THE DETERM NATION OF AM NO ACID DI GESTIBILITY IN POULTRY FEEDSTUFFS
Y. RAHARJO* and D.J. FARRELL*
SUMVARY
Measurenents were nmade on protein supplements in.a basal diet, of
dry matter, nitrogen and amino acid digestibilities using mature and'

adult cockerels. Birds were killed 5h after receiving their diet in a
single feed. Analyses were made on digesta from (i) the ileum (ii) the

termnal ileum (iii) post caeca, and on excreta. In a second exveriment
adult cockerels were fitted with a simple cannula in the termnal ileum
Cr 03 was used as an indicator in the diet. N trogen-free diets were

al so fed. These contained different anmounts of rice hulls.

The results showed that digestibility measurenents of nutrients
based on ileal contents underestimate the true values. 'Consistently'
hi gher values were found at the terminal ileum for the same diets. Con-
siderable fermentation occurred in the caeca, consequently digestibil-
ities measured on excreta did not always agree with those at the termninal
ileum  Nitrogen digestibility of six meat meals varied from0.79 to 0.67
at the termnal ileum A simlar range was observed for nost of the
amino acids measured at this site.

Cannul ation of the ternminal ileum was satisfactory and cannul ae
remai ned patent for several nonths. Lysine digestibilities for the four
fish meals varied from0.85 to 0.94. Corresponding values in excreta
were 0.25 to 0.86. Withincreasing amounts of fibre in the diet there was
a significant increase in endogenous nitrogen excreta., Generally there
was a corresponding increase in the concentration of several amino acids
in excreta.

It was concluded t hat ileal cannulation was a practical nethod
of measuring anino acid and nutrient digestibilities in fow. Excreta
analysis may be useful for many high quality protein feedstuffs but those
which result in large anounts of residue in the hind gut may undergo sub-
stantial change in anmino acid profile. There is still the possibility of
using anmino acids in excreta as a neans of ranking protein supplenents
for their digestibility.

| NTRODUCTI ON

The utilisation of amno acid acids by livestock varies markedly
for many reasons. O nost interest and of central inportance to work
reported in this paper is the feed ingredient. Uilisation, as defined
here, enbraces digestibility, absorption and netabolism In this paper
maj or enphasis will be placed on the digestibility or disappearance of
amino acids fromthe small intestine of the fow when offered .a range of
feedstuffs.

The concept of anmino acid availability was reviewed nmobst recently
by McNab (1979a, b) and Thomas (1980). There is some uncertainty about
chem cal methods used to estinate availability of sone amino acids since
there is frequently, for many feedstuffs, a poor correlation between
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values determined in.vitro and in vivo (Batterham 1979; Batterham et al.
1981; Taverner and Farrell 198.1). Dye-binding techniques using acidazo
dyes show sone prom se (Hurrell et al. 1979). The slope-ratio nethod is

probably the method that has the npst direct application (Carpenter and
Booth 1973) since it nmeasures incremental growth and feed intake respon-
ses to additions to a diet of a test amino acid in a feed ingredient.
However, there are still several potential problems with this assay
(McNab 1979b) and values for utilization of amino acids may exceed 100%
(Varni sh and Carpenter 1970). Mintenance of balance of the inportant
essential amno acids when the test amno acid is added in increnental
amounts is not always considered. Gowh depression due to anmno acid
imbalance may therefore occur. The availability of free amno acids,
when added to test diets is assuned to be 100% and that absorption occurs
at the same rate as amino acids in the intact protein.

Recent |y Sibbald (1979a)described a nethod of deternining anino
acid digestibility from concentration in feed and correspondi ng excreta.
This general approach was used previously by Kuiken and Lyman (1948) and
Bragg et al. (1969) and is the basis of amno acid digestibilities re-
ported in feed tables (Janssen et al. 1979).

In Sibbald's (1979a) method a correction is nmade for endosenous
amno acids voided in excreta, and a true digestibility of the am no
acids in a feedstuff is calculated. The basis of this correction has
been questioned (Farrell 1981) since starved birds are used to provide
endosenous amino acid output. Mreover it was shown bv Farrell (1981)
that dietary fibre can increase the output of endoaenous excreta bv
cockerels. N and anmino acid contents mav be simlarlv increased.

Clearly the easiest and nost attractive method of determnation of
amno acid digestibility is that of excreta analysis (Janssen et al.
1979). This method is based-on the unproven assunption that microbial
changes to the amno acids in digesta during passage along the large
intestine are minimal and do not nmask changes in amno acid profile
between the termnal ileumand the cloaca. Although the alinentary
tract of the fow has an active microflora (Javne-williams and Coates
1969) it is assumed that feed residues pass rapidly through the |arge
i ntestine thereby reducing the opportunity for major changes in am no
acid profile of residues to occur. (bservations on pigs, rats and
cockerels (Slunmp et al. 1977) on the same diet would tend to support
the concept that changes in amino acid profile of feed residues in
cockerels are less than for other species. Salter and Coates (1971)
working - with germfree and conventional chicks showed that good and poor
quality proteins were digested to the sane extent by both groups.

The renoval of the ileal contents of birds previously fed a test
diet and the determination of amino acids in the feed and correspondi ng
ileal contents was used by Payne et al. (1968), Soares and Kifer (1971),

Varni sh and Carpenter (1975) and Achinewhu and Hewitt (1979) to estimate
di sappearance of amino acids froma known.input of feed. 'It is necessary
to incorporate chrom ¢ oxide (Cry03) in the diet and to recover the narker
quantitatively in ileal digesta in order to estinmate total contents from
the feed consuned.

The main objective of this paper is to describe research undertaken
to evaluate biological nethods of nmeasuring amno acid disappearance from
the small intestine of poultry. The method used was tedious and involved
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sl aughter of large nunmbers of birds. In an attenpt to overcome this
problem a permanent T piece cannula were inserted in the termnal ileum
of adult cockerels. An inportant aspect of the research described here
was to exam ne changes that occurred in amino acid profile of digesta
during transit along the large intestine. The purpose was to determne
with poultry if excreta were consistently suitable material for deter-
mning amno acid digestibility of a range of feedstuffs. The influence
of increments of dietary fibre on N and on amino acids in endogenous
excreta was also studied to obtain estimates of true digestibility values

MATERI ALS AND METHODS

Sl aughter experinents

(1) Experiment 1 one hundred and four White Leghorn x Bl ack
Australorp male chicks, 4 weeks of age, used in a previous experinent
were held in suitable group cages until 8 weeks of age. They were then
placed in individual nmesh-wire cages and trained to eat their daily feed
al  owance (about 100 g) in one hour (Farrell 1978). Birds were fed a
"commercial chick-grower diet adequate in all nutrients to allow maximm
growh rate. The basal test diet consisted of corn and bone neal (2%)
supplenented with minerals and vitamins. The 'basal diet was conbined
with 50% of a protein supplenment from one of the follow ng sources

6 different nmeat neals, blood neal, fish neal, sweet |upinseed neal
soybean neal, naize meal, copra neal, cottonseed neal, peanut neal and
sunflower neal. A nitrogen-free diet based on starch, glucose, oi

bone meal and cellul ose was used. Cr,03 was added to all diets (0.1%
which were cold pelleted. Each dietary treatnment had 3 replicates each
of 3 birds. The test diet was given for 2 4; 3 birds were starved for
48 h and then offered 100 g of the test diet for1h. Five hours |ater
the birds were killed by cervical dislocation and digesta coll ected from
(i) the ileum- from Mechel's diverticulum to 2.5 cmanterior to the
ileo-caecal junction (Sl); (ii) the region inmediately post caeca to 1
cmfromthe cloaca (s3), and (iii) excreta (s4). Excreta were collected
froma tray placed beneath each cage.

(i) Experinent 2 One hundred and twenty six Wite Leghorn x
Bl ack Australorp male chicks were housed and treated simlar to that
described in experinent 1, except that the fish meal, blood neal and
peanut neal -based diets were omtted due to contamination with nould
When the birds were killed, digesta were collected only from

the last 10 cmof the ileum(s2).

Digesta and excreta

These were conbined for 3 birds for each site and collected in
plastic containers and quickly cooled, frozen and freeze-dried to
constant weight. The dry material was weighed and mlled then stored for
anal ysi s.

Il eal cannula experinents

A glass T piece cannula was inserted pernmanently in the termna
ileum about 2.5 cm anterior to the ileocaecal junction of adult cockerels
(2-3 kg) using standard surgical procedures. Wen collection of digesta
was required the screw cap and plug were replaced by a small plastic vial
whi ch was attached to the thread on the cannual stem  Digesta slowy
entered the vial for about, 30 min. and was renoved two or three tines



TABLE 1  Apparent dry matter (DM and nitrogen digestibility coefficients of protein conc
in the basal diet and neasured in ileal contents (sl), at the ternminal ileum s:
in excreta (s4) of three groups of birds killed 5 h post-feeding.

Dry matter digestibility Nitrogen dic
Feedstuff Crude s1 s2 s3 s4 MEAN s1 s2
protein
(a/kg)
Meat meal 12 430 0.525"  0.757  0.73%  0.65] 0.6600  0.405  0.707
13 566 0.57 0.65°  0.81°  0.70_  0.68 0.62°  0.79
14 491 0.52° 0.59 0.62° 0.64 0.59 0.61 0.67
15 506 o.59§ 0.63cc O.67Zb 0.702 0.64_ 0.632 0.732
16 479 0.49.  0.58°  0.80)  0.73]  0.65 0.53°  0.770
17 525 0.62)  0.61 0.64>  0.71%  0.65_ 0.65)  0.77
Fish meal 446 0.58 0.67)  0.65.  0.63 0.537
Blood meal 904 0.77 0.70 0.66 0.71 0.86
0.65
Maize gluten - 705 0.782 0.792 0.84: o.77g o.79ﬁ 0.84§ o;9o:
Lupin seed meal 272 0.537 0.61)  0.670 0.6l  0.60. 0.65_ 0.782
Soybean meal 476 0.64b 0.66b 0.71a ' O.68ab_ 0.67I 0.665 0,85a
Copra meal 207 0.55)  0.56 0.58)  0.57°°  0.56, 0.47,  0.53]
Cottonseed meal 361 0.58b 0.61b 0.63a 0.68a 0.63H 0.64b 0.75a
Sunflower meal 336 0.57 0.59  0.66°  0.67.  0.60, 0.520  0.737
Corn 89 0.80° 0.8l 0.79 0.837  0.80_ 0.675 - 0.81
Peanut meal 437 0.69 0.72% 0.68 0.70 0.76
Mean 0.61° 0.65°  0.70% 0.68%  0.67 0.62°>  0.742
+0.01 +0.08 +0.07 £0.08 +0.02 £0.12  *0.09
Nitrogen-free diet 0.87% 0.87%  0.83° 0.87% 0.86 2.27 1.42
» +0.01 +0.01 +*0.02 - +0.02 +1.1 +0.5

*  Values in the same row with different superscripts (a-d) are significantly different (I
**  Values in the same column with different superscripts (A-H) are significantly different
+ Nitrogen content (g/100g DM)



TABLE 2 Mean (SEM) values for the coefficient of digestibility of amino acids of animal (n=8) and of plant (n=8) protein sources
in a basal diet (50%) and measured in the entire ileum (S1), terminal ileum (S2), in post caecal (S3) digesta and in
excreta (S4) of 3 groups of 3 birds killed 5 h post-feeding.

SITE
Protein Amino ean of Combired
source acid* S1 52 3 s4 thes SEM _mean of ¥
(n=8) sites (n=16)

Animal Lysine 06159815 sPcdefa 0.g120c? 0.8230¢c2 0.758feh 0.02

Arginine 0.575%B 0. 7oefF‘ 0.75%% 0.80Pc? 0.70M 0.01

Threonine  0.57°5C 0.68%P 0.813P¢d 0.84%0¢ 0.73f9hi 0.03

- 6 bcdefC bcdefC abcAB abcA bedef

Glutamic A 0. SbcdeC 0. 76de‘B- 0. 84abcA 0.87CAB 0'78bcde‘ 0.01

Proline 0. 67CdefB 0. 73fB* ” 0. BSdB 0. 7°bCA 0.78i - 0.03

Glycine 0.61efB O ecbcdeA 0. 64abcA 0. 83abcA 0.69dng 0.02

Methionine C.SBfB ~CdeA 0. SlabhA Q. 88abcA 0.7666;g c.03

Isoleucine 0. SSch 0 SOdeA O'elabh C. 87 L 0.76bc 0.02

Leucine 0. 70 0.81 0.87 0. 9“ 0.82 0.03

Mean (n=8) 0.61 * 0.05 0.75B * 0.05 o} 80AB + 0.06 0.85 + 0.03 0.75 = 0.04
Plant Lysine 0. 59dif‘ o.eaiiﬁ 0. 75w 0.83ZZC_A 0‘722}:1 0.04 0.74:‘;

Arginine C. e4bc SefB 0.86 " ioen O.89abca 0.9, o .aacgefg 0.01 0.79

Threonine O. 64an 0.76 aA 0.81aA : 0'85aA ) 0. 77 0.03 0.75a

Glutamic A 0'82b“8 0. 92ahcaA 0. 89abCA ‘0.92abﬁh 0. ngche 0.01 0'83ab

Proline O'O7b;dB 0'82cde'AB 0. 83bC O.85ab;A O'Bode<g 0.03 0.79b

Glycine 0.69 0.74 .~ 0.77 0.83 0.76_ 0.02 0.72

- bcdB bcda abcA —abcA bcie ab

Methonine 0'69bFB O.SlabcA 0. 83a‘JCA O.83aA 0.80b 0.0 O,7Bab

Isoleucine 0.75a;B 0.84ach 0. 85‘11:‘r 0.91 . 0.83b 0.02 0.80a

Leucine 8.7 0.84" 0.847 0.82° 7 .2.83 0.03 0.83

_.C _B AB Ao .

Mean (n=8) C.717 + 0.05 0.81" *-0.05 0.83 + 0.04 0.87 £0.03 0.81 = 0.04

Comkined B AB A

Mean (n=1%) O. 66 +* 0.05 0.78" * 0.05 0.81 + 0.05 0.86 % 0.03

* Mean of 24 observations (8 diets x 3 replicates)

** Values in the same column with different superscripts (a-h) are significantly different (P < 0.05)

+ Valuesin the same row with different capital superscripts (A-C) are significantly different (P < (.05)
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during the collection period. This commenced about 5 h after feeding a
single nmeal (100 o) in 1l h to 5 trained birds. Digesta were cool ed
rapidly and treated as already described. For analysis of excreta, a
total collection was nmade from 5 birds for 32 h.

"Diets were the sane as for experiment 1, with three additional
fish neals. The N-free diet was diluted with additions of mlled rice,
hulls to give incremental levels of ADF. Pure cellulose (Solkafloc)
was included in one N-free diet.

Anal ytical and statistical nethods

Chemical anal yses were undertaken on finely mlled representative
sanmpl es of diet, digesta and excreta using the follow ng procedures.

Dry matter was determned by heating ground sanples at 105°C for
24 hours. Nitrogen was determined using the autoanal yser nethod of
Clare and Stevenson (1964). Acid detergent fibre (ADF) was neasured
according to the nethod of Van Soest (1963).

Ami no acid analysis was determ ned on the acid hydrol ysates
(spackman et al. 1958) using a T.S.M. Technicon amno acid anal ysed.

Cr,03 was determ ned using an atom c absorption spectrophotoneter
(Perkin-Elmer, Model 360) and following the procedures outlined by
Wllianms et al. (1962) except that an acetylene-nitrous oxide flame was
used. - -

Data were conbined for experiemmts 1 and 2 and a one-way analysis
of variance was undertaken. Differences between means were exan ned
using Duncan's nultiple range test (Duncan 1955). To examine nore
critically differences between measurements made on digesta' from the
terminal ileumand the entire ileum (experinments 1 and 2), a separate
anal ysis of variance was nade on these data.

RESULTS

Sl aughter experinents

The apparent digestibility of dry matter and N at the different
sites are given for the experimental diets in Table 1. No correction
was made for the contribution of the basal diet to these data or those
in Table 2. Although dry matter digestibility differed significantly
(P < 0.05) between sanpling sites for individual feedstuffs, the overall
mean' s showed no differences (p > 0.05) between total ileal (sl) and
termnal ileal (s2) contents; differences (P < 0.05) were observed
bet ween val ues conbined for these two sites and those post-caeca (S3)
and excreta (s4). However nore (P < 0.05) N was digested at S2 than S1,
but at S4 there was a large depression in N digestibility due. to the
addition of wurinary N. For the majority of the meat meal diets dry natter
and n digestibilities were |ower at sl than s2. The range of overall
apparent digestibilities conmbined for the four sites for dry matter and
for N ranged from56 and 50 for copra neal, to 79 and 83 for maize gluten
respectively. The N-free diet showed a decline (P < 0.05) in dry natter
digestibility in digesta post caeca; while for N, there were higher
concentrations (g/100 g) at sl than at the other three sites.
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TABLE 3A Mean apparent digestibility coefficients of 3 amino acids in diets containing various protein supple-
ments and measured in the ileum (S1), terminal ileum (S2), post caeca (S3) and excreta (S4) of birds
killed 5h after feeding

PROTETIN S OURCE v - R
Amino . 1S O D
noid Site MM 12 MM 13 MM 14 MM 15 MM 16 MM 17 Meal Meal Site

Lysine S1 O.486de*c** O.598cC (0] 519dc O.587cC 0.447eD O.683bc Oa578CC [¢] 923aA 0.603C

dB B b b :
s2 0.581 0.838%P8  0.712°%  0.804"®  0.799°C  0.g582" 0.765°
cA A B B bA AB A
s3 0.764 0.911% 0.749° 0.673% 0.895%2  0.811°%  0.821 0.887% 0.814"B
cA
sa 0.777 0.873%  0.815”2  0.762°%  0.844°%  0.884®®  0.763%®  0.8662® 0.823"
e .
Mean 0.652 0.805° 0.699% 0.706% 0.746° 0.805° 0.721° 0.892%
. d .
Isoleucine sl 0.423%P 0.562°9C  0.480°TC 0.51590 .450f9C 0.620°C  0.582P°B 0.765%®  0.551C
b ;
s2 0.658°  0.860°" 0.756 0.762°" 0.823°"  0,910%" 0, 795"
cdB
Ss3 0.776 0.925 0.749%%%  0.713°¢  0.004®®  0.818°°® 0.837°a 0.7329°% 0.s07°
da b
s4 0.837 0.933 0.864%®  .879°°?  5.911%P2  0.005%P? 0.833%®  0.764°®  0.s66"
d _
Mean 0.673 0.820%  0.712°  0.717°  0.772°  o0.815®  0.751°  0.754° _
. ac ao a ,
Threonine s1 0.450%¢ 0.535°C  0.a45 0.532°¢  0.435%%  0.633°®  0.649"® 0.905™®  0.573
B bB b ab B
g2 0.580%8B 0.772% 0.607°C  0.689 0.724°¢  0.730%°C 0.684
A aB 4B aA bcB bA A A
s3 0.761B 0.893% 0.695% 0.701 0.922 0.799°°% 0.825 0.893% 0.811
b bcA bA da bA a
s4 0. 762 0.900%*  0.827°% 0.840°°"* 0.872*%  0.868%"* 0.795°% 0.867%"* o0.842
d
Mean 0.639 0.775 0.644% 0.691 0.738°¢  0.758 0.756" 0.888% 0.002

"% Values in the same row bearing different superscfipts (a-e) are significantly different (P < 0.05).

(P < 0.05).

** Values in the same column bearing different capital superscripts (A-D) are significantly different



TABLE 3B Mean apparent digestibility coefficients of 3 amino acids in diets containing various protein supple-

ments and measured in the ileum (S1), terminal ileum (S2), post caeca (S3) and excreta (S4) of birds
killed 5h after feeding
P ROTETIN S OURCE
Amino . Maize Lupinseed Soyabean Copra Cottonseed Sun- Corn Peanut Site
Acid Slt? gluten meal meal meal meal flower meal
meal
Lysine s1 0.824%" %" 0.483°¢  0.802%°  0.314°  0.475"®  0.501°C  0.479°C  0.796%*B 0.597"
S2 0.913%" 0.789°%  0.840°%  0.384°C  0.662°®  0.500%  (.614°% 0.691°
s3 0.954%" 0.816"® 0.860"*P  0.569°%  0.705%®  0.597°®  0.639°®  0.760°%® .738"
s4 0.953%A 0.877°% 0.874P?  0.753%  0.686°®  0.811°® 0.885”*  0.838°? .835P
Mean 0.911% 0.741°  0.844” 0.505° 0.6329 0.627% 0.654% 0.798°
Isoleucine  S1 0.894%8 0.726°  0.778°¢  0.310°  0.578°%  0.673%C  0.792°°  0.870*®  ©.704C
s2 0.969%4 0.904”28  0.906™8  .624%%  .804°%  0.776°®  §.922°B 0.844"
s3 0.973%" 0.881°%  0.895°%  0.662°%  0.812°® 0.775%®  (.868°C  0.844°°B 0.g38B
s4 0.965% 0.941%%  0.037%P2 . 997® 58142 0.901"*  0.970®®  0.916°®  0.905"
Mean 0.950% 0.863°  0.879° 0.600° 0.752° 0.781° 0.888" 0.877°
Threonine S1 0.847%P 0.606°9C 0.761°°  0.373T°  0.501°C  0.5859C  0.630°C  0.795"®  0.639°
2 0.923%8 0.773®  0.840"®  0.510%  0.748°®  0.737°®  0.811°B 0.7642
s3 0.947% 0.8277%  0.927°% 0,629  0.796™  0.708°®  0.803"®  0.796"®  0.g04""
sa  0.919%" 0.858°% 0.888°°" 0,695 .770°®B  0.846™®  0.877°® 0.898”? .gas®
Mean 0.909% 0.7663  0.854" 0.5545  5.704° 0.719° 0.783%9  0.830° 0.002
L * Values in the same row bearing different superscript are significantly different (P < 0.05).
**  Galues in the same row bearing different capital superscript are significantly different (P < 0.05).
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The nean di sappearance of amno acids for the 8 plant-protein
based diets, and the 8 animal protein diets at the 4 sites is given in
Table 2. The nmean of the 9 amino acids neasured showed differences
(P < 0.05) for both groups between s1 and S2. Anmino acid disappearance
increased from sl through to S4. although this was not always significant.
At the terminal ileum (s2) nmean di sappearance of amino acids for the
animal protein-based diet was 0.75 conpared with 0.81 for the plant
protein-based diets. There was a wide range of values for di sappearance
among individual amno acids at the four sites. For lysine and threonine
di sappearance fromthe inportant site at the terminal ileum(s2), mean
values were 0.77 and 0.68 for the animal proteins and 0.68 ‘and 0.76 for
the plant proteins. Values tended to be greater than 0.80 for all amino
acid digestibilities using excreta irrespective of the protein source.

The mean apparent'digestibility of 9 amino acids in the 8 diets
based on animal proteins, and those based on plant proteins at the four
sites is shown in Figure 1. The mmjor increases occurred between sl and
s2. Wth the exception of lysine in plant proteins, and glycine in
animal proteins, no marked changes occurred in amno acid digestibilities
in sanpl es taken post-caeca and from excreta.

Mean digestibility of three essential amino acids, often limting
in poultry diets, for the individual protein sources at the four sites, is
given in Tables 3a & B, ror the 6 neat meal diets, considerable variation.
was observed both between and within sites for all anmino acids. Blood
meal showed constant and consistently high values at all three sites
measured. Wthin the group of plant proteins, maize gluten and to a
| esser extent soybean neal had consistently high values for amino acid
digestibilities at the four sites for the three amno acids. Copra
meal and cottonseed meal on the other hand gave | ow values. Shown in a
hi stogram (Fig. 2) is the apparent digestibility of three am no acids
at s1 and S2 for two sanples of neat neal, soybean nmeal, maize gluten
and cottonseed neal. In all cases there was a considerable increase in
digestibility for all feedstuffs at S2 conmpared with sl.

The nean apparent digestibility of the three inportant amino acids
in the 16 feedstuffs at the four sites is shown in Figure 3. In all cases
there was a stepwise increase in digestibility of all amino acids from
S1to s4. Only for lysine and threonine were differences significant
(P < 0.05) between s1 and S2.

Il eal cannula experinents

Birds recovered rapidly fromsurgery and nornally resuned eating
a special high-energy, low residue diet within 36 h. Mintenance of the
cannula (Plate 1) was minimal. It remained patent for several nonths.

Apparent digestibility -of 'dry matter, N and four amno acids at sl
and S2 are shown in Table 4. Mean dry matter digestibility was | ower
(P < 0.05) in excreta than at the terminal ileum. Cr,03 estinmates of
excreta conpared favourably with those deternmined by total collection;
mean val ues were 0.610 and 0.614 respectively.

Apparent digestibility of amino acids at the two sites varied
consi derably depending on the protein source. Wthin the 5 nmeat neals
lysine digestibility varied fromo.71 (Mmv 16) to 0.85 (MM 13); correspond-
ing values for threonine were 0.70 and 0.73. Interestingly for arginine
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Plate 1.

and acid detergent fibre (ADF) in a N-free diet (g/100 g, X)
fed to 5 adult cockerels at each |evel of ADF intake.
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A sinple 'T' piece glass cannula With cap and stem used to
coll ect digesta fromthe terminal ileum of adult cockerels.



TABLE 4 Coefficient of apparent digestibility of amino acids of protein concentrates included at 50% in a basal diet measured at the terminal ileum
using a simple cannula, and in excreta
Crude Fish meal
p?oltein Meat meal Soya Safcol South Thai Danish Blood Lupin Maize Corra Cotton Corn Site
of con~ 13 13 =31T Te % b:arlm S.A. African meal :ee? gluten meal seed
centrate mea ea meal
(g/kg) 566 491 506 479 525 476 446 703 664 717 904 278 765 oo7 321 a5
WZBx* i iz - 3 5B 3 ~
Arginine  Ileal O.8erB 0 60;2 0.76;2 0.6832 0.86™ 0,052 o.sa?i 0.9322 est? 0.8:70 0.9323 0.9622 0.98;; 0.9022 0.92f§ c.9o§; 0.36
Excreta 0.88?A C.650 0.80 0.69: 0.822A 0.91:A 0.89 7 0.95. 0.92 O.BbEA 0.872A 0.90, 0.98% 0.379A o.93'fA 0.88“'A 0.86
Lysine Ileal 0.85 0 0.7470 0.77.° 0 78 0.885 0.93°7 o.azﬁ“ 0.89,0 0.92°1 0.8851 0.94 7 0.90°% 0.95° 0.733B 0.687] 0.8298 0.84
Excreta - 0.807  0.7L. - 0.77 o.egfg 0.79%% .85 .71 o0.860 0.84°0 0.79°C 0.81%° 0.73%° 0.953" 0.415° o0.6130 o0.e1? o.75
; ; . . g
Threonine Ileal 0.732%  0.6617 0.7697% 0.703%  0.81%7 0.885% 0.789% 0.84%7 6.es%7 0.83°7 0.93% o0.81™® 0.1 0.66"7 0.71°7 0.7507 0.79
- TS - KRibD Lo N iD (5% ,‘LP‘. <D Ga GA as gyo 1972 PRPRTIVSY [=72Y J8
.78 .70% . . .77 . . .9 0.35% . . .79 . . . . 8¢
. Excreta 0.78 0700 0.69 . 0.66,,F 0,770 0.85 0.82 % 0.90° 850, 0.85g, 0.9400 0.7970 0.9270 0.6470 0.33.0, 0.7470 0.80
Glycine Ileal 0.642°  0.607, 0.722% 0.14L% 0.79°1 0.8870 0.7670 0.757% 0.7ai. ©.78 0 0.92.0 0.85.0 0.9070 0.73 0.77 % 0.7620 0.74
Excreta 0.8%°"° 0.60 0.62 0.107" 0.69 0.70°7 ©.38 ©.57°° .65 0.33*% 0.73°° o0.72 0.92 0.439% 0.61%% 0.57I% o.s8
A £A A den ea £6A can 0.70%% 0,75 0,77 0.8 0.86*" 0.617" 0.63" c.81i™ o.68"
ey matter Ileal 252 c.559% 0.65*" 0.589% 0.71 0.70%% 0.61°9" 5.73 : : : : : : : : :
i kS «0 R
- G e, 4 d L ;. A .
digest- ~ Excreta ©.62°°% 0.539% 0.56%9% 0.549% 0.59°% 0.65® 0.54%% 0.61%% 0.55%% 0.1 0.61%% 0.59°TP 0.82%% 0.549% 0.629%% 0.76”* o.6:"°
ibility Cr,03
Total bcA asa B
.dc ac A 9 : a e A & 0.6z 5. 0.6
col- 0.55% 0.57%% 0.50%C 0.61°°P 0.62°°B .62 0.55°® 0.60°% 0.57%" 0.60°% 0.65°% o0.57% (.g3%B g5 082 8l .81
lection e
. £ A 3 i bc
3 ahn hA den gha can 0.20%" .76 0,877 0.847? 0.24P°® .88 0.741%" §.88% 0.81°% 5.5atP 0.8e"°P
Nitrogen Ileal 0.71cd5 0'70‘5 0'7Bch 0.71efB O'BIdeR as efp bB bB vB as’ o 69CB 0 83au 0 5498 9 =1;B c 6ac3
digest- Excreta 0.67 0.61°° 0.67 0.62 0.65°%% 0.85 0.63°°% 0.77 0:79 0.79 0.83 : : : -2 e
ibility
* Values within a row with the same superscripts (a-k) are not significantly different (P > 0.03)
**  Yalues within a column with the same superscyipts (A-B) are not significantly different (F > 0.05) for each amino acid



(oxeautr peay 3 (00T/8) ploe ouTwy

0.1001
N in ileal N in excreta
digesta (g/100 g feed
(g/100 g feed intake)
intake)
0.080 A1
0.060
0.040 1 . }
0.020 - :
15 33 43 72 110 150 15 33 43 72 110 150 15 33 43 72 110 150
ADF Lysine Threonine Isoleucine
(9/kg) : 4

Fig 5 The effect of increments of acid detergent fibre (ADF) in a N-free diet on the amino acid content of
excreta and ileal digesta (g/100 g feed intake).

Y7



212

cottonseed nmeal had a similar ileal digestibility to corn of over 0.90
‘but for lysine the values were 0.68 and 0.82 respectively. Mean val ues
between the two sites S2 and S4 were generally similar. Exceptions were
lysine 0.84 (s2) and 0.75 (s4), and glycine 0.74 and 0.58 respectively.

There was a significant P < 0.01) increase in N output in ileal
digesta (S2) and in excreta (S4) with increasing increnents of ADF in the
"N-free diet (Fig. 4. At the two highest levels (110 and 150 ADF g/kg) .
‘measurements were nade on excreta only. Data for excreta are shown for
"4 and 6 observations. The two additional levels of ADF were fed in a
‘different experinment when it was realized that the first four levels did
not cover the range of fibre contents‘of the test diets containing
protein supplenents. Sinilar data for lysine, threonine and isoleucine
i n digesta and excreta of birds on the N-free diets are shown in Figure
5. Changes in content did not always correspond to changes in dietary
ADF.

Dry matter digestibility, estimated at the termnal ileum using
CrpO3 in digesta, and in excreta, where total collection values were
al so calculated, are not given here. Conparisons between total

collection of excreta and its estimtion using Cr,03 were excellent.
Except for the diets containing added cellul ose (59g/kg) il eal and
excreta digestibilities were sinmilar. For the diet containing cellulose,
dry matter digestibility declined from0.88 to 0.74.

DI SCUSSI ON

The justification for the inclusion of protein supplenments at 50%
of the basal diet was firstly to attenpt to accentuate differences in
digestibility between diets, and secondly to mninise the influence of
endogenous excreta on the apparent digestibility values.

It is clear fromthe results' in Tables 1 and 2 that the use of
ileal contents, taken bel ow Meckel's diverticulum underestinmates the
digestibility of several diets for the conponent under exam nation. Thus
the report by Payne et al.. (1968) that essentially all of the protein
di sappears fromthe gut of the fow at a point two-thirds of the way
along the jejunumis for nmany proteins incorrect. There was a marked
increase in the apparent digestibility of nitrogen (14% and of am no
acids (12% between the ileum(Sl) and the terminal ileum(s2). It
should be pointed out that these comparisons were made in two separate
experinents since it was necessary to collect all digesta from both
sites. This would be inpossible in a single experinent using the same
bi rds.

For dry matter, digestibility differences between the two sites
may be due to conponents other than those containing N, and clearly
starch and sone minerals may be absorbed fromthe | ower part of the ileum.
Exami nation of N digestibilities (Table 1) showed that N was the major
conmponent explaining differences between the two sites (0.63 vs. 0.75)
For all am no acids measured, there was an increase in digestibility
between sl and S2 (Fig. 2), although this difference was not always
significant.

The low value for lysine digestibilitv of 0.48 found at sl for
cottonseed neal is identical to that of Soares and Kifer (1971) using the
same technique; In the present study no correction was nmade for the
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TABLE 5 Endogenous Amino Acids (g/100g dry matter intake) obtained here and from published measurements

Warince Terpstra Sibbald Okumura. et al. (1978) 1 . Present experiment
Amino (1969)*  (1977)* (1979b) ** _ _ - - Terminal  post
Acid In-free diet casein (200qg/kq) diet ileum ileum caeca excreta
T ++ —
GF cv GF cv _

Lysine 0.04 0.06 21.4 6.7 19.8 26.2 20.8 0.02 0.04 0.06 0.04
Arginine 0.04 0.05 20.6 23.4 22.6 28.5 16.1 0.02 0.02 0.03 0.05
Aspartic Acid 0.09 0.09 30.2 62.2 64.6 77.2 68.4 0.06 0.07 0.10 0.08
Threonine 0.08 0.06 20.8 57.2 51.8 59.7 32.5 0.04 0.05 0.08 0.05
Serine 0. 07 0.07 26.6 . 88.7 55.8 146.5 120.9 0.03 0.03 0.04 0.05
Gluramic Acid 0.11 0.14 48.4 77.8 . 86.8 235.8 201.2 0.05 0.09 0.14 0.10
Praline - 0.06 24.4 61.3 42.5 100.5 . 64.8 0.03 0.04 0.05 0.04
Glycine 0.05 0.06 - 50.5 44.2 33.7 29.9 0.04 0.03 0.05 0.07
Alanine 0.05 0.06 17.3 31.6 38.6 33.4 37.6 0.02 0.03 0.04 0.05
Valine 0.06 0. 06 17.0 50.1 48.8 49.2 51.0 0.02 0.03 0.05 0.04
Methionine 0.02 0.02 5.0 5.2 10.3 12.6 - 11.8 0.01 0.01 0.02 0.02
Isoleucine 0.04 0.04 13.0 35.6 33.2 70.3 59.4 0.02 0.02 0.04 0.03
Leucine 0. 06 0.07 25.5 52.8 43.5 45.5 37.5 0.03 0.05 0.07 0.05
Tyrosine 0.03 0.04 15.0 42.8 43.2 32.4 21.4 0.02 0.02 0.03 0.04
Phenylalanine 0.03 0.05 12.2 44.7 41.8 22.3 17.6 0.06 0.03 0.05 0.03

* Analysis from the excreta of birds fed a protein-free diet.
** pAnalysis from the excreta collected for 24h from unfed birds (mg/bird) .
T (g/160g N) - no data on DM digestibility or total collection.

++ Germ free, conventional chicks.
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contribution of the basal diet (50%) although this diet contributed only
4.5% crude protein. There is little doubt that differences between anino
acid digestibility among protein supplements can be identified using
ileal analysis (see Table 2). Achinewhu and Hewit (1979) showed differ-
ences between heat-damaged and untreated soybean protein to be 0.48 and
0.92 respectively. Values may have been even |lower at the ternina

il eum

It is clear that further nodification occurred to the drv matter
in nost diets as digesta passed along the large intestine. Thornburn and
W lcox (1965) showed that with mature cockerels caecal digestion occurred
while Payne et al (1968) observed that caecetom sed birds on fish meal-
based diets gave lower anmno acid digestibilities than those with the
caeca intact. However in the present study, for many diets there was a
decrease in N digestibility between S2 and s3, but not for many of the
i ndi vidual amino acids (Table 2, Fig. 1, 2 and 3) in these sane diets.

It would appear that digesta post caeca contai ned additions of non-
protein N contributed probably through microbial. fermentation (Okumura

e tal. 1978).. This would suggest that deami nation of some amino acids
(Table 2) has occurred and that ammnia was released and retained in
digesta. The extent of the amonia |liberated and its retention in
digesta woul d depend on the pH of digesta.

It woul d be expected that N digestibility based on excreta woul d
decline due to the contribution of Nin urine (Table 1). This would not
be expected for individual amno acids since urine contains only trace
amounts of these (Bragg et al. 1969). Further increases in the apparent
digestibility of several amino acids occurred between S3 and S4 (Table 2,
Fig. 1) indicating further mcrobial activity.

The anmino acid content of the N-free diet is shown in Table 5, and
the val ues (mg/100g dry matter) conpare well wth published data al so
given in Table 5. In contrast to the changes in N digestibility between
s2 and S3 for the protein-containing diets,. no change occurred on this
N-free diet (Table 1). Payne et al. (1968) suggested' that endogenous
am no acids may be absorbed fromthe caeca. Not only is this highly
unlikely, but there is no evidence of this occurring from the data
presented here. On the other hand dry matter digestibility did increase
at S3 suggesting that some fermentation had occurred. Because N
digestibility was lower at S3 (0.72) than at S2 (0.75), there was
probably renoval of ami no acids through deam nation and absorption of
the fernented residues.

Al though the correction for endogenous anmino acids is relatively
uninportant in the present study because of the high daily intake and
hi gh inclusion of the protein supplements in the basal diet such a
correction i S essential when small anounts of diet are fed. Sibbald
(1980) was unable to show any effect of increasing amounts of dietary
cellulose and sand on endogenous AA output. This study was criticised
by Farrell (1981) because of the unlikely possibility of all the sand

reaching the small intestine froma single input of feed.. Qur results
here would indicate that pure cellulose may not be a useful'source of
fibre in adult birds. It behaved in a different manner to that of

mlled rice hulls. There was an unexplained decline in dry matter
digestibility between S2 and s4 fromo0.88 to 0.74, 'This |large decline
was not seen on the diets with rice hulls. But there was little
difference in the n digestibility or amno acid contents of excreta from
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this diet with added cellul ose conpared with diets containing simlar
additions of apr from hulls. The effects of dietary fibre (apr) on
endogenous excreta are in agreement with the increased output of energy
in endogenous excreta of cockerels (Farrell 1981) and increased endogen-
oug am no acid output in pigs (Taverner et al. 1981).

The use of ileal cannulae in adult cockerels is a viable and
sinple nethod of determining amino acid digestibility and that of other
nutrients in feedstuffs. The birds are easy to maintain provided they
are housed individually in suitable cages. The changes that occur in
the ami no-acid content of digesta during transit through the hind gut,
may mask'differences in digestibility when neasured in excreta.' This
has already been discussed. There is sone uncertainty about the
ability of cr,03 to measure digesta output. \Where conparisons were
made excreta dry matter output neasured by total collection agreed
favourably with that estimated using the indicator cr,03 (Table 4).
This woul d suggest that ileal digesta output can be estinated using
this indicator with sufficient precision to give reliable values for
calculating nutrient digestibility at this site

A conpari son was made of N and amino acid digestibilities in the
16 feedstuffs at the terminal ileum and excreta of slaughtered birds
and of birds prepared with sinple: cannulae in Table 6. Although there
was a significant (p < 0.01) relationship for each amno acid between
the two nethods, there were significant differences (p < 0.05) for sone
val ues obtained by the two methods both in digesta at the terminal ileum
and in excreta. At the termnal ileum differences were observed only
for lysine and nmethionine but not for N. In excreta, amno acid
digestibilities were consistently higher for killed than cannul ated
bi rds. In the latter group excreta were on trays for 32 h while for
killed birds excreta were collected within about 5 h. Differences. may
al so be explained by age of bird and nmethod used. In the slaughter
experiment birds were at least 10 weeks old, while birds prepared with
cannul ae were at |east one year old. Perhaps of greater significance
is the shedding of material from the mucosal cells in the gut |unen
that occurs when birds are killed and gut contents renoved (Badawy 1964;
Horzczaruk 1971). This would tend to increase the concentration of somne
amino acids and N in digesta. As a consequence there would be reduced
digestibility but this was generally not the case for selected am no
acids in Table 6.

Li ke many bi ol ogi cal techniques, both methods used here to
estimate amino acid disappearance have their deficiencies and may
therefore be criticised.” Rempval of contents from killed birds,
whet her these be fromthe entire ileum or the termnal portion, nay
result in contamnation as nentioned. Tine of killing in relation to
feeding time could also influence digesta concentration in different
areas of the gut. Although frequently used, five hours after feeding
may not be the nost appropriate killing time of birds given a single
meal - For cannulated cockerels, flow of material past the cannula mav
not be identical to other areas in the gut, and digesta may not there-
fore be representative of gut contents. The role of Cr,03 as a suitable
mar ker has been discussed

In order that data can be presented in a formuseful to feed
formulators, it is essential to distinguish between' those am no acids
that disappeared fromthe entire diet fromthose in the protein
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TABLE 6 Mean (+ standard error of difference, SED) of nitrogen and
amino acid digestibilities determined in digesta from the
terminal ileum (S2) and excreta (S4) of (i) birds killed 5 h
post feeding and (ii) birds with ileal cannulae when offered
the same diets (m = 13). '

Nutrients ‘Ileum (S2) Excreta (S4)

Killed Cannula SED Killed Cannula SED

a*

Nitrogen 0.77 0,752 0.02  0.60° 0.66; 0.02
Lysine 0.832 0.79 0.02 0.83% 0.73) 0.03
Threonine 0.732 0.762 0.02 0.862 0.80_ 0.02
Methionine 0.84> 0.54> 0.02 0.897 0.82_ 0.02
- Isoleucine 0.775 0.842  0.07 0.897 0.80, 0.01
Glycine 0.71 0.70 0.02 0.71 0.60° 0.04

*
Values with the same superscripts are not significantly (P < 0.05)
different

supplenment in the diet. Corrected estimtes of some anmino acids dis-
appearing at the terminal ileum and through the entire gut, using
excreta, are given in Table 7 for a six protein supplenents. | t i s
apparent that there is a range of values between amino acids and

between protein sources at both sites (S2 and s4). Despite the un-
certainty of the method of amino acid analvsis of excreta to determ ne
amno acid digestibility of feedstuffs, this technique was used to
provi de data on amino acid digestibilities of a range of feedstuffs by
Janssen et al. (1979)..

TABLE 7  Apparent digestibility coefficients of |ysine, threonine and
i sol eucine in some protein supplenents (corrected for the.

basal diet contribution) determned at the termnal ileum
(s2) and in excreta (s4) of cockerels prepared with sinple
cannulae.
Meat meal Fish meal Lupin - Cottonseed
1
13 16 Safcol Thai seed meal meal
' b*A** A aA aA eA
Lysine s, o.sebBA o.7oi§ 0.835> 0.93%) 0.927 0.66%
s, 0.82 0.71 " 0.74 0.87 0.77 ©0.63
A bB
Threonine S, o.73i§ 0.695 0.787> 0.86%>  0.82° 0.69%%
s4 0.81 0.69 0.86 0.90 0.85 0.89°%
: A
Isoleucine S, O.84§§ 0.7522 o.esﬁi 0;94Zi 0.9222 0.785
s, 0.87 0.78 " 0.83 0.95 0.88 0.797

* values within a row with the same superscripts (a-e) are signifi-
cantly different (P < 0.05)

x%* yalues for each amino acid within a column with the same super-
script (A-B) are not different (P < 0.05)
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On the basis of the experinents reported here it would seem that
changes occur in the amno acid profile in digesta as it proceeds from
the ileumto the anus of the bird. The extent of these changes appear
to depend to some extent on the quality of the protein and on the
particular amino acid. For exanple maize gluten, soybean meal and
bl ood neal were readily digested at sl, and the amino acids in these
sources were generally highly digestible. For many of the other
proteins which were of poor quality including fish neal with crude
protein of 446 g/kg (Safcol, S. A), considerable differences were
observed between S1 and S2 and $4. It follows that if large anounts of
protein are entering the large intestine there is opportunity for sub-
stantial proteolytic activity to occur. A simlar conclusion was made
by Varnish and Carpenter (1975). The use of a T piece cannula sited
at the termnal ileum appears to be 'a reasonable solution to a different
probl em
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