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PPARENT and truc protein digestibility, nitrogen retention

biological value of protein and net protein value were studied usii
ng miture shoep. Foutleen nitrogen balance trials under similar
conditions of digestion trials were adopted. Feeds were fed alone
in Ist, 2nd and 3rd cut clover and two clover hay samples, or as
mixture of 500 g hay along with &reen maize andnine concentrates
including maize, barley and been geains, undec. and dec, cottonseed
cakes, rice bran, coirse and fine whaat bran. The following ranges
were oblained :—

29.23-81.41 % apparent N digestibility, 78.86-95.16 % true
digestibility 0.649-7.029 ¢ N retention/day, 5.10-33.53'%, N
relention from intake, 7.29—52.62 ¥ protein apparent biological
value, 36.12-76.25 %7 true biological value and 32.83-65 .86 %
net protein value.

With green maize and ¢ concentrate indirectly fed, ranges were
56.52-86.05 9 N apparent digestibility, 82.62-100 % N ftrue
digestibility, 0.826-4.180 ¢ N daily retention and T.44-56.16 %
N retentin from Intake.

True digestibilities appeared to express better the crude protein
digestion among feeds producing much narrower range than
apparent digsstibilities which is serfously affected by metabolic
fascal N. S2ins feeds like green clover, hay, bean mixiures or beans
producsd more N in the urine lowering N retention, biological
valuz and net protein value. Results on N retention, biological
valuz and net protein value express better protein nutritive value
than digsstibilities and digestible protein, but it was necessary to
keep standard conditions of N-balance trials in order to obtain
eomparable results of biological value of protein among different
feeds when their protein was used to provide maintenance requir-
ements of mature animals.

It is a common practice in digestion trials to record the digestion coefficient
and digestible content of crude protein of the feed, in question to express the
availability of feed protein. Such data are used for calculating protein requ-
irements in rations of livestocks. This might be true with monogastrics, but
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with ruminants variable amounts of apparently digested feed nitrogen might
be transformed to rumenal ammonia by Tumen microflora, pass to the blood
stream and finally escape to the urine. Tt was suggested by Chalmers and
Synge, (1954), to determine the nutritive value of feed proteins for ruminants
by nitrogen retention in balance trials. This procedure was fairly adopted
by Abou-Akkada and Osman, 1967, with certain forages in Sudan using md-

ture sheep.

The present siudy aimed to investigate the relation between results of
protein evaluation as digestible protein in digestion trials and as retained
N in balance trials with common Egyptiun feeds either alone or eaiong with
cortain amounts of clover hay as a basal ration in the feed mixture.

mMiaterial and Methods

Fourteen M- balance trials with duplicate adult rams were performed,
The preliminary period was 14 days while the collection period was 10 days.
Three cuts from green clover (Trifolium alexandrinum) and two clover hays
(a and b) were tested as single rations. Other feeds wers given along with
hay as a basal ration to form a mixture of two feeds in each case. Constant
level of 500 g hay was used along with green maize or other concentrates
(maize grains, barley grains, beans, undecorticate and decorticated cotion-
seed-cake, rice bran, coarse and fine wheat bran).

The consumption calculated as Starch value (S.V.) was calculated using
recorded data by Abou-Raya (1967) except with clover, of which dry matter
percent vas used for calculation using the equation (Starch value o = 0.5%
dry matter % - 1) recorded by Sultan, et al., (1966).

True digestibility of N was calculated assuming an average of 0-5g N
as metabolic fascal N (MFN) per 100g. dry matter intake (Maynard ef al,
1979). Biological value (BV) of protein in single feeds or mixtures was
calculated in two ways -

a) percent of retained N {N-balance) from apparently digestible ™
according to the known simple equation:-

(Feed N-Faceal N-Urinary N) 100
{Faed T-Faecal N)

This will be designated as “apparent BV
b) percent of retained N from truly digestible N designated as “true
BV” according to the classical equation of Mitchel (1962).

100 (Feed N-(Faecal b{—MFN){Urinmy N-EUM)
Feed N-(Faecal N-MFN)

Endogenous urinary N (BUN) was taken as 0.093 g  MNfkg body
weight.

Egypt. J. Anim. Prod. 24, No. 1-2 (1984)
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Resunlts and Discussion
Protein intake

Table 1 shows that crude protein in the 14 trials ranged between 77 and
156 g., the highest being with hay b - dec. cottonseed cake. followed by
hay balance, Therefore, it appears that the protein Jevel, in the routine diges-
tion trials using clover hay alone or as a basal ration along with common
feeds and concentrates was high in the majority of cases and expected to be
higher than the requirements of mature sheep. Accordingly this affects
the apparent digestion coefficients of protein as well as the N retention, the
high N leval usually raises the apparent digestion coefficients of crude protein
and lowers the percentage of N retention.

Apparent and irue digestion of mitrogen (crude protein)

Results on the apparent digestion of protein in tested feeds either directly
fed (clover or hay, Table 1) or indirectiy fed (darawa and concentrates, Table
2) are similar to those published in Egypt (Abou-Hussein, 1958 and Mini-
stry of Agric., 1968). The apparent digestibility of N with darawa was the
lowest (56-52%) being 609, with hays and 659, with rice bran. Results with
other conceniTates and clover were higher being between 719 and  75%in
the majority of cases. Tt was 81 % wih 2nd cut clover and dec. cottonseed-
cake and 869 with beans and barley.

With feed mixtures, the apparent digestion of total protein ranged betw-
cen 58.44 and 749%. Inclusion of the hay in the mixiures tended to lower
the apparent digestion of protein, sssuming apparent digestion of protein in
the hay remained constant as in the ordinary method applied for calculating
apparent digestibility (or partial apparent digestibility’ as designated by Kl-
ciber (1961) by the difference method. In all the 9 cases studied here, the
coeflicients in each mixiure was lower than that of the corresponding *fpa-
rtial’”’ one of the tested feed.

The difference method, of calculating digestion coefficient is remaining
guestionable because the asscciative effect may lower or increase the N
digestibility in the basal ration when mixed with the tested feed. Perhaps,
with protein, such associative effect appeared to be more than could be
ignored bevause several cases ars known to be encountered in digestion trial
producing impossibles apparent digestion coefficients with protein either neg-
ative or over 100, Moreover, the metabolic faccal protein is responsible for
lowering the coefficients as dry matter intake increases and as N level dec-
reases. This fact was realized by several workers and is confirmed here. With
clover, the coefficient increases from 71.38 to 75.36 and 81.417; as crude
protein increases {rom 77 to 92 and 102 g daily. The same holds with the
three hay : grain mixtures, and with the two cottonseed-cakes, the higher N
intake being associated with higher coefficient. When N intake was similar,
higher dry matter intake loweted the cocificient by comparing hay 2 (898 g
dry matter and 153 g crude proteinintake) and dec. cottonseed-cake : hay
mixture (630 g. DM and 156 g. protein), the cofficient being 6U-23 against
70.52%. Similar results were reported by Robinson and Forbes (1965), Khafaji
(1967) and Soliman (1969).

Egypt. ]. Anim. Prod. 24, No. 1-2 (1984)
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TABLE 1. Averaze digestibillty amd refention of N (or protein) in feeds.

| Digestibility Digestible retaine N
Dr¥ % Protein Dm, % d
matter |Nitrogen

intake) intake = S
g g Apparent! True |Apparent| True | g./day |intake

Single feeds : 1
Clover 1st eut i 525 | 14.753 75.36 | 93.61| 13.24 | i6.44| 0815 | 5.10
2ad cut 455 | 16.380 g1.41 | 95.161 18.32 | 21.42] 2.809 |17.16
3rd cnt 470 | 12.254 71.38 | 90.55| 11.64 | 14.77| 0.649 | 5.30
Hay (a) | B8B | 20.695 59.23 | 80.72| © 8.64 | 11.76| 2.088 |10.09
Hay (b} 858 | 24.820 60.23 | 78.86| 10.26 | 13.41] 6.010 |23.24

Mixtures : hay : green maize or a concentrate

a+green maize 777 | 14.772 | 58.44 | 84.74 6.94 | 10.07| 2.734 |18.13
b+ maize 808 | 17.828 | 63.67 | 86.37] 8.79 | 11.93| 5.977 |33.53
a+barley 808 | 20.509 | 72.43 | 92.23) 11.50 | 14.65| 2.602 |12.67
gt beans 715 | 22.444 | 73.75 | 89.63| 14.48 | 17.59] 1.945 | 8.67

b-Fundec. cottonseed| 721 | 23.955 65.02 | 79.98| 13.65 | 16.80; 7.029 |29.34
cake {
b--dec. cottonseed 630 | 25.113 | 70.52 | 83.04] 16.26 | 19.15] 6.886 (27.42
cake
a--rice bran 713 | 17.361 61.62 | B2.17 9.36 | 12.48| 2.431 [14.01

a---goarse wheat bran| 800 | 20.675 65.73 | 85.05| 10.60 | 13.72] 1.871 | 9.06

a-+Fine wheat bran 1 709 | 17.824 §5.86 | 85.69] 10.33 | 13.44) 2.273 '12.76

When true digestion coefficients of N (protein) were calculated, results
showed a different trend, although figures were higher than apparent digestion
coefficients. The range in apparent coefficients was relatively wide in lower
apparent coefficients so that calculated true coefficients became closer. With
clover the true coefficients rose up to 90.55 - 95.16 with a range of less than 5
percent degrees while the corresponding apparent coeflicients were 71 .83-
81.41 with a range of 10 percent degrees being more than double. With
the three hay : grain mixtures the range with true coefficients (86-37 - 92-.23%)
was almost half that with apparent ones (63.67 - 73.75). The range in the

Egyph, | Anim, Prod. 24, No, 1-3 (1984)
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digestion trials (5 single roughages and 9 feed mixtures) with apparent dig-
estion was 23 percent degrees (81-91 - 58.44) while the corresponding range
with true coeflicients was 15 percent degrees (95.16 - 79-88). With partial
true digestibilities, the range was also narrower (82.62 - 103.95) than with
partial apparent digestibilities (5652 - 86.05).

Results with true digestibilities appeared to be more conclusive and would
represent the protein guality of feeds more accurately than apparent dig-
estion. It was clear thai crude protein in green clover and darawa as well
as grains was almost completely iruly digested by ruminants, digestion being
over 90%. With clover hay, rice bran and undec. cottonseed-cake, diges-
tion was between 80 and 84 %. Other by-products have fow percent degrees
higher ranging between 87-92% (dec. cake, coarse and fine wheat bran). With
hay concentrate mixture, true digestion in all cases was 809 or more up to
927 (with barley -}- hay mixture), the average with the 8 cases being 85.6%.
Therefore, it was suggested to replace “apparent digestion”’ of crude protein
by “true digestion™ to avoid the very low apparent digestion figures of pro-
tein even from the same source of plant material when at a low lsvel along
with another feed devoid of protein or very poer in it. In such cases the
“true digestion’* appeared not Lo be changed, as well as the percentage of
true digestible crude protein in the feed.

Relation betweeen “apparent’ and “true’ digestion coefficient

Assuming 0.5z N as daily metabolic fascal N per 100g DM intake with
ruminats, this would equal 3.125g. crude protein (0-5 X 6.25).

If in each 100g dry matter eaten by the food, X is the percentage crude
protein and y the percentage apparent digestible crude protein (recorded in
tables of digestion trial data),

Therefore, the percentage true digestible crude protein would equal;
y -+ 3-125 Equation |

The “apparent digestion coefficient’””
100 v

A
%

and “true digestion coeflicient,,
100 (v - 3.125)

Fras

b

302.5
= A lquation 2

b4
Therefore, the difference between
312.5
ATA= —— Equation 3
x ‘

Egypt. ). Anim, Prod. 24, No. 1-2 (1984)
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With such simple mathematical relation, it is easy to know the ‘true
digestion coefficient’ and ‘true digestible crude protein’ (per 100g. DM of
the feed) from already recorded data on digestion trials, recording apparent
digestion coefficients and apparent digestible crude protein. In fact this
was found to be so even with digestion coefficients obtained indirectly us-
ing the differgnce method ie. “partial digestion coefficient’”.

Nitrogen retention (N-balance) in digestion trials and their significance

Results in Table 1 with 5 single feeds and 9 mixtures indicated that with
a daily N intake ranging from 12.25 to 25.11 g a postivie N balance was
obtained ranging from 0.645g and 7.029 g The percentage retention
from N intake ranged between 5-10 and 33.539 being the highest with hay:
maize grain mixture and the lowest with Ist cut clover. This indicated that
usually N - intake in digestion trials with clover, hay, hay : darawa or hay:
concentratc mixtures appeared to be higher than minimum requirements
for maintenance.

Results with clover indicated thal retention increased as its level increased
Leing 0.649, 0.815 and 2.809g for a corresponding intake of 12.254 14-753
and 16.380 g in 3nd, st and 2nd cut, respectively. It was also observed that
urinary N with clover was 2-3 times as much as that excreted in the faeces.
Results with hay indicate that the urinary N was almost equal or slightly
greater than feacal N. In the former case the protein appeared to be more
soluble and more rapidly fermented in the rumen resulting in more waste
of N as blood ammonia and urinary N and being less utilized as indicated by
Chalmers and Synge (1954) El-Shazly, (1958) and Mahmoud (1976).

Retention with hay : green maize mixture was similar to that with 2nd
cut clover, although N intake was lower. Witk hay : grain mixtures, N reten-
tion was the highest with maize (5-977 g), next with barley (2.602g) and the
lowest with beans (1 .945 g), although N intzke was the highest with beans and
lowest with maize either as N apparent digestible protein (71, 93 and 104
g and true digestible protein (%6, 118 and 126 g wih maize, barley and bean
mixtures, respectively). This might indicate clearly that there is more waste
in absorbed N from beans than barley and with barley than with maize more
likely related to the higher solubility and succeptibility to fermentation in the
rumen of bean N than that of barley followed by that of maize. This was con-
firmed by the fact that with bean mixture, urinary N was the highest being
more than double that of faecal N while with maize mixiure, urinary N was the
lowest and was even Jess than faecal N as follows :-

Average urinary N (g) Average faecal N{g)

Hay : beans 14.597 5.902
Hay : Barley 12.273 5.638
Hay . Maize 5.381 6.470

Egyge. J. dnim, Prod. 24, No. 1-2 (1984)
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More waste as urinary N would occur with beans reducing accordingly
N retention. This was obvious when the ‘partial’ retention of the three grains
was indirectly obtained by <difference” as in Table 2. While the crude protein
intake was 34.81, 63 53 and 75.62 2. with maize barley and beans, respec-
tively, which was almost 100 ¢/ truly digested, the corresponding retained N
was 3-128, 1-557 and 0 900 g being the lowest with beans, the percentage
retention from N intake being 5616, 15 32 and 7.44. 7 Although. high N
intake than required by the animal usually results in more waste in N mater-
ials, but it should not reduce the amount of retained N per day to the extent
found with beans unless there is another source of waste. This source is most
likely from the relatively fast attack of rumen flora to bean N material raising
rumen ammonia, blood urca and urinary N. In this connection, El Shazly,
(1958) found that bean N is more attacked leading to less retention attributing
this to the more solubility of bean protein when compared with those of the cot-
tonseed.

The results herewith hay : undec. and dec. cottonseed cake mixtures
and those with hay : bean mixture appeared to confirm those postulated above,
The retention and relative retention (9 from intake ) was much higher with cot-
tonseed cake. Moreover., the partial retention with the two cakes was much

greater than with beans, although N intake in the three cases was approaching
one another.

With hay : rice bran, hay coarse wheat bran and hay : fine wheat bran,
N retention was positive being 2.431, 1.871 and 1.871 g N respectively, the
percentage retention being 14.01, 9.06 and 12.76. It seems that rice brans and
fine wheat bran N are similarly utilized as that of barley and more utilized than
that of beans. Coarse wheat bran N is similarly utilized like beans Tabie 1.
Data on partial retention confirmed the foregoing results with the feed mixtures.

Results with N retention indicated clearly that conditions generally ap-
plied for performing digestion trials with mature sheep, are not best suitable
for comparative study of N retention among different feeds. Although wuseful
informations were obtained yet, better design would be more useful. Perhaps,
using wheat straw as a basal ration along with different concentrates could
reduce N intake to a more suitable level as already used by El-Shazly, 1958
(12 g N). Using true digestible N level for comparison appeared to be more
useful . It is suggested to run several trials with N levels near neutrality to
find minimum level for zero retention. Such levels could be taken as an ind-
ex for protein qualities in different feeds for maintenance reguirements, for the
particular tested animal species. Such design was tested by soliman, (1969 )
using  clover- hay: maiye starch mixiures with mature sheep ascending
N levels from 16 to 39, daily

Egypt. j. Anim. Prod. 24, No. 1-2 (1984)
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TABLE 2. Average ““partial”’ digestibility and partial retention of ™ dargwa or

green miajze and common concenirates.

Dr¥
matfer
intake

g
Green maize 333
Maize 359
Barley 364
Beans 271
Undec.cottonseed 272
cake
Dec.cottonseed cake | 181
Rice bran 269
Coarse wheat bran 356
Fine wheat bran 565

1

Digestibility Diigestible Pro- Refained
Nitrogen Y% tein in DM, %4
intake | -
£ Apparent| True |[Apparent| True | g/day intaoke
4.427 56.52 | 94.15 4.86 7.04] 1.689 [38.15
5.570 71.15 {102.77| 6.87 | 9.65] 3.128 |56.16
10.164 86.03 [103.95] 14.98 | 17.41| 1.557 }15.32
12.099 86.05 | 97.26] 24.05 | 27.18] 0.900 { 7.44
11.657 7097 | 82.621 19.04 | 22.19| 4.180 |35.74
12.855 80.74 | 87.79| 35.79 | 38.92{ 4.037 |31.40
7.016 65.12 | 84,311 10.62 | 13.75] 1.386 [19.75
10.33¢ | 72.15 | 89.39f 13.07 | 16.19] ©.826 £.00
7.479 74.85 | 92.58| 13.16 | 16.28| 1.228 | 16.42

their significance

Biological value of proteins in feeds in digestion trials with mature sheep and

Results in Table 3 with seperate roughages and hay : green maize and con-
centrate mixtures indicate that the apparent biological value (9 N balance

from apparently digested N)
52.62% with hay : maize mixture .

. maize.

varied from 7.29 % with Ist cut clover and

When N-balance becomes neutral, such
value would be zero which is biologically meaningless. Using Thomas-Mitchel
equaticn to calculate the true biological value raise the figures to minimum
36-12 with 1st cut clover and a maximum of 76.25%, with hay: maize mixture.
These figures denote the percentage of truly utilized N from that truly dige
sted (absorbed). Such figures of BV is superior to N-balance data for represent-
ing protein nutritive value.

The truly utilized N is composed of retained N (IN balance) + endogenous
urinary N and metabolic faecal N. Results indicated that the lowest utiliza-
tion of truly digestible N was with clover, bean mixture and coarse wheat br-
an mixture, being gradually higher with hay : barley (46%) followed by hay:
fine wheat bran (49.5%) , hay a (50%), hay : rice bran (56.5%) and hay :
dec. cotton seed cake (59%). Figures over 60 %were obtained with hay b, hay:
undec. cotton seed cake and hay: green maize; the highest being with hay

Egypt. ]. dnim. Prod. 24, No. 1-2 (1984)
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TABLE 3. Average biological value and met protein value of
N (or protein) in feeds.

Biological value 2/

Feeds net protein

vajue % of
intgke

Apparent true

Single feeds :

Clover 1st cut 7.29 36.12 33.81
2nd cut 21.10 43 .16 41 .07
3rd cut 742 41.72 37.78
Hay (a) 17.p2 50.32 40.62
Hay (b} 35.84 62.61 49.37

Mixzture, hay : green maize or a com-cenfrate :

a+green maize 31.67 66.58 56.42
b+maiZe 52.62 76.25 65.86
a+barley 17.49 45.85 42 .29
a-beans 11.78 36.63 32.83
b+Undec.cotton seed 45.06 63.66 50.92
bi?gec. cottonseed cake 38.90 58.77 47.08
a-rice bran 22.72 56 .44 46.38
a--coarse wheat bran 13.77 43.18 36.72
a-+Fine wheat bran 19.38 49.45 42.37

With a standard sheep (45.3 kg), taking 800 g dry matter intake, the am-
ount of endogenous urinary N could be taken as 1.627 gr N (as obtained by
Soliman 1969), and the metabolic faecal N as 4 g N, both amounting to 5.627
g N. Therefore, the true BV would be :

(5-627 4+ N balance) 100
absorbed N

Egypt. ]. Anim. Prod. 24, No, 1-2 {1984)
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Dief et al. (1968) studied the relation between absorbed N and N retent-
tion, to obtain “N retention index for the absorbed N’ denoted by K, a
term which is in a way similar to the biological value of Mitchell used above.
Allison, (1949) cited in Dief e al (1968) prefered this term as k has been proved
to be constant and not affected by the degree of N reserves in the body. A
linear relation between absorbed N and N retention round neutrality was
found; the sicp would determine K which is the retained fraction of the
absorbed N. Studies on  similar lines should be undertaken for the relative
comparison of the protein qualitics of different feeds,

The net protein valye in Seeds in digestion trials With mature sheep

This term in pereentages, are presented in Table 3.1t denotes the
percentage  of actually retained (utilized) N from that of the feed.

Results shewed variation from 32-83% with hay : bean mixture up to 65.86
with hay : maize mixture. The results in each case were specific because of
different levels of N intake, They cannot be taken as measures for comparison
of feeds and feed mixtures,

There is no doubt that the apparent digestibility or true digestibility of
the protein might give a false picture of its utilization. Results from true dige-
stibilities, are more reliable, N- retention, biological value and net protein value
appear to assess more accurately the nutritive value of protein but should be
done under controlled conditions to render results comparable among feeds.
For testing proteing qualities in concentrates fed indirectly to sheep, it is
recommended to use a basal ration very low or free of protein as wheat straw
or cellulose fodder “from alkalj treated roughages™ in order to avoid the
associative effect of proteines from hay which is generally applied by Egyptian
workers in digestion trials,
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