition of the latter substance the 
nitrogen intake was increased from approximately 3 · 6 grams to 
6 grams with the result that a complete positive nitrogen balance was 
created. The biological value probably on account of the higher 
level of nitrogen intake is now reduced to 75 in comparison with 82 for 
the grazing alone. Both the apparent and true digestibilities are 
increased, the former to a greater extent than the latter. From 
these results it is clear that sheep can utilize urea nitrogen to 
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replenish the daily unavoidable nitrogenous losses associated with 
maintenance. This finding is in agreement with the hypothesis of 
Mitchell and Kendalil, namely that the endogenous nitrogen is of a 
non-protein nitrogenous nature and can therefore be partially 
replaced by nitrogen of a non-protein nature. Thus it is not necessary 
in the utilization of such compounds as urea or ammonium salts 
by sheep for maintenance to assume that these compounds. are 
necessarily transformed by micro-organisms into intact protein 
before it can actually be utilized by the system. In fact there exists 
amp'le evidence to support the view that no specific and selected 
combinations of amino acids are necessary for maintenance and that 
the endogenous nitrogen losses may, therefore, in all probability 
be directly satisfied by the simple nitrogenous compounds arising 
from the conversion of urea in vi'vo. When however the value of 
urea for gTowth purposes i s to be assessed the position beoomes quite 
different. To establish beyond doubt the growth-promoting value of 
urea, the basal ration should be complete but nitrogen free, so that 
the only source of nitrogen wilil be of urea origin. Otherwise the 
results will be ambiguous, since the effect observed may in reality be 
one of displacement rather than actual utilization, that is, the protein 
of the basal ration is simply displaced by urea for maintenance, 
and utillized for growth. The growth-promoting value of urea thus 
measured, is therefore not due to urea as such but to the protein 
contained in the basal ration. Hence any experiment, "·hich neglects 
the above essentials, and claims that urea promotes growth, must be 
accepted with reserve, since the validity of the results i s open to 
criticism. 

In the second investigation J ul:v grazing containing 0 · 49 per 
cent. nitrogen was supplemented by 11 2 grams maize. As is clearly 
illustrated by the data, these sheep are in oomplete negati...-e nitrogen 
balance. The utiilization of the nitrogen contained in this supplemen
tation is utilized extremely well as is indicated by the biological 
value of 85. The apparent digestibility is exceptionally low while 
the true digestibilty, which takes into account the metabo'lic faecal 
nitrogen is 91 per cent. From the difference in apparent and true 
digestibility it is clear that the faeeal nitrogen oontains a high 
proportion of metabolic faecal nitrogen which is of endogenous nature, 
that is, the portion associated with the weight of the animal rather 
than with the dry matter consumption (Schneider, 1935). Of practical 
interest is the fact, that 112 grams of maize fed in con.inndion with 
July grazing is insuffieient to replenish the daily unavoidable 
nitrogenous losses of mature sheep . \Vhen the same grazing is supple
mented with 56 grams of peanutmeal, the total nitrogen intake i:-; 
raised to approximately 65 grams daily. From the meta bo li:;m results 
it is evident that notwithstanding the increase in protein intake then' 
is still a considerable negatiYe nitrogen balance. In fact, it appears 
from the figures that the magnitude of this negative nihogen halanee 
is greater than in the case of maize. From this it would appear either 
that peanut protein is not as efficiently u tilized as that of maize or 
that portion of the protein is catabolized for energy purposes . The 
effect of both these metabolic reactions vvi'll Jesult in a decrease in 
the biological value . The average biological value of 47 obtained 
for the peanut supplementation in comparison with the average 
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value of 75 obtained for the urea supplementation at approximately 
the same level of nitrogen intake, makes the second assumption of 
an energy deficiency the most probable. Under the conditions of the 
t-xperiment sheep wiJil naturally try to replenish both the unavoidable 
and inevitable nitrogen and energy losses associated with the 
minimum metabolism of the protoplasm from the experimental ration 
which is inadequate to meet these requirements. Consequently it 
:il? conceivable that under these circumstances only part of the requir
ments of each is met, causing a negative nitrogen balance to prevail. 
This argument is furthermore supported by the data obtained from 
the supplementation of 200 grams of straw with peanut meal in which 
the energy is supplied in the form of 200 grams of starch. In this 
case the tota:l nitrogen intake arising mainly from the 32 grams 
of peanutmeal is only 3 · 38 grams. This nitrogen, now that the 
energy requirements are taken care of, is utilized with a 94 per cent 
efficiency against 47, when no starch is fed. This comparison again 
stresses the importance of eliminating all possible nutritional factors 
before the effect of one nutritional component can be systematically 
studied. Furthermore, it illustrates that the leYell of protein feeding 
under practical conditions is determined by the anilable energy. 

In the fourth investigation grass of 0·81 per cent. nitrogen, 
equivalent in protein content to that of April grazing, was supple
mented by only 60 grams of maize. The result, as will be seen from 
the figures, is that while the apparent digestibi'lty is as low as 35 
per cent., the nitrogen of the supplement ration is utilized with a 
100 per cent. efficiency. In this supplementation the grass con
tributed the major portion of the total nitrogen intake and 1s, 
therefore, in all probability the reason for the low apparent 
digestibility. If, however, wheat straw with a 'lower nitrogen 
content than July grazing is supplemented by 150 grams maize and 
100 grams starch, the biological value is decreased to 98 per cent., 
the apparent digestibility increased to 42 per cent. and a positive 
nitrogen balance is obtained. The result in comparison with the 
peanut supplementation of wheat straw, indicates that maize can 
be better utilized in practice for supplementary feeding purposes. 

When grass of the same nitrogen content as was fed to mature 
sheep is now supplemented by 81 grams maize in case of young sheep. 
the total nitrogen intake is much less, due to the smaller consumption 
0f grass. The ratio of grass protein to maize protein is much narrower 
as in the previous supplementation with mature sheep. Consequently 
the average apparent digestibility of 43 is higher, due to the higher 
proportion of better digestible maize protein. The absorbed nitrogen 
of this supplementation is utilized with a 100 per cent. efficiency 
so that these sheep are in a positive nitrogen balance. I£ now, how
ever, half of the maize is displaced by an equivalent amount of pea
nutmeal, so that the total nitrogen intake is almost double that of the 
previous period, the approximate digestibility increases to 63, while 
the positive nitrogen balance remains more or less of the same magni
tude. With a further increase in nitrogen intake by the addition of 80 
grams peanutmeal instead of 40, the apparent digestibility increased 
further to 72 and the biologica!l value decreased to an average value 
of 49. From this data it is clear that the level of protein feedmg 
exerts a marked effect on the efficiency of utilization. Renee from 
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a practical point of view it is definitely uneconomical to feed in excess 
of the requuements of growing sheep since the extra growth obtained 
is not justified by the in('rease in feed expenditure. However, apart 
from the leYel oi protein intake, it is quite possible that the constitu
tion of the amino acid compllex contained in the supplementation 
of grass, maize and peanut is not fully balanced in respect of the 
indispensable amino acids necessary for growth. That this is iu 
reality the case is clearly demonstrated by a comparison of the 
biological Yalues of the above supplements with that in the second 
last series of metabolism studies. In the latter case Aprill grazing 
containing 0 · 77 per r:ent.. ~ is supplemented by a mixture of ntaize 
and white fishmeal, so that the t-otal nitrogen intake is approximately 
18 · 5 grams. Hence the level of nitrogen intake is in excess of that 
of the peanut and maize supplementation. ~evertheless as will be 
seen from the data a biologicall value of 55 in comparison with 
49 is obtained. This clifferenae clearly illustrates that the amino 
acid composition in regard to the indispe.nsa ble ami no acids is superior 
for tiBsue synthesis in the first case. It is therefore clear that a 
maize and peanut supplementation of grazing i s inferior to a maize 
and fishmeal supplementation. Interesting, however, are the data 
in the last investigation where l.ess of the fishmeal protein and a 
larger proportion of the maize protein is included in the supplementa
tion. Under these conditions even with a lower level of nitrogen 
intake the biological nlue drops from 55 to 48. A deta iled study 
of the respective Yalues indicates that the same if not a greater 
proportion of the absorbed nitrogen in the latter case has been 
cataboli1.ed. This in the face of the small positive nitrogen balance 
can onty be explained by the fact, that a larger proport ion of the 
available amino acids was catabolized probably on account of som e 
inrli spensable amino acid deficiency. 

It has already been established with rats that mn ize is deficient 
in lysine and trytophane. Consequently the larger proportion of the 
inferior maize protein included in the second mixture may in all 
probability be the cause of the lower biological Yalue and the poorer 
utilization of the mixed protein supplementation for synthetir 
purposes. I-IoweYer, for m aintenance purposes maize is an excellent 
supplement, as ie seen frgm the data in which :200 grams of wheat 
straw is supplemented by 150 grams of m aize. 'l'he total nitrogen 
intake of 3 · 38 grams daily is uti] ized with a 98 per cent. efficiency 
so that sheep on this level of maize feeding, if the energy intake is 
sufficient, "·ill be kept in positive nitrogt>n balance. 

DrscussroK. 

A detai1led survey of the entire data on the different supplementa
tions as reported in this paper brings to light certain points of great 
interest in the practical application of winter supplementation. From 
this data it appears fairly definite that there also exists an energy 
deficiency in the protein deficient grazing. Hence July grazing 
supplemented by 56 grams peanutmeal shows a poorer biological value 
than the same grazing supplemented by 112 grams maize, which 
contains a greater supply of availlable energy. When however, 
peanutmeal, together with wheat straw is provided with additional 
energy in the form of 200 grams starch the biological value is almost 
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of the same magnitude as that of maize at the same level of nitrogen 
intake. It is, therefore, clear that under pradical conditions it will 
be futile to rectify the existing protein deficiency with a minimum 
quantity of protein unlless the energy requirements are satisfied. 
For this reason maize, as is shown in the July grazing supplementa
tion with 112 grams of maize, fulfils a clual purpose namely in 
providing at the same time both these deficient elements. Conse
quently maize must be looked upon as an ideal supplementary 
concentrate during the winter period. 

Another fact of importance is that urea which is a non-protein 
nitrogenous compound can be utililf,ed to supply the maintenance of 
nitrogen requirement of sheep. As has been shown in this investiga
tion a positive nitrogen ballance can be obtained when grazing of 
approximately 0 · 73 per cent. nitrogen is supplemented by 5 grams 
of urea. If therefore a cheap form of carbohydrates like molasses 
or starch can be economically procured, the maintenance 
requirement of energy and nitrogen can be satisfied by a suitable 
mixture of these materials with urea. Under our conditions there 
is, however, little chance of obtaining such cheap forms of carbo
hydrate. For this reason maize is indicated as the cheapest and mosL 
economical fo·nn ·Of winter supplementation. From the data on the 
supp1lementation with gTowing sheep it appears as if maize is not 
fully balanced in respect to the indispensable amino acids and 
hence unable to promote tissue synthesis efficiently. It was however 
dlearly indicated in the introductory remarks that the aim of winter 
supplementation should not be directed towards obtaining growth but 
merely as a preca utionary measure in prohibiting catabolism of tissues 
synthesized during the summer. Consequentlly maize may also be 
Ruccessfully utilized with young stock in maintaining the integrity 
of their tissues. 

SuMMARY AND Co~cLUSIONS. 

By means of metabolism experiments on mature and young sheep 
it was shown that approximately 81 grams of maize will supplement 
April grazing successfully in respeet of protein if the energy require· 
mentf; are satisfied. Due to the fact, that 150 grams maize efficiently 
SUIJP'lement 200 grams of wheat straw with a lower nitrogen content 
than July grazing, it can be implied that it will also supplement July 
grazi ug successfully. Urea nitrogen h as been shom1 to be utilized 
by sheep for maintenance purposes hut must not be expected to 
promote growth unless experiments conducted under controlled concli
tious prove the contrary. 

REFERENCES. 

MITCHELL. H. H .. NEVENS, W. B. , AND KENDALL, 1<' . E. (1922). The 
relation bet1Yeen the e ndogenous catabolism and the non-protein 
constituents of the tissues. J .R.O., Vol. 52. ~o. 2, p. 417. 

SMUTS, D. B. , AND MARAJS, J. S. C. (1940). The utilillation by sheep of 
the proteins contained in the natural grazing during the different 
seasons of the year. OndentepooTt J. Vet. Sci. and An. Ind. (in Press). 

Sl\lUTS, D. B. , AND MARAlS. J. S. C. (1939). The amino acid deficiencies of 
certain plant proteins . OndentezlooTt J. Vet. Sci. and An. Ind. (in 
Press). 

SC1HNEIDER, B. (1935). The subdiYision of the metabolic nitrogen in the 
faeces of tbe rat, swine and man . .J.B.O., Vol. 109, No. l. 

192 



>
-'

 
<

:0
 

C.
:J 

A
ni

-
A

ve
r-

m
al

 
ag

e 
N

o
. 

W
g

t.
 

K
g

m
. 

38
24

8 
42

 
i9

61
2 

45
 

38
25

2 
40

 
38

24
0 

40
 

38
24

9 
39

 

-
-
-
-
-
~
-
-

-
-
-
-
-

10
0 

48
 

10
1 

43
 

10
2 

43
 

10
3 

45
 

10
4 

46
 

10
5 

44
 

10
6 

44
 

10
7 

36
 

10
8 

40
 

10
9 

40
 

F
o

o
o

 I
N

TA
K

E
. 

1 l'
A

B
L

E
 
1.

 

S
u

p
p

le
m

en
ta

ti
o

n
 o

f 
G

ra
z,i

n
g

 w
it

h
 C

o
n

ce
n

tr
a

te
s,

 

A
zn

·i
l 

G
ra

zi
n

g
 (

0 
· 7

3 
p

er
 c

en
t.

 N
) 
+

 5
 g

m
m

s 
U

re
a

. 

D
ry

 
N

it
ro

-
N

it
ro

-
M

et
a-

A
bs

or
-

E
n

d
o

-
F

o
o

d
 

bo
li

c 
N

it
ro

-
M

at
-

ge
n 

ge
n 

F
ae

ca
l 

be
d 

g
en

 i
n

 
ge

no
us

 
N

it
ro

-
te

r 
In

-
In

-
in

 
N

it
ro

-
N

it
ro

-
g

en
R

e-

B
io

lo
-

gi
ca

l 
G

ra
-

[ 
. 

\P
ea

n
u

tl
 

N
it

ro
-

U
ri

ne
. 

V
al

ue
. 

. 
M

ai
ze

. 
M

 
1 

I U
re

a.
 

ta
ke

. 
ta

ke
. 

F
ae

ce
s,

 
ge

n.
 

ge
n.

 
ta

in
ed

. 
zm

g.
 

1 
e
a
. 

ge
n.

 

G
rm

. 
G

rm
. 

G
rm

. 
G

rm
. 

G
rm

. 
G

rm
. 

G
rm

. 
G

rm
. 

G
rm

. 
G

rm
. 

G
rm

. 
G

rm
. 

50
0 

-
-

5 
43

5 
5·

99
 

2·
94

 
2·

59
 

5·
64

 
2·

57
 

1·
18

 
4·

25
 

75
 

57
5 

-
-

5 
52

3 
6·

53
 

3·
16

 
3

·4
0

 
6·

53
 

3
·1

8
 

1
·4

8 
4·

83
 

77
 

47
6 

-
-

5 
43

3 
5,

81
 

3·
02

 
1·

95
 

4·
74

 
2·

57
 

1
·0

7 
3·

24
 

68
 

60
0 

-
-

5 
54

6 
6

·7
2 

3·
37

 
3

-l
l 

6·
46

 
2·

67
 

1·
60

 
5

·3
9 

84
 

32
5 

-
-

5 
29

6 
4·

75
 

2·
12

 
1·

95
 

4·
58

 
2·

22
 

1·
09

 
3

·4
5 

75
 

A
ve

ra
ge

 .
..

..
..

 
75

 

J
u

ly
 G

-ra
zi

n
g

 (
0

·4
9

 p
er

 c
en

i.
 N

) +
 11

2 
y

·ra
m

s 
M

a
iz

e.
 

41
3 

11
2 

-
-

48
3 

3·
85

 
2·

74
 

2·
66

 
3

·7
7 

1·
61

 
1

·0
1 

3
·1

7 
84

 
15

0 
11

2 
-

-
24

1 
2·

57
 

1·
72

 
1·

21
 

2·
06

 
1

· 4
4 

1·
03

 
1·

65
 

80
 

33
1 

11
2 

-
-

40
8 

3·
45

 
2·

39
 

2·
12

 
3·

18
 

1·
33

 
1·

01
 

2·
86

 
90

 
30

6 
11

2 
-

-
38

5 
3·

33
 

2·
28

 
2·

31
 

3·
33

 
1·

 61
 

1·
 21

 
2·

93
 

88
 

23
1 

ll
2

 
-

-
31

6 
2·

96
 

2·
04

 
1·

58
 

2·
50

 
1·

64
 

1·
 21

 
2·

07
 

83
 

A
ve

ra
ge

 .
..

..
..

 
85

 

J
u

ly
 G

ra
zi

n
g

 (
0 

·4
9 

p
er

 c
en

t.
 N

) 
+

5
6

 g
m

m
s 

P
ea

n
u

t 
M

ea
l.

 

43
8 

-
56

 
-

45
5 

6
·8

5 
3

·2
1 

2·
59

 
6·

23
 

4·
44

 
1

·3
2 

3
·1

1 
50

 
38

5 
-

56
 

-
40

6 
6·

59
 

3
·1

4 
2·

64
 

6·
09

 
4

·5
6 

1·
45

 
2·

98
 

49
 

37
0 

-
56

 
-

39
2 

6
· 5

0 
3·

43
 

2
· 5

8 
5·

65
 

3
·9

8
 

0·
94

 
2

·6
1 

46
 

43
8 

-
56

 
-

45
5 

6
·8

5 
3·

36
 

2·
59

 
6·

08
 

4
·6

5 
1·

41
 

2·
87

 
47

 
24

4 
-

56
 

-
27

6 
5

·8
9 

2·
82

 
1·

24
 

4·
31

 
3

·8
9 

1·
52

 
1·

94
 

45
 

-
-

-
A

ve
ra

ge
 .
..

..
..

 
47

 

A
pp

a-
N

it
ro

-
re

n
t 

ge
n 

D
ig

es
ti

-
B

al
an

ce
. 

bi
li

ty
. 

0·
48

 
51

 
0·

19
 

52
 

0,
22

 
48

 
0

·6
8 

50
 

0
·4

1 
55

 

-
51

 

-
0·

50
 

29
 

-
0,

59
 

33
 

-
0·

27
 

31
 

-
0·

56
 

32
 

-
0·

72
 

31
 

-
31

 

-
0

·8
0 

53
 

-
1·

11
 

52
 

-
0

·9
1 

47
 

-
1·

26
 

51
 

-
0

·8
2 

52
 

-
51

 

T
ru

e 
D

ig
es

-
ti

bi
li

ty
. 

94
 

10
0 82
 

96
 

97
 

94
 

98
 

80
 

92
 

10
0 84
 

-
- 91

 

91
 

92
 

87
 

89
 

73
 

-
- 96

 

tl
 

:0
 

w
 

~
 c. .., w
 

;,..
 z tl
 

:--<
 

w
 

C"
l 

'--
' .....
 

;>
 
~
 

;,.;.
. 

H
 w
 



-
-
-
-
-
-

A
ni

-
I A

ve
r-

m
iLl

 
I 

ag
e 

N
o.

 
W

gt
.

l 
G

ra
-

j 
zi

ng
. 

-
-
-
-
-

-

K
gm

.
l 

G
rm

. 

~1 
I 

:lH
 

I 

54
0 

.....
. 

·)2
 

48
 

52
0 

<:
c 

2B
 

:!
7 

i\2
0 

""" 

:{0
 I

 20
 

25
1 

31
 

20
 

31
8 

32
 

20
 

:n
6 

3:{
 

16
 

30
0 

'l'
A

B
L

F
. 
1

-(
 co

n 
ti

n
n

ed
).

 

G
·rm

s 
(0

 · R
l 

pe
r 

ce
n

t.
 N

) 
+

G
O

 g
m

m
s 

M
ai

ze
. 

D
 

L
N

'l'
A

 1
; E

. 
D

ry
 

N
it

ro
-

N
it

ro
-

~er
a-

; 
A

bs
or

-
I N

't
 

I E
nd

o-
F

oo
d 

' 
0 

JC
 

l 
1 

rO
· 

N
it

ro
-

M
at

-
ge

n 
ge

n 
F 

1 
I 

be
d 

. 
. 

gc
no

us
 

-
-
-
-
-
-

-
. 

ac
ca

 
I 

. 
ge

n 
m

 
. 

ge
n 

H
e-

. 
P

ea
n

u
tl

 
, 

te
r 

In
-

In
-

.,
 t

n 
N

it
ro

-
N

1t
ro

-
U

ri
ne

. 
N

1t
ro

-
ta

in
ed

. 

l•'
oo

 
I 

B
io

lo
-

gi
ca

l 
V

al
ne

. 

N
it

r 
ge

r 
B

al
a1

 0
-

A
pp

a
re

nt
 

D
ig

es
ti

· 
ce

.l 
hi

li
ty

. 

T
ru

e 
D

ig
es


ti

bi
li

ty
. 

I llV
Ia tz

e.
l '

VI
 

1 
l 

rc
a.

 
ta

ke
. 

ta
ke

. 
E

ae
ce

s,
 

ge
n.

 
I 

I 
ge

n.
 

. 
ea

..
 .

 
1 

ge
n.

 
, 

-
.
 -
-
-
-
-
~
 

-
-
-
~
-
-

I O
J fi ii (i

 rn
. 

~ I) 0 

G
m

1.
 

- -
-

-

-
-
-
-

8
1 

R
l 

Rl
 

Rl
 

U
nn

. 

-
~
 

~
·
-
-

-

G
rn

1.
 

G
rm

. 
G

rm
. 

G
rm

. 
G

rm
. 

G
n

n
. 

G
rm

. 
G

n
n

. 

55
9 

5·
34

 
3·

31
 

2·
63

 
4·

6t
i 

1·
48

 
J.

 6
7 

~
-
H
H
 

10
0 

O
·fl

 

54
0 

5·
20

 
3·

26
 

2·
7f

i 
4·

69
 

1
·.5

5 
1·

77
 

4·
60

 
10

0 
0
-
~
 

54
0 

5·
20

 
::1

·6
5 

2·
48

 
4

·0
3 

1·
4!

-l 
1.

 rm
 

4·
03

 
10

0 
0·

0 

:ls
 

I 
s7

 
:n

 
90

 
:\0

 
78

 
-
-
-

-
-
-

A
ve

ra
ge

 ..
..

..
. 

10
0 

-
~
 

35
 

I 
84

-

U
ra

..q
 

(U
·8

J.
 p

e·
r 

ce
!l

l.
 :

V
)+

.S
l 

.r
rw

m
:;

 
M

ai
ze

. 

30
8 

3·
36

 
1·

88
 

1·
79

 
3·

27
 

0·
71

 
1·

00
 

37
0 

:~
·9
1 

2
·3

3 
2

·1
5 

3·
73

 
0

· 6
47

 
1·

00
 

36
8 

3·
89

 
1·

92
 

2·
13

 
3·

89
 

0·
77

9 
1

· 0
0 

3i
l3

 
3·

76
 

2·
41

 
2·

05
 

3
· 4

0 
0·

60
3 

0·
80

 

A
ve

m
ge

. 

--
--
-
-

--
-
-
-
-
-
-

-
-

-

3·
 

3·
 

3
· 3·
 

-
=

=
----

-

~
-

-

27
 

10
0 

0
·7

7 
44

 
97

 
73

 
10

0 
0

·9
3 

40
 

9f
i 

89
 

10
00

 
I·

 1
9 

51
 

10
0 

40
 

10
0 

0
· 7

!'i
 

36
 

90
 

..
. 

10
0 

-
43

 
96

 
~
 
~
 

--
--

--
-
-
-
-
-
-
-
-
-
-
-
-

-

rn
 

Ci
 
~
 
~
 

t"
' t>
i :::: t>
i 21
 

,_;
: ~
 .-:
 0 '7.
 

0 "!
 ::1 ,..

.; z ..., ~ 0 i:d
 >
 

N
 

H
 ~
 a 



.....
. 

<:
0 

Q
l 

A
ni


m

al
 

N
o.

 

5
0

 

liO
 

70
 

~
0
 

~1
0 

51
 

52
 

53
 

54
 

55
 

I 

'L
u:

n.
E

 
1

-(
u

o
n

ti
n

u
e
d

).
 

A
 

I 
F

o
o

u
 l

NT
AK

~J
. 

I 
D

 
I Ni

tr
o-

~ N
it

ro
-

ve
r-

ry
 

en
 

en
 

ag
e 

M
at

te
r 

g 
g_

 
In

-
m

 
W

g
t.

 
~~~

:,~
~ I

 J\bi
z
e
. 
I St

m
·c

h
. 

In
ta

k
e.

 
ta

k
e.

 
F

ae
ce

s 

M
et

a
bo

li
c 

!f
ae

ca
l 

N
it

ro
-

ge
n.

 

A
bs

or


be
d 

N
it

ro


ge
n.

 

N
it

ro


g
en

 i
n

 
U

ri
ne

. 

.1
£n

do


g
en

o
u

s 
N

it
ro

-
ge

n.
 

.F
oo

d 
N

it
ro


g

e
n

R
e


ta
in

ed
. 

K
gm

. 
I 

G
ra

m
. 

I 
G

ra
m

. 
I 

G
ra

m
. 

I 
G

ra
m

. 
I G

ra
m

.!
 G

m
m

.l
 G

ra
m

. 
I 

G
ra

m
. 

I 
G
r~

tm
. 

I 
G

ra
m

. 
I 

G
ra

m
. 

46
 

4
!)

 

42
 

-1
3 

.(;
; 

51
 

46
 

46
 

50
 

48
 

20
0 

20
0 

20
0 

20
0 

'20
0 

20
0 

20
0 

20
0 

20
0 

20
0 

15
0 

15
0 

15
0 

15
0 

15
0 

l'
ca

n
u

t.
 

32
 

:3
2 

32
 

32
 

32
 

10
0 

10
0 

LO
O 

10
0 

10
0 

20
0 

20
0 

20
0 

20
0 

20
0 

41
1 

41
1 

4
11

 

4
lJ

 

4
11

 

41
0 

41
0 

41
0 

41
0 

41
0 

3·
38

 I
 2

·0
7 

3·
38

 I
 2

-0
0 

3
· 3

8 
I 

1·
78

 

3
. 3

8
1

2 .
..

 12
 

3·
38

 
1·

\!
4 

3
·5

4
 

2·
55

 

3·
54

 
2

·4
2 

3
·5

4 
2·

51
 

3·
54

 
2·

59
 

3·
54

 
2·

46
 

2·
34

 

2
·4

6 

1·
85

 

2
·3

4 

2
·4

7 

3·
38

 

3·
38

 

3-
a8

 

3·
38

 

3·
:3

8 

P
ea

nu
,/

. 

2·
25

 
3

·2
4

 

2
·0

5 
3·

17
 

2
. 1

3 
3·

16
 

2·
46

 
3·

41
 

'2
·0

5 
3

·1
3 

1
· 

18
 

1·
06

 

I 
·4

3 

I
· 2

0 

I ·
30

 

1
·3

7 

1·
 1

4 

1·
49

 

1·
38

 

1·
42

 

1·
01

 
3·

21
 

1
· 2

7 
3·

38
 

1·
36

 
3

·3
1 

I 
·2

6
 

:~
-
38

 

J.
· 1

2 
:\

-2
0 

A
v

em
g

e 
..

..
.

. .
 

1·
07

 
2·

94
 

1·
10

 
3·

13
 

1
·1

5 
2·

82
 

1·
35

 
3·

38
 

1·
06

 
2·

77
 

A
ve

m
ge

 ..
.

..
..

 

B
io

lo


gi
ca

l 
V

al
ue

. 

!)5
 

10
0 !)
8 

10
0 \!5

 
1

-
-
-

N
it

ro


g
en

 
B

al
an

ce
. 

0
· 

I_;
{ 

0·
32

 

0
· 

17
 

0-
0H

 

0·
 1

4 

A
pp

a
l'e

nt
 

D
ig

es


ti
bi

li
ty

. 

3!
) 

42
 

47
 

:n
 

-(:
3 

T
ru

e 
D
i
g
e
~


ti
bi

li
ty

. 

10
0 

10
0 

10
(1 

10
0 

10
0 

!)8
 

I 
-

I 
42

 
I 

I 0
~ 

91
 

-
0

·3
8

 
28

 
\)

2
 

99
 

-
0

·0
2

 
32

 
90

 

89
 

-
0

·4
6

 
:W

 
8!

) 

\J!
J 

0·
43

 
'27

 
96

 

94
 

0
·3

4
 

31
 

90
 

-
-

94
 

-
29

 
97

 
--

c 1:
;: :r.
 

!.-
' '"' r. H
 

'J
J ;...
 
~
 

'-
" 

:---
< :r.
 

--:
 

;:;::
: 

;,..
 
~
 

;,.
. 

H
 

{
f.

 



.....
. 

co
 

c.
> 

T
A

B
L

E
 

l-
(c

o
n

ti
n

u
e
d

)
. 

G
ra

ss
 0

·8
1 

p
er

 c
en

t.
 
N

+
4

0
 l

JN
W

ls
 

Ll
!a

iz
e
+

4
0 

.r
;m

m
s 

P
e
m

w
t 

M
ea

l. 
-
-
-

-
--

FO
O

D
 

IN
T

A
K

E
. 

D
ry

 
N

it
ro

-
N

it
ro

-
M

et
a-

A
bs

or
-

E
nd

o-
F

oo
d 

A
ni

-
A

ve
r-

bo
li

c 
N

it
ro

-
B

io
lo

-
N

it
ro

-
m

al
 

1\
Ia

t-
ge

n 
ge

n 
F

ae
ca

l 
be

d 
gc

n
in

 
ge

no
us

 
N

it
ro

-
gi

ca
l 

ag
e 

to
r 

In
-

in
 

N
it

ro
-

N
it

ro
-

g
en

R
e-

ge
n 

N
o.

 
\V

gt
. 

G
 

. 
I 

M
 

. 
I P

ea
n

u
t 

N
it

ro
-

C
ri

ne
. 

V
al

ue
. 

B
al

an
ce

. 
ra

r.
m

g.
 

ar
ze

. 
M

aa
l. 

ln
ta

ke
. 

ta
k

e.
 

F'
ae

cc
s.

 
ge

n.
 

ge
n.

 
ta

in
ed

. 
ge

n.
 

K
gm

. 
G

ra
m

. 
G

ra
m

. 
G

ra
m

. 
G

ra
m

. 
G

ra
,m

. 
G

ra
m

. 
G

ra
m

. 
I 

G
ra

m
. 

G
m

m
. 

! 
G

ra
m

. 
G

ra
m

. 
35

 
25

 
35

0 
40

 
40

 
40

0 
6·

84
 

2·
39

 
2·

32
 

6·
77

 
4·

30
 

1·
30

 
3·

77
 

56
 

0·
15

 
36

 
21

 
35

0 
40

 
40

 
40

0 
6·

84
 

2·
36

 
2·

24
 

6·
72

 
3·

76
 

1
·]

 8
 

4·
14

 
62

 
0·

 7
2 

37
 

21
 

35
0 

40
 

40
 

40
0 

6·
84

 
2·

 7
1 

2·
48

 
6·

61
 

3·
72

 
1·

13
 

4·
02

 
61

 
0·

41
 

38
 

21
 

35
0 

40
 

40
 

40
0 

6·
84

 
2·

69
 

2·
40

 
6·

55
 

3·
30

 
1·

1
8 

4
·4

3 
67

 
0·

85
 

39
 

22
 

35
0 

40
 

40
 

40
0 

6·
84

 
2·

 5
1 

2·
32

 
6·

65
 .

 
3·

80
 

1·
29

 
4·

14
 

62
 

0·
53

 
-
-
-
-
-
-
-
-

A
ve

ra
ge

 .
..

..
..

 
62

 
-

I 

G
ra

ss
 

(0
·8

1
 

p
er

 c
en

t.
 

N
)+

40
 y

m
m

s 
M

a
iz

e+
RO

 
g

m
m

s 
P

ea
n

u
t.

 
I 

2·
52

 I 
I 

40
 

22
 

35
0 

40
 

80
 

44
7 

10
·1

9 
2·

50
 

10
·1

7 
5·

87
 

0·
92

 
5

·2
2 

51
 

1·
 8

0 
41

 
25

 
35

0 
40

 
80

 
44

7 
10

·1
9 

3·
06

 
2·

77
 

9·
90

 
6·

33
 

1·
13

 
4·

 7
0 

47
 

0·
80

 
42

 
25

 
35

0 
40

 
80

 
44

7 
10

·1
9 

3·
0.

5 
2·

68
 

9·
82

 
5·

88
 

1·
 1

5 
5·

09
 

52
 

1·
26

 
43

 
26

 
35

0 
40

 
80

 
44

7 
10

·1
9 

3·
00

 
2·

68
 

9
·8

2 
6

·7
9 

I·
 :J

5 
4·

38
 

45
 

0·
35

 
44

 
21

 
30

0 
40

 
80

 
44

7 
10

·1
9 

2
·7

ri
 

2·
:1

8 
10

·0
2 

fi.
 ~

)0
 

1 
·0

9 
5·

21
 

52
 

I ·
54

 

I 
I 

-
-
-
-
-
-
-

I 
A

ve
rf

tg
c 
..

..
..

. 
49

 
-

I 

A
p

ri
l 

G
ro

zl
n

y 
(0

·7
7

 p
er

 r
·m

t.
 

N
)

+
20

0 
iJ

II
ll
ll
s
 

Jlf
i.x

L1
11

'e
 2

. 
JV

l 
lX

T
U

R
E

 2
 . 

I 
I 

I 
16

 
33

 
fiO

O 
20

0 
-

-
18

·5
1 

3·
34

 
3·

 2
7 

18
·4

4 
9·

22
 

1.
 6

5 
10

·8
7 

ii9
 

5·
95

 
17

 
30

 
50

0 
20

0 
-

-
18

·5
1 

3·
 7

9 
3·

27
 

17
·9

9 
9·

22
 

1
·5

0 
10

·2
7 

57
 

I 
5

·5
0 

18
 

29
 

50
0 

20
0 

-
-

18
·5

1 
4·

10
 

3·
27

 
17

·6
8 

9·
76

 
I ·

45
 

9·
37

 
53

 
4·

65
 

19
 

30
 

50
0 

20
0 

-
-

18
·5

1 
3·

50
 

3·
27

 
18

·2
8 

9·
28

 
1·

50
 

10
·5

0 
52

 
5·

73
 

20
 

32
 

39
5 

20
0 

-
-

17
·6

4 

, "I
 2·

77
 

16
·8

4 
8·

94
 

1 
·6

0 
!H

50
 

56
 

5·
13

 

I 

-
-
-
-

I 
A

v
em

ge
 .
..

..
..

 
55

 
-

A
p

ri
l 

G
m

zi
11

y 
(0

·7
7

 
pe

r 
ce

n
t.

 
"V

)+
2

0
0

 
.r

;r
m

ns
 

il
fi

xt
u

r·e
 

1.
 

JV
I I

X
T

U
H

E
 I

. 
22

 
27

 
50

0 
20

0 
-

-
16

·6
7 

3·
96

 
3·

27
 

15
·9

8 
8·

99
 

1·
3

5 
8

·: 3
4 

46
 

3·
72

 
23

 
27

 
50

0 
20

0 
-

-
16

·6
7 

3·
98

 
3·

27
 

lf
i·!

l6
 

10
·3

4 
1.

 :J
5 

6·
97

 
44

 
2·

35
 

24
 

27
 

50
0 

20
0 

-
-

16
·6

7 
3·

77
 

3·
27

 
16

· 7
7 

8·
 1

0 
1·

35
 

9·
42

 
58

 
4

·8
0 

25
 

27
 

50
0 

20
0 

-
-

16
·6

7 
3·

90
 

3·
27

 
16

·0
4 

9·
67

 
1

·2
5 

7·
62

 
48

 
3·

10
 

26
 

30
 

50
0 

20
0 

-
-

16
·6

7 
4·

35
 

3·
27

 
15

·1
)9

 
10

·fi
6 

1·
50

 
6·

53
 

42
 

1·
76

 

A
ve

ra
ge

 .
..

.
..

. 
48

 
-

M
IX

T
U

R
E

 
(1

)-
M

J
X

T
U

H
E

 
(2

)-
l\l

a
iz

em
ca

l .
..

..
..

..
..

..
..

..
..

..
.

..
. 

. 
W

h
it

e 
fis

hm
Pa

l 
:m

J 
J.i

i()
 

j\
'la

iz
em

cH
l..

..
 

. .
..

..
..

..
..

..
..

.
..

..
..

 . 
\\

'h
i t

P 
fi,

h
nw

a
l.

 

I 

A
pp

a-
re

n
t 

D
ig

es
-

ti
bi

li
ty

. 

65
 

66
 

60
 

61
 

63
 

-
-
-
-

63
 

75
 

70
 

70
 

72
 

73
 

-
-
-
-

72
 

82
 

80
 

78
 

81
 

84
 

87
 

76
 

76
 

77
 

77
 

74
 

-
-
-

76
 

:l
80

 
:!O

IJ 

T
ru

e 
D

ig
es

-
ti

bi
li

ty
. 

99
 

98
 

97
 

97
 

97
 

-
-
-
-

98
 

10
0 97
 

96
 

98
 

99
 

-
-
-
-

96
 

99
 

97
 

96
 

99
 

95
 

97
 

96
 

96
 

97
 

95
 

94
 

-
- 96

 

'" <::1 ..., ~ z >-3
 
~
 .., H

 0 :z
 

0 "" ;;; "' z ,...,
 t<l ~
 

Q
 

~
 

I>
 

N
 .....
 z Q
 


