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Summary

This experiment was conductcd to examine the effects of different carbohydrate and nitrogen source
upan the utilization of amino acids in the small intestine of sheep.
The results obtained are as follows:
i) For the quantities of total aminc acid-N{TAA-N), essential amino acid-N(FAA-N) and nonessential
amino acid-N{NEAA-N) passing al thc duoderum and ileum except NEAA-N passing at the ileum were
ne significant differences (p 2> 0.05) between diets. The quantijties cf NEAA-N passing at the ileum for
the diets centaining meat and bone meal were significantly higher (p > C.05) than 1he diets containing
scyabean meal. The mean values for the preportionate disappearance apparently digested TAA-N,
EAA-N and NEAA-N within the small intestine for four diets were 0.692 £0.0449, 0.702 £0.0132 and
0.682 £ (.726, respectively,
2) There were no significant differences (p 2> 0,05) in duodenal individual amino acid flow between
diets with the exception of aspartic acid and glycinc, The amounts of each amino acid in dvodenal
digesta, expressed as a proportion of the amcunts ingested for the four dicts, were shown that therc
were net pains of EAA with the exception of arginine and NEAA with the cxception of glutaimic acid,
glycine and praline prior ta the small intestine,
3) Within the small intestine, there were no significant losses of each EAA (p 2> 0.C5) but significant
losses of aspartic acid and glycine af NEAA between dicts (p << 0.01). The mean valucs of the pro-
portionate losses of methionine, alanine and lysine within the small intestine were 0.816 £ 0.04, 0.767 *

0.04 and 0.732 £0.01, respectively.
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Introduction

The aim of feeding different protein sources of
undegrable protein to ruminants is usually to
increase the amount of total amino acids teing
made available for digestion in the small intestine.
Direct measurements of the flow of amino acids
into the proximal intestine can be obtained when
the protein being investigated in fed to animals
equipped with duodenal and ileal rc-entrant can-
nulae (McMeniman and Armstrong, 1979).

It is very important to understand the pratein
degradability of protein sources and utilization of
amnino acids in forestomach, small intestine and
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hindgut. Meat and bone meal is good source for
undergradatle protcin and soyubean oil meal con-
tains easily depradable protein. Barley is using as
common energy source in Furope and maize is
using in USA and Far East as major ingredient of
feed formulation. However, there is very limited
data on the effect of protein degradability and
utilization of amino acids on the barley or maize
base diet with Jow quality roughages.

This experiment was conducted to examine the
effects of different carbohydrate source and nitro-
gen saurce upon the utilization of amino acids in
the small intestine in sheep given diets containing
grains and alkali treated barley straw.

Materials and Methods

1. Experimental animal

Four male sheep (Suffolk X Halfbred, 40 kg)
were used, Each shecp was fittcd with a rumen
cannuia, and with re-entrant cannulae at both the
proximal duocdennum and terminal ilenm, using
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the technique of Brown, Armstrong and MacRac
(1968). Temperature in the animal house was
maintained at 14-16°C, and the lighting, which
was controlled by an automatic time switch, was
an for 14 hfday unless a sample collection was in
progress, in which case it was {eft on continuously.
The cannulae were inspected daily and cleaned.
Prior tc an experimental period, the animals were
gradually adapted to any new diet aver a period of
not less than one week. In the experiment here the
animals were fed twice daily at 08:00 an<l 16:00 h.

2. Experimental diets

The four diets consisted of barley-meat and
bone meal(Dict A), barley-soyabean mean(Deat
B), maize-meat and bane meai{Diet ), and maize-
soyabean meal(Diet D). Alkali treated barley
straw pellet was used as commercial product. The
quantities of each feeding-stuff fed daily to sheep
are shown in table 1. Diets contained vitamin and
trace mineral supplements, chromic oxide for
indicator and muolasses for binder. These diets
were fed at 1.25 X maintenance of metabolizable

energy (ME).

3, Experimental design

The ecxperiment consisted of four dietary
periods. The first period, cach of 25 days, took the
form of a 4 X 4 latin square.

4, Collection and sampling

Faecal and digesta samples were coilected and
prepared for analysis by the method described by
Beever et al {(1971). Faecal and urinary collections
were made for a period of 7 days and were
followed by 24 howr total collections, first of ileal
and then of duodenal digesta (McMeniman and
Armstrong, 1979). Flows of ducdenal and ileal
digesta were corrected for 100% recovery of
chromic oxide (MacRae and Armstrong, 1569).

5. Chemical analysis

The methods used to determine the amino
acid contents were as described by McMemiman
and Armstrong (1979) except that a Locarte
Aminc Acid Analyzer {(Locarte Scientific Instru-

TABLE 1. THE QUANTITIES OF EACH FEED!NGSTUFF FED DAILY (G]

. Diet A
Feedingstuff BANE o cat

Rarley straw pellet 172.71
Barley 465.50
Maize
Soyabean tneal -
Meat and bone meal 71.72
Cr,04 1.37
Binder (molasses) 26.86
Trace mineral supplements +
ME of diet (MI{kg) 12.22
Crude protein {%) 12.51
(1) Trace mineral supplements (g/100 kg diet)
FeSO,4 » 7TH,O (g) 11.05
MnSQ4 - 4H, 0 (g) 9.39
Na; B4Q4 * 10H, 0O () 7.40
KI (mg) $6.55
Zn80, * 5SH; 0 {g) 1.25
CoCl4 (mg) 15.92
Na; MoO4 - 2H, 0  (mg) 10.81
Choline chloride {g) 96.67
Robimix AD, (mg) 233.13
Robimix E (g) 3.09

Diet B Diet C Diet D
Barley-soya Maize-meat Maize-soya
169.85 164.16 161,20

452.43 - -
35388 349.59
69.70 - 66,29

- 67.10 -
1.38 1.25 1.30
26.10 67.36 44,08

+ + +
12.42 13.93 14,14
12.68 12.31 12.36
1148 12.88 13.49
9.74 10.88 11.40
7.66 8.53 9.0s
59.16 66.12 69.60
.30 1.45 1.52
16.49 18.45 19.41
11.19 12.52 13.17
100.10 112,05 117.85
241.43 270.23 284.22
3.21 3.59 3.78

166



UTILIZATION OF AMINO ACiDS

ments, London) was used,

The dry matter and organic matter, nitrogen
and ammonia nitrogen contents of the feeding-
stuffs, faeces and urine samples were determined
by the methods of McMeniman and Armstrong
(1979). The chromic oxide contents of freeze-
dried duodenal digesta and ileal digesta and diets
were deterimined by atomic absorption speciro-
photometry(Pye Unicam Ltd. Cambridge, Eng-
land) after digestion with a potassium hromide-
acid mixture (Williams et al,, 1962).

Results and Discussion

The data for the quantities of organic matter
present in the feed and faeces and passing at the
proximal duodenum and terminal ileum of sheep
are shown in table 2. There were significant differ-
ences tetween diets in the quantities of crganic
matter (OM) passing at the proximal duodenum
and terminal eum {p < 0.05) and in the faeces
(p < Q.05). This was probably due to the differ-
ence between intakes, Dry matter intakes were not
equal for all diets. This was an unavoidakle result

of adjusting diets for similar total metabolizable
enerpy intake (Maintenance X 1.2%5), Hawever,
there were no significant differences between dicts
in the apparently digested OM disappearing before
the small intestine and in the whole tract. The
mean values for apparent OM digestibility and the
proportion of the apparently digested OM dis-
appearing prior to and within the small intestine
for four dicts were 0.8246 * 0.0168, 0.6717
0.0238 and 0.2351 % 0.0247, respectively. The
propertionate loss of OM within the caecum and
calon for four diets were 0.0932 + 0.0142 of mean
vaiues.

Table 3 gives the results relating to flows of
total N through the digestive tract. No significant
differences (p > 0.05) between diets were observed
in the mean values obtained for tolal NAN enter-
ing into the small intestine, total N in urinc,
retaincd N, proportionate disappearance apparent-
ly digested N within the small intestine and the
whole digestive tract. It was nonsignificant net
gain in the guantity of fotal N in the passage of
the digesta through thc stemach for all diets
(1.107 = 0.C35 of mean values). But there were

TABLE 2. THE QUANTITIES OF CM PRESENT IN THE FEED AND FAECES AND PASS NG AT THE
PROX/MAL DUODENUM AND TERMINAL ILEUN OF SHEEP

Diet A Dict B Diet C Diet D
barley barley maize maize SEM
-meat -0y a -meat -soya
Qrganic matter (g/24 h)
in feed 593.94 595.04 523.88 5£13.88
at proximal duodenum 265.152 258,16ab 236.47b 232,77t 6.76
at terminal ileum 148.41ab 159.372 136.508bc 118.55¢ 6.77
in faeces 112.364 112,038 89.26b 79.06b 6.58
The propartionate
disappearance of 0.8109 08118 0.8296 0.8462 0.009
apparently digested OM
The proportionate
disappearance of
apparently digested
oM
1) before small instestine  0.6819 C.6981 0.6605 0.6464 0.015
2) in small intestine 0.2428 0.2040 0.2308 0.2630 0.019
3) in caecum and colon 0.0753 0.0979 0.1091 0.0906 0.029

D.Cpeans that different superscripts in the same line are significantly different (p <<0.05). differcnt. (p <0.01).
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TABLE 3. THE QUANTITIFS OF NITRQGEN PRESENT IN THE FEED, FAECES AND URINE, AND
PASSING AT THE PROXIAAL DUQDENM AND TERMINAL ILEUM OF SHEEP

Diet A
Barley
-Meat
Nitragen (g/24 h)
in feed 13,519
at proximal ducdenum 14.872
at terminal ileum 54113
in faeces 3.387a
in urine 7.128
Proportionate dis-
appearance apparently 0.7495
digested N
N absorbked (g/24 h) 10.132a
N retained (g/24 h) 3.004
N entering small 1.100
intestine (g/g N intake)
Proportionate dis-
appearance of apparently 0.6370
digested N in the small
Intestine
Total non ammonia N (NAN)
entering small intestine 14.530

(g/24 h)

Diet B Diet C Dict D

Barley Maize Maize SEM

-Soya -Meat -Soya

12.993 11.686 11.072

13.829 12,974 12.756 0.701
4.701ab 5.6414 4.006b 0.236
2.786b 2.0042b 2.521b 0.165
6.761 6.027 4 905 0.839
0.7856 0.7427 0.7723 0.014
10.2082 8.682b 8.551b 0,196
3.447 2.655 3.646 0.684
1.066 1.110 1.152 0.042
0.6555 0.5592 0.6821 0.026
13.394 12.685 12.445 0.444

z1'bl\r1eans that different superscripts in the same line are significantly different (p <<0.05).

significant differences between diets in the quanti-
ties of total N leaving the small intestine (p <<
0.01) and N absorbed in the whaole digestive tract
(p <0.01).

The quantities of total N leaving the small
intestine for the diets containing meat and hone
meal were significantly higher than for the diets
containing soyabean meal. The quantities of
apparently absorbed N in whale tract for the diets
containing barley which is major carbohydrate
source were significantly higher than for the diets
containing maize as carbohydrate source.

Table 4 shows thie amino acid composition and
the total amino acid N(CI'AA-N), essential amino
acid N(EAA-N) of the experimental diets. Com-
parisan of the amino acid compositions of the
four diets show similar pattern except glutamic
acid and glycine. Diet A and Diet C including
meat and bone meal contained proportionately
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more glycine but less glutamic acid than diet B
and D including soyabean meal. This is due to the
effect of low content of glycine in soyabean meal
(2.79%) than meat and bone meal {(22.38%). The
amounts of TAA-N recovered accounted for coly
415 g N/kg total N in barley straw but acconunted
for 962 g in diet A, 973 g in dict B, 993 g in dict
C and 905 g N/kg total N in diet D, respectively.
EAA-N was shown lower contents than NEAA-N
regardlcss of the different diets.

The amounts of the individual amino acid-N
entering and leaving the small intestinc are shown
in table 5. Amino acids are grouped topether in
the tables acccrding to the whether they are
assumed to be essential (EAA: arginine, histidine,
isoleucine, leucine, lysine, methionine, phenyla-
lanine, threonine and valine) or non essential
(NEAA: alanine, aspartic acid, plutamic acid,
glycine, proline, serine and tyrosine). No values
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TABLE 4, THE AMINO ACIC CCMPOSITION AND THE TAA-N, EAA-N AND NEAA-N CONTENT QOF

THE DIET {G/100 G DM)

. . Diet A Diet B Diet C Dict D
e Barley straw Barley-meat Barley-soya Maize-meat Maize-saya
Argininc 0.056 1.10 0.70 1.01 0.98
Histidine 0.060 0.38 0.48 0.39 0.50
Isoieucine 0.100 0.53 0.70 0.53 0.92
Leucine 0.180 1.10 1.31 142 1.68
Lysine 0.070 0.74 0.75 062 0.72
Methionine 0.13H 0.22 0.22 0.25 0.22
Phenylalanine 0.113 0.61 0.73 0.50 0,79
Threonine 0.125 061 0.67 0.58 0.68
Valine 0.140 0.83 .90 1.07 0.98
Alanine 0.151 1.21 0.82 [.43 1.02
Aspartic acid 0.249 1.34 1.74 1.48 1.79
Glutamje acid 0321 4.6 7.01 3.87 5.27
Glycine 0.144 2.78 0.83 L] 0.78
Proline 0.127 1.72 1.67 1.67 1.08
Serine 0.111 0.74 0.87 0.86 0.86
Tyrosine 0.031 0.39 0.45 0.39 0.5C
TAA-N 0.255 2.453 2.434 2.492 2.281
FAA-N 0.116 0.889 0.944 0,927 0.9%6
NEAA-N 0.139 1.564 1.490 1.565 1.285

TAA-N Total amino acid nitrogen, calculated as the sum of the N contents of the individuat
amino acid determined.

FAA-N The assumption is made that arginine, histidine, isoleucine, lysine, methionine, phenyl-
alanine, threonine and valine are essential

NEAA-N This (raction comprises alanine, aspartic acid, glutamic acid, glycine, proline, serine and

tyrosine,

are reported for cysteine and tryptophan. Table
6 gives the results refating to flows of total amino
acid nitrogen (TAA-N) and essential and nhon-
essential amina acid nitrogen (EAA-N and NEAA-
N) through the digestive tract.

There were no significant differences between
diets for the quantities of TAA-N, EAA-N and
NEAA-N passing at the dvodenum and ileum
except NEAA-N passing at the ileum (p > 0.05).
The quantities of NEAA-N passing at the ileum
for thc diets containing meat and bone meal
were significantly higher than the diets containing
soyabean meal {p < 0.05).

Therefore, it was obscrved that propertionate
disappearances of apparently digested NEAA-N in
the small intestine for the diets which is composed
of meat and bone meal as a protein source were
non-significantly lower than the dicts with soya-
bean mecal. No significant differences (p > 0.05)
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tetween diets were also observed in the mean
values obtained for the quantitics of TAA-N,
EAA-N and NEAA-N entering small inlcstine
compared fo intakes (g AA-N in duodenum/g
AA-N in feed intakes). The mean values {or the
EAA-N entering the small iniestine for four diets
were 1.265 + 0.0479 and Q.88 £ 0.1281, respec-
tively. There were net gains in the guantities of
EAA-N in the passage of the digesta prior to the
small jntestine but net losses in the quantities of
NEAA-N, The mean values for the proportionate
disappearance apparcntly digested TAA-N, EAA-
N and NFAA-N within the small intestine for four
diets were 0,692 + 0449, 0.702 * 0.0132 and
0.682 2 0.075, respectively.

In tables 7 and 8 the amounts of each amino
acid entering the small intestine have also been
expressed as proportions of the intake. Source of
dietary protein had no effect on duodenal EAA
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TABLE G, ESSENTIAL AMINQ ACID NITROGEN

(EAA-N. AND NONESSENTIAL AMING ACID,

NITROGEN {NEAA-NI OF DUODENAI. AND ILEAL DIGESTA OF SHEEP IG/100G DW]

Duodenal digesta

lleal digesta

Diet A Diet B Dict C DietD  Diet A Diet B Diet C Biet D
Arginine 1.39 1.39 1.32 1.25 0.57 0.43 0.61 0.52
Histidinc 0.79 0.8t 0.68 0.77 0.44 0.48 0.53 0.60
Isoleucine 1.19 [.35 1.31 1.48 0.7% 0.86 0.67 1.09
l.eucine 1.82 2.16 2.35 2.78 1.03 1.02 1.13 1.40
Lysine 1.86 1.81 1.71 1.80 0.90 0.72 0.88 0.95
Methionine 0.38 Q.55 0.51 0.58 0.10 0.09 0.18 0.30
Phenylalanine 1.12 1.44 1.40 1.48 0.70 0.81 0.72 0.97
Threonine 1.31 1.43 1.39 1.61 Q.86 0.83 0.84 1.09
Valine 1.44 1.52 1.86 174 0.78 0.75 Q.79 0.96
Alanine 1.76 1.67 2.11 2.07 1.09 0.94 1.16 1.23
Aspartic acid 2.77 3.32 2.87 3.53 1.94 1.62 2.58 2.04
Glutamic acid 3.76 5.13 458 4.75 2.50 2.03 2.38 2.76
Glycine 2.38 1.37 2.54 1.65 2.23 0.98 2.27 1.22
Proline [.36 1.16 2.52 [.32 0.83 0.66 0.94 .23
Serine 1.87 1.34 1.53 1.54 0.89 0.78 0.90 1.01
Tyrosine 0.84 1.01 1.00 1.10 0.49 0.55 0.33 0.6%
TAA-N 3.425 3.486 3.86G 3.738 2.056 1.699 2118 2,292
EAA-N 1.612 1.725 1.749 1.816 0.859 0.791 0.875 1.089
NEAA-N 1.813 1.761 2111 1,922 1.197 0.908 1.243 1.203

'Each value is the mean value of 4 sheep.

passage but on duodenal NEAA passage. There
were no significant differences in duodenal aminao
acid flow between diets with the exception of
aspartic acid and glycine. Aspartic acid in the
duodenal digesta for the diets with soyabean meal
was significantly higher than for the diets with
meat and bone meal (p < 0.05). In contrast,
glycine in the duodenal digesta for the diets with
meat and bone meal was significantly higher than
for the dicts with soya (p < 0.01). This is pro-
bahly due to the dietary effect, 1t was observed
higher content of glycine in meat and bone meal
but lower content of aspartic acid than in soya-
bean meal (aspartic acid in soyabean meal and
meat & bene meal were 7.45 and 4.10%, gly-
cine in soyabecan and meat & bone meal were
2.79 and 22.38% respectively). The amounts of
each amino acid in duodenal dipesta, expressed as
a proportion of the amounis ingested for the four
diets were shown that therc werc net gains of EAA
with the exccption of arginine and NEAA with the
exception of glutamic acid, glycine and proline
prior to the smatl intestine. For all diets there

appeared to be extensive destruction of dictary
glatamic acid and proline prior to the small
intestine. But there were no significant differences
between diets for the amino acids expressed as a
proportion of thc intake with thc exception of
glycine.

The quantities for proportionate Josses of
individual amino acid within the small intestine
are shown in table 9. These value are calculated as
the difference between entering and leaving the
small intestine, expresscd as a portion of the
amount entering. There were no significant losses
of EAA within the small intestine between dists
(p > 0.05) but significant losses of aspartic acid
and glycine of NEAA between diets (p < 6.01).
Disappearance of glycine for the diets with meat
and bcne meal was lower than the diets with soya-
bean meal, On all four dicts, the mean valucs of
the proportionate losses of methionine, alanine
and lysine within the small intestine were 0.816 +
0.04,0.767 + 0.04 and 0.732 + 0.01, respectively.

The value of duodenal N to the animal depends
on quality as well as quantity. @rskove ef al.
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TABLES. THE QUANTITIES OF TAA-N, EAA-N AND NEAA-N {G/24 F) PRESENT /N THE FEED AND
PASSING AT THE FROXIMAL DUODENLM AND TERMINAL ILEUM OF SHEEP

Diet A Diet B Diet C Diet D SEM
Barley-meat Barley scya  Maize-meat Maize-soya
TAA-N {g/24 h):
in feed 12.499 12.129 11.073 9.583 -
at proximal duodenum 11.813 11.496 11.680 10.610 (.56
at terminal ileum 3 987 2.821 3.859 3.310 0.31
TAA-N entering small
intestine 0.948 0.879 1.067 1.123 0.09
(gf/g TAA-N intake)
Proportignate
disappearance of 0.661 0.757 0.663 0.686 0.02
apparently digested
TAA-N in the small
intestine
FAA-N{g/24 h):
in feed 4315 4,732 4.147 4,192
al proximal duodenum 5.566 5.729 5.290 5.150 0.43
at terminal deum 1.663 1.550 1.591 1.570 0.16
EAA-N entering small
intestine 1.329 1.222 1.273 1.235 0.04
{g/g EAA-N intake)
Proportionate
disappearance of
apparently digested 0.698 0.721 0.692 0.695 0.04
EAA-N in the small
intestine
NEAA-N (g/?4 h):
in feed 8.184 7.398 6.926 5.391
at proximal duodenum 6.247 5.767 6.390 5.457 0.34
at terminal ileum 2.3244 1.272b 2.2402 1.742ab 0,76
NEAA-N entering small
intestine 0.783 0.780 0.949 1.039 0.12
(pfg NEAA-N intake)
Proportionate
disappearance of 0.624 0.785 0.639 0.679 0.04

apparently digested
NEAA-N in the small
intestine

a,bMeans that different superscripts in the same line are significantly different (p <0.05).

(1971) suggested that non NH.-N content of The EAA content of duodenal N in this experi-
abomasul N increased with the amount of fish ment was relatively constant even thoungh the
meal supplemenled to a barley ration. However, major nitropen containing component of the diets
we found very few differences between diets in was either soyabean meal or meat and bone meal,
NAN or FAA content of duodenal N (tabie 5). This result is in agreement with the findings of
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TABLE 7. THE QUANTITIES OF INDIVIDUAL EAA PASSING AT THE PROX!MAL DUQDENUM (1}
G/24 H, AND {2) AS APROPORTION OF THE AMOUNTS INGESTED 8Y SHEEP

Diet A i
1 Barley-meat Barley-soya

Agrinine

(1) 4.79 4.63

(2) 0.894 0.988
Histidine

n 2.72 2.74

(2) 1.390 1.141
Isaleucine

(1) 4.12 4.47

(2) 1.515 1.284
[eucine

(1) 6.30 7.12

{2) 1.111 1.089
Lysine

{1 6.43 6.10

(2) 1.746 1.679
Methionine

(1) 1.31 1.80

(2) 1.051 1.430
Phenylalanine

(1) 3.87 4.70

(2 1.4C6 1.253
Threonine

(1 453 4.69

(2) 1.427 1.321
Valine

(n 498 5.00

(2) 1.179 1.135

C D

Maize-meat Maize-soya SEN
3.98 3.58 048
0.898 0.900 0.12
2.04 2.53 0.34
1.188 1.246 0.18
3.95 4.18 0.28
1.631 1.260 0.15
7.14 7.90 0.58
1.129 1.131 0.05
5.10 5.09 0.78
1.870 1.728 0.29
1.55 1.65 0.38
1.226 1.567 0.20
4.21 4.158 0.38
1.904 1.287 0.27

.20 4.57 0.32
1.586 1.615 0.14
5.63 4.92 0.71
1.207 1.222 0.07

Oldham et al. (1977), Ben Ghedalia et al. (1978),
and Mercer et al. {1980) which NAN and EAA con-
tent of duodenal N was similar pattern between
the diets with soluble protein and insoluble pro-
tein source. [t was observed that the FAA/TAA
ratio in dundenal digesta is alsa relatively con-
stant between diets. The individual EAA/TAA
ratio in duodenal digesta was 0.477 £ 0.019 (tahle
10). This value is in a good agreement with the
value {0.48 * 0.02) reported by ARC{1984), The
quantities of individual amino acid entering to
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the small intestine are shown in table 7 and 8. The
amounts of each amino acid in dundenal digesta
were shown that there were net gaing of EAA with
the exception of arginine and NEAA with the
exception of glutamic acid, glycine and groiine
prior to the small intesiine. There appeared to an
extensive destruction of dietary glutamic acid and
proline. The large losses of proline and glutamic
acid relative to the other amine acid prior 1o the
small intestine have been noted by Clark et al.
(1966), Leibholz (1972) and Overland (1980).
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TABLE 8. THE QUANTITIES OF INDiVIDUAL NEAA PASSING AT THE PROXIMAL DULODENUM
G/24 H, AND {Z) AS A PRGOPORTION OF THE AMOUNTS INGESTED BY SHEEP

. A B C D

= Barley-meat Barley-soya Maize-meat Maize-soya SEM
Alanine

(1) 6.13 5.47 6.49 5.87 0.65

(2) 0.992 1.319 1.038 1.373 0.14
Aspartic acid

(1) 9.55bc 10.922 8.67¢ 10.01ab 0.32

(2) 1.375 1.250 1.301 1.330 0.09
Glutamic acid

(1 12.99 16.67 13.87 13.55 0.98

(2) (0.536 0.534 0.872 4.710 0.17
Glycine

(1) 8.062 4.48b 7.608 4.68b 0.32

(2) 0.6014 1.080b 0.5792 1.412b 0.13
Proline

(N 4.70 3.78 7.58 3.71 0.92

(2) 0.588 0.541 1.083 0.815 0.14
Serine

(1) 4.12 4.39 4.62 4.37 0.22

(2) 1.089 1.006 0.980 1.220 0.09
Tyrosine

(n 2.90 3.36 3.02 3.11 0.31

(2) 1.468 1.574 1.850 1.517 0.22

a‘b'c\f’nlues with different superscripts within the same culumn are significantly different (p <0.05).

Glutamic acid has been shown to be rapidly
deaminated within the rumen being involved in
transamination reactions (Lehninger, 1975; Tewis,
1955); 1) Oxaloacetate + L-glutamate w==L-
aspartate + o-kcoiglutarate 2) Pyruvate + L-glu-
tamate === [.-alanine + a-ketoglutarate 3) o-
ketoisocaproate + L-glutamate ===L-leucine + &-
ketoglutrarate 4) P-hydroxyphenyl pyruvate + L-
glutamate ==1-tyrosine + a-ketoplutarate. Praline
also can be converled to glutamic acid as following
reactions, proline = Pyrroline 5, carboxylic acid ~
glutamic acid +y-semialdehyde = glutamic acid.
Therefore, the large losses of proline and glulamic
acid prior to the small intestine can probably be
explained due to the transamination.

Absorption of amino acids in the small intestine
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are few differecnces between diets (table 6). The
amounts of amino acids disappearing from the
small intestine can be considered as thc amounts
available to the host animal with assumption that
there is no significant absorption of amino acids
from the rumen or from the caecum and colon
(Armstrong and Annison, 1973). Values for the
proportionate disappearance of TAA [rom the
small intestine were in the range from 0.661 to
0.757 with a mean value of 0,692 + 0.0449. This
is in agreement with other workers. Coclho da
Silva et al. {1972) cbserved values for apparent
absorption of TAA from the small intestine of
sheep of 0.711, 0.662 and 0.698 for chopped,
cobhed and pelleted alfalfa diets, respectivcly.
Papasolomontos (1977) observed values from
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TABLE S, THF QUANTITIES FOR PROPORTIONATE LOSSES OF INDIVIDUAL AMING ACIDS WITHIN

THE SMALL INTESTINE OF SHEEP'

Amino acids Diet A Diet B D.ie{ C I?iet D SEM
tarley-meat barley-soya maize-meat maize-soya
Arginine 0.761 0.814 0718 0.776 0.04
Histidine 0.6903 0619 0,487 0.640 0.35
Isoleucine 0.632 0.598 0.687 0.620 0.05
Leucine 0.682 0.717 0.699 0.743 Q.05
Lysine 0.723 0.740 0.734 0.729 0.04
Methionine 0.856 0.854 0.795 0.759 0.06
Phenylalanine 0.639 0.656 0.687 0.654 0.05
Threonine 0.632 0.643 0.625 0.651] 0.04
Valine 0.692 0.696 Q0,718 0712 0.04
Alaning 0.645 0653 0.624 0.696 0.07
Aspartic acid 0.6042 0.7082 0.473b 0.7034 0.03
Glutamic acid 0.633 0.762 0.630 0.697 0.03
Glycine 0.455a 0.562b 0.4602 0.621b 0.03
Proline 0.643 0.615 0.745 0.508 0.06
Serine 0.661 0.646 0.632 0.662 0.05
Tyrosine 0.668 0.657 0.765 0.605 0.03

1 p— . ' N .
These valucs are calculajed as the difference between amaunts entering and Jeaving the small intestine,
expressed 2s 2 portion of the ammonnt entering.

2,b,CValues with different supperseripts within the same culumn are significantly different (p < .01).

TASLE 10. ESSENTIAL AMINQO ACID PROPORTION IN DUODENAL DIGESTA!

Amino acids Arg. Hist. Iso Leu. Lys. Met. Phe. Thr. Val EAA/TAA
Diet A 0.12 0.07 (.11 0.16 0€.03 016 010 012 0.13 0.471

B 011 007 0.1 €17 004 0415 011 011 0.2 0.498

C 0.10 005 010 019 0.04 0.14 0.11 012 Q.13 0.453

D 0.09 0.07 0.1t 0.20 004 0.15 0.1Y 012 0.13 0.485
Mean 0.1y 006 o0o.1I €18 0.04 @.15 011 0142 0.13 0.477

Yvalues for individual amina acids are expressed as proportions (g/g) of the total cssential amine acids

(EAA) mixture,

0.638 to (1.725 for the processed barley diets
with hay and Overland {1980) reported from
0.688 (o 0.785 with a mean value of 0.738 +
0.0066 for the rolled barley-hay diet with or with-
out soyabean meal, Mean values for apparent
absorption of EAA and NEAA in the small intes-
tine for all diets were 0.702 = 0.013 and 0.682 £
0.073, respectively (table 6). These values are
similar results reported by Armsirong et al
(1977) and Overland (1980) which the apparent

absorption of EAA from the small intestine is
consistantly higher than that of NEAA (0.740 =
0.008 for EAA and 0.728 + 0.007 for NEAA).

Tamminga (1983) pointed out that not only to
apparent absorption from the small intestine but
also the amino acid composition of protein enter-
ing the small intestine seems fairly constant. This
may be the result of the contribution of microbial
protein with a rather constant amino acid com-
position,

174



UTIL1IZATION OF AMINO ACIDS

The difference between apparent and troe
amino acid absorbability will depend on the
amount of amino acid entering the duodenum. Af
the present time, it is very difficult to determine
true digestibility in the small intestine, which are
confounded by species, type of diet, sile of
measurement, of input in relation tc endogenous
secreticn of amino acid N into the abomasum and
proportion of microbial te undegraded dietary
protein entering the small intestine (ARC, 1984),

Simple assessments cf relative needs hased
upon camparisicns of the pattern of EAA supply
at the duadenum with EAA depaosited in the body
suggest that leucine, lysine and histidine are likely
to be among those mest limiting of grewth bhut
such comparisans may be misleading because of
the paucity of information on the relative effi-
cicney of use of different FAA. The frequent
experimental finding that methionine is a limiting
amino acid in ruminant nutrifion may he hecause
methionine is used for purpases other than protein
synthesis (ARC, 1984). But we couldn't calculate
limiting aminc acids in those experimental diets
because we couldn’t find out the amino acid ccm-

position of whole body of sheer from references.
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