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ABSTRACT

The apparent ileal and faecal amino acid availabili-
ties from corn, wheat and barley were determined with barrows
ranging in weight from 45 to 75 kg, that were fitted with
ileocaecal re-entrant cannulae. The average ileal versus (vs)
faecal availabilities were 85.6 vs 89.9, 83.3 vs 89.1 and
77.7 vs 85% for corn, wheat and barley respectively. For the
indispensable amino acids, ARG, HIS and THR disappeared to the
greatest extent in the large intestine (P<.05). For the dis-
pensable amino acids, GLY and PRO disappeared to the largest
extent in the large intestine (P<.05).

Of the indispensable amino acids, LYS and THR were
approximately equal in being least available at the end of the
ileum. The ileal LYS vs THR availabilities decreased signi-~
ficantly (P<.05) from corn to wheat to barley and were 82.0 vs
78.9, 75.7 vs 76.5 and 73.3 vs 71.2% respectively. Lysine was
the least available amino acid when determined by the faecal
analysis method. Its availability decreased significantly (P<.05)
from corn to wheat and to barley and was 83.0, 80.7 and
77.5% respectively.

Faecal amino acid availabilities obtained from rats
compared reasonably well with those obtained from pigs for cereal
grains of approximately the same protein content of the same
variety.

Similarly, apparent ileal and faecal amino acid

availabilities from wheat, flour and a diet consiSting of
I



45% bran, L4L5% shorts and 10% middlings (B+S+M) were determined
in pigs. The average ileal vs faecal availabilities were 90.0
vs 94.1, 85.4 vs 92.3 and 72.1 vs 80.4% for flour, wheat and
B+5+M respectively. Generally speaking, ARG, HIS THR, GLY and
PRO disappeared to the largest extent in the large intestine.

Of the indispensable amino acids, LYS and THR were
equal in being least available from flour and wheat. The ileal
LYS vs THR availabilities were 84.2 vs 85.4 and 79.5 vs 78.4%
from flour and wheat respectively. Lysine was the least
available amino acid when determined by the faecal analysis.
methdd, namely 86.1 and 86.0% for flour and wheat respectively.
Ileal and faecal availabilities of THR in B+S+M were lowest
with values of 54.0 and 71.3% respectively.

The apparent ileal and faecal amino acid availabilities
from finely ground and cracked wheat were determined with bar-
rows that weighed approximately 75 kg. The average ileal vs
faecal availabilities were 87.7 vs 91.6 and 82.8 vs 90.8% for
finely ground and cracked wheat.respectively. The ileal
availabilities of most amino acids were significantly higher
(P<£,05) for finely ground than for cracked wheat, but were not
significantly different when determined by the faecal analysis
method. |

Ileal amino acid availabilities are more biologically
meaningful than faecal availabilities. Caecally infused LYS (as

free LYS or as part of isolated soy protein) did not significantly

II



improve the protein retention of barrows, ranging in weight
from 25 to 4O kg, that were fed diets low in LYS.

Metabolic ileal and faecal amino acid levels were
determined with barrows, ranging in weight from 45 to 75 kg,
that were fed 3 protein-free diets containing 5, 10 and 15%
Alphéfloc respectively. As the level of Alphafloc was in-
creased from 5 to 10 and to 15%, the average ileal vs faecal
amino acid levels, expressed as grams per 100 grams of dry
matter intake, increased from .072 vs .032 to .091 vs .0L6
and to .093 vs .050. The average ileal vs faecal nitrogen
levels increased from .205 vs .101 to .256 vs .139 and to
.271 vs .161. The dispensable amino acids made up 75 to 80%
of the total amount of metabolic ileal amino acids, of which
PRO and GLY made up 55 and 16% respectively. Arginine, THR,
GLY and PRO (especially the last 2 amino acids) disappeared
extensively in the large intestine. The levels of ILE, LEU,
LYS, MET and ASP increased between the end of the ileum and

the anus of pigs fed the protein-free diets.

IIT
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INTRODUCTION

The nutritive value of a protein is not only
determined by .its amino acid composition but also by the
availability of the individual amino acids of the protein to
the monogastric animal. For more accurate and economical
formulation of dietary amino acid levels in relation to
réquirements, available instead of total amino acid levels,
from specific protein sources and from energy feeds that
also supply protein, should be taken into account.

The ﬁerm availability has been defined by
de Muelenaere et al. (1967) as that portion of amino acids
present in a protein which is used for growth, development and
maintenance of an animal insofar as it is dependent on the
digestibility of the protein, the presence of enzyme inhibitors
and enzyme-resistant peptide linkages, and rate of release of
amino acids in the intestinal tract. Amino acid availability
defined as such may be determined according‘to the faecal ana-
lysis method, which measurés the amounts of ingested amino
aclds excreted in the faeces.

The faecal anélysis method was developed by Kuiken
and Lyman in 1948 and has since gained general acceptance in
nutritional research. However, in recent Years, this method has
been often criticized because of possible microbial alterations
of undigested and unabsorbed nitrogeneous residues in the large

intestine.




Folmes et 2l. (197Lk) determined the ileal and
faecal zmino acid availsbilities from specific protein sources,

with re-sntrant cannulse placed at the end of the ilsunm,
Apart from spescific protsin sources, cereal grains

surplv a2 large provortion of the totsl dietary protein in

-

oractical diets for swine and voultrv. In addition, cereal
grains are the major source of protein for the human popu-
lation in many developing countries. Dats regarding faecel
emino acid availgbilities from csreel grains can te found in

ot

he literature. However, sssentizllv no information on ilesl
availabilities, which may be more accurate indices, is
ave 1lablv.

The main objective of the studies that were carried
out was to determine to what extent ileal 2nd faecal amino
acid availabilities from cereal grains differsd., It was also
ettempted to determine which phvsical znd/or chemicel fractions
were rasponsible for the discrepsncy between total and
availablé amino zcid content from the éereal greains, The
latter knowledge may be of importence to plant breaders in
their Qﬁest for improving thes protein quality of cersal grains.
The pig was chosen zs experimsntal animal. First

of 211, this animel can bte fitted with re-entrant cannulsze.

I._.l

Secondly, it is generzallv felt thst information obteined fronm

the ri to mcstother monogastric species.
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REVIZW OF THZ LITERATURZ

The quelity of cereal protein is pcor becesuse cof the
low content of some amino scids that sre essentiel for grcwth
and other forms of production. The limiting eminc scids cf the
ma jor cerezl grazins fed to pigs and rats are shown in Teble 1.
References were selected in which beth the first and second-
limiting (and sometimes third-limiting emino acids) weare
determined. Lysine end THR were fcund to be the first and
secend-limiting aminc acids respectively for barley, ocets,
rice, rve, triticele and wheat. Tryptophan and LYS were found
to be the first and seccnd-limiting amino ecids respectively
for corn fed to growing cor finishing pigs (Eaker et zl., 19£9;
Gello and Pond, 1968). The order of limitation of these amino
zcids wes reversed when corn was fed tc bsby pigs (Gello
1971). Duevto different emino scid requirements for grewth and
meintenance (licLaughlan, 1972), fzctors such as the level of
Drotoln tested and the age of the enimal may determine which
amino acid of 2 nesrly ecuallv miting amino scids will be the
most limiting. The sulfur containing eminc zcids have teen
. shown to be third-limiting for corn, oats, and triticale
(Teble 1).

Lvsine, in addition to bteing ususlly the most limiting

amino acid for pigs and rets, was zlsc found tc bes the lesst




TABLE 1. -The limiting amino 301ds for rats and pigs when cereal grain supply the
only protein.
ITEMS First-Limiting Second-Limiting Third-Limiting Species References
Amino Acid Amino Acid Amino Acid .
CEREAL GRAIN
Barley LYs. THR. rats Howe et al., 1965.
Corn TRY. LYS. pigs Baker et al., 1969;
Gallo end Pond, 1968;§
TRY. LYS. MET. (CYS) pigs Oestemer et al., E
1970.
LYs. TRY. pigs Gallo et al., 1968.
LYS. TRY. rats Pond et al., 1971.
LYS. TRY. MET.(CYS),THR.,
ILE., VAL, rats Rosenberg et al.
1960.
Oats LYS. THR. HET. (CYS) rats Tang et al., 1958.
LYS. THR. rats Howe et al., 1965.
Rice LYS. THR. rats Rosenberg et al.,
1959.
Rye LYS. THR. rats Howe et al., 1965; :
Kihlbergy and Ericson,
1964 ; NcLaughlan %
‘ et al., 1967.
Triticals LYS. THR. MET, (CYS) rats Shumada and Cline,
1974,
’ LYS. THR. pigs Shumada and Cline,
1974,
Wheat LYS. THR. rats Howe et al., 1965
McLaughlan et al.
1967; Rosenberg
et al., 1960,
Rve LYS. THR. rats Howe et al., 1965;

Kihlberg and Lrlcson;f

1964,




available indispensable amino acid from cereal grains when
determined by the faecal analysis method (Eggum, 1973; Olszn

et al., 1968; Poppe and leier, 1971; Sauer et zl., 197L). The
availabilities of THR and !ET were also found to be relatively
low in comparison to the availabilities of the other amino acids

of ceregl grains.

However, thes validity of the fgecal analvsis method may

o

e questioned on grounds of the more or less unknown effects of
the microflora of the large intestine on protein metabolism and
this aspect will bebdiscussed in Part 2 of this literaturse
review. Part 3 will deal with alternate methods for determining
amino acid availabilities. Factors in cereal grains, and also
of other protein sources that may affect the availabilities

of amino acids to the monogastric animal will be discussed in
Part 1 of this literature review.

True amino acid availabilities are derived from their
arparent availsbilities by correcting the latter sstimates for
the metabolic fascal amino acid excretion. The metazbolic faescal
- amino acid excretion is usually determined from faeces of
animals fed protein-free diets. Factors affecting the metatolic
feecel amino scid excretion have been extensively reviewsd pre-
viously (Sauer, 1972) and are summarized s follows: 1) Endo-
genoxis‘protein derived from undigested residues from sloughed-off'
cells meke up a much larger proportion of metesbolic faecal
protein than protein derived from undigested digestive

secretions; 2) The level of sloughed-off cells is mainly




determined by the amount of undigestible dry matter in the diet
It would seem to be advisable to formulate a protein-fres diet
in such a menner that it conteins the seme amount of undigest-
ible dry matter as the diet for which one determines ths true
emino acid aveilabilities. The latter mey be achieved by in-
cluding a2 certain amdunt of fiber in the protein-free diets.
The test znimels should also be pair-fed the test and protein-
free diet in order to guarentee equal inteke of undigestible
dry matter; 3) The level and typs of protein is not thought
to affeét the metebolic faescal emino acid excretion. Factors'
affecting the metebolic faecal amino acid execretion will not
be discussed in this review of litersture althouszh thev are

frequently referred to in the discussicn part of this thesis.




PART 1,
Cereal grain composition and facters
affecting amino acid availabilities.

Cereal protein can be separated into four major
protein types by successive solvent extractions on ground
material: 1) water, albumin; 2) salt solutions, globulin;
3) 70% ethanol, prolamin; and 4) dilute alkali (or acid),
glutelin. The nutritive value of cereal protein is
primarily determined by the amount of prolamin. Prolamin
contains only small amounts of LYS. Prolamin makes up
approximately 50-55, 40-50, 35-45 and 10-15% of the total
protein from corn, wheat, barley and ocats respectively
(Neurath and Bailey, 1954). The protein efficiency ratio
of cereal protein in diets fed to rats was 2.1 for oats
(which has the lowest content of prolamin) and ranged from
1.4 to 1.7 for the other cereals (Jones gt al., 1948).

Prolamin and glutelin constitute the protein from
the endosperm (inner)vpart of the seed. The albumin and
globulin fractions are found primarily on the outer part of
thé kernel. DMore specifically, these are found in the
aleurone cell layer whose cells have a thick fibrous cell
wall.

The total protein content of a cereal grain will

largely be determined by the climatic conditions under which
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it 1s grown. t 1s further dependent on the particular
variety of cereal grain and on other factors such as, the
level of fertilizer application. Unfavourable climatic
conditions, such as, inadequate moisture usually result in

a decrease in the total amount of endosperm protein.
Favourable conditions result in an increase of endospern
protein. Regardless of climatic conditions, the total
amount of protein derived from albumin and globulin re-
mains relatively constant. Consequently, protein from
albumin and globulin contributes relatively more protein

to the total amount of protein from cereal grains when these
are grown under unfavourable rather than favourable

climatic conditions. Protein derived from albumin and
globulin generally makes up a larger percentage of the

total protein of a low protein cereal variety than of a high
protein cereal variety when grown under similar climatic
conditions (Draper, 1973; Sodek and Wilson, 1971). Fertilization
increases mostly the endosperm proteins, resulting in a
relative decrease in the proportions of albumin and globulin

(Abrol et

———

1., 1970)

93]
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[here are considerable differences between the amino

-

acid composition of the cereal protein fractions. In general,
the amino acid composition of a fraction in different species
of cereal grains tends to be similar. Therefore, the amino

acid content of a cereal grain will largely be determined by



the proportion of each protein fraction it contains. The amino
acld composition of the protein fractions from wheat and barley
are shown in Table 2. The composition of aleurcne protein from
wheat would be indicative of the combined composition of albumin
and globulin. Albumin and globulin protein from both wheat and
barley contain much higher levels of the basic amino acids (ARG.,
HIS. and LYS.), ALA. and ASP. and much lower proportions of GLU.
and PRO. than prolamin and glutenin. Of the endosperm proteins,
glutenin contained éonsiderably more LYS. than prolamin especially
with regard to barley. Hiproly barley (high LYS. barley) contains
relatively more glutenin than prolamin compared to other barley
varieties.

The main differences in amino acid composition of the
differeht protein fractions frém wheat and barley can also be
detected in the protein fractions of corn (Sodek and Wilson,
1971). Robbins et al. (1971) postulate similar differences between
the protein fractions from cats.

The disproporticnate contribution of amino acids by the
different protein fractions is also shown by recalculated data
from Horn et al. (1958). They determined the composition of amino
acids in wheat products. Hard red winter wheat was experimentally
milled. Straight grade flour of 71.5% extraction, 16.9% bran and
7.9% shorts was produced. The data were recalculated in order to
obtain some idea about the quantitative distribution of amino
aclds in the wheat products (Table 3). Nitrogen from bran and

shorts made up about 30% of the total nitrogen from wheat but L5%



TABRLE 2. The amino acid composition of aleurone.protein, glutenin and prolamin
from wheat and those of albumin, globulin, glutenin and prolamin from barley.

CEREAL GRAIN WHEAT ' BARLEY

1 2 2 3 3 3 3
FRACTIONS ALEURONE GLUTENIN PROLAMIN ALBUMIN GLOBULIN GLUTENIN PROLAMIN

L
AMINO ACIDS

Essential
ARG, 7.3 L.l 2.7 13.0 22.0 12.0 6.0
HIS. 3.6 2.3 2.2 L.3 3.1 L.3 2.2
ILE. 2.8 3.7 L.3 L.1 2.2 3.5 3,6
LEU. 5.5 6.6 6.9 5.8 L.l L.9 3.5
LYS. L.l 2.3 0.6 7.9 6.3 .8 0.8
MET. 1.2 1.6 1.4 1.4 0.9 1.1 0.8
PHE. 3.8 L.8 5.5 3.0 2.1 2.7 3.6
THR. 2.9 3.1 2.2 3.4 2.4 3.1 1.9
VAL. L.9 L.2 L.1 5.8 L.l 4.9 3.5
Non-Essential
ALA. L7 2.8 2.0 7.2 0.7 6.6 2.2
ASP. 7.3 3.7 2.9 8.0 5.6 L.7 1.2
GLU. 15.0 33.2 38.9 8.7 6.8 11.6 23.0
GLY. - 3.8 1.5 6.7 10.7 5.2 1.7
. PRO. 3.6 10.3 13.8 L2 2.7 6.6 15.3
SER. L.l 54 L7 L.1 3.9 L.2 3.2
TYR. 2.7 3.6 2.6 2.7 1.5 1.9 1.6
Stevens et al., (1963)
Ewart (19377
Folkes anl Yemmn (1956)

W e

Expressed as grams per 16 grams of nitrogen.
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TABLE 3. " The amino acid levels (%) of wheat and wheat by-products and the
distribution of amino acids in wheat by-products.

, » 3
CEREAL CO'PONENTS WHOLE PRODUCTS FROM 71.5% FLOUR EXTRACTION D
: WHEAT BRAN SHORTS FLOUR
1 1 ) 1 A
% : % A % B % C %
AMINO ACIDS
Essential :
ARG. 0.63 1.11 0.19 1.23 0.10 0.51 0.36 46.0
HIS. 0.32 0.44 0.07 0.45 0.04 0.27 0.19 344
ILE. 0.62 0.64 0.11 0.75 0.06 0.59 0.42 27 oAy
LEU. 0.90 0.95 0.16 1.06 0.08 0.84 0.60 26.7
LYS. 0.38 0.64 0.11 0.77 0.06 0.28 0.20 L .7
MET . 0.20 0.21 0.04 0.24 0.02 0.18 0.13 - 30.0
PHE. 0.71 - 0.72 0.12 0.78 0.06 0.68 0.49 25.4
THR. 0.43 0.55 0.09 0.63 0.05 0.37 0.27 32.6
VAL, 0.59 0.73 0.12 0.83 0.07 0.51 0.38 32,2
Semi-Essantial ’
CYsS. 0.33 0.29 0.05 0.38 0.03 0.30 0.21 24,2
TYR. - 0.36 0.37 0.06 0.4l 0.03 0.32 0.23 25.0
NITROGEN 2.19 2.57 0.43 2.82 0.22 2.02 1.44 29.7
DRY MATTER 100.0 100.0 16.9 100.0 7.9 100.0 71.5 24,.8
1

Column A, B and C indicate the contribution of amino acids (grams) from bran, shorts
and flour respectively to whole wheat (100 grams).

Column D shows the percentage of amino acids in whole wheat that are contained in
bran and shorts.

T
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of the totszl LY3 and ARG wes present in these fractions
(Teble 3; Column D). The relativelv high levels of LYS &nd
ARG in bren and shorts reflected the high concentration of

aleurone protein in bren and shorts, since most, if not &ll

[40]
[

cgleurone protein is found in these frsctions (Hinton et &l
1953; Shetler et el., 1947).

Protein in eleurone cells (albumin and globulin) may
be of limited digestibility since the thick cellulosic cell wall
of these cells is thought to interfere with digestion of the
protein that is contained in these cells. A certain amount of
this protein may also be tightly bound to the cellulosic matrix
of the aleurone cells (Saunders and Kohier, 1972). Saunders
et al. (1969) fed bran from hard red spring wheat to chicks.
The contents of the lower intestine contained intact cells
from the aleurone layer. Digestion of bran consists essentially
of the breakdown and absorption of the contents from the
aleurone cells which occurs only when the cell walls are
ruptured. The number of intact aleurone cells remaining in
the lower intestine and in the faeces seemed to be affected by the
variety of wheat from which bran was derived and by the pﬂysical
form in which bran was fed. Pelleted feed resulted in a larger
number of ruptured aleurone cells than mash based on microscopic
examination of intestinal contents and faeces.

The true amino acid availabilities from corn, wheat

and barley fed to growing pigs are shown in Table 4. In general,



TABLE 4. - True amino acid availabilities from corn, wheat and barley
for growing pigs.

CEREAL GRAINS CORN : WHEAT BARLEY

—

REFERENCE A B B C B C

A/TINO ACIDS (%)

Essential ,
ARG. 93.7 95.2 95.0 94.1 88.9 91.4
HIS. 9L.7 93.5 95.9 94.7 87.6 93.2
ILE. , 92.0 88.5 90.3 89.2 79.2 84.7
LEU. : 94.2 92.8 93.2 91.2 84.1 88.7
LYS. ‘ 90.5 &89.3 8L.1 80.8 72.3 77 .1
MET. 92.9 93.6 88.6 89.8 77.5 87.3
PHE. 92.4 92.2 92.0 92.4 80.7 90.1
THR. 90.5 89.8 88.4 87.3 77.8 85.5
VAL. 92.5 89.8 90.8 89.0 82.5 87.€
Jon-fissential
ALA. 91.7 93.0 86.5 84.1 75.5 80.6
ASP. 91.5 91.1 87.1 8L.6 77.8 85.4
GLU. 95.3 92.2 97 .4 97.0 90.4 93.3
GLY. 88.2 89.6 89.7 88.3 79.1 84.3
PRO. 95.5 - - 96.3 - 93.2
SER. 93.1 96.8 96.5 92.8 88.1 9.9
TYR. 93.0 93.0 92.5 90.3 83.8 87.6
NITROGEN - 90.2 91.8 90.9 82.4 85.8

1  Baster (1972)
2  Eggum (1973)
3  Sauer et al., (1974)

€T
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the availabilities decrease from corn to wheat and to barley
and is inversely related to the increase in the proportions of
albumin and globulin from corn to wheat to barley. Protein
from albumin and globulin makes up approximately 5-6,;, 9-15
and 13-24% of the total protein of corn, wheat and barley
respectively (Neurath and Bailey, 1954). Postel (1957) sug-
gested that since barley has a multicellular aleurone layer, it
should be higher in aleurone proteiﬁ as a percentage of total
protein compared with wheat, which has a single aleurons layer.
Several workers suggested the relatively high concentration of
LTS in aleurone protein to be responsible for its low availability
from cereal grains (&ggum, 1973; Munck, 1964; Sauer et al., 1974).
The above hypothesis explains also the low availabilities of
ASP and‘ALA and the high availabilities of GLU and PRO. However,
the high availabilities of ARG and HIS and the relatively low
availability of THR can not be explained in the same manner
(Tables?2 and 4). |

Other factors may affect protein digestibility and
therefore amino acid availability from cereal grains. Trypsin
plays an important role in the digestion of protein. The extent
of digestion by trypsin can be influenced by the amino acid
sequence near the catalytic site. Trypsin exhibits a strict
specificity for arginyl and lysyl peptide bonds. The number of
peptide bonds split by trypsin will be dependent on the total

amount of ARG and LYS present in the protein (lilhalyi, 1972).
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Lysylprolyl and arginyl prolyl linkages are completely resistant
to trypsin (Bell, 1954). Thus, a high PRO content coupled with
2 low ARG and LYS content might result in a less efficient
digestion of a particular protein, This hyﬁothesis would favOrv
a relatively high level of digestion of aleurone protein (if it
would be released from the aleurone cells) and a relatively low
level of digestion of glutelin and prolamin. The ratio of PRO
to ARG and LYS is particularly high in prolamin (Table 2).

The number of peptide bonds split by chymotrypsin
would be dependent on the total amount of LEU and the aromatic
amino acids , namely PHE and TYR.

Protein digestion would also depend on the distribution
of amino acid residues which are compatible with enzyme specific-
ity.. Plant proteins are highly organized folded compact structures.
The relative distribution of the "key" amino acids (ARG, LYS,
LEU, PHE and TYR) from the inner to outer part of a protein
molecule may influence its efficiency of digestion by trypsin
and ehymotrypsin.

Heating pure proteins gives rise to the formation of
cross-linkages between the E-amino group of LYS and the carboxyl
groups of the dicarboxylic amino acids or their;amides
(Bjarnason and Carpenter, 1970). These compounds are not
absorbed (Valle-Riéstra and Barnes, 1970). The possibility of
such linkages occurring naturally in cereal protein should not
be overlooked. Such a cross-link has been isolated from hair

(Harding and Rogers, 1971).
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Of the cereal grains, barley and especially

sorghum contain significant amounts of tannins (Chang
and Fuller, 1964; Eggum, 1968). The true nitrogen
digestibilitiés of 29 sources of barley, ranging in tannin
content from 0.55 to 1.23% were measured on rats (Eggum
and Christensen, 1975). The tannin content was measured
according to AOAC (1965) procedures. The nitrogen content
of the 29 barley samples varied from 1.55 to 3.22%. There-
fore, the relationship between nitrogen digestibility and
content of nitrogen (which also affects nitrogen digestibility)
and tannin was determined by use of a multiple regression
equation, which was as follows: o} = 82.60 + 3.89
x N (%) - 6.27 x tannin (%) (Eggum and Christensen,
1975). For example, barley containing 2% nitrogen and 0.55%
tannin and barley containing 2% nitrogen and 1.23% tannin
will result in true nitrogen digestibilities of 86.9 and
82.75% respectively.

 Wheat and rye, and to a lesser extent rice, cats
and corn were found to contain a trypsin inhibitor (Lapofte

& . .
and Tremolieres, 1962). The anti-trypsin factor seems to

Lrp. true nitrogen d;%estibility; N (%): percentage
of nitrogen in barley; tannin (%): percentage of tannin in
barley.



17

be concentrated in the germ part of the cereal grains
(loran et al., 1968).

In conclusion, differences in amino acid
composition between cereal grains can be partly attributed
to the different amounts of the L major protein fractions.
The émount of aleurone protein contained within each
cereal grain is dependent on the climatic conditions
under which it is grown, the variety and other factors
such as the level and type of fertilizer application. The
amount of aleurone protein could be an important factor
in determining amino acid availabilities. The type of
physical processing before feeding in turn would affect
the availability of aleurone protein for digestion.

Other limiting factors in the utilization of cereal protein
- may be the presence of undigestible peptides in the endo-
sperm fraction (in relation to PRO levels), the levels and
distribution of '"key" amino acids necessary for enzymatic
éleavage, the possibility of naturally occurring cross-
linkages and the presence of tannins and anti-trypsin

factors.



PART 2.

Protein metabolism in the large
intestine of monogastric animals.

When protein is ingested by the monogastric animal
it is subjected to digestion in, basically, two steps. In
the first step, protein is subjected to hydrolysis by the
proteolytic enzymes that are secreted by the stomach and
small intestine. The second step consists of fermentation
of undigested protein by the micro-organisms of the large
intestine.

A very low level of bacterial activity is found
ism the stomach, duodenum and jejumum. Beginning with the
distal part. of the 1leum important activity can be detected.
Bacterial activity reaches its maximum in the caecum and
decreases from there to the énd of the large intestine
(Larson and Hill, 1960; kichel 1961, 1966).

Protein, both of exogeneous and endogeneous nature,
that is not digested by the end of the small intestine will
either .be excreted in the faeces or subjected to fermentation.
Protein digestion by the micro-organisms is brought about by
extracellular enzymes through peptides of decreasing length
to free amino acids to ammonia and short-chain fatty acids.

Not necessarily all the free amino acids produced will be

18
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degraded to ammonia and short-chain fatty acids. A certain
proportion may be absorbed by the host animal (if amino acid
transport systems are present in the epithelial cells of the
large intestine). DlNichel (1961, 1966, 1968) incubated a

test amino acid medium that had been inoculated with caecal
bacteria. All amino acids were broken down by deamination,
decarboxylation or desulfhydration. However, of the amino

acids ARG, HIS, ASP, GLU, SER and THR were degraded the fastest.
In addition, catabolic activity varied considerably from pig

to pig and seasonal variations were detected.

The final nitrogeneous end product of protein
digestion by the micro-organisms is ammonia. Ammonia may also
be derived from peptides, free amino acids and urea that enter
the large intestine as such. The order of preferentialifermeﬁtationf
of nitrogeneous compounds by the flora to yield ammonia may
probably be classified as follows: 1) free amino acids and
urea, 2) peptides, 3) soluble protein and 4) insoluble protein.

Ammonia produced from the nitrogeneous compounds in
the large intestine may be taken up by the micro-organisms and
~be used for de novo microbial protein synthesis. In short,

a certain amount of protein restructuring and corresponding
changes in the proportions of amino acids will take place in the
large intestine. On the other hand, a certain amount of the
ammonia that is produced in the large intestine may be directly

absorbed by the host animal. Part of the bacterial protein
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will be excreted as such in the faeces. Part will undergo
proteolysis during autodegradation of the micro-organisms.,
Degradation, as opposed to synthesis, will takes over as the
micro-organisms move down the large intestine. This is
probably partly due to a decrease in nutrients available

for the micro-organisms. The major snd product of proteolysis
of bacterial protein is ammonia. Blood draining the colon,
especially that of the distal part, contains very high levels
of ammonia (Michel, 1966).

The level of bacterial fermentation in the large
intestine has been shown to be affected by the nature of the
carbohydrate portion of the diet. Iliason and Palmer (1973) fed
a diet to rats that contained egg albumin as the protein
source (14%) and rice starch as the carbohydrate source (50%).
Replacement of rice starch by cornstarch did not increase the
faecal nitrogen excretion but a significant increase was found
when rice starch was replaced by raw potato starch. The
authors suggested that raw potato starch was digested to a
lesser extent in the small intestine than corn or rice starch.
Therefore, more carbohydrate wss available from potato starch
than from rice or cornstarch to the flora of the large intestine
for fermentation of undigested exogeneous or endogeneous protein
residues. The increase in faecal nitrogen excretiocn due to
dietary inclusion of raw potato starch was associated with a

parallel increase in diaminopimelic acid (DAPA) excretion,
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DAPA is an amino acid that is only found in some species of bac-
teria and the amount present in faeces would roughly indicate
the relative amount (not absolute amount) of microbial synthesis
occurring in the large intestine. It should be kept in mind fhat
a certain amount of DAPA is also degraded in the large intestine
(Mason and Milne, 1971).

Freeze-dried cod muscle protein was found to have an
apparent nitrogen digestibility of 90 and 89% in intact and
caecectomized chicks respectively. Heat-damaged cod muscle
protein had a nitrogen digestibility of 77 and 68% for intact
and caecectomized chicks (Nesheim and Carpenter, 1966). In
other words, caecectomy only affected the nitrogen digestibility
of the heat-damaged cod muscle protein. TFermentaticn by the
micro-organisms in the large intestine of the chick for the
utilization of poorly digestible protein was also suggested by
Nitsan (1965) in.the digestion of raw soybeans and by Payne
et ale (1968) in the digestion of deteriorated fish concentrétes.
Therefofe, the nature and or level of undigestible‘protein, in
addition to carbohydrate digestibility, will also be a factor
that determines the level of bacterial fermentation that takes
place in the large intestine.

With germfree (GF) aminals it is possible to study

protein metabolism in the animal itself and not the combined

metabolism of the host animal and its flora. Combe et al.

———
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(1965) found twice as much soluble nitrogen and 50 to 100
times as much free smino acids in the caecum of GF rats than
in the caecum of conventional (CV) rats. The ratio of urea
to ammonia was also much higher in GF than in CV rats. The
latter is due to the absence of bacterial urease in the
cascum of GF rats. Urea accounted for at least 25% of the
faecal nitrogen in GF rats, whereas only traces were found
in the faeces of CV rets (Evrard et al., 1964). Similar
observations were made on GF and CV chicks (Szlter and
Coates 1970, 1971).

liost reports show that GF animals excrete more
faecal nitrogen than CV animals. Hoet et al. (1964) and
Levenson and Tennant (1963) found twice as much faecal nitrogen
excretion for GF rats. Combe et al. (1965) found differences of
a smaller magnitude, namely 3C%. Iiller (1967) and Salter and
Coates (1971) obtained similar results for GF and CV chicks.
However, Luckey (1963) found no differences in faecal nitrogen
excretion between GF and CV rats. As was explained previously,
the level of bacterial fermentation may be affected by the
digestibility ceefficients and/or nature of the dietary
carbohydrate and protein. These factors may partially explain
the variable results obtained between the faecal nitrogen
excretion from GF and CV animals., Far example, a highly

digestible diet fed to GF and CV animals may onlv result in
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minimal differences between the levels of faecal nitrogen
excretion. And indeed, the diet used by Luckey (1963) who
found no differences between the faecal nitrogen excretion
from GF and CV rats, was of a highly digestible nature.

The higher levels of nitrogen in the caecum of
GF rats contribute to the higher levels of faecal nitrogen
excretion. However, there still is a net disappearence of
nitrogen between the end of the ileum and the rectum
(Loesche, 1968). The levels of digestive enzymes are much
higher in the contents of the caecum of GF rats than in the
caecum of CV rats (Loesche, 1968). Normal digestion may
thus proceed longer in GF animals. In addition, the free
amino acids produced will be available for absorption by the
animal since they are not subjected to deamination by the
.micro—ofganisms to yield ammonia and short-chain fatty acids
which can be used for de novo microbial protein synthesis.,

The micro-organisms of the large intestine have been
strongly implicated in the recovery of endogeneous protein.
- The levels of digestive enzymes and mucoproteins in caecal
contents and faeces were found to be much higher in GF than
in CV animals (Eorgéter et al., 1959; Lindstedt et al., 1965;
Loesche 1968). Salter and Fulford (1974) concluded that the
micro-organisms are only important with respect to the degra-

dation and recycling of endogeneous protein and that they are



of minor importance in the degradation of dietary prctein.

A protein-free diet and a diet containing poorly digestible
protein (heat-damaged egg albumin) were fed to GF and CV
chicks. The endogeneous nitrogen excretion was higher for
the GF than CV chicks. They found no difference between the
GF and CV chicks that were fed the heat-damaged egg albumin
diet. However, as was polnted out by the authors' themselves,
they mavy have heat damaged the protein too severelv., Even
micro-organisms can not completely breakdown tco severely
heated proteins (Zrbersdobler and Riedel, 1970). In contrast
some bacterial degradation of poorly digestible protein

(from heat-damaged fish protein) was shown by work by
Carpenter and Nesheim (1966) and by Payne et al. (1968).

The form in which nitrogen is absorbed in the large
intestine will determine the possible benefit that the host
animal might derive from the micro-organisms. 1f nitrogen
were absorbed as ammonia it would generally te of limited

value to the animel. In certain instances, ammonia may improve

the protein status of animals fed low protein diets because more

non-essential amino acids can be produced and this in turn may

have a "sparing effect™ on the essential amino acids in the

body.
Salter and Coates (1971) fed freeze-dried and
autoclaved th—labelled egg white to GF and CV chicks. o
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difference was found between the 14C : N ratios of the digesta
from GF and CV chicks in the upper gut. However, the ratios
were consistently higher for CV animals in the lower gut.
Their findings can be explained by bacterial proteolysis

and deamination of amino acids with subsequent absorption

of ammonia. They also reported that the level of ammonia

in caecal contents was five times greater in the CV than in the GF
chicks. In addition they found a higher excretion of u:ic
acid by the CV animals. Warren and Newton (1959) detected a
fourfold increase in ammonia concentration in the portal

blood of CV as compared to GF guinea pigs.

Salter gt al. (1974) fed several poor quality proteins
to GF and CV chicks and determined the net protein utilization
(NPU) by nitrogen balance methods. NPU determination would
be a good indicator of whether the host animal derives
any nutritional benefit from the action of the microflora.
Poor quality proteins were represented by sesame protein,
which is deficient in LYS, and by heat-damaged egg albumin
and cod nmuscle, A relatively large proportion of the latter
proteins would remain undigested in the small intestine and
would be available for microbial fermentation in the large
intestine (unless too severely heated). They found no
differences in NPU between GF and CV chicks for either the

heat-damaged egg albumin or cod muscle. There was a slight
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but significant difference between GF and CV chicks fed
sesame protein but this could not be confirmed'inblater
studies. With the heat-damaged proteins, the excretion of
uric acid tended to be higher in CV than GF chicks. The
authors conclude that most of the nitrogen that disappears
from the large intestine is in the form of ammonia and

that the microflora merely change the route of nitrogen
excretion., The latter could be of help to the protein
status of animals fed low protein diets.

Wysocki and Baker (1972) studied bacterial protein
digestion in the equine lower gﬁt. 1hc_1abelled bacteria
were infused into the caecum of a caecal-fistulated pony
that was anaesthetized. Negligible amounts of LLhC were
detected in the deproteinized plasma amino acid fraction
of portal blood. They suggest the conversion of bacterial
protein to ammonia upon autodegradation of the micro-
organisms. However, in a similar type of experiment,

Slade et al. (1971) showed that microbial protein can be
degraded to yield amino acids which are absorbed in the

caecum of the horse. However, the magnitude of absorption

and therefore the nutritional significance was not established.

Hoover and Heitman (1975) found considerable fermentation of
lhe_alanine in both the caecum and upper colon contents of

rabbits, but there was little absorption of Lho_alanine
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into the blood.

Amino acid availability estimates determined by
growth methods are generally lower than those determined by
the faecal analysis method (Calhoun gt azl., 1960; CGupta gt al.,
1958; de iwuelenaere et al., 1967; Nesheim and Carpenter 1967).
Bacterial degradation of amino acids to ammonia in the large
intestine may be the reason for overestimation of the actual
amino acid availabilities as determined by the faecal
analysis method.

To summarize what was discussed, bacterial
degradation of undigessted prdtein in the large intestine
results in the formation of ammonia as the major nitrogeneous
end product. Ammonia may then be absorbed by the animal or
mey be taken up by the micro-organisms for de novo microbial
protein synthesis. Part of the microbial protein will be
excreted as such in the faeces while part of the micro-organisms
will undergo autodegradation. Autodegradation of microbial
protein results in the production of ammonia as the major
endproduct, which is absorbed by the host animal. Thus, a
certain amount of protein restructuring will take place in
the large intestine from undigested exogeneous and endogeneous
protein with resultant changes in the proportions of amino
acids. Consequently, amino acid availabilities determined with
the raecal analysis method could be inaccurate. As was pointed
out, the degree of inaccuracv may be dependent on dietary

factors such as carbohydrate and protein digestibility.



PART 3.
Determination of amino acid availabilities
by ileal sampling from cannulated animals,
by ileal sampling from sacrificed animals,
: by removal of the caecum and
by aid of germ-free and antibiotic treated animals.
Several approaches can be made to determine amino
acid availabilities that may or may not be partially confounded
by protein metabolism in the lower gut. Each approach has

its particular advantages and disadvantages.

Ileal sampling bv cannulation: DMore valid amino

acid availability estimates will be obtained when the digesta
are collected at the end of the ileum as compared to faecal
collections.

Continuous collection of ileal digesta at the end
of the ileum can be achieved by the use of ileal re-entrant
cannulae (Holmes gt al., 197L) or by ileal-caecal re-entrant
cannulae (Easter, 1972). Ileal-caecal cannulae were found to
cause fewer problems in maintaining an unrestricted flow
(Easter, 1972). Use of the ileal re-entrant system will give
a closer approximation to the digestive processes in situ as
compared to the‘use of the ileal;céecal re-entrant system.
The latter system bypasses the ileal-caecal valve and all
digesta passes through the caecum first before entering the
colon. About one-third to two-thirds of the ileal flow enters

28
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into the colon directly under normal conditions, while the
remainder enters into the caecum (Farrell and Johnson, 1972;
Holmes et al., 1974).

Surgical modifications of the digestive tract,
such as the incorporation of re-entrant cannulae will in all
likelyhood slow down the rate of passage of digesta. Pulse et
al. (1973) studied the effects of caecal fistulation upon
nutrient digestion and rate of passage in horses.. They found
significant increases in crude fiber and ether extract
digestion following fistulation. ODry matter, gross energy
and crude protein digestibilities did not change. Retention
times of chromic oxide and polyethelene increased significantly.

Easter (1972) determined the apparent ileal and
faecal amino acid availabilities of corn and sorghum grain in
pigs, using ileal-caecal re-entrant cannulae. Faecal
availability values were significantly higher than ileal
estimates. The difference varied for each amino acid,
ranging from 10 percentage units for TYR to 30 percentage units
~for GLY for both cereals. Lysine is aften the most iimiting
amino acid for pigs fed corn or sorghum grain. The ileal and
faecal LYS availabilities from corn were 65 and 85% respectively.
In the same order, they were 59 and 78% for sorghum grain.
Therefore, the faecal analysis method may overestimate the
actual LYS availabilities from corn and sorghum grain to a

relatively large extent.
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Holmes et al. (1974) determined the ileal and
faecal amino acid availabilities from soybean meal (SEBii)

and rapeseed meal (RSM) using pigs fitted with ileal

re-entrant cannulae. The disappearance of nitrogen in

the large intestine was 9 and 16% for SEBil and RSI respect-
ively. With the exception of ARG and MiT, the faecal
avallabilities of the essential amino acids were higher than
their corresponding ileal availabilities. The difference
varied from 5.7 for VAL to 1.2% for LYS from SBIl and from

13.6 for VAL to 1. % for HIS from RSIK. Iethionine is often

a limiting amino acid for pigs fed SEil or RSL and the ileal
and faecal availabilities were 96.7 and 79.1% respectively for
SEM and 92.5 and 81.0% respectively for RSI. In other words,
there was more bacterial synthesis than degradation of IET.

and its availability was underestimated by the faecal

analysis method. With the exception of CYS and IYR, the faecsl
availabilities of the non-essential amino acids were higher
than their corresponding ileal availabilities. The dis-
appearance oi PRO was the most extensive and was approximately
25 percentage units for both SBX and RSIi.

Collection of ileal digesta from sacrificed animals.

Cho et al. (1971), using pigs fitted with ileal

re-entrant cannulae, detected marked differences between the

amino acid composition of ileal digesta that was collected




during different time intervals following ingestion of the
test diets (SEM and RSI{) by the animals. Fractionation

of dietary components in the stomach and to a lesser sxtent
in the small intestine is probably responsible for the
variation in the composition of ileal digesta. The work

by Cho et al. (1971) suggests the necessity for a contin-
uous collection of the digesta from the ileum as can be
performed by re-entrant cannulae. Consequently, amino

acld availabilities, determined from samples taken from

the end of the small intestine from sacrificed animals

may be inaccurate since these are dependent on the time

at which the animal is killed following ingestion of a

test meal. In addition, it is often very difficult to
obtain sufficient sample for analysis when only the digesta
near the very end of the small intestine from sacrificed
animals is collected. One often has to take all the digesta
from a relatively large section of the ileum.

Removal of the caecum.

This surgical procedure results only in a partial
decrease of total bacterial activity in the large intestine.
Bacterial activity in the colon remains.

Lloyd et al. (1958) studied protein digestion in
whole and caecectomized pigs, ranging in age from 8 to 28

weeks. The removal of the caecum resulted only in a slight

decrease in protein digestibility. Caecectomy in chicks
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Fal

decreased the protein digestibility of heat-damaged
cod ruscle from 77 to 68} (liesheim and Carpenter, 1967).
Specific amino acid availabilities have not been studied with

caecectomized animals.

Germfree animals: iets fed to GF animals must be

sterilized by either heat, radiation or chemical agents. Even
well-defined diets may undergo changes of uncertain character.
The use of CGF animels is limited to small laboratory species
only.

Gordon and Wostmann (1960) reported lower weights
of the small intestine of GF than in CV rats. The rate of
renewal of the mucosa of the small intestine was reduced in
the GF rats (Abrams et al., 1963). The surface area of the
small intestine was reduced in the CF rat and was 30% less
than in CV rats (Cordon and Bruckner-Kardoss, 1961). Ths
changes described may have an effect on protein digestion
and amino acid absorption in the small intestine. Thus,
digestion data obtained from GF animals should be carefully
intervreted.

Treatment with antibictics.

The characteristics of the séall intestine of
animals receiving relatively large amounts of antibiotics
approximate these of GF animals, particularly with regard
to the reduction in thickness of the small intestine

(Fauconneau and iichel, 1970).
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protein wheat was abrased at intervals of & instead of 4
consecutive seconds. The abrased parts were pooled together,
weighed and analyzed for nitrogen. The concentration of
nitrogen in the fractions obtained during each time interval
of abrasion are shown in Table 5.

As was pointed out in the review of literature,
the outer layers of the cereal grains contain the aleurone
cell layer. Of these layers, the aleurone cell layer has
the highest protein content. There was a marked depression
in the nitrogen content at the 40-48, 24-28 and 20-24 second
interval for low protein wheat, high and low protein barley
respectively (Table 5). In the same order, the kernels of
these grains were routinely abrased for 48, 28 and 24
seconds until sufficient amounts were obtained of the bran
and endosperm fractions for test purposes. For the high
protein wheat there was a depression in the nitrogen con-
tent of the fraction obtainéd in the 16-20 second interval.
HoweVer, the nitrogen content of the fractions that followed
increased until it was markedly depressed again at the
fraction collected in the 32-36 second interval. Based on
these data; it was decided to abrase the high protein
wheat for 20 seconds.

As will be discussed later, the high protein wheat

should perhaps have been abrased for 36 seconds in order to



TABLE

5. Percent nitrogen of wheat and barley fractions .
obtained at different time intervals of abrasion.

BARLEY

CEREAL GRAIN WHEAT
LEVEL OF PROTEIN (%) 18.3 11.21 11, 8.1
TIME INTERVAL OF

ABRASION (seconds)

L=8 3.19 1.07 1.95 2.50
12-16 L.L7 2.17 3.25 2.18
16~20 3.10 3.14 1.59
20"214' 14'011'5 2069 2094 1.20
32-36 3.14
36=10 3.06 2.24
LO=-L1, 2.86
Lb=-18 1.84
L8-52
52-56 1.59

1 Values in this column were determined at intervals of

consecutive seconds (e.g. 1.07%N in 0-8 second fraction).
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obtain a more complete seperation of the aleurone protein
from the endosperm protein.

The whole kernels and the fractions obtained were
ground through a 2.00 mm screen, fortified with vitamins
and minerals (Table 6), mixed and made into crumbles. The
crumbles were prepared as follows: the mixed diets were |
spread out intb a thin layer of approximately 0.25 cn.
thickness, sprinkled‘with water, kneaded loosely into small
"pellets" of approximately 0.5 cm. diameter and dried at
50 °C in a forced draft oven. The diets took on the
appearance of crumbles.

The test diets (Table 6) were fed for 4 days
to 60 male growing Wistar rats. Their initial average
welght was 98 g the day priof to the start of the test period.
Each diet was individually fed to 5 rats each. The experiment
was repeated when the rats weighed 170 grams.

Two protein-free diets containing 10 and 20% alphafloc
were fed to the same rats for a period of 2 days for the
determination of the metabolic faecal amino acid excretion
(Table é). Faecal collections from 2 rats, fed the same
protein-free diet, were pooled on the basis of similar (or
nearly similar) dry matter intake. The protein-free diets
were fed when the rats weighed 71 g and later when they

weighed 207 g.



TABLE 6. Formulation of test diets for study 1.

LOW PROTEIN

DIET HIGH PROTEIN LOW PROTEIN ' HIGH PROTEIN PROTEIN-FREE
WHEAT (18.3%)1 WHEAT (11.2%)1 BARLEY (11.4%) BARLEY (8.1%) 10% 20%
CEREAL WHOLE ~ BRAN  ENDO-  WHOLE  BRAN . ENDO-  WHOLE  BRAN ENDO- WHOLE  BRAN ENDO- ALPHA-  ALPHA-
COMPONENT WHEAT SPERM  WHEAT SPERM  BARLEY SPERM  BARLEY SPERM FLOC FLOC
Ingredients (%):
WHEAT
Whole 93.5 93.5
Bran - 91.5 91.5
Endosperm 92.5 92.5
BARLEY
Whole 93.5 93.5
Bran 91.5 91.5
Endosperm 92.5 92.5
Sucrose 81.0 71.0
Alphafloc A 10.0 20.0
Soybean oil 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0
Calcium carbonate 1.3 1.0 2.0 1.3 4.0 2.0 1.3 L.0 2.0 1.3 1.0 2.0 0.5 0.5
Dicalcium phosghate 0.7 1.0 0.7 1.0 0.7 1.0 0.7. 1.0 2.0 2.0
Vitamin premix 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1 values in parentheses indicate the level of protein as a percent of dry matter.

2 Supplied (kg diet): vitamin A 7150 IU; vitamin D 818 IU; vitamin E 5.5 IU;
vitamin By, 11.0 ug.; riboflavin 5.5 mg; pantothenic acid 11.0 mg; nicotinic
acid 16.57mg; choline chloride 275 mg; menadione 1.1 mg; santoquin 1.1 mg;
penicillin-streptomycin 26.4 mg.

3 Supplied (kg diet): Manganese 8l.4 mg; zinc 11 mg; iron 35.2 mg; copper 6.6 mg;
iodized salt 4.7 g.

8¢
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A basic diet (Giovannetti et al., 1970) was fed
when the rats were not on test. One percent ferric oxide
was incorporated into this diet in order to permit easier
identification and collection of faeces resulting from
the test and protein-free diets. The basic and protein-
free diets were fed as pellets of 1.6 cm. dismeter.

The rats were housed individually in suspended
wife-bottom cages, in an environmentally controlled roon
at a temperature of 23°C. Feed and water were supplied
ad libitum at all times.

Originally, during the first collection when the
rats were fed the protein-free diets faeces were collected
in a tray. Filter paper was placed on the bottom of the
tray. This was thought to result in only a small amount
of contamination of faecal pellets with urine. For
improvement of the collection method, faeces were gathered
on a screen on top éf the trays during the following
collections.

The total amount of feed consumed and faeces
produced from the test diets were recorded. Apparent amino
acid availability estimates were determined by measuring the
total amount of each amino acid ingested and lost in the
faeces. lietabolic faecal amino acid losses were considered

for the estimation of true amino acid availabilities.
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Study 2.

This study was subdivided into study 2a and 2b.
Study 2a dealt with the determination of ileal and faecal
amino acid availabilities from selected cereal grains by
use of pigs fitted with ileocaecal re-entrant cannulae.
Study 2b was carried out to determine if faecal availability
estimates obtained from cannulated pigs were representative

of those of normal pigs.

Study_ 2a.

The apparent ileal and faecal amino acid availabilities
from barley (Herta), commercial corn and wheat (Glenlea) were
determined with 6 lianagra barrows. Ietabolic ileal and
faecal amino acid levels were estimated with 2 purified diets
containing 2 levels of fiber (Table 7).

Ileocaecal re-entrant cannulae were fitted to bar-
rows weighing 39'£o 43 kg. The animals weighed 75 to &2 kg. at
the end of the experiment,

| The technique for re-entrant ileocaecal cannulation
developed by Zaster and Tanksley (1973) for pigs was used.

Type and size of cannulae used: a diagram of the tvpe
and size of the cannulae used is shown in Fig. 1. The can-
nulae were made from polyvinylchloride plastisol. The thickness
of the cannulee is indicated by the dotted lines in tiis

side view of the diagram. The top view shows the size of the



TABLE 7. Formulation of diets for study 2.

DIETS GROWER BARLEY CORN WHEAT MAINTENANCE
~ LEVEL OF ALPHAFLOC (%) 7 14

Ingredients (%):

Barley 82.50 97.00

Corn 97.00

Wheat . 97.00

Soybean meal 14.50

Casein 4.00 4.00
Cornstarch 63.00 63.00
Alphafloc 7.00 14.00
Sucrose 21.50 . 14.50
Soybfan oil v 1.00 1.00
Salt 0.50 0.50 0.50 0.50 0.50 0.50
Calcium carbonate 1.25 1.25 1.25 1.25 0.50 0.50
Dicalcium phosphate 0.75 0.75 0.75 0.75 2.00 2.00
Vitamin-antibiotic 0.50 0.50 0.50 0.50 0.50 0.50
. premix

Chromic oxide + + + + + +

1 Supplied (kg diet): sodium chloride 4.83 g; zinc 20 mg; iron 30 mg; manganese 6 mg,
copper 165 mg; iodine .33 mg; cobalt .20 mg.

2 Supnlied (kg diet ): vitamin A 2200 IU; vitamin D 330 IU; vitamin B12 11.0 ug;
DL-ox-tocopheryl acetate 11 mg; thiamine hydrochloride 1.1 mg; riboflavin 2.2 mg;
calcium-D-pantothenate 100 mg; pyridoxine hydrochloride 11.0 mg; nicotinic acid
10.0 mg; ASP-250 1lg.

I



FIGURE 1. Type and size of cannulae used.
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Tlanges when these are flettened cut. The flzngss wers

. o 4 1 )
made 1in such 2 menner as to confcrm to the lumen of the

ileurt end the cescur (front view). The ilzzl 2nd caeczl
cannulae were connected by sid of 2 5 cm. polvvinvlchlorids
tude.

Pre and post-cprerative cars the barrcws wers

the operation until the animels seemsd to be recovered.
Recovery was indicated bv healing of the tissue zround the
cannulze, normal rectel temperature znd return to normel
fzed consumption.

The pigs were given zccess to 2 liecuid diet for
3 davs after the operation tc minimize blockage
“he licuid diet consisted c¢f ¢ parts water and 1 pert milk

- . s s o
replacer. Elockege of digeste during the first few dav

»

zfter the operaticn could be very critical. At this stage,

there 1s no firm fibrcus acdhesicn between the viscersland

unless the znimal is subjected to further surgsrr.
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Following the liguid diet, the barrows were given
access to the grower ration (Table 7) until placed on test.
Readiness for test was [1il32:d by normal dietary intake of

the grower ration for L to 5 consecutive deys by &all pigs.

The barrows were switched to their respective test diets

12 days after the operation.

Problems associated with cannulation of pigs:

blockage of digesta was shown by abnormal leakage around the

ileal cannula, concomitent with an acute drop in feed

o

s S e .
The pigs were I

o q

intake. ed 3 times daily and usually con-

suried all the feed that was supplied within one hour after
feeding. DNone or partial consumption usually indicated
Plockage. The interconnecting tube was removed and warm water

was flushed into the ileum until normal flow was reestablished.

Thereafter, pigs went on feed

again within a couple of hours.

The frequency of blockage was very dependent on the type of
diet fed. BElockage of digeste was a serious problem when the
pigs were fed the [-14 diet(Fig. 2).

Elockage was
flanges of the ileal cannula a
cennula and replacing it with
(thicker) flange.
Another cause of blo
the flange of the ileal cannula

1

the in

2
—_—i e

b

S £

Subsequently,

also caused by the

the inner muscle laver contra

"curling up" of the

nd was corrected by removing the

-~

one that had a less flexible

ckage was the relocation of
a Detween the muscls lavers unde

cted
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and the flow of digesta was often cut off. This condition
was corrected by removing the cannula and replacing it with
one that had a larger and thicker flange.

Formation of a "pocket™ (hypertrophy of the distal
end of the ileum) occurred in one instance, namely to pig
number 5. This condition resulted in accumulation of
relatively dry digesta in the '"pocket!. Perisfalsis
‘squeezed out ihe liquid part of the digésta and intestinal flow
came to a halt. This condition could not be corrected and
pig number 5 was replaced by number 7 (Fig. 2). However,
the first test period for pig number 7 (diet 11-7) did not
start until the other 5 pigs were on the last test period
for the cereal grains (days34-40).

Build-up of pressure due to blockage and rubbing of
the cannulae against the steel bars of the cages by the pigs
sometimes resulted in disconnection of the ileal ard caecal
cannulae and large amounts of digesta were lost. About
200 ml. of 0.9% sodiumchloride was infused into the caecum
before reconnecting the cannulae.

At times, the caecal cannulae were lost in the
lumen of the large intestine and could not be retrieved.

A spare caecal cannula was inserted. The lost cannula
appeared in the faeces 48 to 72 hours later.

The pigs had to be prevented from laying on their

right side (where the cannulae were inserted) during -the
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“11ld physical restraint was applied
pigs became gradually trained to lie on their left
ide during collection.

Feed preparation: barley, corn and wheat were
ground through a 4/16, 3/16 and 1 inch screen respectivelv.
The ground material was mixed with vitamins and minerals
and made into pellets of 0.5 cm., diameter in a steam
pellet mill (California pellet mill). The maintenance diets
were made into pellets of 0.25 cm. in a small laboratory
pellet mill (Superior-Templewood dry rellet mill).

Feeding regimen: equal amounts of feed were
offered 3 times daily at 6:00 AJI., 2:00 P.M. and 10:00 P.l..
The average daily intake of the grower ration (average of
all pigs) was recorded and determined the daily alloﬁable
intake of the test diets for the period following. The

allowable intaks was calculated to the nearest 50 or

txf
aq

100 grams (Fig. 2). ‘ater wes supplied ad libitum at all
times.

ixperimental desizn: the experiment was conducted
as a simple cross-over desizn in which two barrows were fed

ereal diets at 3 different periods during 7 consecutive

H

O

the 3

‘)

days (Fig. 2). The 7% alphafloc maintenance diet (I1=7) was
fed prior to and after the cereal test diet sequence. The
147> alphafloc maintenance diet (b-14) was fed for only one

test period, following tae -7 diet fed after the cereal tast



FIGURE 2. Experimental design and allowable dietary intake for study 2a.

payd 1-7 Cg-11  12-18 19-22  23-29  30-33 34-40 L1-Ll L5-61  62-65 66-72

PIC NO. 2 M-72 GR? L GR B2 GR c? CR M-7 GR M-142
5 (7) M-7 GR W GR B GR C GR M-7 GR M-14
1 M-7 GR C GR W GR B GR M-7 GR M-14
6 M-7 GR c GR W GR B GR M-7 GR M-14
3 M-7 GR B GR c GR W GR M-7 GR M-14
L M-7 GR B GR C GR W GR M-7 GR M-14

ALLOWABLE 3

DIETARY INTAKE 1800 1950 2100 2100 2100 2100

Day 1 indicates the 12th day after the operation.
2
diet, 14% alphafloc (M-1L).

3

Grams per day, as is.

Maintenance diet, 7% alphafloc (M-7); Grower (GR); Wheat (W); Corn (C); Maintenance

LY
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diet sequence. The grower ration was fed for 4 days

Collection procedures: faeces were collected for
24 hours from 2:00 P.M. on day 5 to 2:00 P.M. on day 6
during each test period. A 24-hour continuous ileal
collection was carried out from 2:00 P.L. on day 6 to
2:00 P.li. on day 7. A plastic bag was tied to the ileal
cannulee during collection and its contents were emptied
into a beaker until a total of 400 ml. was collected.
Af'ter stirring a 10 aliquot'Was Tagen by aid of 2
50 cc syringe with a catheter tip. The remainder was
made up to 400 ml. again with distilled water, reheated
to pig body temperature and infused within half an hour
into the caecal cannuls by aid of a 50 cc syringe. The
aliquots taken for analyses were put into a container placed
in ice. These containers were changed every eight hours after
the start of the ileal collection. Therefore, for each piz
3 pooled 8-hour collections were obtained.

Calculations: apparent availabilities of the
nutrients were determined by aid of calculations based on the
levels of chromic oxide in feed, ileal digesta and faaces

(Crampton and Harris, 1969). Ileal nutrient availabilities

were alsc determined by total collection. True availabilities

were determined by correcting the apparent nutrient availabilities
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for the levels of endogenous nutrients, which were obtained
by feeding the maintenance diets.

Study 2b.

Six non-cannuiatedlﬁanagrﬂ barrows were subjected
to essentially the same experimental conditions as the
cannulated pigs in study 2a. They ranged in weight from
36 to 41 kg. at the start of the experiment. The same
test diets were used as for study 2a (Table 7).

In this study, M-1k was also fed prior to the
cereal test diet sequence. Three pigs were fed II-7 and
3 pigs were fed M-1h during each period that the maintenance
diets were fed. Pigs receiving 1-7 during the first test
diet period would receive =14 the following test period
and vice versa, prior to and after the cereal test diet

‘sequence.

Study 3.

The fate of caecally infused isolated sdy
protein'and LYS was studied with 6 growing Naﬁagra barrows.

Caecal fistulae were fitted to 5 barrdws welghing
approximately 20 to 23 kg. and to one barrow that weighed
14 kg. With the exception of the surgury including the
fitting of ileal cannulae, the procedure for insertion
of caecal fistulae was similar to that cited under Study

2a (Easter and Tanksley, 1973).
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and

(@]

The caecal fistula was identical in siz

e

shape to the caecal cannula used in study 2z with the ex-
certion that the barrel was 2 cm. longer (Figz. 1). The
fistula was closed with a plug and firmly taped to the
skin with the barrel pointing dorsally.
Management procedures, prior to and after the
operation, were similar to those described under study 2a.
Study 3 was subdivided into 2 separate experiments.
Zxperiment 3a dealt with the infusion of isolatad SOY pro-
tein into the cascum. Isolated soy protein (ISP) was dis-
solved in warm water so that the concentration of ISP of the
infused solution was approximately 30%. sxperiment 3D
involved the infusion of lysine monohvdrochloride. One part

N

of LTS was mixed with two parts of cornstarch and dissolved
in warm water so that the LYS concentration of the infused
solution was approximately 10%. To facilitate cascsal
administration, cornstarch was mixed with LYS to increase
the viscosity of the infusion solution.

The formulations of the test dists are shown in
Teble 8. The E+2ISP diet was formulated to contain twice
as nuch ISP (isolated soy protein) as the E+ISP diet. The
B+ISP+LYS diet was formulated to contain as much LYS as
the E+2ISP diet. The dists were made into pellets of C.5

~

cr. diameter in a commercial type pellet mill (Californis

pellet mill) used by our university.



TABLE 8. Formulation of test diets in study 3.
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DIETS B+2ISPl B+I1sPl  B+IsP+rysl

Ingredients (%)
84.72 84.72

Barley 8L.72

Isolated soy protein 6.78 - 3.39 3.39
Supplemental Lysine 0.00 0.00 0.20
Cornstarch 3,00 6.39 6.39
Soybean o0il 2.00 2.00 2.00
Calcium carbonate 1.25 1.25 1.25
Dicalcium phosphate 0.75 0.75 0.75
Chrogic oxide + +

Salt 0.50 0.50 0.50
Vitamin-minerall 1.00 1.00 1.00

antibiotic premix

B+2ISP (Barley plus 2 times 3.39 units of isolated soy
protein); B+ISP (Barley plus 3.39 units of isolated
soy protein); B+ISP+LYS %Barley plus 3.39 units of
isolated soy protein plus supplemental lysine).

Lysine monohydrochloride.

3 As in Table 7 .

% Supplied (kg diet): vitamin A 2200 TU; vitamin D 330 IU;

vitamin By, 11.0 ug; =zinc 123 mg; mecadox 22 g.
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G and 2040 grams (on an as is basis) during

, -1 and IZI respectively.

unit of metabeclic body 132C,

1390 grams for periods I, respectively.

offered freely just prior to and after each feeding.

pig grower ration for 4 days between

o
<

ods (Table 7). The grower ration was fed at the

1 of intake as the test diets during the following

od.

Starting on day 1 of each test period at 6:00 A.I.
at 2:00 P.L.., ISP or LYS was infused 3 times daily
cascum of the pigs. The daily amounts of nitrogen

and LYS that were infused into the caecum of the

h

ely,

T

shown in Table 9 and Table 10 respectiv e

n
£l

were performed during the time the pigs were

The test diets were usually consumed within 30

fter they were offered.

Starting on day 5 of esach test period a J~-day
nitrogen balance study was initiated. Thres consecutive
R4-hour collections of urine and faeces were carried out

beginning

P

slie

at 2:00 each collection dayv.




TABLE 9. The experimental design and the daily intake of dry matter and orally

and caecally supplied nitrogen in study 3a.

PERIOD I 1T IIT
Pig No. 1 (B+215P)1 (B+ISP)L (B+ISP+C-ISP )L
Dry matter intake (g) 1687.50 1802.78 1885.98
Nitrogen intake (g):
Orally L1.95 37.79 39.53
Caecally 0.00 0.00 10.85
Total 41.95 37.79 50.38
Pig No, 2 (B+ISP) (B+ISP+C-ISP) (B+21ISP)
Dry matter intake (g) 1664.10 1802.78 1912.50
Nitrogen intake (g):
Orally 34.88 37.79 L7.54
Caecally 0.00 10.37 0.00
Total 34.88 L8.16 L7.5L
Pig No. 3 (B+ISP+C-ISP) (B+2ISP) (B+ISP)
Dry matter intake (g) 1664.10 1828.13 1885.98
Nitrogen intake (g):
Orally 34.88 L5.45 39.53
Caecally 9.57 0.00 0.00
Total L. L5 L5.45 39.53

1 Abbreviations in parentheses indicate the dietary treatments. B+ISP+C-ISP

represents the treatment in which ISP is infused into the caecum.

£g



TABLE 10. The experimental design and the dail
nitrogen and orally

y intake of dry matter and

and caecally supplied lysine in study 3b.

PERIOD

I IT ITT
Pig No. & (B+ISP+C-Lys )t (B+ISP+LYS )l (B+ISP )l
Dry matter intake (g) - 1664.10 1815.45 1885.98
Nitrogen intake (g) 34.88 37.96 39.53
Lysine intake (g):
Orally 9.32 12.89 10.56
Caecally 3.17 0.00 0.00
Total 12.49 12.89 10.56
Pig No, 5 (B+ISP) (B+ISP+C-LYS) (B+ISP+LYS)
Dry matter intake (g) 1661,.10 1802.78 1899. 2,
Nitrogen intake (g) 34.88 37.79 39.71
Lysine intake (g):
Orally 9.32 10.10 13.48
Caecally 0.00 3.43 0.00
Total 9.32 13.53 13.48
Pig No. 6% (B+ISP+LYS) (B+ISP) (B+ISP+C-LYS)
Dry matter intake (g) 1675.08 1802.78
Nitrogen intake (g) 35.04 37.79
Lysine intake (g):
Orally 11.89 10.10
Caecally 0.00 0.00
Total 11.89 10.10
1 Abbreviations in parentheses indicate the dietary treatments. B+ISP+C-LYS represents
the treatment in which LYS is infused into the caecum.
2

Data from pig number 6 on treatment B+ISP+C~-LYS were not available. \n



55

Data from pig number 6 for period III are not
available (Table 10). This pig was about 8 kg. lighter
than the other pigs when surgery was verformed and the
first test period for this pig was not started until
the other pigs were on test period III. Inadvertently,
insufficient B+ISP diet was prepared to carry this pig
through period III.

The amount of nitrogen from ISP to be infused
was to be the difference between the nitrogen intake of
the pig receiving the B+2ISP diet and thé pig receiving
the B+ISP diet during each test period. For example, pig
number 3 should have received 7.0’7l grams of nitrogen per
day by caecal infusion (Table Q). However, 9.57 instead
of 7.07 grams of nitrogen from ISP was infused daily into
the caescum. This value was arrived at as follows: the
difference betWeen the B+2ISP and the B+ISP diet was 3.39
grams of ISP per 100 gréms of diet (Table &). For 1800
grams, the daily intake (as is basis) during period I, the
difference would be equivalent to 61.02° grams of ISP.
Because of calculation errors, the percentage of dry matter

of the test diets was not taken into account. Ten percent

2

141,95 - 34.88 = 7.07. 215 4 3.39 = 61.02.
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zmount of infused nitrogen would have btazn 2.00 grams? var
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finely ground and cracked whole wheat.

Studv La.

Whole wheat was milled to give 759 flour, 11.25% tren,
11.257 shorts and 2.5% middlings. The bran, shorts and middlines
were recombined in the same bproportion as they were obtained by
milling to give the E+S+l diet.

The ileal and faecal amino acid esveilsbilities from
whole wheat, flour and the E+S+7 diet were determined with &
Ilanagra barrows that were fitted with ileocaecal re-entrant
cannulae (Table 11)., Three rrotein-free diets containing 5, 10
and 15% alphafloc respectively were employed to determine the
levels of metabolic ilesl and faecal amino acids (Tatle 11).

Re~entraﬁt cannulee were fitted to barrows weighing
37 to L5 kg. The pigs weighed from 81 to 91 kg. at the end of
‘the experiment.

The surgical procedure, type and size of cannulze used,
pre and post-operative care, housing, collection procedure and
the duration and times the test diets were fed were similar to
those described under study 22 with one exception. Ileal digests
was collected continuously for only 1€ hours, Starting at £:00 4.1, ,
7 days after the pigs were switched to their respective test
diets. Faeces were collected for 24 hours prior to the start
of the ileal collection.

All diets were made into pellets of 0.25 cm. diameter.

Whole wheat was ground through a 2.C0 mm screen prior to



TABLE 11. Formulation of diets for study 4.

DIETS WHOLE FLOUR B+S+M PROTEIN-FREE
WHEAT
LEVEL OF ALPHAFLOC (%) 5 10 15
Ingredients (%):
Whole wheat 97.00
Flour 96.00
B+S-+M1L 95.00
Cornstarch 63.00 63.00 63.00
Alphafloc 5.00 10.00 15.00
Sucrose 27.50 22.50 17.50
Soybgan oil 1.00 1.00 1.00
Salt 0.50 0.50 0.50 0.50 0.50 0.50
Calcium carbonate 1.25 2.00 4,00 0.50 0.50 0.50
Dicalcium phosphate 0.75 1.00 0.00 2.00 2.00 2.00
Vitamin-gntibiotic 0.50 0.50 0.50 0.50 0.50 0.50
premix :
Chromic oxide + + + + + +

Consists of 45% bran, 45% shorts and 10% middlings.

2 As for Table 7 .
3 As for Table 7 .

89
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pelleting. The EBE+S+!I diet was not ground prior to pellsting.

The experiment was set up in such a manner that the
effect of level of fiber on metabolic ileal and faecal zmino
acid levels and the differences in avsilabilities cf amino
acids from whole wheat, flour and the E+S+ diet could be
analyzed statistically by 2 separate single cross-o?er designs.
The periods during which the protein-free diets were fed were
alternated with periods during which the wheat or whest derived
diets were fed (Fig. 3).

Two cannuleted pigs (pig no. 6 and 9) wers kept on
standby and served as replacement test animals in case com-
plications arose with the pigs that were actually tested (Fig. 3).
Pigs number 1, 2, 4 and 7 did not consume the 15% alphafloc

protein-free diet nor the E+S+ll diets. Pigs number 1 and 2 also
refused the 10% alphafloc protein-free diet. Replacement rig
number & consumed both the 15% alphafloc protein-free diet and
the E+3+11 diet. Replacement pig number 9 did not censume the
B4+ nor the lS%kalphafloc protein-free diet (Fig. 3).

Only three observations (including data from pig
number 6) were obtained from diet E+S+ll. The original E+S+II
diet was diluted with cornstarch so that cornstarch made up 60%
of the diluted B+S+M diet. The diluted E+S+Hvdiet (E+S+17=D) was

fed to the test animals from day 67 to 73 (Fig. 3).



- FIGURE 3. Experimental design and allowable daily dietary intake for study &.

- par} 1-7 8-11  12-18 19-22  23-39  30-33 34-k0 K1-44 45-51 52-55  56-62 63-66  67-73 WU-T7 7884

l’l’qr“‘i;'ll PF-52 FL R PF-15)3 cr » »
-5 GR [¢ -15 ¢ WW GR PF-10 CR B+5+M R - =
2 PF-5 GR FL GR {PF-IS} GR Wi GR PF-10 GR §B+S+M gn gigiﬁ.g . Sﬁ :z-gn
3 PF-10 CR B+S+M GR PF-5 GR FL GR PF-15 GR W R -
L PF-10  GR (B+S+M) GR ' PF=5 GR FL . CR (PF-15) "GR WW gn g:si&% gﬁ Eww:gn
5 PF-15 GR WW GR PF-10 GR B+S+M GR PF-§ GR FL G -
3 (PF-15) GR W GR PF-10  GR (B+5+M) GR PF-§ GR FL o BroeD o Yoo
6 GR GR PF-15 GR B4SHY GR PF-15 GR GR R B+S+M GR
9 GR GR PF-10 GR {B+5+M) GR PF-10 GR (PF-15) GR (PF-ID) GR gﬁ gﬁ g::gg,
ALLOWABLE DIETARY 1500 1500 1800 1800 2100 2100 2100 24,00

INTAKE (g/day)

1 Day 1 is the eleventh day after the operation.

2 Protein-free, 5% alphafloc (PF-5); Protein-free, 10% alphafloc ;PF-IO); Protein-free,
15% alphafloc {PF-15); Grower (GR’; Flour (FL); Whole wheat (WW); Bran and Shorts
and Middlings (P+S+H); Pran and Shorts and Middlings diluted with cornstarch (B+S+M-D);
Whole wheat finely ground (W.-C); Whole wheat cracked (WW-CR).

3 Diets in parentheses indicate missing observations.
b p11owable daily dietary intake {(g), as is basis,

09
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Study 4b.

Finely ground wheat was prepared by grinding the
whole wheat three times through a hammer mill with 2 1.5 mm
screen. The cracked wheat was prepared by grinding whole
wheat two times through a 6 mm screen. Both diets were
made into pellets of 0.5 cm diameter.

Four pigs were assigned at random to each of tke
2 whole wheat diets (Fig. 3). The whole wheat used in this

study was of the same source as that used in study La.

Analytical Procedures

The test diets and faeces were dried in a forced-
draft oven at 60-70°C, Ileal digesta were freeze-dried. Prior
to analyses, the samples were ground through a 1 mm mesh screen
in a Wiley mill.

Analyses for ash, crude fiber, dry matter, ether
extract snd nitrogen were carried cut according to A.0.A.C.
(1971) methods. Acid and neutral-detergent fiber wers deter-'
mined according to the method outlined in Agriculture Eandtook
no. 379 (1970).

| Total starch was determined according to the method

of R. A. MacCregor (1976, unpublished). This method involves

[o})

ispersion of the ground sample, autoclaving, followed by
digestion with glucoamvlase. The total glucose released was

reasured using a Glucostat reagent kit (glucose oxidase method)
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on a autoanalvzer.

The levels of chromic oxide in feed,digesta and
faeces were determined according to the atomic absorption
spectrophotometry method of Willisms et gl. (1962).

Amino acid analyses wers carried out according to

the method of Bragg et 21. (1966) with modifications as

described by Ciovannetti et al. (1970). Yethionine, CYS and
DAPA @X~S¥.diaminopimelic acid) were determined according to
the method of Hirs (1967). Tryptophan analyses were carried
out according to the method of Hugli and loore (1972). The
samples ware analyzed on a médel 116-Beckman amino acid

analvzer,
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gen content of high and low protein

The amino acid and nitro
wheat and their fractions.

TABLE 12.

LOW PROTEIN WHEAT

HIGH PROTEIN WHEAT

DIET

BRAN ENDOSPERM

WHOLE WHEAT

ENDOSPERM

%

BRAN

WHOLE WHEAT

%l
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Non-Essential

LA
ASP
GLU
GLY
PRO
SER
TYR

16.0

2L.5 1.72

16.0

19.0 2.73 16.0 1.79 16.00 2.25

16.0

3.75

16.00

2.92

NITROGEN

1 Expressed as percentage of dry matter.

2 Expressed as grams per sixteen grams

3

ids from whole wheat present in the bran

The percentage of amino ac
Determined by acid hydrolysis.
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gen content of high and low protein barley

The amino acid and nitro
and their fractions.

TABLE 13.

LOW PROTEIN BARLEY

HIGH PROTEIN BARLEY

DIET

WHOLE BARLEY

ENDOSPERM

BRAN
%

WHOLE BARLEY

CEREAL COMPONENT

ENDOSPERM

g/16gN
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g/16gN % g/16gh 43
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Non-Essential
ASP
GLU
GLY
PRO
SER
TYR

16.0 27.6 1.29 16.0

1.66

16.0

16.0 1.36

1.70

16.0 2.09 16.0 23.4

1.83

2 Expressed as grams per sixteen grams of

from whole barley present in the bran

NITROGEN

1 Expressed as percentage of dry matter.

3 The percentage of amino acids

L

nitrogen,

Determined by acid hydrolysis.

fraction.
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ALA, ASP and GLY were higher in bran than in endosperm
when these were expressed as grams per 16 grams of nitrogen.

The concentration (g/16g N) of the other amino acids,

3

especially LEU, MET, PHE, GLU, PRO and TYR were lower in
bran than in endosperm protein. Differences in amino
acid concentration (g/lég M) were more marked for bran
and endosperm protein from low than from high protein
barley.

The rats did not consume the bran diets from
barley in its complete form. The crumbles were broken up
and sorted. In addition, faeces from barley bran were of
a very moist nature and became contaminated with sorted
and spilled food. Due to these difficulties and the biased
data that would be obtained, feeding bran from barley to
the rats was discontinued. Therefore, no amino acid
avallability estimates from barley bran are available.

The average daily dry matter intake of the test
diets by the rats.are shown in Table 1li4. The wheat bran
diet was consumed to a slightly lesser extent than the
whole wheat or endosperm diet.

Apparent amino acid availabilities, nitrogen and
dry matter digestibilities are given in Table 15. Llean
squares of the analyses of variance are given in the appendix,
Table 1. With the exception of HIS,LEU, ALA, and GLU, there

were no significant differences in apparent availabilities of



TABLE 14. Ieans and standard devistion of daily dry matter intaks for the test and
rotein-free diets for study 1.

DIET HIGH PROTELIN LOW PROTEIN HICH. PROTZIN . LOW PROTLIN PROTLIN-Fiiis
WHEAT WHEAT BARLEY ' EARLEY
10,5 20,
CERBAL WHOLA LRAN ENDO- VHOLE ERAN ENDO- UNOLE ! LNDO- YHOLE ENDO- FILZh FILER
CONPAMENT . SPEIT: YHEAT SPLRI BARLEY |  SPiR EARLEY SPERI
Yeight of
rats (g) i
71 f g.oto.7  f.gto.o
98 14.311.3 12.7%0.8  14.0%1.5  13.7%1.,  12.4%1.5  13.2%2.5 L.5%1.6 13,241, 13.0%1.0  12.0%0.7
170 21.7%2.7  16.8%2.9  20.5%1.9 10.5t2.3 18.743.2  19.5%3.9 22.7%1.1  21.9%1.3  21.5%3.0  1.gt01
207 ; 18.5%2.8  20.1%2.
1 Weight of the rats on the day prior to each test period.

L9
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amino acids due to weight. For the amino acids mentioned,
apparent availabilities were only 1 to 2% higher for the
heavier than for the lighter rats. Only one weilght x test
diet interaction was found, namely for HIS. The dry matter
digestibility was significantly higher (by 0.9%) for the
heavier than for the lighter rats.

Nitrogen and dry matter digestibilities were
significantly higher from wheat endosperm than from wheat
bran (Table 15). Those of whole wheat were between those
of endosperm and bran. Apparent amino acid availabilities
from whole wheat and its derived fractions followed the
same pattern. However, the differences in percentage units
even if significant were of a small magnitude. Lysine was
always the least available amino acid and ranged from 78.9
to 82.2% for the high protein wheat and its fractions and
from 71.4 to 73.4 for the low protein wheat and its fractions.
Threonine was always the second least available essential
amino acid. Isoleucine and MET were also of low availability
(Less than 80%) for bran from the low protein wheat. For
the non-essential amino acids, ALA and ASP were always the
least available. |

Dry matter -digestibility, apparent nitrogen
digestibility and amino acid availabilities were higher for
endosperm of barley than of whole barley (Table 16). The

apparent availabilities of lysine were very low: they were



TABLE 15.\ Meansl and standard error of the mean of the apparent availabilities of
amino acids from wheat and its fractions.

DIET HIGH PROTEIN WHEAT LOW PROTEIN WHEAT )
, _ S=

CEREAL WHOLE  BRAN ENDO- WHOLE  BRAN ENDO- *
COMPONENT WHEAT SPERM WHEAT SPERM

AMINO ACIDS (%)

Essential ~ ’

—ARG ~ 91.2B 92.1A 92.9A 87.8C 87.8C 8g,7C 0.49
HIS 93.7A  93,1AB g, A 90.8C  g7.90  91,9BC 0.48
ILE 90. 1A 87.0CD g2, g8A 85.3DE 97 oF 88,1C 0.62
LEU 92,74 89,88 g).34 89.48  83.00  91.0B 0.57
LYS 78.9B 76.9B g2, 24 73.4° 71,400 np oG 1.02
MET3 91.04  86.5B 92,14 87.98  77.0E  g7.9B 0.75
PHE 9,00 917D g5 A 90.80  g84.86  92.2C 0.40
THR 86.8B  83.5C 89.7A 81.9CD 7 oE 83.7C 0.73
VAL 90.4%  87.6CD  gp A 86.30  go.7E  g8.4C 0.53

Non~Essential ' '

ATA 85, 2B 82,40 88.0A 80.9C 75.8D 81.2C 0.68
ASP 85.3% 82,58 go oA 79.1¢  7,.1DE o, 5BC 0.83
GLU 97.42 96,08  o9g.0A 95.78 91,00  94.5B 0.26
GLY 89.8%  86.0C  9p.24 8,.8°  77.1F  g6.8C 0.55
PRO 97.38B 95,50 9g oA 95.9CD 89,06  9¢,8BC 0.29
SER 92.68  89.1C g A 89.4° 82,0 90.7C 0.49
TYR o1.84 88.4B 93,34 85.6C 78.1E 87..B 0.59

NITROGEN (%) 89,78 83.7C 92,24 8. 4C 75,68 87.5B 0.66

. DRY MATTER (%) 90.3C 73.3F 94.1A 88,gD 69.06 94,04 0.29

1 Means in the same row with the same superscript do not differ significantly (P<.05)
2 Standard error of the mean. , 2
3 Determined by acid hydrolysis,



TABLE 16.

Meansl and standard error of the mean of the apparent availabilities of

amino acids from whole barley and endosperm from barley.

DIET

HIGH PROTEIN BARLEY

LOW PROTEIN BARLEY

2
SX
CEREAL COMPONENT WHOLE ENDO- WHOLE ENDO-
BARLEY SPERM BARLEY SPERM
AMINO ACIDS (%)
Essential
ARG g2.3E 85,28 71,79 g1.0F 0.49
HIS 83. 6" 88.,D 78.0F 83. 5" 0.48
TLE 79.0F 83.58 70.6G 79, 6F 0.62
LEU 82.5D 87.3C 77.3E 83.4D 0.57
LYS 67.7D 70.8CD 60.1E 68,20 1.02
MET3 g1.0CD 82.8C 71.5F 79.3D 0.75
PHE 86.0F 89.3E 78.61 83.5H 0.40
THR 76 .0 79.6D 67.8F 73,78 0.73
VAL g2.0b 86.5D 73.7F 80,55 0.53
Non-Essential
ATA 73.2E 77.3D 67.0F 71,38 0.68
ASP 72.8DE 75,60 67.2F 71,58 0.83
GLU g9, 8k 93,5C 84.1G 87.6F 0.26
GLY 76.08 81.4D 70.0G 75 . 9F 0.55
PRO 90.5F 91.3E 83.6H 89.06G 0.29
SER g2.8E 86.0D 712G 80.2F 0.49
TYR 82.8D 81,.5CD 71, ., 7F 79,08 0.59
NITROGEN (%) 78.7D 83,1C 72.8F 76.1E 0.66
DRY MATTER (%) 83.7C 93,24 83.5E 91.3B 0.29

1 Means in the same row with the same supersc

2 Standard error of the mean.

Determined by acid hydrolysis.

ript do not differ significantly (P<.05).

~J
O
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67.7 and 6C.1% for the high end low protein barley respective v

Lvsine availabilities from endospern were slightly higher.

Threonine was always the second least available essentia
b

amino acid. For the non-essentisl amino acids, ASP, ALA

T

and GLY

-t

vere of low apparent availability,
£

Aprarent amino acid availatbilities of high and

low protein wheat and barley are compared separately in

<|

Table 17. Apparent availabilities of whole wheat are

[

significantly higher than those of whole barley. The
availabilities of amino acids from high protein wheat were
higher than those from low protein wheat. The same
relationship was found for high and low protein barley.
The metabolic fascal amino acid excretion in-

)

creased as the level of fiber of the protein-free diets
was increased from 10 to 20% (Table 18). Significant
differences in amino acid excretions due to weight, in

addition to a significant weight x tast diet interaction

for nitrogen were found (Table 16; appendix, Table 2). For

both protein-free diets, the excretion of ARG was significantly

higher for the heavier than for the lighter rats. The
excretions of LIU, 1IT and VAL were significantly higher

for the lighter than for the heavier rats when these were

iy
)
Q.

the 10% alphafloc protein-free diet. Leucine, IET, VAL,

==
i
>

and ASP excretions were significantly higher for the



TABLE 17. Means! and standard error of the mean of apparent amino acid availabilities
of high and low protein wheat and barley.

CEREAL GRAIN ' WHEAT BARLEY

g=2
X

LEVEL OF
PROTEIN (%) 18.3 11.2 11.4 8.1

AMINO ACIDS (%)

Essential , .

ARG 91.28 g7.8C 82,38 787G 0.49
HIS | | 93,74 90.8C 83.65 78.0% 0.48
I1E 90. 47 g5, 3DE 79.0F 70.6G 0.62
1EU 92.7A 89..,B 82.5D 77.3E 0.57
1YS ~ - 78.9B 73.4,C 67.70 60.1E 1.02
MET3 | - 91.0A 87.9B 81.0CD 71.5F 0.75
PHE oL, 0M 90.8P 86.0F 78.6% 0.40
THR 86.8B 81.9CD 76,05 67.8F 0.73

VAL - 90. 1A 86.3D 82,08 73.7% 0.53

Non-Essential ‘

ATA 85,28 80.9C 73.2%E 67.0F 0.68
ASP 85.34 79.1° 72.8 - 67.2F 0.83
GLU 97.4A 95.7? 89.82 84.1G 0.26
GLY 89,88 8L.8 76.0 70.0G 0.55
PRO 97.3AB 95,9CD 90.5F 83.6H 0.29
SER , 92.6B 89.4C 82.8E 742G 0.49
TYR | 91.84 85.60 g2.8D 7.7 0.59
NITROGEN (%) 89.78 8. 4G 78.7D 72.8F 0.66
DRY MATTER (%) 90.3C 88.8D 83,7k 83.5E 0.29

1 ‘Means in the same row with the same superscript do not differ significantly (P<0.05).

2 Standard error of the mean.

Determined by acid hydrolysis, ~
N



TABLE 18. The effect of dietary fiber level and weight of thf rats on the
metabolic faecal amino acid and nitrogen excretion®.

LEVEL OF

ALPHAFLOC (%) 10 20 g=2
X

WEIGHT (g) 71 207 7 207

AMINO ACIDSS

Essential
ARG ’.01693 .01913 .02262 .0263ﬁ .0072
HIS .0071 .0078 .0103 .0106 .0043
ILE | .0214B .0194B .0322A .02084A .0076
LEU .0367g .03283 .OShlﬁ .0497§ .0123
LYS .0294, 0274, .04,18 L0411 .009%
MET* .01043 .0082D 01624 .0123B .0043
PHE +02037 .01923 .0314ﬁ .02852 .0078
THR .02798 .02478 .03884 .03664 .0091
VAL .0267 .0236 .0399 .0369 .0099

Hop, fesentiel .0322C .0292C 04764 .0, 278 .0110
ASP .0523C .0478C .07634 .07078 L0174
GLU .0619B .0569B .09054 08414 .0209
GLY .0286B .0281B .0417A .04054 .0101
PRO .ozsug. .02295 .03202 .0326% .0115
SER .02628 .0247p .0388; .0366, .0088
TYR .0180 .0164 .0266 .0253 .0077

NITROGEN .2630AB .220.,B .31884A .3309A .0934

1 Means are expressed as grams excreted per 100 grams of dry matter intake of
the protein-free diets.

2 Standard error of the mean.
Means in the same row with the same superscript do not differ significantly (P<0.05).
L Determined by acid hydrolysis.,

W
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lighter than for the heavier rats when these were fed the
20% alphafloc protein-free diets.
The differences due to weight, although significant,
were of small magnitude. Mbst variation was due to the
level of alphéfloc in the protein-free diets as is shown
by the large mean squares for test diets (Appendix, Table 2).
The metabolic faecal nitrogen excretion increased
as the level of alphafloc was raised. However, there was no
significant difference between the nitrogen excretion of the
lighter rats fed the 10% alphafloc protein-fres diet and for

the heavier and lighter rats fed the 20% alphafloc protein-

free diet (Table 18). With the exception of contamination
from urinary nitrogen, no satisfactory explanation can be

given for this observation.

Study 2.

Study 2a.

The nitrogen content decreased from wheat to barley
to corn. The levels of crude and acid-detergéntfibef were
somewhat higher for corn that for wheat while the level of
neutral-detergent fiber was slightly lower. Chemical analysis
showed that approximately 70% of alphafloc is actually crude
fiber (Table 19).

With the exception of LEU, LYS and LET the levels

of essential amino acids decreased from wheat to barlev to



TABLE 19. Proximatf, acid and neutral-detergent fiber, starch and chromic oxide

analyses— for diets in study 2.

DIETS BARLEY CORN WHEAT MATNTENANCE
LEVEL OF ALPHAFLOC (%) 7 14
ITEMS (%
Nitrogen 2.22 2.00 2.61 0.66 0.66
Ether extract 1.89 3.7 1.70 130 1.17
Fiber

Crude - 5.37 2.62 2.56 L.95 9.62

Acid-detergent 7.34 3.95 3.57

Neutral-detergent 21.47 11.73 12.22
Ash 5.32 L.76 L.29
Starch 64.35 72.40 66.65
Chromic oxide 0.47 0.52  0.43 0.53  0.54

1 Percent expressed on a dry weight basis.

9L
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corn. The level of LYS decreased from barley to wheat to
corn. The levels of LEU and VMET were highest in corn
(Table 20). The results obtained for TRY from duplicate
analyses on diets and digesta varied extensively. There-
fore, TRY was not considered in these studies.

Thé metabolic ileal and faecal amino acid levels
were estimated at 2 levels of dietary fiber by aid of the
#-7 and k-14 diets. These diets contained 4% casein.
Protein-free diets are usually emploved for the estimation
of metabolic losses. dowever, low dietary consumption
caused by palatability problems with pigs fed protein-fres
diets is often a major problem. It was not thought advisable
to subject the canhulated pigs to this extra stress. Con-

sequently, a highly digestible protein at a low level

[O]

(4% casein) was included in the protein-free diets. Thes
diets were named maintenance diets. It was assumed at this
time that all amino acids from casein would be absorbed by
the end of the small intestine and that the ileal and faecal
levels found by feeding the maintenance diets would be
representative of the metabolic levels.

In order to avoid complications due to blockage
(which could have resulted in permanent problems), the k-1k
diet was not fed prior to the cereal testﬁdiet sequence

but only near the end of the complete experiment (Fig. 2).



TABLE 20. Amino acid composition of diets for study 2.

DIETS BARLEY CORN WHEAT M-7 M-14

%L g/lé_gN’3 % gflégN % gf16gN % g/légN %  g/16gN

AMINO ACIDS

Essential _

RG 0.57 L.10 0.45 3.61 0.58 3.56 0.12 2.95 0.12 2.95
HIS 0.23 1.66 0.25 2.01 0.29 1.78  0.10 2.46 0.10 2.46
ILE 0.39 2.81  0.35 2.81 0.4 2.70  0.19 4.67 0.20 4.92
LEU 0.86 6.19 1.31 10.51 0.97 5.95 0.38 9.3, 0.39 9.59
LYS 0.42 3.02 0.3, 2.73 0.36 2,21 0.30 7.37 0.29 7.13
MET 0.19 1.37 0.253 2.00 0.243 1.,7 0.10% 2.42 0.10% 2.42
PHE 0.60 L4.32 0.52 L.17 0.67 4.11 0.21 5.16 0.20 L .92
THR 0.38 2.7,  0.36 2.89  0.39 2.39 0.16 3.93 0.16 3.93
VAL 0.54 3.89 0.46 3,69 0.55 3.37 0.2, 5.90 0.2, 5.90

Non-Essential
ALA 0.48 3.,6 0.76 6.10 0.L9 3.00 0.13 3.20 0.1 3.4,
ASP 0.69 L.97 0.72 5.77 0.68_. k.17 0.32 7.86 0.33 8.11
CYS 0.223 1.59 0.203 1.60 0.283 1.72  -_ -- -- -
GLU 2.93 21.10 2.09 16.76 L.LL 27.23 0.92 22.61 0.91 22.37
GLY 0.49 3.53 0.0 3.21 0.57 3.50 0.09 2.21 0.09 2.21
PRO 1.22 8.78 0.84 6.74 1.L45 8.89 0.39 9.59 0.40 9.83
SER 0.50 3.60 0.51 4.09 0,63 3.86 0.30 4.92 0.19 L.67
TYR 0.36 2.59  0.40 3.21 0.3l 2.51  0.17 4.18 0.17 .18

1 Percent expressed on a dry matter basis,

2 Grams per sixteen grams of nitrogen.

2 Determined by the oxidation method.

Determined by acid hydrolysis.
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Three separate consecutive &-hour ilsal collections
were carried out. The samples were frozen and stored.
Accidently, several ileal and faecal collesctions were re-

moved from the freezer and were spoiled. The ileal samples

that were spoiled were the first and third 8-hour collections

Hy

rom pig number 1 fed wheat and the second and third ilezl

7 plg number 6 fe

=

Hy
3

(o3

ollect wheat. In addition, all

(¢

OoIls 1ro

P

ileal and faecezl samples from the second time the -7
diet was fed were spoiled.

The emino acid and chromic oxide composition of
every &-hour ileal collection of pig number 2, 7, 3 and 4
when fed wheat are compared in Table 21. There'WQreonly
small differences btetween the individual &-hour collections
for each pig. This finding was notb unexpected since the
animels were fed 3 times daily, the same amount at each
feedingland exactly & hours apart. Under the experimental
conditions carried out, the data show that the amino acig
and chromic oxide content from ileal digesta from wheat
obtained during each single 8-hour collection is representa-
tive of that obtained during a complete 24-hour ileal
collection.

The apparent ileal and faecal amino acid
availabilities of the cereal grains are shown in Table 22,

The ileal amino acid aveilabilities were obtained from
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1.51 1.56

1.64

1.39 1.69 1.29 1.39 1.31 1.79 1.64 1.62

ig number 1 and 6 could not be made since only the second (8-16) and

1.66

p
the first 8-hour (0-8) ileal collections respectively were available.

Time interval after the start of the collection.

ALA
ASP
GLU
GLY
PRO
SER

TYR

CHROMIC OXIDE(%)

3 Percent expressed on a dry matter basis.

Non-Essential
1 Comparisons for
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TABLE 22. Apparent ileal and faecal amino acid availabilitiesl of the cereal grains
in study 2a. "

CEREAL GRAIN CORN WHEAT BARLEY

2.
LOCATION ILEUM  FAECES  ILEUM3 FAECES  ILEUM  FAECES °%
AMINO ACIDS (%)%
Essentia
“'7ﬁﬁ?'”4l 87.4,° 92,24 85.8C  gp,7A 81.50  g89.,B 0.595
HIS - 88.3D 93.6AB 89.1CD 95,04 80. LE 91.,9BC 0.665
TIE g87.54  g8g.1A 85.38  go.,A 79.1C  g3.1B 0.761
LEU 92.54  o93,8A 86.98  91.54 81.5C  86.68 0.630
LYS g2.0"  g3.0t 75.75  go.7h 73.3C  77.5B 0.791
MET5 91.94 89,54 86.64  g8g,9A 80.48  79,9B 0.877
PHE 90.5AB 91,34 88.8BC  92,5A 82,20 87.9C 0.561,
THR 78.98B  g6.3A 76.5C 86,74 71,20 g81.,B 0.938
VAL 84,98 88,24 82.8A 88.94 78.0C 8. 3B 10.720
Non-Essential v
ATA 88.5A 90.84 . 7,.0D 81,.0B 69.7E 77.4C 0.901
ASP 83.98 86,64 75.,C  83.1B 71.20  97.4C 0.883
cys> 82,148 90.2A8B g5 oAB  o37.A 77,68 gg.7AB 2.035
GLU 91.8C  95.1B 92.78C 97,04 86.60  92,7BC 0.480
GLY 71.2C 86,24 73.7C 89,34 71.20 82,68 1.191
PRO 80.40 93,44 86.88 96,74 80.9C 92,34 1.495
SER 8,.98 91,04 84,.1B 92, 54 76.3C 86.9B 0.714
TYR 89.04 90,24 85.98 89,54 79.7C 85.0B 0.680
NITROGEN (%) 82.40  89.),B 82.9D 91,24 75,95 85,9C 0.517
DRY MATTER (%)  80.2B  g9.,A 73.3°  89.0% 66.20  83.6B 0.979

1 Fach value is the mean of 6 observations. <2 Standard error of the mean,

3 Tleal availabilities from pig number 1 and 6 were based on single 8-hour collections.

L . T
Means in the same row with the same superscript do not differ significantly (P<.05),

> Determined by the oxidation method. , ‘ ; 8
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pooling of the 3 individual 8-hour collections that were
derived from each of the cereal grains. However, apparent
ileal amino acid availabilities from pig number 1 and 6
were based on one single 8-hour collection. Both ileal and
faecal amino acid availebilities were determined by the
chromic oxide method (Crampton and Harris, 1969)}. For the
determination of IiET and CYS availabilities, faeces from
the 2 pigs, fed the same diet during each particular test
pefiod, Were pooled and analyzed (Fig.'2). The individual
apparent ilealiand faecal amino acid availabilities and
analyses of variance are shown in the appendix (Table 3, 4,
5, 6, 7 and 8).

There were no significant differences between
the apparent faecal availabilities of essential amino acids
from wheat and corn (Table 22). The availabilities of
essential amino acids from wheat and corn were significantly
‘higher than those from barley. The differences in LYS
availabilities were of a small magnitude. They were 83.0,
80.7 and 77.5% for corn, wheat and barley respectively.

The épparent faecal availabilities of the non-
essential amino acids from wheat and corn were higher than
those from barley. The availabilities of ALA and ASP from
corn were significantly higher than those from wheat. There
were no significant differences between the apparent PRO

availabilities of the cereal grains tested.



g2

O
et Q9
[ o ord
0] S s O o £
-~ O o] ® a 0] I W
— n [ 8} [0} ~— O S O . e
W - O] [} & £ +2 9] TS [} o
[N & 4 &= < aj o} )] O £ O O]
— " 9] O » 0 o =] £3 < O «y <
W W ~ Gy S S a — O O + n 0]
[} &) W Gy G4 [ e a$ S » 42 . O =
— 3 e Gy [SHN Y g Gy 1 © o~ Sy -
I © <~ o] 0 G W . 42 [ 3 N o] . —
K () = O g ® ‘3 0] £ ™ G o Ly
o £ a3 A D - [ = w e
W O 9] +2 W n [0} O 9] a» 3 £
3 G4 G [} o] ® [ -~ . w G W v 1o 4 [} 2
O 42 O — i K <3 -2 =3 @ +2 —{ Q e > o 42
S 42 4 42 K< . — O 4 < ()] " ] o
$a A2 6} 9] O ~ oo} » 4+ o o Gy £ W 4 @
- W O ) s W ~ 4 e ~— . i W ~— 9] W £
. Ko W &1y = 1 0] (@) 03] - Kol £ 3 Q [ 0]
[¥aN ty W " o (@] Gy w +2 (4] T W - - < (@] (@8 O
{~ = O] () W < = (@) — [) ] (@] O [4)] W
e 4 | [ = w T ) - o » &) W el ®» —
O O » W\ + Q% s £ W - — 0] + £ » (o8
2 . [} G Q) < 0] . s 103} "> £ Ke) W o} O [ T 0]
wr S G P 3 [ N ® a [ o G o ® F L -
[@9) — &) 9} ) o o & ] ] rd i ~
. @ = e = - 9] o] & - + 5 4] £ 1 0]
[V = o 0] W S < O e 0] 0} W K s O + . U~
) o ) &} 0] ® O [ G4 © 49} o] v +2 O o —
+2 (0] (&M Q) [9] o] fry — 0] [\ © O -~ [
et O o O (44} o) wn 0] [ - o S — Gy »
O ® 4 O a O or O «© @ ® O Ke! W Gy d L2
S Qo o ] 1 L ] o0 (ORI o 0] W O ) I *
Gy 0~ e S0 [as} e & 0] e = (VI & (0] W ]
» S| 3 [} n [} as S o +2 » O o i &0 o
ol & 2 w Gy O —i — » o e | < W G 4 \O
© W Gy &3 © & o Gy ()} 0} [0} o > [eH) 1)
(] e &) W & Oy @ 4] 18] as - ®» e
¢4} @ ord — o] < 0] L O o +2 =z O L3 £ O + — [
® — W [{ - W &) o) a [ + ) 4+ W) O
[ ) = 0} Gy 3 ® ©LQ 4> 0] — oy 1)1 £
[} w (8} S <3 o [ 0} < o 0} » a a$ (&) - O
] o) O [ . o] 4§] (o] 3 = o 3 [4)] 3 » [0} o &
e} -4 Gy n < G £ < o = —i ~ Gy ~ Gy
o} 4] [} (i 42 - O 1§} o o o 4
~ < 9] 193] . 9D} W N a » O] ® » o o 9]
&4 as » (DN & 4 o~ . S S o L G I & &) 0]
W 4V i 0] 3 [l e o (@] A4 4 o1 = 40 O o < o
| + Fry +2 2 o ® = 0} — (&} [ (e} 0 %] ® 42
w3 § 1 ) (O] — 4 ® ] =S i 9] n 2, e
@} » — ® ord & = = " ] ) W 0] D
4 A3 1 2 (] O =) O " r— = 6] (3N o
42 = O 03 [ £ [9D] + G O [ — N )
[ as 0 L » Gy B 8} ) G . (53} @ o W
W -~ — - » -3 (OB ES 5 QO o S w —~
£ < o o ~ = o [CTEENQV] 3 3 s 4 o] o
(9 @ W ok 4 &y W R I « TR (> B 47 ]
o O v £ 1 (O NN O 0} @) O — ) e [} O =
ol (@] 4 i)y W Q + G & — 44 o a$ +-] - v} a

vizs,

ner

1

C

v

enerzlly lows

w h

o

&<



83

also in several significant pig x location interactions.
Dry matter digestibilities based on total ileal
dry matter collection and chromic oxide levels were nearly
the same for the cereal grains (Table 23). Individual
comparisons are shown in the appendix (Table 3, 4L and 5).
Dry matter digestibilities determined by chromic oxide
levels were lower for Li-7 and lM-14 than when determined by
total ileal dry matter excretion. Data obtained from -7
represent those from the first 24-hour ilesl collection
that was carried out. Lack of experience with regard to
the collection procedure resulted in unforeseen losses of
ileal digesta at that time. Blockage and associated problems
occurred sometimes when the pigs were fed the 1N-7 diets
but‘very often when they were fed the M-14 diets. For the
M-la diet, feed intake was very irregular and meals were
often skipped. Some pigs started nibbling instead of con-
suming the meals withiﬁ a short time after feeding. The
average daily dry matter intakes by the pigs fed I-7 and
I-14 were 1486 (87.8% of allowable intake) and 935 grams
(48.9% of allowable intake) respectively (Appendix, Table
9 and 10). The cereal test diets in these studies were
always consumed within 1 hour after feeding (ie. 100% of
allowable intake) and the amount of ileal dry matter

collected during 3 consecutive 8-hour collections could oe



8.,

TABLE 23. Comparison of ileal dry matter digestibilitiesl
based on total dry matter excretion and chromic
oxide levels.

Measurement Total Chromic
" Oxide
DIETS
Barley (6)% 67.11%2.87 66.17%3,86
Corn (6) 80.06%2.16 80.18%0.77
Wheat (4) 73.11%0.77 73.25%2,05
Maintenance, 7% 88.52%2,54 86.56%0.48
alphafloc (5)
Maintenance, 14% 8L.5%5.72 76.8%0.34

alphafloc (6)

1 Mean and standard deviation.

2 Values in parentheses indicate the number of observations.



elated back to the total dry matter intake from 3 feedings.

]

leal dry matter digestibilities based on total ileal dry

-

natter were calculated on the basis of the latter principle.
The higher ileal dry matter digestibilities obtained fron
=7 and =14 by total ilsal dry matter levels than by
chromic oxide levels in part reflect the lower int ake of

Ao

diets by the pigs in comparison to their allowable

ct
ry

128
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ailj

(o8

dry matter intzke.
The average metabolic ileal and faecal amino acid
and nitrogen levels, expressed as grams per 100 grams of dry

matter intake, are shown in Table 24. The individual metabolic

-

leal and faecal amino acid lavels of the pigs are shown in

Q

the appendix (Table 9 and 10). 411 ileal and Taecal collections

H

rom pigs fed thne -7 diet following the cereal test diet
Sequence were spoiled. Pig number 6, fed Li-7 prior to the
cereal test diet sequence, went off fesed the day before the
ileel collection was carried out.

Not taking into account the possible effect of bedy
welght on metabolic and faecal amino acid levels, these
levels were increased as the level of alphafloc was rsised
from 7 to 14 (Table 24). For both the 1~7 and Li-14 diets,
there was a net loss (as grams per 100 grams of dry‘matte

intake) of total nitrogen between the end of the ileum and

the anus. There was a net disappearance of ARG, GLU, GLY,




TABLE 24. Metabolic ileal and faecal amino acid levelsl from study 2a.
PERIOD OF |

COLLECTION BEFORE CEREAL DIETS? AFTER CEREAI DIETS3
LEVEL OF

ALPHAFLOC (%) 14
LOCATION ILEUM (5)% FAECES (5) ILEUM (6) FAECES (6)

AMINO ACIDS
Essential
ARG
HIS
ILE
LEU
LYS
MET?
PHE
THR
VAL

Non-~Essential
ALA

ASP
GLU

GLY
- PRO
SER
TYR

NITROGEN

0.0380%0.0119
0.0126%0.0033
0.0326%0.0030
0.0424+0.0090
0.0356%0.0061
0. 0088i0 0015
0. 0224 0.0058
0.0444%0.0082
0.0384%0,0063

0. oha2+o 0096
0.0662% 10,0071
0.1238%0.0115

- 0.1146%0.0425

0.3438%0.1243

0.0670%0. 0064
0.0182%0.0042

0.2148+0.0385

0.0288%0.0120
0.0114%0.0034

0.0332%0.0085

0.0502%0.0182
0.0456%0,0131
0. 0162io 0056
0.0310%0.0099

~ 0.0342%0.0939

0.0380%0.0101

0. 0462+0 0119

0. 0720-0 0189
0.094810,0208

0.0376%0.0111
0.0386%0.0131
0.0366%0.0078
0.0232+0,0607

0.1436%0.0368

0.0460%0,0056
0.0177io.ooa1
0.0352%0.0417
0.0447%0,0033
0.0428%0.0020
0.0110%+0.0009
0.023810.0029
0.0455%+0,0034
0.0418%0.0023

0. 0572io 0117
0. 0732 0.0022
0.1423%0.0192

0.1452%0.0690
0.5548%0, 3484,
0.0752%0.0140

- 0.0178+0,0013

0.3065%0.0545

0.0347%0.0130
0.0152%0,0422
0.0442%0,0143
0.0681%0,0292
0.0567%0,0202
0. 0198io 0074
0.0407%0.0171
0.0468%0,0172
0.0510%0,0176

0. 0632+o 0231

0. 09&3 0.0309
0.1250%0.0376

0.0497+0.0192
0.0665%0.0212
0.0502%0,0130
0.0302%0.0121

0.1933%0.0666

were spoile

Numbers in
Determined

wiE W oN

d.

b

Ileal and faecal collections from M-7,

arentheses indicate the number of observations.
¥y acid hydrolysis,

Means, expressed as grams per 100 gram dry matter intake, and standard deviation.
No ileal and faecal collections were available from pig number 6.
fed following the cereal test diet sequence
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PRO and SER. The net disappearance was very large
O and

Fy

Iy

or

<

Pu na GLY. Leucine, LYS, IuT, PHI, ASP and TYR showed
a net increase from the end of the ileum to the anus.

The metabolic ileal lavels of PRO and CLY varied
extensively from pig to pig. 1In general, the variation in
levels for the other amino acids was much less (Appendix,
Table 9). Liost variation between the metabolic fzecal
amino acid levels of the pigs could be attributed to pig
number 1. The metabolic fascal amino zcid levels of this

pig were about twice as high as thoss of the other pigs

(Appendix, Table 10).

Study 2b.

The apparent faecal amino acid availabilities
determined from & normal pigs were very close to thoss
determined from the cannulated pigs. Ths largest dif-
ferences were found for barley and ranged from 1.2 to 4.&
percentage units for PRO and THR respectively (Table 22 and
25). Faecal availabilities from corn and wheat were nearly
identical for cannulated and normal pigs. The LYS availa-
bilities of normel pizs were £1.2, 79.9 and 73.5% for corn,
wheat and barley respectively. In the sane order, they were
83, 0.7 and 77.5% for the cannulated pigs (Table 22 and 25)

the apparent amino acid availasbilities from pig

numoer & were lower than those of the other > pigs. ‘hese
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TABLE 25. Apparent faecal amino acid availabilities
of the cereal grains, in addition to
nitrogen and dry matter digestibilities
for study 2b.

CERZAL GRAIN CORN WHEAT BARLEY syt
CANINO ACIDS (%)2
ReotRtial 91.2% 92.1% §7 .4,° 0.620
HIS 92.45 oL.14 §7.8C 0.44
ILE | 87 .84 8g.oh 79.55 0.852
LEU 93 .64 91.2b 84,15 0.605
LY3 81.84 79,94 73.5F 1.354
LET3 87.55%  g7.3A 76,20 1.198
PHE 91,25 92.64 86,20 0.304
THR | 35.94 86,14 78.3E C.840
VAL 87,74 88,64 g1.1F 0.740
Lon-Zssential A E c _
ATA 90, 2* 83.3 74,8 0.838
ASP 86 .04 82.64 7,68 1.660
CLU 93.85 97.04 91.4C 0.416
GLY | 86.08  gg.9h 79.8° 0.878
PRO 93 .45 97.04 91.1° 0.339
SZR 90.64 92.14 813" 0.518
TVR 90.04 89,54 82,55 0.633
NITROGEN (%) gg. 54 91.15 g2.0° 0.552
DRY FATTZR (%) g§9.0%8  gg.54 81.8E 0.180
1

Standard error of the mean of 6 observations per treatment.

2 Means in the same row with the same superscript da not differ

significantly (P£.05). ;

3 Determined by acid hvdrolysis.
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differences were siznificant for PHZ and ALA (Appendix,

Table 11). The individusl feecal amino acid evailabilities

~Ifrom the pigs are shown in the appendix (Table 12, 13, 1i4).

3
]

R

he metabolic faecal zmino acid excretion in-

-

Creased as the level of alphafloc was raised in the
maintenance diets (Table 25).
WIith the exception of ARG and PHE there were no

5) .

. in weight between the

()
-
AV

significant differences due to weight (Appendix, Tabl

The pigs differed approximately 30 k

04

first and second time thev were fed the sare maintenance

diet. The metabolic faecal ARG and PHE excretion were sig-
nificently higher for the lighter than heavier pigs fed the
s=1h diet (Table 26). The individual pig data are shown in

N

the appendix (Table 16 and 17).

I'etabolic faecel amino acid excretions were
approximately 30% higher for the normal than for the can-
nulated pigs (Table 24 and 26). 4s stated previously,
there was considerable variation in the metabolic faecal
anino acid excretion in study 2a. The variation that was

observed could be largely attributed to one particular pig.

Study 3.

This study was subdivided into 2 separate experiments.
Study 3a deals with the infusion of isolated SOy protein. ax-
periment 3b involved the infusion of lysine monohydrochloride

into the caecunm.
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L.etabolic faecal amino acid and nitrogen levelst

for study 2b.
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PZRIOD OF EZFORL CERBAL AFTER CZREAL

COLLACTION DIETS DIETS

LEVEZL OF

ALPHAFLOC (%) 7 1L 7 14

AVINO ACIDSS

ossential _ -

— iz 0225C .0324 .018C .026%
KIS .008P 0114 0078 Lo12®
ILE 0275 0394 .0295 L0384
LEU L0415 L0604 L0368 o5t
LS .033F o078 L030F  Logsh
LETk 012 L0174 .012F .0204

HE .0255C L0364 .020° .031F

THR .029F L0434 .026F .0384
VAL .0325 L0484 .031B .0L54

Non-Zssential
ATL .040F L0584 .035E L0534
ASP L0625 .0884 .0575 0884
GLU .080E L1144 .087k L1124
GLY .0325 L0L6A .0278 L0404
PRO .032k L0434 L0308 L0404
SER .0325 L0434 .036b LOLLA
TYR .0195 L0264 .0155 L0234

NITROGEN 1185 L1734 .121E L1754

.00170
.00078
.00253
.O0LL2
.00302
.001L49
.002246
.00321
.00392

.00LO5
.00704L
.00768
.002938
.00254
.00299
.00198
.00861

1 icans from 5 observations
matter intake.

Standard error of the rean.

3 Means in_the same row with the sam

significantly (P<L05).

4 Dpeternineg by acid hydrolysis.

, eixpressed per 100 granm of dry

€ superscript do not differ
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TABLE 27. Amino acid and nitrogen composition

diets in studv 3,

of test

DIETS B+2ISP B+ISP E+ISP+LYS

AMINO ACIDS (%)

Essential
ARG 0.88 0.68 C.66
HIS 0.36 C.27 C.27
ILE 0.73 C.55 C.55
LEU 1.32 1.03 1.02
LY82 0.71 0.56 .71
MET 0.24 C.21 0.21
PEE 0.96 0.76 C.75
THR 0.57 O.L5 O.45
VAL 0.87 0.68 0.68

Non-Esssntial
ALA 0.69 0.56 .57
ASP2 1.39 0.95 0.97
CYS 0.21 0.22 0.22
GLU 4,23 3.39 344
GLY 0.68 0.55 0.55
PRO 1.54 1.39 1.34
SER 0.71 C.55 C.57
TYR O.44 C.34 C.33

NITROGEN (%) 2.4,86 2.096 2.001

a Expressed as percent of dry matter.

2  Determined by the oxidation methed.



TAELZ 28  Individual daily nitrogen intakes
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urinary losses and some calculated parameters in
stuay 3a.
PZRIOD I IT IIT
Pig no. 1 (+21SP)1  (B+IsSP) (E+ISP+C-1SP)
Hitrogen intake
(g/day) 41.95 37.79 50.38
Faecal nitrogen
loss (g/dav) 7.89 7.09 Q. L1
Urinary nitrogen
loss (g/day% 16.80 14.41 2L .61
Nitrogen retained
(g/day) 17.26 16.29 16.36
Nitrogen retained? 1.023 0.904 0.867
Nitrogen retention
(55) L1.1L 43.11 32.47
Biological
value () 50,68 53.06 39.93
Pig no. 2 (E+ISP) (E+ISP+C-1SP) (o+21SP)
Nitrogen intake 3L.88 L8,16 L7.54
Faecal nitrecgen loss 7.39 10.47 .40
Urinary nitrogen loss 13.18 22.27 20.76
Nitrogen retained 14.31 15.42 18.38
Nitrogen retained? 0.860 0.855 0.961
Nitrogen retention3 41.03 32.02 38.66
Eiological value 52.06 4C.91 46,96
Pig no.3 (B+ISP+C-ISP) (E+2ISP) (L+ISP)
Nitrogen intake Ll L5 L5.L5 39.53
Faecal nitrogen loss 9.98 8.59 7.25
Urinary nitrogen loss 18.52 18.49 15.48
Nitrogen retained 15.95 18.37 16.80
Nitrogen retained? 0.958 1.005 0.891
Nitrogen retention3 35.88 LO.42 L2.,50
Biological value L6 .27 L9.8L 52.0L

1 Abbreviations in parentheses indicate the diet fed.

3 Percent nitrogen retained.

¥ Percent nitrozen retained fron nitrogen absorbed
faecal and endogenous urinary losses were not t

Grams of nitrogen retained per 100 grams of dry matter intake.

; lietabolic
eken into account.



TABLL 29 The averagel amounts of nitrogen retained, nitrogen
retentions and biological values for diets in study 3a.

DIE o B+21SP B+ISP B+ISP4C~ISP 552

Nitrogen retained (g/day) 18.00% 15.808 15,915 L2718
Nitrogen retainedd | 0.996A 0.8854 0.8934 .01526
Nitrogen retention (%)% 4,0.074 42,2148 33,465 6221
Biological value (§)5  49.16A 52,394 12,378 7479

Means with the same superscript in the same row do not differ significantly (P<L.05).
2 Standard error of tlie mean.

3, 4, 5 As shown in Table 28,

()
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that IOrb+IEP. Therefore, the relative retention of cascall
infused ISP was onlv 5%~ of that of orally supplied ISP.

Thé average nitrogen intaeke, faecal nitrogen loss,
urinary nitrogen loss and retained nitrogen were 37.4C, 7.24,
14.36 and 15.80 g. per day respectivelv for the pigs fed

b+I1SP. In the same order, these values were 4L7.66, 9.93,

21.30 and 15.91 z. per day respectively for pigs given

infused which was lO.Zézg., 2.713g. was lost in the fasces,

N

, o
7. L4z . was lost in the urine and 0.11°z. was retainsad.
Zxpressed on a percentage basis, 20.4% of the nitrogzen from
caecally infused ISP was excreted in the faeces, 72.5% was

cicretad in the urine and 1.9% wes retained by the pigs.

Study 3k.

The individuel data are given in

m 1

fable 3C and are
summarized in -Table 31. Data from piz number & on treatment
E+ISP+C-LYS were not available. Statistical analyses could
be performed with the inclusion of the calculated missing

values (Table 31). However, this would be of no use in

421.80
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Individual daily nitrogen intakes and faecal and
urinary losses and some calculated parameters
in study 3b.

PERIOD I II IIT
Pic no. 4 (B+ISP+0-L¥S)L (B+ISP+LYS)  (B+ISP)
liitrogen intake
(g/day) 34.88 37.96 39.53
Fzecal nitrogen loss
(g/day) 7.16 6.46 6.8L
Urinary nitrogen loss
(g/day) 13.04 13.50 17.11
Nitrogen retained .
(g/day) 14.68 18.00 15.58
"Nitrogen retained? 0.882 0.991 0.826
Nitrogen retention
(%5)3 o k2.09 L7 .42 39.41
Biological value (%) 53.17 57.14 47.21
Pig no. 5 (E+ISP) (D+ISP+C-1YS) (E+ISP+LYS)
Nitrogen intake 34.88 37.79 39.71
Faecal nitrogen loss 7.68 7.39 8.34
Urinary nitrogen loss  12.39 14.02 12.76
Nitrogen retained 1L.81 16.38 18.61
Nitrogen retained? 0.900 0.909 0.980
Nitrogen retentiinB L42.46 L3 .34 L6.86
Eiological value 5L.45 53.8¢2 59.32
Pig no. 6 (B+ISP+LYS) (E+ISP) (B+ISP+C-LYS )~ \
Nitrogen intake 35.04 37.79 L
Faecal nitrogen loss 7.62 7.66
Urinary nitrogen loss  10.80 14.42
Nitrogen retained 16.62 15.71 15.98
Nitrogen retained? 0.992 0.871 0.839
Nitrogen retention3 L7.43 41.57 LC.L7
Biological valuek 60.61 52.14 51.58

1,2, 3, 4 44 shown in Table 28.

'

5 Ikissing data were calculated bty least square method.



TAELS 31, AVeragel amounts of nitrogen retained, nitrogen retentions and
blological values for diets in study 3b,

DIETS | | B+ISP+C-LYS D+ISP+LYS L+ISP
TTENS
Nitrogen retained (g/day) 15.68 (15.53)%  17.7 15.36
Nitrogen retained> 0.877 (0.896)  0.988 0.866
Nitrogen retention’* (%) L1.97 (42.72)  L7.2L 41.15
Piological value’ (%) 52.88 (53.53)  59.02 51,27

1 Statistical analyses were not performed.

2 Values in parentheses do not include the calculsted missing values.

3, &, 5 ps shown in Table 28,

L6
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this study since the errordegrees of freedom would decrease
from 2 to 1 resulting in the increase of F critical from
19.0 to 200.00 (at the 5% level of significance).

All perameters determined were the highest for
B+ISP+LYS and the lowest for E+ISP. The values obtained
for B+ISP+C-LYS were slightly higzher than those of B+ISP
(Table 31).

Inbluding the calculated missing value the amount
of nitrogen retained per day increased by O.32lg. upon LYS
infusion into the caecum. Orally given LYS increased the
amount of nitrogen retained per day by 2.38%g. (Table 31).
Therefore, the relative improvement in nitrogen retained
per day (g.) of caecally infused LYS was only 13.4°% of

that orally supplied LYS.

Study 4.
Study La.

The nitrogen and fiber levels decreased from

B+5+ll to whole wheat and to flour (Table 32). B+S+l{ contained

much higher levels of ARG, HIS, LYS, ALA, ASP and GLY than

flour while those of THR, VAL, SER and TYR were slightly

115,68 - 15.36 = 0.32. 217.74 - 15.36 = 2.32.
3(0.23 : 2.32) x 100 = 13.1%.



TABLE 32 Proximate, acid end neutral-detergent fiber and chromic oxide analysesl
' for diets of study 4.
DIETS WHOLE WHEAT FLOUR B+5+11 PROTEIN-FREL
LEVEL OF ALPHAFLOC (%) 5 10 15
IT3MS (%)
Nitrogen 2.L6 2.35 2.75 0.09 0.10 0.11
Ethar extract 1.66 1.03 L. L8 1.06 1.16 1.00
Fiber:
Srude 2.35 0.25 8.49 3.86 6.80 10.83
Acid-detergent 5.38 3.21 12.94 6.42 9.90 14.64
Neutral-detergent 12.17 3.43 L0.98
Ash 4.82 4 .01 844 3.26 3.08 3.15
Chromic oxide 0.52 0.56 0.55 0.59 0.55 0.55

1 ixpressed on a dry

welght basis.

66
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U and PRO were much lower

g

higher. The levels of PHE, G
in £+S+i: than in flour. As eXpected, the amino acid

levels of whole wheat were between thoss of £+S+. and

Iy

lour (Table 33).

Statistical analvses could not be performed,
at least not in the form of a single cross-over desizn on
the apparent amino acid availebilities fror whole wheat,
flour and B+S+i (Table 34). Pigs numbered 1, 2, 4 and 7
refused to consume the E+S+I1 diet (Fig. 3). Data obtained
from replacement pig number & (day 23-29) are included in
the availadilities of amino acids from E+S+11.

Generally, apparent ileal and faecal amino acid
availabilities decreasad from flour to whole wheat to
B+5+M, Total nitrogen and dry matter digestibilities
followed the same pattern (Table 34).
he differences in percentage units between ilesl

and faecal availabilities were the smgllest for flour and

+

the largest for diet E+S+il. The diffsrences for all diets

C

were always the most pronounced for ARG, HIS, TER, GLY, PRO,
and SER (Table 34).

Lysine and THR were zbout equally the least
available essential amino acids of whole wheat and flour
when determined at the end of the ilsum. Lysine was the

least available from these 2 diets when deternined by the
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TAELE 33 Amino acid composition of diets from study L.

DIETS - WHOLE WHEAT FLOUR B+S+iI
B g/16eN? 7 g/légt & g/162l

ARG 0.66 L .27 0.47 3.24 1.05 6.11
HIS 0.32 2.07 0.29 2.01 0.4L2 2.L6
ILE 0.54 3.52 0.55 3.7L 0.55 3.18
LEU 1.01 6.57 1.00 6.86 1.03 5.99
LYS, C.37 2.39 0.25 1.74 0.59 3.L3
LR C.21 1.37 0.17 1.16 0.25 145
PHE 0.73 L.72 0.76 5.23 0.66 3.87
THR 0.L0 2.59 0.386 2,40 C.45 2,64
VAL 0.66 L.31 0.61 k.20 0.77 L.L9
Non-issential
LLA 0.50 3.25 0.40 2.76 0.7%9 L.53
ASP 0.76 L.91 C.57 3.39 1.13 6.56
GLU L.69  30.50 5.19 35.57 3.23  l&.s2
GLY 0.60 3.92 0.4L8 3.25 0.84 L.89
PRO 1.49 9.69 1.67  11.45 0.97 5.67
SER 0.60 3.92 0.58 3.99 0.66 3.54
YR 0.34 2.19 0.30 2.05 0.34 1.95

1 Expressed on a dry weight basis.
2 Grams per 16 grams of nitrogen.

3 Determined by acid hydrolysis.



TABLE 3. Apparent ileal and faecal amino acid availabilitiesl
of whole wheat, flour and B+S+M and B+S+M-D for study 4.

DIET WHOLE WHEAT (6)? FLOUR (6) ; B+S+M (3) v B+S+M-D (6)

LOCATION ILEUM FAECES ILEUM FAECES . ILEUM " FAECES ILEUM FAECES

AMINO ACIDS (%)

Essential )

TTARG 87.1%1.7 91.6%0,5 90.7%2,5 95.6%1.3  8y.8%1.5 90.0%2,1 71.5%6,7 90.2%1,0
HIS 88.4%1. 1 93.9%0.9 93.9%0.3 96.6%1.1  78.5%2.6 88.8%2,5 73.613,1 88.0%1,5
ILE 89.1%2,0 91.6%1.0 93.9%0.6 9.751.5  72.9%2.3 74.6%2.0 69.6%1.6 75.5%4.,0
LEU 89.9%1,5 93.2%0.5 94.6%0.5 95.5%1.1 7h.4E3.0 78.7+2.3 71.7%1.7 80.7%2.9
LYS 79.5%3.3 86.1%1.2 8L.2%1,6 86.0%4.5 ° 66.4%,.8 75.5%,.2 57.5%3.9 77.6%3.1
MET 92.4%2,2 93.4%1.8 93.7%1.3 93.4%2.7  77.8%3.8 81.8%1.7 76.5%6.0 73.2%7.6
PHE 91.5%1.1 94.,3%0.,7 95.5%1.1 96.3%1.1  76,0t2.5 79.5%1.8 73.9%1.3 81.5%2.8
THR 78.4%2.6 89.1%0.9 85.4%1.5 92.3%2.3 53.9%6.5 71.3%3.5 47.8%3.9 7h.743.2
VAL 86.781.7 91.7+1.1 92.7%0,6 94.3%1.6 71.3%2.7 76.0%L,7 66.5%2,6 78.2%3,2

Non-Essential
Y ¥ F 79.6%2.6 88.1%1.5 86.1%0.9 90,8%2.8 70.2%0,

7 75.5%3.3 60.7%5.9 76.2%1.,0

ASP 80,8%2,5 88.0%1,2 85.5%1.0 89.2%3.0 69.8%1.2 75.6%2.8 64.2%3.3 78.2%2.5
GLU 95.6%0.6  97.910.1 97.9%0.1 98.6%0.4 85.8%f1.,2  89.9%0.9 83.8%1.6 90.9%1.4
GLY 72.616,2 90.6%0,6 78.5%7.8 93.6%1.8 57.3%8.9 78.3%1.5 31.9%21.0 79.3%2.5
PRO 79.1%14.7 - 96.8%1.1 83.0%14.7  98.5%0.4 70.3%11.0 89.5%2.4  -47.5%66.5 78.412.8
SER 86.3%1.5 94.3%0.9 91.7%0.4 95.8%1.3  72.2%2,1 83.1%1.8 67.7%2.8 84.2%2,2
TYR 89.2%1.7 92.9%1,2 93.1%0.7 9L.4%1.4  71.1%3.0 78.8%2.1 68.5%2,6 78.6%3,8
NITROGEN (%) 85,2%1,7 93.3%0.6 90.5%1.8 95.6%0.9 69.8%1,4 80,9%0.7 59.2%6.3 83.0%1.4

DRY MATTER (%) 78.2%1.6 89.4%0,5 90,2%0,4 95.0%0.8 L3.3%2,7 65.0%1.5 69.2%1,) 83.9%0.3

1 Means and standard deviation. 2 Numbers in parentheses indicate the number of
observations per dietary treatment. Determined by acid hydrolysis

20T
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faecal analysis method.

The ileal availagbilities of essential amino acids
from diet B+S+M were very low. They were 66.L4 and 53.9% for
LYS and THR respectively} Those of the other essential
amino acids varied between 71.3 and 84.8%. Isoleucine,

LYS, THR and VAL were about equally the least available
from diet B+S-+i1 when determined by the faecal analysis method
and their availabilities ranged from 71.3 to 76.0% (Table 3L).

The apparent ileal availagbilities of ARG, GLY and
PRO were markedly lower for the cornstarch diluted B+S+11 diet
(E+S+M-D) than for the B+S+M diet. The ileal evailability
of PRO from B+S+M-D was even found to be negative i.e. more
PRO leaves the end of the ileum than is ingested. The ileal

avallabilities of the other amino acids were also lower for
E+S+11-D than for E+S+Il but to a lesser extent. The apparent
faecal amino acid availabilities of B+S+L and E+S+li=-D, with
the exception of PRO and MET, were of‘the same order

(Table 34).

The individual apparent ileal and faecal amino
acid availabilities, in addition to nitrogen and dry matter
digestibilities and average daily dry matter intake of the
pigs fed whole wheat, flour, diet B+S+i and diet E+S+11-D
are.shown in the appendix (Table 19, 20, 21 and 22).

The levels of the ileal and faecal amino acids,
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total nitrogen and drv matter incressed as the level of

alphafloc of the protein-free dists was increased. The

level of alphafloc was raised from 5 to 10% than from

For all protein-free diets, there was a lerce

disappearance of ARG, THR, CGLY, PRO, SER, total nitrogen

and dry matter between the end of the ileum and the rectun.
The net disappearance was largest for PRO, followed by GLY.

Proline and GLY in this order wers also the first and second
most prominent amino acids in ileal digesta. The levels of
these amino acids iﬁ ileel digesta varied markedly from

pig to pig as shown by the relatively large standard
deviations for these amino acids compared to those of the

other amino acids (Table 35). Arginine was the most oro-
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esta.

minent essential amino acid in ileal dis
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diet (Fig. 3). ‘1lhe average metavolic ilesl and faecal ziino
acid levels obteired frox replacement pig number § were in-

5
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TABLE 35. Metabolic ileal and faecal amino acid levels
in study La.

LEVEL OF ALPHAFLOC (%) 10 15

LOCATION ILEUM (6) FAECES (6) ILEUM (5) FAECES (5) ILEUM (3) FAECES (3)

AMINO ACIDSZ

E§§§§§$al 0.049%0.023 0.022%0.002 0.058%0.014 0.029%0,003 0.061%0.012 0.033%0.00
HIS 0.014%0.003 0.010%0.001 0.017%0.002 0.014%0.002 0.022%0.007 0.015%0.001
ILE 0.021%0.004 0.027%0.00, 0.029%0.008 0.039%0.,006 0.031f0.005 0.045f0.003
LEU 0.039%0.007 0.042%0.005 0.051%0.011 0.059%0.008 0.057-0.010 0.067%0.004
LYS 0.027%0.003 0.036%0.003 0.036%0.008 0.048%0,007 0.039%0.011 0.054%0.005
MET3 0.006%0.001 0.012%0.002 0.008%0.003 0.017%0.003 ———- ————
PHE 0.023%0.004 0.026%0.003 0.030%0.007 0.037%0.005 0.033%0.008 0.040%0.003
THR 0.039%0.005 0.030%0.00, 0.051%0.008 0.041%0.007 0.059%0.014 0.045%0.005
VAL 0.031%0.004 0.033%0.004 0.043%0.009 0.049%0.007 0.044%0.010 0.053%0.005

NOELﬁssentlal 0.041%0.009 0.036%0.005 0.056t0.010 0.053%0.008 0.058%0.008 0.059%0.007
ASP 0.056%0.009 0.061%0.006 0.078%0.013 0.084%0.013  0.081%0.012 0.09620,010

- ¢ys3 0.013%0.002 0.010%0.001 0.016%0.003 0.013%0,002 - ———
GLU 0.071%0.012 0.068%0.008 ©0.094%0.018 0.096%0.015 0.10020.019 0.108%0.010
GLY 0.139%0.065 0.031%0.004 0.171%0.043 0.043%0,006 0.169%0.015 0.047%0.005
PRO 0.474%0.325 0.026%0.005 0.577%0.272  0.046%0.006 0.585%0.161 0.038%0. 00y
SER 0.03820.006 0.025%0.002 0.049%0.007 0.035%0.004 0.053%0.010 0.037%0.002
TYR 0.013%0.002 0.013%0.004 0.015%0.004 0.016%0.002 0.016%0.005 0.018%0. 004

NITROGEN 0.205%0.078 0.101%0.009 0.256%0,052 0.139%0.019 0.271%0.034 0.161%0.010

DRY MATTER 11.67 $0.95 0.53 0.4,  26.32 $0.85 14.78%0.99

6.48 £0.33 17.69 *0.99 1

1 Numbers in parentheses indic

-~

I4
3 Determined by t

Means and standard deviation

ate the number of observations.,

s expresse&’as“gramS‘per 100 grams of dry matter intake.
he oxidized method. ‘

‘SOT
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Generally, there were no substantial differences due to hodw
weight on the metabolic ileal and faecal amino acid levels.

The levels of ileal ARG, PRC and GLY varied slightly more

than the levels of the other amino scids (Appendix, Table 24).
Pig numbers 3 and 5 were the only ones of the
test pigs that consumed the PF-15 diet (Fig. 3). The average

i3

netabolic ileal and faecal amino acid levels obtzinad fronm

-

replacement pig number & are included in data

in Table 35. Pig number 6 gained about 15 kg.

time (dey 12-18) to the second time (day 34-L0) it was fed

the PF-15 diet (Fig. 3). Although there were some differences

in ileal and faecal amino acid levels between the 2 collections,

they were of relatively small magnitude (Appendix,‘Table 25).
The individual metabolic ileal and faecal amino acid

evels, in addition to nitrogen and dry matter (zs grams per

100 grams of drv natter inteke) and dailvy drv matter intake
D J < o :

are shown in the appendix (Table 23, 24 and 25).

Study Lb.

w

ixty percent of the particles of the cracked wheat
did not pass through a 2.00 mm sieve, 80% did not pass
through a2 1.00 mm screen (Table 36). The particle size

distribution was determined afier the cracked wheat diet

UJ

was pelleted. A 250 gran sample was taken, steamed through

thoroughly until disintegration occurre , dried and sieved.
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TABLE 36. Particle size distribution of finely ground and
cracked wheat and of the ileal digesta derived

thereof.
PRE-PROCESSING FINELY GROUND CRACKED
DIETL DIGESTA? DIET  DIGESTA®

PARTICLE 3
DISTRIBUTION (%)

>2.00 1.2 b.5 L.6
1.00 to 2.00 mm 3.1 56.2 22.8
0.50 to 1.00 mm 18.0 19.8 17.7
0.25 to 0.50 mm | 10.9 10.8 7.7
0.125 to 0.25 mm " L45.0 L.8 28.5

<0.125 22.3 3.9 19.0

1 Ground through a 1.5 mm mesh screen.

2 Average from J4 ileal collections.

3 - Determined after the diets were pelleted.
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There wére no significant differences between the
apparent faecal amino acid avallebilities, total nitrogen
and dry matter digestibilities from finely ground and cracked
wheat (Table 37; Appendix, Table 26). With the exception
of M&T, GLU, SZR and PRO, the apparent ileal availabilities
of amino acids were significantly higher for ground than
for cracked wheat. The ilesl availabilities of LYS of
ground and cracked wheat were &1.5 and 72.6% respectively,

With the exception of HIS, THR, ASP, GLU, GLY,
and PRO, ileal amino acid availabilities were not significantly
different from faecal availabilities for ground wheat. The
ileal amino acid availabilities from cracked wheat were all
significantly lower than their faecal availabilities
(Table 37).

The individuel epparent ileal and faecal amino acid
aVailabilities, in addition to nitrogen and dry nmatter
digestibilities and average daily dry matter intake from the
pigs fed cracked or finely ground wheat are shown in the

appendix (Table 27 and 28).
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TABLE 37. - Apparent ileal and faecal amino acid
availabilities of ground and cracked
wheat for study 4b.

DIET | GROUND WHEAT ~  CRACKED WHEAT ..l
%

LOCATION . ILEUM  FAECES ILEUM  FAECES

AMINO_ACIDS
(%)?

Essential

ARG 92.04  gy.1A 86.5C 93,94 0.615
HIS 91.18 OL. LA 85.7C 93.94 0.557
TIE 90.2%8 91,24  g5.6B 89,04 0.775
ILEU 91.54 92,94 87.6B 92,14 0.551
LYS 81,54 85,34 72.6B 83,84 1.842
MET3 88.0AB g3, 0A 83.68  g89.64 1.248
PHE - 92,94 93,54 89.48 92,94 0.425
THR 83.7B  gg.7A 78.0C 87.34A 1.054
VAL 88,64 91,34 83.1B 90,54 0.787

Non-Essential
ATA 82.1%4  g7.14 74.58 86,54 1.515
ASP g2.88  g7.1A 77.3¢  86.24 1.045
oLy 95.32 97,84 94.1B  97.¢A 0.531
GLY 81.72  90.1A 7440 89.8A 0.979
PRO 84,58 95,94 83,8B 96.34 1.64.
SER 88.2AB g3, 34 84,78 90,34 1.456
TYR 89.8%  90.74 8538 90,64  0.809

NITROGEN (%) 88.L8 93,34 81,.7C 92,34 0.422

DRY MATTER (%) 80.4B 8g.84 76.8C 8g8.8A 0.400

Standard error of the mean.

2 Means in the same row with the same superscript do not differ
significantly (P<.05).

3 Determined by acid hydrolysis.



STUDY 2.

Comparison of results obtained
from study 2z and 20,

The experiment on the cannulated pigs (study 2a) weas
carried out during the spring and summer of 197L. The experi-
ment on the normal pigs (study 2b) was carried out during the
summer and fall of 1974.

Cannulation did not seem to affect the apparent faecal
aninc acild availabilities of pigs fed barley, corn or wheét. In
general, the apparent availsbilities tended to be slightly higher
for the cannulated than for the normal pigs (Table 38). The
largest differences were found for the amino acid availabilities
from barley.

In addition to the insignificant effect of cannulation
on apparent faecal amino acid availabilities, the results obﬁained
show the reproducibility of the faecsal analysis method.

Faecal collections from the cannulated pigs fed the
(=7 diet following the cereal test diet sequence were lost.

The I-14 diet was only fed to the cannulated pigs following the
cereal test diet sequence, Consequently,va comparison between
the metabolic faecal amino acid excretion between the cannulated
and normal pigs could only be made for =7 fed prior to the
cereal test diet sequence and for !-1) fed following the ceresal

test diet sequence.

1 . . .
“The studies are discussed in the following secquence:
study 2, study 4, study 3 and study 1.

110



TABLE 38. Comparisons of apparent faecal amino acid availabilities, nitrogen and
dry matter digestibilities between cannulated and normal pigs fed
corn, wheat and barley.

CEREAL GRAIN CORN WHEAT BARLEY

STUDY 2a 2b Al 2a 2b Bl 2a 2b cl

AMINO ACIDS (%)

Essential '
ARG 92.2 91.2 1.0 92.7 92.1 0.6 89.4 87.3 2.0
HIS 93.6 92.1 1.2 94.9 93.1 0.8 91.9 87. L.1
ILE 88,1 87-8 003 89015» 8 09 005 8301 7905 3-6
LEU 93.8 93.6 0.2 91.5 91.2 0.3 86.6 84.1 2.5
LYS 83.0 81.8 1.2 80.7 79.9 0.8 77.5 73.5 4.0
PHE 91.3 91.2 0.1 92.5 92.6 =0.1 87.9 86,2 1.7
THR 86.3 85.9 0.4 86.7 86.1 0.6 81.4 78.3 3.1
VAL 88.2 87.7 0.5 88.9 88.6 0.3 84.3 81.1 3.2

Non-Essential
ALA 90.8 90.2 0.6 84.0 83.3 0.7 77.4 7.8 2.6
ASP 86.6 86.0 0.6 83.1 82.6 0.5 77.9 4.6 3.3
GLU 94.1 93.8 0.3 97.0 97.0 0.0 92.7 91.3 1.3
GLY 86.2 86.0 0.2 89.3 88.9 0.4 82.6 79. 2.8
PRO 93.4 93.4 0.0 96.7 97.0 =0.3 92.3 91l.1 1.2
SER 91.0 90.6 0.4 92.5 92.1 0.4 86.9 84.3 2.6
TYR 90.2 90.0 0.2 89.5 89.5 0.0 85.0 82.5 2.5

NITROGEN (%) 89.) 88.5 0.9 91.2 91.1 0.1 85,9 82.0 3.9

89.4 89.0 0.4 89.0 88.5 0.5 83.6 81.8 1.8

DRY MATTER. (%)

1 Columns A, B and C indicate the difference in percentage units between the faecal
amino acid availabilities from cannulated and non-cannulated pigs for corn, wheat
and barley respectively.

TTT
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1

There seemed to be substantizl differences tetween
the metabelic faecal amino acid excretion from normzl znd

cannulated pizs (Tabls 39). A closer look at the individual

& <

data obtained showed that the metabolic fzecal anino zcid

8]
®

excretions from pi
considerably higher than those obtaine from the othar pigzs
(Appendix, Table 1C). This pig was always very pronz to

blockage which resulted in a very low dietarv intake

(Appendix Table 9) of the -7 and [-14 diets and in excessive
leakage at times. Proper dietary squilibration with resrect

to the maintenance diets hac probably not taken place at
the time the faeces were collected. In other words, the

heve contained undigested
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Disezrpearance of amino acids
in the large intestine.

metabolic feaecal amino acid losses 0y the animal wnich
true availabilitiss do not. The metabolic faecal loss=ss

are a function of the particular diet fad and where possiple
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2 Values in parentheses exclude data obtained from pig number

3 Determined by acid hydrolysis.

TABLE 39. Comparisons of the metabolic faecal amino acid and
nitrogen excretiont between study 2a and 2b,

LEVEL OF : 1.4
ALPHAFLOC (%)

STUDY 2a 2b 2a 2b

AMINO ACIDS

Essential

—AiRG .029 §.02h .022 .032 §.03o 2,026
HIS .011 (.010 .008 .015 (.01L4 .012
ILE .033 (.030 .027 044 (.039 .038
LEU .050 (.043} 041 .068 (.057) .05
LYS 046 (.040 .033 .057 (.049) .045
MET3 .016 (.014) .012 .020 (.017) .020
PHE .031 (.0273 .025 041 (.034) .031
THR .034 (.030 .029 047 (.0L0) .038
VAL .038 (.034) .032 .051 (.044) .0L5

Non~Essential ) ‘
ALA L0L6 (.041) .040 .063 (.054) .053
ASP .072 (.064) .062 .09, (.083) .088
GLU .095 (.086) .080 125 (.111) .112
GLY .038 (.033) .032 050 (.042) .0LO
PRO .039 (.033) .032 .067 (.058) .040
SER .037 (.034) .034 .050 (.045) .OLL
TYR .023 (.020) .019 -030 (.025)  .023

NITROGEN JAhh (.129) .118 .193 (.167) .175

1 Expressed as grams per 100 gram dfy matter intake.

lO
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should be taken into account during the formulation of
dietary amino acid levels in order to meet the requirements
for optimun response,

The apparent availabilities of LYS especially
and those of THR, MET and TRY of cereal grains are of
practical importance. A4s was mentioned previously, the
method used for TRY analysis did not vield accurate
duplications.

Only small differences were found between the
apparent ileal and feecal amino acid availabilities for LYS
ancd iET from corn, wheat and barley (Table 40). The dif-
Terence between ileal and faecal L¥S availabilities were
1.0, 4.0 and L.2% for corn, wheat and barley respectively.

2

In the same order, these differences were 2.4, 2.3 and 0.5%
for IET.

The faecal analysis method might overestimate the
actual availability of THR.V The difference between ileal
and faecal THR availabilities were 7.4, 10.2 and 10.2% for
corn, wheat and barley respectively. Overestimation of THR
by the faecal analysis method would occur if THR were sub-
Jjected to microbial fermentation by the flora in the large
intestiné.

The differences betwean apparent faecal and ileal

amino acid availabilities of the other essential amino acids



. TABLE 40. Apparent ileal and faecal amino acid availabilities, in addition to nitrogen,
dry matter, starch and crude fiber digestibilities and the disappearance of
these substances in the large intestine.

-

CEREAL GRAIN CORN WHEAT BARLEY
LOCATION ILEUM FAECES L.1.1 a2 ILEUM FAECES L.I. . A2 ILEUM FAECES L.1.1. A2
AMINO ACIDS (%)
Essential
ARG 87.4 92.2 37.5 -4.8 85,8 92.7 4,8.8 -6.9 81.5 89.4 L3.4 ~7.9
HIS 88.3 93.6 46.7 -5.3  89.1 94.9 53.1 -5.8  80.4 91.9 55.6  -11.
ILE 87.5 88.1 6.6 -0.6 85.3 89.4 26.2 ~h.1 79.1 83.1 19.5 ~-4.0
LEU 92.5 93.8 17.2 ~1.3  86.9 91.5 35,1 ~4.6 81.5 86.6 27.2 -5.1
LYS 82.0 83.0 4.9 -1.0  75.7 80.7 20.5 -4.0 73.3 77.5 15.3 )
MET?3 91.9 89.5 -29.1  +2.4 86.6 88.9 17.h,  -2.3  80.k 79.9 -2.3 +0.5
PHE 90.5 91.3 6.1 -0.8 88.8 92.5 33.3  -3.7 8.2 87.9 31. ~5.7
THR 78.9 86.3 35.1 -7.L  76.5 86.7 L4, 0  -10.2 71.2 81.4 35.5 -~10.2
VAL 84.9 88.2 21.7 -3.3 82.8 88.9 36.2 -6.1  78.0 84.3 29.2  -6.3
- Non-Essential
AT 88.5 90.8 20.5 -2.3  74.0 84.0 38.6 -10.0 69.7 774 25.3 -7.7
ASP, 83.9 86.6 16.5  -2.7  75.4 83.1 31.7  -7.7  7L.2 77.9 23.0  -6.7
CYs 82.1 90.2 45.2 -8.1 85,2 93.7 57.6 -8.5 77.6 88.7 9.6 -11.1
GLU 91.8 -9@.1 25.9 -2.3  92.7 97.0 59.0 -4.3 86.6 92.7 45.8 -6.1
GLY 71.2 86.2 57.b  -15.0 73.7 89.3 59.1  -15.6 71.2 82.6 50.0 -1l.4
PRO 80.4 93.4 74.3 -13.0 86.8 96.7 7%.9  -9.9  80.9 92.3 59.4  -11.4
SER - 84L.9 91.0 41.6 -6.1  84.1 92.5 53.5 -8.1 76.3 86.9 k4.5 -10.6
TYR 89.0 90.2 9.3 -1.2  85.9 89.5 2L.6 -3.6 79.7 85.0 25.7 -5.3
NITROGEN (%) 82.4 89.4 39.1 -7.0 82.9 91.2 48.3 -8.3 74.9 85.9 43.7 -11.0
DRY MATTER, (%) 80.2 89.1 46,5 -9.2  73.3 89.0 58.8 -15.7  66.2 83.6 51,5  -17.4
STARCH (%)% 98.2 99.9 92.5 -1.7 93.1 99.8 97.4 -5.7 92.0 99.8 96.9 -7.8
CRUDE FIBER (%)’ 4.2 51.1 49.0 -16.9 0.0 22.2 22,2 -22.2 5.0 30.9 27.3  -25.9

1 Digestibilities in the large intestine.
Differences in percentage units between faecal and ileal estimates.

2

3 Determined by the oxidation method. 4 For the determination of starch digestibilities
digesta from the 2 pigs, fed the same diet during each particular test period, were pooied.

5

For the determination of crude fiber digestibilities digesta from 6 pigs fed the same
test diet, were pooled.

STT
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varied from 0.8% for PHZ to 5.3% for HIS from corn, from
3.7% for PHE to 6.9% for ARG from wheat and from 4.0% for
ILE to 11.5% for HIS from barlev.

Generally, there was an increased net disappearance
of amino acids in the large intestine from corn to wheat to
barley. Total nitrogen, dry matter and starch but not crude
fiver followed the same relationship (Table 40).

For all the cereal grains tested, certain amino
acilds always disappeared to the largest extent. These amino
acids were ARG, HIS, THR, CYS, GLU, GLY, PRO and SER (Table
40). The net disappearance of most of these amino acids was
also extensive ih the large intestine of the pigs when these
were fed the mainténance or protein-free diets (Table 24 and
35). However, these observations do not necessarily mean
that the micro-organisms of the large intestine are mainly
active on the metabolic amino acids present in digesta fron
pigs fed cereal grains. These observations could simply mean
that the flora has a particular affinity for the degradation
of particular amino acids. On the other hand, a type of flora
may have established itself in the large intestine of the
pig with a dependence on endogeneous substrates; Endogeneous
substrates are a consistent and fairly constant source of

potential nutrients for the flora throughout the life span of

a pig.
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Comparison of results with those
obtained from other lasboratories.

A limited amount of comperative data are available
and are shown in Table 41. The ileal availability estimates
of amino acids obtained by Eastér (1973) from corn were much
lower than those obtained in this study. Faecal availabilities
were also lower but to a lesser extent. The collection pro-
cedure employed by Easter was different than that used in this
study. In Easter's study, ileal digesta was collected for
each minute of a 24 hour daj over a 5 day period. Fiftesn
equally spaced collections of 96 minutes duration wers obtained.
The collection procedure used did not permit the determination
of ileal amino acid.aVailabilities on the basis of total amino
acid intake and total amounts of amino acids passing through
the end of the ileum. Zaster's estimates are based only on
the relative chromic oxide content'of feed and digesta and give
no indication of the total amount of chromic oxide recovered
from iieal digesta. The experiments carried out in this study
allowed for the determination of ileal amino acid availabilities
by both total collection and chromic oxide levels. Detérminations
by both methods were found to give nearly similar ileal avail-
ability estimates for the cereal grains, indicating totsal
recovery of chromic oxide from ileal digesta (Table 23).

Easter did not return any of the ileal digesta that

was collected from the ilesal cannula back into the animal vis



TABLE L41. Comparison of apparent ileal and faecal amino acid availabilities from
, corn and barley as obtained from different laboratories,

CEREAL GRATN CORN BARLEY

LOCATION TLEUM FAECES ILEUM FAECES ILEUM ILEUM

REFERENCE Al Al B2 B2 B2 c3

AMINO ACIDS (%)

Essential
ARG 73.0 87.4 88.0 92.2 81.5 82.0
HIS 774 88.3 90.7 93.6 80.4 75.0
ILE 68.1 87.5 83.4 88.1 79.1 77.0
LEU 76.8 92.5 88.5 93.8 81.5 78.
LYS 6L.1 82.0 81.2 83.0 73.3 70.0
MET 73.8 91.9 85.1 89.5 80.4 -
PHE 73.2 90.5 85.7 91.3 82.2 80.0
THR 61.1 78.9 80.8 86.3 71.2 67.0
VAL 69.7 8L.9 85.3 88.2 78.0 75.

Non-Essential
ATA 67.2 88.5 83.8 90.8 69.7 68.0
ASP 61.6 83.9 80.9 86.6 71.2 75.0
GLU 77.8 91.8 90.4 94.1 86.6 84.0
GLY 50.1 71.2 78.3 86.2 71.2 80.0
PRO 76.0 80.4 92.1 93.4 80.9 83.0
SER 71.1 84.9 86.6 91.0 76.3 72.0
TYR 76.5 89.0 86.7 90.2 79.7 78,

1 Reference A indicates Easter (1973).
2 Reference B indicates data from this study.

3 Reference C indicates Zé&browska (1973 a, b).

8TT
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TABLE 42. The disappearancelof amino acids, nitrogen, dry matter,
starch and crude fiber in the large intestine.

CEREAL GRAIN CORN WHEAT BARLEY

AMINO ACIDS

Essential
ARG .021 .040 .0L6
HIS 014 .017 .025
ILE .003 .017 .016
LEU 017 045 .043 o
LYS .003 .018 .017 RSP
MET? +,0063 .005 +,0013 R
PHE .003 .025 .034
THR .027 .040 .039
VAL .015 .034 .035
Non-Essential -
ALA .018 . 049 .037
ASP2 .019 .053 046
CYS .016 .02L .02
GLU .0L3 .191 .180
GLY 074 .088 .08L
PRO .165 <143 .138
SER .032 054 .053
TYR .00 014 .019
NITROGEN .136 .215 . 2LL
DRY MATTER 9.2 15.7 17.4
STARCH 1.19 L.16 5.01
CRUDE FIBER 1.23 0.57 1.39

1 Expressed as grams per 100 grams of dry matter intake.
2 Determined by the oxidation method,

3 Plus sign indicates an increase in the quantity of amino acids
from the end of the ileum to the faeces.
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Disappearance of starch and crude
fiber in the largse intestine.
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diseppeared in the large intestine, namelv L.15 and 5.01
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barley. GWheat and corn used in this experiment had approxi-
mately the same crude fiber content but relatively more crude
fiber disappeared from corn in the large intestine than from
wheat (Table 4LO). Due to the relatively low amount of starch
from corn entering the large intestine, the flora may have had
to obtain relatively more energy from the crude fiber fraction.

stery

ia o) i
id aveilsbil

Possible effact of 4
on ileal amino ac

The distribution of particle size of the cerea grain
diets and the ileal digesta derived from the cereal grains are
shown in Table 43. The percentages of particles larger than
l.OC mr were 37.7, 79.8 and 61.9% for the corn, wheat and
barley diets respectively. In the same order they were 12.9,
35.4 and 27.5% for ileal digesta from corn, wheat and barley.

The fractions larger than 1.00 mm were found to
contain undigessted cracked grain particles and fibrous material.
The higher percentages of larger particles in ileal digesta
from wheat and barley than from corn reflect the dietary par-
ticle size distribution of these grains. Higher ileal amino
acld availabilities and starch digestibilities may possibly
have been obtained from wheat and barley if these grains had
been ground through a finer screen before they were made into
pellets (page L6).

The implications of the effect of size of grinding



TABLE 43. The distribution of particle size of the cereal gfain diets ‘and of
the ileal digesta derived from each diet.

CEREAL GRAIN CORN WHEAT BARLEY

DIETL DIGESTAZ pIETL DIGESTA? DIETL DIGESTAR

PARTICLE

DISTRIBUTION (%)
>2.00m 3.6 2.2 18.6 6.4 8.5 L.3
'1.00 to 2.00 mm  34.1 = 10.7 61.2 29.0 51.9 23.2
.50 to 1.00 mm  30.2 23,5 13.0 19.4 - 22.6 25,1
.25 to .50 mm  18.6 28.9 5.5 17.4 11.1 2l.1
.125 to .25 mm 8.0 20.9 1.1 12.0 3.6 11.8
<.125 mn 5.,  14.1 0.9  16.0 2.1 11.4

1 Determined after the diets were pelleted.

2 Average from 3 ileal collections from 3 pigs chosen at random,

GoT
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on ileal amino acid évailabilities were not realized prior
to the start of this experiment and the effect of dietary
particle size distribution was reexamined in more detail in
study 4b. |

A certain degree of fractionation of the ingested
dietary components will take place during stomach emptying.
This in turn will determine the uniformity of flow and
composition of digesta through the end of the ileum. The
amount of fractionation of digesta by the stomach will be
influenced by the particle size distribution of the diet. Tn
these experiments; particle size distribution was largest for
wheat and only minor differences in the amino acid composition
of ileal digesta from the individual 8-hour collections were
found (Table 21). Therefore, it would be safe to assume that
the individual 8-hour collections of ilealbdigesta from corn
and barley were also of a similar composition.

True iléal émino acid.availabiiities~

from the cereal crains based on
data from the maintenance dists.

As was explained previously (page 76 ), the metabolic
ileal and faecal amino acid levels in study 2 were originally
determined by aid of the I=7 and I-1h diets. These diets
contained L% casein as the only protein source.

True faecal amino acid availabilities from cassin for

the pig were found to be very close to 100% (Sggum, 1973). The
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Two maintenance diets were formulsted, namelv with
M o

d 1L% alphefloc respsctivelv. Distery fiber level kras
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teen shown to affsect the metabolic fzecal nitrogsn excretion

in pigs 2nd rsts (Lehm, 195L; Fever, 195A; Mitchell, 195k;
“hiting and Eezesu, 1957 a,b). Therefore, it can be expected
that dietary fiter level will aslso affect the metabolic
fzecal excretion of the individual amino scids.

Ileal and faecel samples from -7 fed to the cannulated
pigs after the cereal test diet sequence were lost and the
effect of body weight on the metatolic ileal and faeczl amino

zcid levels could not be zssessed

.

on the metabolic fzecsl nitrogen znd arino acid levels, when
these were expressed as grams excreted per 10C grams of dry
matter intzke, was found to ba very small for the non-cannulsted
pigs in study 2b (Table 26). In addition, only smzll differences

due to weight of rats on the metabolic

ound in stud

=y

excretion were

£

°n the zssumption that there was no effect of weight on

W

bolic amino acid znd nitrogen lsvels for the can-

1

nulated pigs, raising the dietary slphafloc level from 7 to
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14% increased the metabolic ileal and faecal amino =acid
and nitrogen levels (Table LL). The metabolic faecal
nitrogen level increased from approximately .13 to .17 grans
per 100 grams of dry matter intake. This increase in faecal
nitrogen excretion with increasing fiber levels compares
favourably with data obtained by Whiting and Bezzau
(1957 a, b) and Eehm (1954).

For both -7 and li-14, there was a consistent
net disappearénce of ARG, THR, GLU, GLY PROC and SZR in
the large intestine. The net disappearance of PRO, which
wgs present in very abundapt amouﬂts in ileal digesta, was
quite substantial (Table LL). |

Eovine salivary mucin contains meny repeating
units of SER-GLY-THR-PRO peptides. The amino acids fron
these peptides make up half the amino acids in mucin.
Glutamic acid and ASP were most prominent among the other
anino acids present in mucin (Horowitz, 1967). The amino
acids mentioned were also present in large amounts in ilezl
digesta from -7 and li-14. The amino acids found in ileal
digesta from the maintenance diets may therefore be mainly
dérived from mucus that is secreted by the small intestine

and that is not digested and reavbsorbed prior to the end of
i

ct

the ileun.
For both IM-7 and li-14, there were small but consis-

T

tent net increases of LEU, LYS, IET, PHE and TYR from the end



TABLE k4. Levels of amino acids, total nitrogen and dry matter in ileal
digesta and faeces from the cannulated pigs fed the maintenance diets.

' LEVEL OF 71 11,2
ALPHAFLOC (%) |
LOCATTION ILEUM  FAECES A>  ILEUM  FAECES B3

AMINO ACIDSH

Essential
ARG .033 024 -.009 .0L6 .030 -.016
HIS .012 .010 -.002 .018 .01} -,00L
ILE .033 .030 -.003 .036 .039 +,003
LEU .039 .OL3 +.004 0L, .057 +,013
LYS5 ‘ .03, .0L0 +,006 042 .049 +,007
MET .009 .01, +,005 .011 .017 +,006
PHE .021 .027 +,006 . .023 - .03, +.011
THR 042 .030 -,008 .OL5 .040 -.005
VAL : .036 034 -.002 042 .04l +,002
Non-Essential
ALA .0L0 041 +,001 .056 .05, -,002
ASP . 064 .06, . 000 .073 .083 +,010
GLU .120 .086 -.034 <147 .111 -,036
GLY .097 .033 -.061l, 148 LOL2 -.106
PRO ’ . 314 .033 -,281 .576 .058 -.518
SER .065 .03, -.031 .078 045 -.033
TYR .017 .023 +.,006 .018 .025 +,007
NITROGEN . 201 .129 -.072 .306 .167 -.139
DRY MATTER 13.25 8.65 -4.60 23.34 13.42 -9.92
1

M-7 was fed prior to the cereal test diet sequence, results from pig number 1 were not
included.

2 M-1h was fed following the cereal test diet sequence, results from pig number 1 were
not included.

3 Columns A and B indicate the differences between ileal and faecal levels.

Expressed as grams per 100 grams dry matter intake.

6ZI

5 Determined by acid hydrolysis.
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allowable inteke) and 935 grams (48.9% of allowable intake)
respectively (Appendix, Table 9). The average daily dry matter
intake of the cereal diets by the pigs was equal to the
allowable daily intake in all cases and was 1855, 1849 and
1857 for corn, wheat and barley respectively (Appendix,
Table 3, 4 and 5). Calculations based on equal total crude
fivber intske for the cereal and maintenance diets (in the
same manner as they were csrried out for crude fiber intake
per 100 grams of dry matter intake) will result in trues
PRO availabilities of 96.7, 100.4 and 107.1% for corn, wheat
and bariey respectively.
From the previous discussion one might believe that
PRO of casein was of relatively low availability at the end of
the ileum. If this was the case for Pﬁo; what then about the
true ilsal availabilities of the other amino acids from casein?
Taking into account the possibility that casein wés

he

ct

pérhaps not completely digested and absorbed by the end of
ileum, complete protein-free diets were fed to the cannulatad

- pigs as part of study 4a. Therefore, the data ootained for
metabolic ileal and faecal amino acid levels from feeding the
protein-free diets in study La will be used for the estimations

of true ileal amino acid availabilities from corn, wheat and

barley.
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In general, increasing the fiber levels of the
protein-free diets increassd the metabolic ileal and faecal
amino acid and nitrogen levels. The increment in the levels
of ileal and faecal amino acids levelled off as the alphafloc
content of the protein-free diets was raised from 10 to 15%
(Teble 45). Due to the limited amount of results available
from diet PF-15, it is not possible to tell if the increase
in metabolic ileal and faecal amino acid levels with in-
creasing fiber intake is of a linear or a curvilinear
relationship. Theoretically, it is not unreasonable to
postulate a limit to metabolic losses by the animal and
assume a curvilinear relationship.

The relationships of the ileal and faecal amino
acid and nitrogen levels betwaen M-7 and M-1h were basically
similar to those observed between PF-5 and PF-10 (Table 44 and
45). For both PF-5 and PF-10 (and also for PF-15), there was
a consistent net disappearancé of ARG, THR, GLY, PRO and SZR
in the large intestine. Consistent net increases were found
for ILE, LEU, LYS, MET, PHE and ASP.

It seemed that as the level of alphafloc was increased
from 5 to 10%, particular amino acids decreased more (for example
GLY and PRO) and particular amino acids increased more (for
example ILE, LEU, LYS and PHE). 1In other words, more microbig
fermentation seemed to take place in the large intestine with

PF-10 than with PF-5.




TABLE 45. Amino acid, totallnitrogen and dry matter appearance (+) or
disappearance (-)* in the large intestine in pigs fed the
protein-free diets.

LEVEL OF '

ALPHAFLOC (%) 5 10 : _ 15 14.53
LOCATION ILEUM?  FAECES? A ILEUM?  FAECES? B TLEUM®  FAECES? C ILEUM? FAECES? D
AMINO ACIDS
Essential

ARG .0L9 .022 -.027 .058 .029 -.029 .061 .033 ~.028 .031 .137 +.106

HIS L014 .010 -.004 .017 .01 -.003 .022 .015 -.007 .003 .006 +,003

TLE .021 .027 +,006 .029 ~.039 +.010 .031 .045 +.02L .026 .051 +.,025

LEU .039 .02 +,003 .051 .059 +,008 .057 .067 +.010 LO41 .089 +.048

LYS .027 .036 +,009 .036 .0L8 +.012 .039 .05 +,015 .036 .092 +.056

MET .006 .012 +,006 .008 .017 +,009 - -- - .003 ,020 +,017

PHE .023 .026 +.003 .030 .037 +.007 .033 .0L0 +.007 .022 .055 +.033

THR .039 .030 -.009 .051 .04l -.010 .059 .0L5 -.014 .042 .072 +.030

VAL .031 .033 +.002 .0L43 .049 +.006 .OLb .053 +.009 .038 .059 +.,021
Non-Essential ) :

ALA .04l .036 -.005 .056 .053  -.003 .058 .059 +,001 .0L8 .082 +.034

ASP .056 .061 +.005 .078 .08y +,006 . .081 .096 +.,015 .058 .130 +.072

cYS .013 .010 -.003 .016 .013 -.003 - - - .005 .025 +,020

GLU 071 - .068 -.003 . 094 .096 +,002 .100 .108 +,008 .080 L162 +.082

GLY .139 .031 -.108 .171 .043 -.128 .169 .047 -.122 .082 .078 -.004

PRO AT7h .026 ~-. 148 577 .046 -.531 .585 .038 -.547 .331 .03, -.297

SER .038 .026 -.012 09,035 -.014 .053 .037 -.016 .018 .050 +.032

TYR .013 .014 +.001 .015 .016 +,001 .016 .018 +,002 .04L0 .071 +,031
NITROGEN .205 .101 ~.104 .256 .139 -.117 271 161 -.110 427 .360 -.067
DRY MATTER 11.67 6.48 -5,19 17.69 10.53 ~7.16 26.32 14.78 -11.54 19.20 13.40 -5.80

1 Expressed as grams per 100 gram dry matter intake, shown in columns A, B, C and D.
2 Columns indicate ileal or faecal levels.
3 Converted results from Holmes et al., (1974).

GET
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Holmes gt al. (1974) fed protein-frese diets

containing 14.5% alphafloc to 6 cannulated pigs that weilghad

Theilr results and those obtained in

Ut
e
0%

approximately L

rent (Table 45). With the

Hhy
-1y
®

these studies were cuite di
exception of PRO and GLY, Holmes et al. (197.) found a
3 —— o

net increase of all amino acids tetween the end of the ileunm

and the anus. These increases were very substantial for ARG

-
1

especlelly, LZU, LIS, ASP and CLU. The amino acid composition

O

(l)

(grams per 16 grams of 1 itrogen) of metabolic faecal »rotein

£ &

h

from pigs determined at different laboratories is shown in

Table 46, Although there wers differences in the composition
for some amino acids (PHZ, SZR and TYR in particular), generally
speaking the results obtained in these studies, those of

Dammers (196L), Carlson and baylev (1970)and Zgzum (1971)

compare reasonably well. The metabolic faecal amino acid

(D
1 \_'
[}
[oN
[
-
4

composition obtained by Holmes 2t al.(1974) diffarsd nm
from those obtained in these studies and from the other workers,

ecially with re

esp

fa}

ficient dietary ecuilibration may have taken place by the time

Pal

Holmes st 2l. (1974) collected faescal material.

35

may have contritbuted to the relatively large incressss that
were Iound for scme amino acids between the end of the ileum
and the anus in their studies (Table 45).

1

iter inclusion in the protein-free

diets in theses studies did not seem to have & major @ifact




TABLE L6. Amino acid composition1 of metabolic protein determined at
different laboratories.

SOURCE | SAUER (1976)2 DAMMERS  CARLSON and EGGUM  HOLMES
(1964 ) BAYLEY (1971) et al
(1970) | 1197%)

PF-5  PF-10 PF-15

AMIHO ACIDS

Essential
ARG 3.49 3.34 3.28 3.20 - 4.19 6.09
HIS 1.58 1.62 1.49 1.40 - 2.09 0.27
ILE L.28 L. 49 L.L7 L.00 .20 3.97 2.27
LEU 6.65 6.79 6.66 5.60 40 6.07 3.96
LYS 5.70 5.53 5.37 L4.90 4.30 5.65 L.09
MET 1.90 1.96 - 2.10 - 2.03 0.89
PHE L.12 L.26 3.98 3.60 3.80 5.09 .44
THR L.75 L.72 L. L7 L .80 5.10 L.38 7 3.20
VAL 5.23 5.6l 5.27 5.00 4.90 L.82 2.62

Non-Essential
ALA 5.70 6.10 5.86 5.30 5.00 5.6 3.64
ASP 9.66 9.67 9.54 9.00 8.30 8.34 5.78
CYS 1.58 1.50 - 1.50 - 1.61 1.11
GLU 10.77 11.05 10.73 9.40 8.00 10.66 7.20
GLY L.91 4.95 L.67 L.20 4.30 L.L8 3.47
PRO L.12 5.29 3.78 - 2.20 - 1.51
SER L.12 .03 3.68 3.80 4.70 7.01 2.22
TYR 2.22 1.8L4 1.79 1.80 3.00 3.44 3.16

1 Expressed as grams per 16 grams of nitrogen.

2 Determined for protein-free diets with different levels of alphafloc inclusion.

LET
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on of metabolic faecal protein (Table L3).
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TABLE L47. Apparent ileal amino acid availabilities from corn and the estimated true
availabilities as calculated by the use of different type of corrections.

APPARENT TRUE
TYPE OF CRUDE FIBER DRY MATTER
CORRECTION NONE INTAKE PASSAGE PROLINE
Bt B2 e b m@#S ¢ m#)5 bt g5
AMINO ACIDS
Essential
' L45 .056 87.4 .0L6 97.8 .058 100.4 .028 93.7
HIS 254 .030 88.2 .013 93.3 .017 94.9 .007 90.9
ILE .35, 045 87.3 .018 92.4 .029 95.5 .003 88.1
: LY86 .338 -.061 82.0 .02}, 89.1 ~.035 92.3 . 009 8.6
MET .250 .020 91.9 . 005 94.0 - - .002 92.8
PHE .523 .049 90.6 . 020 9L.5 .030 96.4 .007 92.0
THR .36l .077 78.8 .035 88.5 .051 92.9 .012 82.1
VAL 456 .069 84.9 .027 90.8 043 9L.3 .003 85.5
Non-Essential ‘
ATA .760 .088 88.1L .036 93.2 .056 95.8 .008 89.5
ASP .723 .116 8,.0 .09 90.7 .078 oL.7 .00L 82.5
CYS . 200 .036 82.1 012 88.0 - - .009 86.5
GLU 2.085 .166 92.0 .063 95.1 .09, 96.5 .020 93.1
- GLY .399 .129 67.7 .129 100.,0 171 110.5 074, 86.2
PRO .8L3 222 73.7 .438 125.6 577 142.1 . 222 100.0
SER .505 077 8.8 034 93.5 .0L9 94.5 .013 87.3
- TYR .395 .0L3 €9.1 012 92.2 015 92.9 .009 91.4
NITROGEN 1.995 .348 82.6 .188 92.0 .256 " 95.4 .090 87.1
1

Column A indicates the dietary'amino acid content. <2 Column B indicates the apparent
ileal amino acid levels, expressed as grams per 100 gram dry matter intake.

3 Column C indicates the apparent ileal amino acid availabilities.

L Columns D indicate the respective corrected metabolic ileal amino acid levels, expressed
as grams per 100 grams dry matter intake. ~ ‘

5> Columns E indicate the respective true ileal amino acid availability estimates. e

6 \O

Determined by the oxidation method.



TABLE 48.

Apparent ileal amino acid availabilities from wheat and the estimated true

availabilities as calculated by the use of different type of corrections.

APPARENT TRUE
TYPE OF . CRUDE FIBER DRY MATTER
CORRECTION NONE INTAKE PASSAGE PROLINE
Adt B2 @ b m@S ok B@#)S o E(#)
AMINO ACIDS (%)
Essential 08 v o 6 06 6
] * * [ 2 L ] * L ‘0 -]
e 3% 0% B 08 8B 8 %2 - 903
ILE Lhl .065 85.1 .018 89.4 .031 92.3 .001 85.6
LEU .970 .127 86.9 .03, 90. 4 .057 92.8 . 009 87.8
LY86 .362 .088 75.7 024 82.3 .039 86.5 .006 774
MET <241 .032 86.7 .005 88.8 - - .001 87.1
PHE 671 .075 88.8 .020 91.8 .033 93.7 . 005 89.6
THR .386 .091 76.1 .034 85.2 .059 91.7 .009 78.8
VAL 545 .09 82.8 .026 87.5 0Ll 90.8 .000 82.8
Non-Essential
ASP6 .677 .167 75.3 . 047 82.3 .081 87.3 . 000 75.3
CYS .281 042 85.1 .012 89.3 - - .008 87.9
GLU L.440 . 324 92.7 .062 9,.1 .100 95.0 .016 93.1
GLY .566 . 149 73.7 .126 95. .169  103.5 .066 85.3
PRO 1.445 .191 86.8 432 116.7 .585 127.3 .191 100.0
SER .633 .101 8.0 .033 89.3 .053 92.4 .010 85.6
TYR . 4,07 .057 86.0 012 88.9 .016 89.9 .008 88.0
NITROGEN 2.607 L5 82.9 .18. 90.0 271 93.3 .076 85.8

1, 2, 3, b, 5, 6

Refer to Table 47 for explanation.

ot |



TABLE 49. Apparent ileal amino acid availabilities from barley and the estimated true
availabilities as calculated by the use of different type of corrections.

APPARENT TRUE
TYPE OF | CRUDE FIBER DRY MATTER
CORRECTION NONE ~ INTAKE  PASSAGE , PROLINE
AL B2 c(#)3 o £(%)°> Dt E(%)° pk E(%)?
AMINO ACIDS
Essential '
ARG .569 .106 81.4 .053 90.7 .061 92.1 .029 86.5
HIS - .229 .OL5 80.3 .015 86.9 .022 90.0 .007 83.1
ILE .390 .082 79.0 .02, - 85,1 .031 86.9 . 004 80.5
LEU .855 .158 81.5 .OLl, 86.7 .057 88,2 .013 83.0
LYS¢ 415 .111 73.3 .030 80.5 .039 82.7 .009 75.1
N[ET ¢l93 . 038 8003 0007 8309 bt o 0002 8103
PHE .601 .107 82.2 .026 86.5 .033 87. .007 83.4
THR .381 .110 71.1 .0 82.7 .059 86. .013 73.5
VAL 5L .120 77.9 .03 84.6 .OLY 86.0 .00k 78.7
Non~Essential
ALA 482 L1L6 69.7 .0L7 79.5 .058 81.7 .009 71.6
ASP, .69, .200 71.2 .070 81.3 .081 82.9 .006 72.0
CYS .219 .0L9 77.6 .01, 8L.0 - - .009 81.7
GLU 2.927 .393 86.6 .080 89.3 .100 90.0 .022 87.3
GLY L85 .168 65.1 .152 96.7 .169  100.2 .076 81.0
PRO 1.215 .232 80.9 516 123.4 .5¢65  129.1 .232  100.0
SER .501 .119 76,2 .02 8).6 .053 86.8 .01y 79.0
TYR .36 LO7L 79.2 .01 83.5 .016 8.1 . 009 82.1
NITROGEN 2,222 .558 74L.9 .225 85.0 271 87.1 094 79.1

1,2, 3, 4 5,6 Refer to Table 47 for explanation.

™1
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tae interpretation of results obtained would not chang=,
essentially, cven il data from diet PF-15 were included

for the extrapolation of uetabolic ilsal amino acid levels

The last columns in Tables 4

PRO aveilability was set at 1000. 4is the ileal levels of

1

1.3

al
-
vrus

PR0O increase with increasing dietary fiber level (fron Pr-5

to PF-10), the ileal levels of zll the other amino acids

alsc incresse, thoughk not alwavs in the same proportion

£
(]

(Table ) If the true aveilsbility of PRO from corn is

i

set at

corn digesta would te esqual to the nmetebolic ilszal PRO lave

5.
00;> for exzample, then the apparent ileal PEO lavel

L - ~are - - ~ - N~ s -+ J wnxr -~ - - o~
Lor corn, namely .222 grams per 100 grams of dry matter intake

ot

(Teble L7). At this particular metabolic ilsal PRO level,

~ ]

corresponding metabolic ileal levels of the other amino scids

. PR -
i

1 3 3 ~ N ~ - £ ~ame ana A - e d
can og ortainsa by sxtrapolation from amino acid levels trat

the PF-5 diet and to .577 zrams of PRO per 100 grams of drv

o 2 ~1 - - ] s 3 - F 13~ +la DT 34
natter Intake that was obtained by feeding the 2F-10 diet

o
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The calculations and postulations made are subject
to several possible errors: 1) The variability of the ileal
PRO levels between pigs fed the protein-free diets (Appendix,
Table 23, 24 and 25), 2) Although consistent results were
obtained with regard to data from diets PF-5 and PF-10, these
could not be subjected to statiétical analysis and 3) Zs-
timated true availabilities were based on linear responses
from data obtained from the PF-5 and PF-10 diets.

In conclusion, there is the possibility that ths
use of proteinwfree diets for estimation of metabolic ilsal
amino acid levels (and therefore also for metabolic faecal
amino acid levels) may result in overestimation of the
actual levels.

Problems associated with the use of

protein-free diets for the estiration
of true ileal and faecal amino acid aveailgbilities.

The following discussion will deal with some possible i
explanations and postulations as to' why protein-free diets can
overestimate the metabolic ileal and faecal amino acid losses
as well as nitrogen losses.

According to Nasset (1965) ingested protein is
mixedkwith several times its mass of endogenous protein in the
small intestine so that wide fluctuations in the amino acid
mixture available for absorption will not occur. The

relatively constant amino acid mixture produced will contribute
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to maximum efficiency in the utilization of amino acids by
the animal. Of course, this proposed homeostatic mechanism
is of a short term nature énd will fail if a protein de-
ficiency (or a specific amino acid deficiency) is imposed
on the animal for longer periods of time.

Nasset (1965) estimated that the total daily amount

of endogenous protein secreted into the lurmen of the small

intestine of a 70 kg. man to be 1L1-35 grams (Table 50).
The estimate calculated by Nasset is much higher than that
calculated by Fauconneau and lichel (1970), which was only
67 grams (Table 50). The latter authors' did not include
protein from intestinal juice as part of the endogenous pro-
tein derived from digestive secretions. Not including
estimates from intestinal juice in Nasset's calculations,
‘the amount of protein secreted from digestive juices into
‘the lumen will be 24-63 grams. The minimum estimate
obtained, 24 grams, compares reasonably well with that
obtained by Fauconneau and ichel (1970), which was 17 grams
(Table 50). The estimates from both sources for protein
derived from mucosal shedding were not that different,
namely 50 and 77-91 grams (Table 50).

The manner in which Nasset (1965) arrived at the
relatively large contribution of endogenous protein from

intestinal Jjuice to the total endogenous protein from the



TABLZ 50. Estimation of the daily endogeneous protein secretion into the lumen
of the small intestine of a 70 kg. man.

REFERENCE ' : NASSET (1965) FAUCONNEAU
and MICHEL
(1970)
ITEMS - VOLUME" PROTETIN PROTEIN
liters (range) % (range) grams (range) grams

PROTEIN FROM DIGESTIVE

SECRETTIONS
Saliva 1.0- 1.5 0.2-0.8 2-12 3
Castric Juice 2.5~ 3.5 0.3-0.5" 8-18 5
Pancreatic Juice 1.2- 1.5 1.0-2.0 12-30 8
Intestinal Juice 1.0- 2.0 0.,-1.0 L0-200 -
File 0.5 0.4-0.6 2.3 1
Subtotal (A)% 15.2-27.0 6l-263 17
Subtotal (B)3 5.2- 7.0 | 21,-63 17

PROTEIN FROM MUCOSAL :

SHEDDING 77-91 50
TOTAL PROTEIN (A)? | 141-354 67
TOTAL PROTETN (B)? 101-154 67
1IUCOSAL PROTEIN % OF TOTAL | 50-90 75

(£)3

1 Daily volume of the digestive secretions.

2 Additions include data from intestinal Jjuice.

LT

3 Additions do not include data from intestinal juice.
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digestive secretions is not clear. Hasset (19245) stated
as iollows: "The volumes of secretion ware derived fronm

meny sources and except for intestinal juice,

intestinal juice was computed from the fact that the pylorus
admits 7 liters of gastric contents to the duodsnum in
24 hr. and that gastric contents are diluted three to fiva

uodenum and upper Jjelunum (ZOrgstrom et al.,
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intestinal juice secreted daily into the luren to be 10 to
20 liters, with veristions in protein content from 0.4 to
1.0% (Table 50).

in interpreting Nasset's deta, first of all it is

[ )]

unclear how he arrived at 7 liters of gastric contents to be
&

@]

emptied deily into the duodenum. OJf these 7 liters, & max-~

imum of only 3.5 to 5

WOorx 0y borgstrom et al
diluted three to five times in the duodenum and upper
Jelunum. Borgstrom St al.(1957) fed 500 ml. ligquid test
diets to 6 human subjects. Samples of digesta were taken

)
|

by intubation. The test meal during its passage through the
ducdenun was diluted to a volume of 1.5 to 2.° liters.

Polyethylengzlycol, which is not absorbed in the intestine,



ure the dilution.
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was used as a reference subst ance to mea

However, the dilutions that were found can easily be explained

oy digestive secretions of saliva, gestric juice, pancreatic

. . . .. "
tne dilutions measured by Lorgstrom
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necesserily due to the seac

this secretion may perhaps just simply represent movenent of
rom the epithelial cells into the lumen in response Lo
an increase in osmotic pressure. After p pancreatic Jjuice has
been added to the intestinal contents, protein and carbohydrate
digestion, in so far as it relates to the formation of sig-
nificant amounts of digestive endproducts (such as free amino
acids and glucose) tecomes of importance. The formation of
these free digestive endproducts will incresse the osmotic

vater will move from the

along with the water into the lum n oy a "solvent dreg® tvge
[} ., < J o

From the previous discussion, it follows that Nasset

may have overestimated th ndogenous protein secretions into
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]
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1

the lumen of the small intestine. The results cobtained oy
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rmucus protein) are resistant to trypsin and pepsin (4llison,
1970). The relative digescibilities of whole cells of
bacteria and cell contents indicated that nitrogen in wall
structures was undizestible (Tannenbaum, 1068).

that were used in thase studies increased the sheddins of

erithelisl cells stove the lavel normally teking place during

+
v

l__,.l

the feeding of the ceres st diets? [Feeding protsin-

®

1

deficient diets to rats for short periods of tinme resulted in
the reduction of the number of cells of the small intestine.

ell size was not affected (Durand ot al., 196¢6; Launro and

——

C

Goldberg, 1964; Vandermeers et al., 1966). The small

intestine of thke rat lost 25% of its nitrogen after & davs of

feeding 2 protein-free diet (Ju and Nasset, 1959). The loss
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of nitrogen may possiblv be due largely to

number of epithelial cells of the small intestine.

b2 2 subunit of the so-csa

ki
5
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0i tne animel. Incressed cellular losses of these cells, in
resronse to the fgeding of protein-frae or protein-deficiant
dists, with subsecuent digestion of protein components and
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orption of amino acids derived
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locations in the bodv, may have taken rlace. As was explained
previously, a part of the endogenous protein derived from in-
creased cellular slough-off mav escape normal digestion (i.e. by
digestive enzymes) prior to the end of the ileum. This would
result in higher metabolic ileal amino acid levels than those
that would be obtained during the feeding of balanced diets.

The higher metsbolic ileal emino acid levels in turn may give
rise to highér metabolic faecal levels.

Protein-free diets are usually emploved to determine
the metabolic fzecal amino acid and nitrogen losses. In most
experiments in which protein-free diets are used, faecal
collections are carried out after 5 to 10 days i.e. baefore feed
consumption becomes too low. The determination of metsbolic
faecal amino acids and nitrogen during this time may well have
been the measurement of the undigestible protein components
derived from the increassd loss of intestinal cells. Due to the
extensive modification of metabolic ileal amino scid levels by
the flora in theularge intestine, this measurement will be
more evident when determinéd at the end of thé ileum than when
determined by faecal collection.

The epithelial cells of the small intestine mev have
been shedded at an increased rate, initially during the feeding
of protein-free diets. The amino scid needs of these cells
could be directly dependent on the supply of amino ascids pro-

duced during digestion. This supply would be very low during
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the sac than from well nourished rats (Herékovic, 1969;

Kirsch et 21., 1968). Therefore, the increasé in absorptive
capacity of the reduced number of cells in the small intestine
during protein déprivation may pertially compensate for the
reduction in absorption due to cellular loss. In addition,
the intake of protein-free diets by the test animals is
usually much lower than that of more talanced diets and less
epithelial cells will be necessary for absorption of the
digestive end-products.

Snook (1965) studied the effect of the feeding

O
ty

protein-free diets on the content of proteolytic enzymes in the
pancreas of the rat. Compared to casein, a protein-free diet
depressed the pancrestic content of chymotrypsinogen and
trypsinogen. In addition, digestive enzymes were found to be
less rapidly inactivated (by auﬁodigestion) in the small
intestine when diets containing protein were fed (Snook and
Yeyer, 1964 a and b). Peptides of dietary origin seemed to be
‘responsible for the decrease in autodigestion., Consequently,
the feeding of protéin—free diets will result in reduced
enzyme secretion from the pancreas and in faster inactivation
of enzymes secreted into the intestinal lumen. The lower
enzyme aétivity, in turn, may result in a reduction in digestion
of endogenous protein that is derived from shedded rucosal cells.
The work by Snook (1965) shows that enzyme secretions

are reduced when protein-free diets are fed. Therefore, one
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would expect underestimation of mefabolic ileal and faeczl
amino acid levels when determined by the use of protein-free
diets. This seems to be in contradiction to statements made
earlier that protein-free diets overestimate metabolic ileal
and faecal amino acid levels. However, one should keep in
mind that protein derived from digestive secretions make up
only a small proportion of the total endogeneous protein
(Table 50). In addition, one may expect_the digestibility of
enzyme protein (by autodigestion) to be higher than that of
protein from shedded mucosal cells. The enzymes secreted by
the digestive tract are "simply" folded peptides, without
undigestible protein components that are associated with rucus
protein or cellular membrane material from shedded epithelizl
cells.

In addition to the level of fiber in the diet, the
type of fiber was found to affect the metabolic faescal nitroge
excretion in pigs (Whiting and Eezeau, 19570). As the dietary
level of pure wood cellulose (Solka-Floc) was increased from
5 to 10 to 15%, thé level of metabolic faecal nitrogen increased
from .10 to .14 to .15 grams per 100 grams of dry matter intake.
Raising the dietary level of methocel in protein-free diets
from 7 to 14% increased the metabolic faecal nitrogen excretion
from 0.06 to 0,07 grams. Protein-fres diets containing 14 and
2% oat hulls resulted in metabolic faecal nitrogen excretions

of .09 and .1, grams per 100 grams of dry matter intake



- .1 - 1A £33 - £~ e _ P
respsctively., The zctual cruds fiter contents of solka-floc,
~ 1 ~ ~ A+ ~Tr X N ~
methocel end ost hulls were approximatzly 75, Q0 and 5C
my, 2 o0 = - ~1 L4
respectively. The differences in metstolic fascal ritr el
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Nal . . .
to the absolute amount of undigsstibls di

he differences in composition would brinz about diffsrent
phvsical cheracteristics which would result in diffzrent

rhrsiologzical and/or nutritional responses ty the tast animals

depending on thes source of crude fiter, Thars were lzrge
differences betwsen the components of crude fiter in ability
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from the epithelial cells into the lumen. TFrom the upper
JejJunum on to the end of the ileum (and to the znus), weater
will be removed by absorption. The degree to which water will

be absorbed may depend on the type of undigested dietary

components remaining in the end of the small intestine i.e. th

types of undigestible components in relation to their water
holding capacities. As the water holding capacity of the
remaining digestas decreases, presumably the extent of physical
abrasion of epithelial cells by the digesta will increase and
vice versa. In addition (when the water holding capacity is
lbw), the ph?sical pressure of digesta on the intestinzl wall
will be increased and this would result in incresased peristalt
activity. The latter, in turn, will caussz more friction be-
tween the digesta and the epithelisl cell wall, thereby in-
creasing the physical abrasion of cells. The relationship
between mucus secretion and peristaltic activity is not known.
However, it is reasonable to assume that digssts thrat is
difficult to move needs more mucus for lubrication purposes
so that passage is eased.

Ileal digesta from the cereal diets seemed to te of
a much more "liquid" nature than digesta from the protein-free
and maihtenance diets. Unfortunately, dry matter contents
were not measursd. The ileal digesta from the cereal grains
flowed with ezse into the collection bags during sampling.

Ileal digesta from the protein-free and maintenance diets were
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such and to determine factors affecting the metabolic losses
from the animal, Secondly, protein-frese diets are usad to
determine the maintenance losses of nitrogen (urinary plus -
faecal plus cutaneous nitrogen losses). The latter is impor-
tant for the assessment of protein needs for maintaining
animals or adults (llunro, 1969) and for the differsntiztion
between protein requirements for growth (and/or production)
and those needed for maintenance. Depending on the type of
protein-free diet used; maintehance losses of nitrogen derived
from faeces may actually be overestimated.

Certainly, knowledgs of metabolic ilsal and fascal
amino écid levels (and generally speaking those of other
dietary ingredients) is of importancs. Howsver, to sav the
least, the use of protein-free diets for arriving at these
estimates should b€ reevaluated. Future studies i.e. bv aid
of isotopes, mav be warranted to study this topic.

On a practical basis, i.e. for formulation of
dietary amino acid levels in relation to requirements for
monogastfic animals, it is not important to have sepzrate
knowledge of the amounts of undigested and/or unabsorbed
dietary and metabolic amino acids. Eoth sources of amino ac¢ids
(protein) are lost to the animel. The determination of ap-
parent amino acid availabilities will be sufficient.

In the previous discussion most zttention was pzid

to the estimation of true ileal amino acid availabilities.
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True faeceal availabilities wers not discussed. Interpretation
of calculated true faeczl amino acid aveilabilities would be
more misleading since an additional error comes into play,
nemely that certasin amino acids are synthesized bty the flora

in the large intestine upon feeding of protein-free diets.
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The results obtained frerm study 4t will be discussed

prior to those of study La.

m

The ileal nitrogen and dry matter digestibilitiss and

the ileal availabilities of 211 zmino zcids were higher for
finely ground than for cracked wheat (Table 51). For most

amino acids, these increzses were significant. The increased
availabilities were due to 1) the absence of cracked or
broken feed particles that would have escaped physical
digestive breakdown in case cracked wheat was fed and 2) fine
grinding may have resulted in zn increased release of aleurone
protein from the aleurone cells and more of this protein may
have been aveilable for digestion.

The first reason for increased avsilsbilities of amino
acids from finely ground over cracked wheat is shown in Table 36.
The dietary particle size distribution of finely ground and

cracked whesat is reflected in the particle size distribution

of ileel digesta. Only 55 of the psrticles in ilegl digesta
from finely ground wheat were larger than 1,00 mm. However,

approximately 25% of the particles in ileal digesta fromn

1,

.9, 7.5 and 7.3% respectively. The smallest increases wers

found for PHz, CLU and PRC and were 3.5, 1.2 and O.




TAELE 51. The apparent ileal and faecal amino acid svailabilities from ground and
cracked wheat in addition to the digestibilities of amino acids in the
large intestine and the differences in percentage units between ileal
and faecal amino acid availabilities

TYPE OF ;
 PRE-PROCESSING | GROUND CRACKED ,
' - c
LOCATION ILEUM  FAECES Al £? TLEUM  FAECES At L2 .

AMINO ACIDS (%)

Essential :

— ARG 92.0 oL .. 30,0 2.2 86.5 93.9 - 54.8 7ol 5.5
HIS 91.1 SIRN 37.1 3.3 85,7 93.9 57.3 8,2 5.4
ILE 90.2 01.2 10.2 1.0 85.6 89.9 29.9 4.3 L.?2
LEU 91.5 92.9 16.5 1.4 87.6 92.1 36.3 L.5 3.9
LYS - 81.5 85.3 20.5 3.8 72.6 - 83.8 L0.9 11.2 8.9
PHE 92.9 93.5 8.5 0.6 89.4 92.9 33.0 3.5 3.5
THR 83.7 88.7 30.7 5.0 78.0 87.3 42,3 9.3 5,7
VAL 88,6 91.3 23.7 2.7 83.1 90.5 43.8 7.0 5.5

Mon-~Essential
ATA 82.1 87.1 27.9 5.0 74 .5 86.5 L7.1 12.0 7.6
ASP . 82.8 87.1 25,0 L.3 77.3 86.2 39,2 8.9 5.5

- GLU 95.3 97.8 53.2 2.5 9L.1 97.6 59.3 3.5 1.2
CLY 81.7 90.1 L5.9 8.. Th. L 89.8 60.2 15.4 7.3
PRO 8L.5 95.9 73.5 11.4 83.8 96.3 77 .2 12.5 0.7
SER 88.2 93.3 L3.2 5.1 gl,.7 90.3 36.6 5.6 3.5
TYR 89.8 90.7 - 8.8 0.9 85.3 90.6 36.1 5.3 L.5

NITROGEN (%) 88.4 93.4 51.7 5.0 81,7 92.3 49.7 7.6 3.7

DRY MATTER (%)  80.4 88.8 L2.9 g.4 76.8 88.8 51.7 12.0 3.6

1 Digestibilities of amino acids, nitrogen and dry matter in the large intestine.
2 Differences in percentage units between ileel and faecal amino acid availabilities.

3 Differences between ileal amino acid availabilities from finely ground and cracked wheat.

29T
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(Tabtle 51). Lysine, GLY and ALA are relatively high in
aleurone protein. Phenylalanine, GLU and PRO are relatively
low in aleurone protein (Table 2 and 33).- Extrapolations

as to PRO and GLY with regard to increased availability of
aleurone protein for digestion due to grinding should be
considered carefully since these 2 amino acids are found in
relatively high amounts in metabolic ileal protein.

The faecal amino acid svailabilities were only slightly
and non-significantly higher for finely ground than for cracked
wheat (Table 51). Therefore, it is very difficult and
unreliable to measure differences due to "pre-processing" by
simply evaluating faecal digestibility measurements. Additional
measurements, such as ufinary nitrogen losses or rate of gain,
should be carried out concomitantly. The latter finding is
in agreement with‘data that indicate that availebility values
determined by faecal analysis are generally higher than those
determined by growth methods (de luelenaere et 21., 1967;
Nesheim and Carpenter, 1967; Payne et al., 1968). The ileal
and fascal availabilifies of LYS from ground wheat differed
only to a small extent (81.5 and 85.3%). In this case it
would heve made little difference if LYS availability had been
determined by the grbwth or the faecal anslysis method (Table 51).

The net disappearance of amino acids in the large
intestine was higher for cracked than for finely ground wheat

(Table 51). A higher level of undigested starch from cracked
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wheat entering the large intestine may have allowed for a
higher level of microbial fermentation and amino acid dis-
appearance. On the other hand, simply more nutrients in general
mav have been avaiiable for microbial fermentation.

The results obtained from finely ground and cracked

wheat of study 4b are compared with those of ground wheat from

1

Fabl

D

study La and with those of cracked wheat from study 2a (

¢

[
[oN

52). Even though different varieties of wheat were tested, the
ileal amino acid availabilities of cracked wheat from study 2a
and L4b compare very well., The ileal availabilities of amino
acids from ground wheat in study La were tetween thoss obtained
froﬁ finely ground and cracked wheat from study Lb but were
closer to those of finely ground wheat. The comparisons of
results from studies 2a and 4 show the reproducibility of data
as they relate to the tvpe of "pre-processing" of wheat and to
the methods for determining ileal amino acid availsbilities.
Joreover, the differences between the ileal amino zcid
availabilities from corn, wheat and barley in study 2a were not
only due to the type of cerszl grain tested but also to the
manner of "pre-processing"™ to which each cereal grain was
subjected.

The ileal amino acid availabilities decreased from
flouf to whole wheat to E+S+IT (Table 53). The LYS availabilities,
in particular, decreased from €4.2 to 79.5 to 66.L.

Lyvsine availabilities from flour, determined either by



TABLE 52. Comparisons of ileal and faecal amino acid availabilities from wheat from
studies 2a and 4 as affected by the type of pre-processing.

LOCATION ILEUM FFAECES

TYPE OF ~
PRE-PROCESSING CRACKED GROUND CRACKED GROUND

STUDY b 2a b La Lb 2a Lb La

AMINO ACIDS (%)

Essential

ARG 86.5 85.8 92.0 87.1 93.9 92.7 O ), 94 .6
HIS 85.7 89.1 91.1 88.4 93.9 94.9 oL . L 93.9
TLE 85.6 85.3 90.2 9.1 - 89.9 89.4 91.2 91.6
LEU 87.6 86.9 01.5 89.9 92.1 91.5 92.9 93.2
LYS 72.6 75.7 81.5 79.5 83.8 80,7 85.3 86,1
PHE 89.4 g3.8 92.9 91.5 92.9 92.5 93.5 9L .3
THR 78.0 76.5 83,7 78,1, 87.3 86.7 88.7 89.1
VAT, 83.1 82.8 88.6 86.7 90.5 88.9 91.3 91.7
MNon-Essential ,
ALA 74 .5 74.0 82.1 79.6 86.5 84,0 87.1 88,1
ASP ' 77.3 754 83.8 - 80.8 86.2 83.1 87.1 88.0
GLU 94.1 92.7 95.3 95.6 97.6 97.0 97.8 97.9
GLY 7h L 73.7 81.7 72.6 89.8 89.3 90,1 90,6
PRO 33.8 86.8 8L.5 79.1 96.3 96.7 95.9 96.8
SER 8L.7 84.1 88.2 86.3 90.3 92.5 93.3 94 .3
TYR 85.3 85.9 89.8 89,2 90.6 89.5 90.7 92.9
NITROGEN (%) 84 .7 8£2.0 88,4 85.2 92.3 91.2 93.4 93.3
DRY FMATTER (%) 76.8 73.3 80.4 78.2 g8g.8 89.0 88.8 89.4

$91
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ileal or faecal collection, were very similar. Cszlhoun et al
(1960), using rats, found the LYS availzbilities from flour to
be 84.5% and 82.0% using weight and carcass nitrogen gain
respectively as the method for measurement. Their estimates
compare very well to those found in these experiﬁents,
irrespective of measurement by ileal or faecal collection.

The relatively low LYS availebility of flour (Table 53)
eliminates the notion that LYS availability from cereal grains
is solely determined by the amount of LYS present or associated
with aleurone cells. The relatively low availability of LYS
from flour in relation to the availabilities of the other amino
acids may possibly bte due to the large number of lysyl-prolzl
peptide linkages found in flour. These peptide linkages are
completely resistant to trypsin digestion (psge 14 and 15).

Generally, the disappearance of amino acids in the large

intestine increased from flour to whole wheat to E+S+} (Table 53).

In other words, the lower the availsbilities of amino acids at
the end of tke ileum, the more the faecal availability estimates
will deviate from the ileal availabilities. With the exception
of THR, the faecal availabilities of the essential amino acids
may still reflect the ileal availsbilities on a qualitative basis
(i.e. the order of least availability).

As was discussed previously, the ileal availabilities from

whole wheat were dependent on the type of "pre-processing™. Whole

wheat was ground through a 2.00 mm screen in this study. If the
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wheat had been cracked then larger differences in amino acid
aveilebilities between those of whole wheat and flour mev well

have been observed. If the whole wheat had tesn finslv ground

(as in study 4t), the availabilities obtained might havs
approximated those of flour (Takle 51 and 53). The ileal

availabilities of flour are unlikely to be improved by
grinding and therefore represent maximum vslues. Flour, as
obtained,‘was already of a very powdery consistencv. The
E+S+17 diet was not ground prior to pelletinz. Consecuently,
there might be an improvement in amino acid availabilities
).

Vhole wheat was milled to give 75% flour and 255

W

over those obtained in this study (Table 5

. Therefore, the total amounts of the individual amino
acids from flour (x 0.75) plus those of E+S+X (x 0.25) should
be ecual to the total amount of the individusl amino acids
contained in whole wheat (x 1.0). The recovery of the separate
amino acids from flour plus E+S+l7 zs a percentage of those in
whole wheat ranged from 9L.0 to 10L.0% (Table 54).

The level of esach amino acid found in ilsal digesta

heat should be ecual to that

[$¢]

derived from 100 grams of whole w

S

derived from 75 grems of flour vlus that from 25 grams of E+S+17.

+

The latter would be the case if no associstive or other

[

unspecifisd effects occur.
The ilezl levels of zmino acids derived from 1CO

of whole wheat can be calculated from the individual amino acid
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TAPLE 54. The recoverﬂ-of anino acids from E+S+] and flour
(column A), in addition to the ileal amino acid
availabilities from E+S+I7 that were measured
directly (column E) and those of B+S+I7 that were
calculated by difference from cracked wheat and
flour (column C) and from finely ground wheat
and flour (column D).

COLUMN A E C D

ANIINO ACIDS (%)

Issentizl

ARG 96,0 8L.8 80.7 0.2
HIS 104.0 78.5 68.L 85.0
TLE 103.0 72.9 60.7 79.1
LEU 102.0 7L, 67.L 82.6
LYS : 96.0 66.1 577 77.8
PHZ ' 102.0 77.8 68.6 8.0
THR 98.0 54,0 71.7 90.7
VAL 100.0 71.3 60.6 79.0
llon~Essantial
IR 102.0 70.2 56,2 75.L
ASP 95.0 69,8 65.3 75.0
GLU 102.0 85.8 79.3 86,2
CcLY 97.0 57.3 ge.2’ 87.8
PRO 102.0 70.3 88,0 92,3
S3IR 103.0 72.2 66.7 79.3
TYR 94 .0 71.1 £9.8 g86.L

1 The recovery of the individusl amino acids from flour plus

E+S+Il as a percentage of those in whole wheat.
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availabilities and the dietary levels. The ileal levels of
amino acids derived from 75 grams of flour can be calculated
in the same manner. The ileal excretion levels from 25 grams
of B+S+l are then calculated by difference from those derived
from 100 grams of whole wheat and 75 grams of flour. As the
dietary level of each amino acid in E+S+l is known, the
availability of each amino acid can be calculated. These
calculations were carried out using ileal amino acid availabilities
from finely ground and cracked wheat (Table 51) in order to
afrive at maximum and minimum possible amino acid availability
‘estimates respectively from B+S+M (Table 54).

The minimum possible essential ileal amino acid
availabilities from E+S+!f ranged from 57.7 for LYS to 80.7% for
ARG. The maximum availsbilities ranged from 77.8 for LYS to
90.7% for -THR (Table 54). Therefore, the potential availabilities
of amino acids from B+S+ may approximate those of whole wheat
(Table 53).

With the exception of THR, GLY znd PRO, the direétly
determined amino acid availabilities for E+S+l were found to be
between the minumum and maximum calculated availabilities from
B+S5+lM. Threonine, CGLY and PRO are present in relative large
amounts in metabolic protein, even at corrected levels
(Teble 47, 48 and 49). The directly determined availsbilities
bf these three amino acids were all lower than the calculated

estimates. Fiber level as such has been shown to affect the
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metabolic ileal zmino scid levels (Tzble L5). The level of crude

1

fiter of E+S+17 (8.L9%) wzs much higher thsn that of whole wheat
C

(2.35%) or flour (C.257). The calculations for the availa-
tilities of E+S+'T wers basad on differences betwesn ilesal

amino acid levels from whole wheat and flour and mav have
resulted in overestimstion of ilezl availsbilitiss

of TER, CLY and PRO.

+

The calculated avsilabilities of the other zmino acids
wers in the rangs of those found directlv, This latter would

onlyv occur if the dilution of undigested ileal dietarv amino

TER, CLY and PRC) was of 2 relztively small oroportion,

n the avsilabilitis
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of zminc =zcids from E+S+7 (since onlvy 3 sets of results were

iet was diluted with 60% cornstarch to
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acids from E+S+l-D were lower than those of E+S8+l. (Tatle 53 ).
“he availsbilities of ARG, GLY and PRO in particular were much
lower. These amino acids are also very prominent in metabolic
ileal protein (Tatle 45).

Ihe higher intake of the E+S+-D diet (184S g/dav) than
of the E+8+ diet (833 g/dav) by the pizs could have teen
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~+ S 4 Ty~ ~ K] < -~ A S J T ~
tation) in the lerge intestine at higher than et lower fcod

- . . . s .
nersfore, in cartein cases, the large intestine in

)

addition to the liver may also contribute to the deaminatsi o7

it

ol excess protein i.e. when protein inteks exceeds the amount

1 o : 3 3 e i : s
tv-products of protein metabclisr in the large intestine, which

are meinly short chain volatile fatty zacid , may still be of

use to the znimal. Thess cormpounds mev be used 2s precursoers

£,

for zlucose or for fat synthesis. In = dition, microbial

fermentation in the large intestine will make volatile fatty
acids, produced frcm undigestible cartohydrate sources,
availa®le to the animal.

Fal
4

the 1leal aveilabilities of zmino acids which are

relstively high in metabolic ilzal protein (ARG, GLY and PRC)

from Z+8+17 (Table 53). 4 chenge in the rate of passage would
particulerly change the avsilabilities of zmino =2cids fron
protein that is zlready of 2 rel ely low digestibility
such as protein from sloughed-off cells or from rucus,

°n the other hand, cornstarch as such may have tsen

responsible for the high levels of mstabolic ilszal crotain

A 3 -~ 3 Y, K 3 Do 3
is for the meintensnce and protein-free diets, ilea2l PRC znd
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GLY levels were zlso found to be relatively high in ileal
digesta from E+S+!%-D (Table 53). It may or may not be coin-
cidental but all these diets contained 6C% cornstarch.

Casein was fed (24.3 mg. nitrogen per 100 g body weight)
with and without different carbohydrates (167 mg per 100 g

1., 1971). The rate of

———

body weight) to rats (Buraczewski st
stomach emptying of casein was decreased when corn dextrin,
glucose, soluble starch, sucrose or lactose (in ascending order)
were the carbohydrate sources. However, the rate of stomach
emptying of casein was increased when cornstarch was the addad
carbohvdrate source. The authors related the differences in
rate of stomach emptying of casein to differences in solubility
and rate of absorption of the carbohydrates. Possitly, the
increasasd rate of stomach emptying of casein due to corastarch
inclusion (which is very soluble and rapidly absorted) may
have resulted also in an increase.in rate of passage ol digssta
through the smz2ll intestine. As was mentioned previously,
increased rate of passage of digesta through the small intestine
may especiallv decrease the digestion and reatscrption of
endogenous protein. |

Differeﬁtiél losses of amino acids in the large intestine
(due to microbial fermentation) caused by different types of
carbohvdrates may have some effect on the nutritional status of
the animal if the diets fed were low in protein or deficient

in & particular amino acid. The P.5Z.R.'s (protein efficiency
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ratio's) were 0.831, 0.901 and 0.931 when diets contzining 24%
wheat gluten and either 4C% cornsterch, dextrin cr zlucose
respectively were fed to rats. In the same order, the P.Z.R.'s

2, 1.582 and 1,5&2 when the diets were supplenented

were 1.61
with LYS (Chang, 1962).

Although there may te other explanationé, the effect
of cornstarch (in relation to possible incressed rate of passage
through the small intestine) may explain the lower P.Z.R. found
when cornstarch rather than dextrin or glucose was included in
the non~LYS~supplemented wheat gluten diets.

It may have been coincidental but true ileal amino
acid aveilasbilities from E+S+I-D could be obtained in such a
manner that true PRO and GLY availabilities obtained did not
exceed 100%. The availabilities of these amino acids were close
to those of the other amino acids (Table 55). Corrections for
metabolic ileal amino acid levels were based on equal crude fiber
levels per 100 grams of dry matter intake for the E+S+1=D and
protein-free diets. The crude fiber level of E+S+17-D (3.889)
was very close to that of PF-5 (3.86%). Therefore metabolic

ileal amino acid data from PF-5 were used.. Cenerally speeking,

P.Z.R. of the glucose conteining diet was significantly
higher than that of the cornstarch containing diet.

2P,E.R.'s were not significantly different.




TAELE 55. The apparent ileal amino acid availabilities! from B+S+l-D and
: B+5+411, in addition to the estimated true availabilities from B+S+li-D.

DILT | B+5+1-D : B+S+411

AVAILABILITIE | | APPARENT TRUE APPARENT

AMINO ACIDS (%)

Essential g o _—

ARG 1.5% 6, 2. L.8% 1,
TS | ;3.6i 3.Z 80.% 7§15 32
TLE 69.6% 1.6 78.2 72.9% 2.3
LEU | 71.7% 1.7 80.3 74T 3.0
LYS 57.5% 3.9 69.1 66.4,% 1.8
LET 76.52 6.0 81.6 77.8% 3.8
PHE 73.9% 1.3 81.7 76.0% 2.5
THR ~ L7.8% 3.9 67.2 53.9% 6.5
VAL 66.5% 2.6 75.5 71.3% 2.7

Non-Essential
ET.R 60.7% 5.9 72.3 | 70.2% 0.7
ASP 64.2% 3.3 75.1 69.8% 1.2 y
GLU | 83.8% 1.6 88.7 85.8% 1.2
GLY 31.9%21.0 69,2 57.3% 8.9
PRO ‘ -17.5%66.5 62.3 70.3111.0
SEI 67.7% 2.8 80.5 72.2% 2.1
TYR 68.5% 2.6 77.2 71.1% 3.0

I'eans and standard deviation.

LLT



178

the true ilezl emino acid availabilities obtained from
E+3+1-D were very close to the apparent availsbilities from
E+S+17 fed as such. Indirectly, the latter indicstes again
that metabolic ileal amino acid levels of natural diets (such
as B+5+I1 and cereal grains) may be overestimsted bty the use
of protein-free diets.

li-

(=D

The reason that "true" ilesl amino acid availatb

4]

ties from diet B+S+K;D could be obtained mav have been due to
the similarities between the E+S+li-D and protein-free diets
with respect to certainvnutrienf(s). Eoth diets contained
60% cornstarch. Thg reason that no precise "true! ilesl
amino acid availabilities (or associated metabolic ileal zmino
acid levels) could be obtained from the cersal grains is
provbably due to the fact that there was much less similerity
between the cereal and protein-free diets. Eecsuse of the
differences between these diets, different responsas with
regard to the amounts of endogenous protein secreted and/or
digested and reabsorbed in the small intestine were elicited.
Accurate detérmination of Mrue™ ileel avesilsbilities
is best if the test and protein-freebdiets resenble each other,
For example, in determining true amino acid availsbilities of
2 rrotein source, t&}e composition of semi-purified diet con-
taining this protein source (i.e. at a level of 10%) can be
formulated in identicsl manner (with the exception of the

protein itself) to that of the protein-free diet. However,
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in determining true amino scid availszbilities of an

energy-protein source (e.g. barlev), the situation is dif-

ferent. A natural type diet will differ in 2 number of

characteristics from a protein-free diet.
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STUDY 3

The apparent availabilities of amino acids from barley,
corn and wheat (Table L4LO) and those of whole wheat, flour and
B+S+M (Table 53) were found to be higher when they were deter-
mined by faecal analysis than when they were determined by ileal
analysis. The differences between ileal and faecal availabilities
were found tobbe dependent on the type of diet and on the "ore-
processing" conditions these diets were subjected to prior to
feeding. Differences between ileal and faecal estimates were
more pronounced for some than for other amino acids.

The apparent faecal amino acid availsbilities from
sorghum gfain and corn were'higher than those obtained at the
end of the ileum from pigs fitted with ileocaecal re-entrant
cannulae (Easter, 1972). Generally speaking, apparent amino acid
availabilities of SEM and RS were higher when they were deter-
‘mined from faecal collection than when they were determined at
the end of the ileum of pigs fitted with ileal re-entrant can-
nulae (Holmes et al., 1974). The average amino acid availabili-
ties based on ileal samples from chicks that were sacrificed
were lower than those determined by faecal analysis (Ivy et al.,
1971; Filipot et al., 1971; Soares and Kifer, 1971). Caecectomy
of chicks significantly reduced the protein digestibility of
heat-damaged cod protein (Nésheim and Carpenter, 1967).

| The amino acid availabilities determined by the faecal

analysis method may overestimate the amounts of amino acids that
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are actually absorbed by the animal. Bacterial enzymes in the
large intestine bring about the hydrolysis of undigested protein
through peptides of decreasing length to free amino acids.

These free amino acids may be either absorbed as such by the
animal or they may be fermented further by the micro-organisms
to yield ammohia and carbon skeletons. The rate of deaminative
fermentation varied from amino acid to amino acid (Michel, 1966).
The extent to which amino acid absorption versus deamination
takes place in the large intestine will determine which method

is more valid i.e. the faecal or ileal analysis method.

These experiments were carried out to determine the
extent to which LYS was abéorbed as such in the large intestine.
Lysine.was either caecally infused as a part of the ISP protein
complex (study 3a) or as free LYS monohydrochloride (study 3b).
Lysine was selected since it is often the first limiting amino
acid to pigs.

The B+2ISP diet is representative of a barley-soybean
pig grower ration. Reducing the level of soybezn meal by half in
the grower ration will result in a decreased rate of gain by the
pigs. The decreased rate of gain can be lafgely overcome by aid
of LYS supplementation (Bell, 1964; Bowland, 1962; Braude et al.,
1972; Neilson et al., 1963).

The levels of LYS that were found in the caecal contents
after infusion of ISP or free LYS would be much higher than those

found under normal conditions. Therefore, a situation was created
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whereby there was ample opportunity for substantial LYS
absorption in the hindgut with a resultant improvement in
nitrogen retention. It was reasoned that if only a small re-
sponse in nitrogen retention took place upon LYS infusion, then
LYS absorption in the large intestine was of little importance
under normal éircumstances.

The amounts of nitrogen retained per day were 18,00,
15.80 and 15.91 g. for B+2ISP, B+ISP and B+ISP+C-ISP respectively
(Table 29). In the same order these values represent 112,51,
98.8 and 99.4 g. of protein deposited per day. On the assump-
tion that the average protein content of the pig's body tissue
is 16%, then the average daily gains would be 703, 617 and 622
g. for pigs fed B+2ISP, E+ISP and B+ISP+C-ISP reépectively.
Similar calculations carried out on data obtained from study 3b
will give the following daily rates of gain: 693, 600 and 613
g. fér B+ISP+LYS, B+ISP and E+ISP+C-LYS respectively. Zxcluding
the calculated missing value, an average daily gain of 607 g.
would be obtained for pigs fed E+ISP+C-LYS (Table 31).

The data obtained from study 3a and 3b for B+ISP
compare very well (Table 29 and 31). The amount of nitrogen
retained per day from B+2ISP was ohlyvslightly higher than that
obtained from B+ISP+LYS (Table 29 and 31).

Nitrogen retentions and biological values were higher

lNitrogen retained per day times 6.25.
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for B+ISP+LYS than for BE+ISP (Table 31). Lysine was the
limiting amino acid in B+ISP and its addition resulted in lower
amounts of the other amino acids that had to be catabolized.
Nitrogen retentions and biologicél values for E+2ISP were lower
than those obtained from B+ISP (Table 29). Since only LYS was
needed for supplementation (B+ISP+LYS and E+2ISP gave nearly
similar responses with regard to the amount of nitrogen re-
tained per day), the other amino acids contained in the 1 unit
of ISP added had to be catabolized.

For’efficient protein synthesis, all amino acids have
to be simultaneously present at the site where protein synthesis
takes place. It can be argued that caecally infused LYS may
érrive at a different time at the site of protein synthesis than
the amino acids from orally ingested protein. - Possibly, this
may occur if the animals were fed once daily and the infusion
had been carried out 12 hrs. later. However, in these studies,
the pigs were fed 3 times daily and the infusions were performed
when the animals were offered their meals.

In study 3b, LYS was mixed with cornstarch to facilitate
LYS infusion into the caecum. The caecally infused cornstarch
may have stimulated bacterial activity, resulting in an increase
in deamination of amino acids (including caecally infused LYS).
In retrospect, LYS should perhaps have been mixed with a fiber
source from which energy is less available to bacteria than is

the case with cornstarch.
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The resul;s obtained in these studies show that
caecally supplied LYS did not improve the nutritional status
of the animal. The amounts of nitrogen retained per day were
nearly the same for EB+ISP, B+ISP+C-ISP and B+ISP+C-LYS.
However, a small amount of LYS absorption may have taken place
in the large intestine of the pig. Slade et al. (1971) showed
that there was LYS absorption from the large intestine of the
horse. However, the authors' did not measure the magnitude of
LYS absorption (page 26 ).

In summary, LYS availability determined by the faecal
anaiysis method overestimates the actual amount of LYS that is
available for utilization by the pig. There is no reason to
assume that the other amino acids undergo a different fate from
LYS (in relation to deamination and excretion of ammonia as

urea in the urine) in the large intestine.
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STUDY 1

The amino acid composition of bran and endosperm
from high and low protein wheat from study 1 and that of bran

(E+S+I7) and endosperm (flour) from study La are compared in

oy

0q

Table 56. Aleurone protein contains relatively high levels

[N
d
O

of ARG and LYS and relatively low levels of GLT in

6]

nd PR
relation to endosperm protein (Table 2). Therefore, the
efficiency of separation of aleurone and endospérm rrotein
can be measured by the degree of differsnce in the composition
of these amino acids between the bran and endosperm fractions.
As shown in Table 56, a better separation of bran
and endosperm protein was achieved by the convehticnal milling
process (study Lz) than by pearling (study 1) of wheat. This
was also reflected by the very low crude fikar content (0.25%)
of the endosperm (flour) fraction obteined in study La.

The seperation of aleurone protein from endospern

protein was much better for the low than for the high protein
wheat (Table 56). In retrospect, abrasion should have tbez2n
carried out for a longer period of time for the high protesin
wheat, namely for 36 instead of 20 ssconds (Tzbls 5). Therafor

[}

a substantial amount of aleurone protein mav have remained in
the endosperm fraction, resulting in less distinct differences
Tr

in the amino acid composition of ARG, GLY, GLU end PRO between

tran and endosperm protein. Conseguently, interpretation of
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TABLE 56. The amino acid comp051tlon1 and crude fiber content of bran and
endosperm from study 1 and study La.

NUMBER OF STUDY | STUDY 1 STUDY ka.
FRACTION OF BRAN® ENDO-? BRAN? ENDO-3  BRANH ENDO-%
CLREAL GRATIN SPERI, SPIRM  SPERI

AMINO ACIDS
Lssential

5.19 3.81 6.11

ARG L .86 3.81 - 3.24
HIS 1.83 1.93 1.85 1.95 2.L6 2.01
ILE 2.94 3.40 2.8l 344 3.18 3.7L
LEU 6.1 7.21 6.32 700 5.99 6.86
LYS 2.35 2.11 3,27 2.33 3.43 1.74
PHE Lo bl 5.10 3,91 5,12 3.87 5.23
THR 2.86 2.50 3.13 2.98 2.6l 2.0
VAL L .,01 L.16 k.20 L.L7 L. L9 L .20
Non-Essential
AL L.1L 3.52 L .98 3.81 L.58 2.76
ASP 5.72 L.92 6.33 5.21 €.56 3.89
CLU - 30.04 38,10 21.90 35,16 18.82 35.57
GLY L.7L4 L .28 5.19 L.37 4.89 3.29
PRO 9.94 12.42 7.25 12.28 5,67 11.L45
SEI L.4,8 L .92 L.3L 4 &l 3 8L 3.99
CRUDE FIBER (%) 5.8 1.37 6.93 1.17 8.49 0.25

Lxpressed as grams per 1¢ grams of nitrogen.
Eran and endosperm derived from high protein wheat.

Eran and endosperm derived from low protein wheat.

= W oo e

Bran and endosperm indicate L+S+]1 and flour respectively for study La.

981
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protein wheat variety in relation to emino acid availzbilities
from aleurone and endosperm protein should be considered
carefully.

The appareﬁt feecel amino acid availabilities obtained
from pigs fed wheat in study 4a and those from pigs fed wheat
in study 2 are compared with those obtazined from the rats,
fed high and low protein wheat, in this study (Tatle 57).

WVith the exception of the availabilitiess obtained
from low protein wheat (11.2%) fed to rats, the availabilities
compare reasonably well between rats and pigs especially those
obtained from pigs from study 2 and those from rats fed high
protein wheat (Tabtle 57). The differences between faecal
availebilities varied only from 0.3 for SZR to 2.4'percentage
units for ASP between these 2 studies. It may have been =
coincidental observation but the same variety of wheat, namely
Glenlea, was tested. In addition, the protein contents ol

m

toth Clenlea wheat sources were relatively similar (Tzatle 57).

The differences tetween faecal availsbilities were
somewhat larger when those from rats fed high protein wheat and
those obtained from the pigs from study L4a were compafed. The
differences ranged from 0.3 for PHE to 7.2% for LYS (Tatle 57).
The wheat sources in this comparison, although not too different
in protein content, were of a different variety.

The faecel amino acid aveilabilities obtained fronm

rats fed the low protein wheat were lower than those obtained



TAELZ 57. Compariéons of apparent faecal amino acid availabilities, in addition
to nitrogen and dry matter digestibilities, of wheat and barley fed
to pigs and rats.

CEREAL GRAIN - WHEAT . BARLEY
LEVAL OF |

PROTEIN (%) 15.41 16.3% 18.33 11.23 13.9% 11..43 8,53
ANTIFAL SPECIES PIGS PIGS RATS RATS PICS ~ RATS RATS

AMINO ACIDS (%)

Essential ,

ARG 94,6 92.14 91.2 87.8 88.4 82.3 74 .7
HIS 93.9 9L.5 93.7 90.8 €9.9 83.6 78.0
ILE - 91.6 89,2 90.4 85.3 81.3 79.0 70.6
LEU 93.2 1.1 92.7 - 89,4 85,14 82.5 77.3
LYS 86.1 80.3 78.9 73.4 75.5 67.7 60.1
PHE 94.3 92.6 94.0 90.8 87.1 86.0 78.6
THR : 9.1 86.1 86.8 81.9 79.9 76.0 67.8
VAL 91.7 88.8 90.4 86.3 82.7 82.0 73.7

Mon-Essential
AT A 88.1 83.6 85,2 80.9 76.1 73.2 67.0
ASP 88.0 82.9 85.3 79.1 76.3 72.8 67.2
GLU 97.9 97.0 97 .4 95.7 92.1 89.8 84.1
CLY 90.6 89.1 890.8 8.8 81.2 76.0 70.0
PRO 06.8 96.9 97.3. 95.9 91.7 90.5 83.6
SER . 94.3 92.3 92.6 89,4 85.6 82.8 74,2
TYR 92,9 82.5 91.8 85.6 83.8 82.8 4.7

NITROGEN (%) 93.3 91.2 £9.7 8l . L 8L.0 78.7 72.8

DRY FATTER () 89.14, 8e.8 90,3 88.8 82,7 83,7 83.5

1 Data from study La.
2 Data from study 2: average of cannulated and non-cannulated pigs.
3 Data from study 1.

88T
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from the rats fed the high protein wheat and the differen
ranged from €.2 for TYR and ASP to 1.4L% for PRC (Tstle 57).

For barley,‘the faecal aveilsbilities for pigs fronm
study 2 and those obtained from the rats fed the high protein
barley do not compare too unfavourably. The differences ranged
from 0.7 for VAL to 7.8% for LYS (Table 57). The barley source
fed to the pigs was of the Herta variety while the higk protein
barley fed to the rats was of the Fergus veriety. In the same
order, the protein contents of these barley sources were 13.9
end 11.4% respectively.

The feecal amino acid availabilities from rats fed
the low protein barley source (£.5% protein) were much lower
than those obtained from pigs fed tarley (13.9% protein) in
study 2 (Table 57). The differences ranged from £.0 for GLU
to 15.4% for LYS, Even though these barley sources were of th
same variety (Herta), they differed markedly with regsrd to
their levels of protein. In contrast, the 2 sourcss of Glenlez
wheat, that were fed to rats (18.3% protein) and pigs (15.3%
protein) and resulﬁed in very similer fzecel availability

estimates, were almost similar in protein content.

The faecezl amino acid aveilabilities from rats fed the

high protein barley were higher than those obtzined from low
protein barley (as for high and low protein wheat). The dif-
ferences ranged from 5.2 for LZU to 8.6% for SER (Table 57).

Generally specking, fsecal amino acid availabilities
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protein content of a cereal grain (sze ; 12).

&

*(1

age
as was shown in these studiss (Tab
digestibility (and amino acid availabilities) from =nd
from high protein barley (or wheat) was slso higher

from endosperm protein from low prot

(D

obtained

wheat ), refore, in addition to an incrsase in

amount of alsurone protein there seems to be an increase

~amount of undigestible protein from sndosvern (or flour)

cereal grains as the protein content dscreszses (i.z. the

rotein digestibility is affescted).

[
3
(o)

In comparing the data ottained from rats

o]
b

+
(Wt

e
'S‘

should be kept in mind that there were differencsas in

physical treatment of the cerszl grains prior to feeding.

o

ever, as was shown in study 4b, physical treatment of = ¢

T

~rain prior to minor 2ffect on amino

412!

ceding had only =

availabilities they were measured by fzecel ans

method.
The methods usad for determining

gvailebiliti

[

s from rats and pigs were
amino acid availst
by aid of the
The amino acid availabilitirs obtained from
by total faescal collection from feeding the test
& period of L consecutive davs. Inclusion of

the basic diet (which was fed prior to and followine
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periods) permitted somewhat sasier identification and collection

T AT ~
s. However, a gradusl

o
ct
b

of faeces resulting from the test die

colour change is usually observed from red to that of the colour
of the faeces from the test diets. To 2 certain extent, the

o)

amount of faeces collected will be dependent on the colour
eppraisal by the individual collecting the fasces. Thereforse,
this method for collecting fasces is somewhat subiective.,

Due to the modifying action of the microflors of the

rge intestine, date obtained from studies 2, 3 and 4 indicate

=
W)

o

jU]

tn

t apparent ilezl amino acid availsbilities are a more ac-
curate measurement than apparent'faecal availebilities., The
differences between ileal and faecal amino acid availabilities
varied from amino acid to amino acid. The differsnces were
eglso found to be dietary dependent and were also affected bv
the physical treatment of the cereal grain prior to feeding.
For the essential amino acidsvfrom wheat in study 2z, the di
ferences between ileal and fascal smino acid aveilabilities
were found to be the largest for THR, namely 10.275, and the
smellest for IZT, namely 2.37 (Tatle 4O), For study La,
the differences varied from 10.7% for TER to 1.0% for IZE
(Table 53). The differences between ileal and fascsl eamino acid
aveilabilities for whest from study 22 and La were more or less

1

the same for each smino acid. Therefore, the average

differencss
were used for arriving at estimated ilesl amino acid availabilities

(ty subtraction from the faecel availabilities) for the rats fad
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the high and low protein wheat sources (Table 528).

For barley fed to pigs in study 2a, the differences
tetween ilesl and faeczl essential zmino acid availabilities
varied from 11.5 for HIS to 0,.5% for FET. These differences
were used for arriving at estimated ileal zmino acid |

1

les for the rats fed the 2 tarley sources (Table LO).

ct
D

availebili
The changes from faecal to ileal amino acid aveila-

tilities for the rats tend to maks LYS and

}-

the least available essential amino zcid (Table 58).

In general, the magnitude of the differsnces in
rercentage units of faecal aminoc acid availzbilities between
endosperm and bran decreased from those obtained from the wheat
scurce fed to the pigs (study ka) to thoss obtained from the
low protein wheat source and to those obtained from the high
prote ln wheat source fed to rats in this study (Table 59)., In
the same order, the average differences bstween fascal endosperm
eand bran amino acid availabilities were 13.9, £.2 and 4.3
percentage units respectively. These differences mav be rer-
tially explained by the less efficient separation of aleurone
and endospern protein from wheat fed to the rats (especizlly
that of high protein wheat) than from wheat fed to the pics

(Tatle 56). 1In addition, the bran diets fed to the rats were

ground through a 2.00 mm screen prior to preparation of crumbles.

The btran fraction fed to pigs was not ground prior to teing
pelleted and fed. However, it should be kept in mind that




TAELE 58. Comparisons of the apparent ileal amino acid availabilities, in addition
to nitrogen and dry matter digestibilities of wheat and barley fed to

o

pigs and the estimated ileal values for rats.

CEREAL GRATN WHEAT, BARLLY
LEVEL OF ‘

PROTEIN (%) 15,41 16.32 18.33 11.23 13.9% 11.473 g8.53
ANTHAL SPECTLS PIGS PIGS RATS RATS PIGS RATS  RATS

AMINO ACIDS (%)
Fssentisgl

ARG 87.1 €5.8 84.0 80.6 81.5 Th L 66.8
HIS , v 88.4 89.1 88.0 85.1 80.4 72.1 66.5
ILE 89.1 85.3 87.1 82.0 79. 75.0 66.6
LEU . 89.9 86.9 88.7 85.4 €1.5 774 72.2
LYsS 79.5 75.7 73.6 68.1 73.3 63.5 55.9
PHE : 91.5 g8.8 90.7 87.5 82.2 80.3 72.9
THR 78.4 76.5 76.3 71.4 71.2 65.8 57.6
VAL 86.7 g2.8 8L.3 €0.7 78.0 75.7 67 .4
Non-Iissentiagl
ALA 79.6 7.0 75.9 71.6 69.7 65.5 59.3
ASP 80.8 75.4 77.8 71.6 71.2 66.1 60.5
GLU 95.6 92.7 9L.1 92.4 86.6 83.7 78.0
GLY 72.6 73.7 73.0 68.0 71.2 6L .6 58.6
PRO 79.1 86.8 83.5 82.1 80.9 79.1 72.2
SR , 86.3 8L.1 8L .1 81.2 76.3 72.2 63.6
TYR ; 89.2 85.9 88.1 81.9 79.7 77.5 69.4
NITROGDN (%) g5.2 82.9 81.5 76.2 74 .9 72.7 6L .6
DRY IATTLR (%) 78.2 73.3 76.8 75.3 66.2 66.4 6€.2
1 Data from study La.
2 Date from study 2a. 5
=

3 Estimated data from study 1.



TABLE 59, Comparison of faecal amino acid availabilities from bran and endosperm
from wheat fed to pigs and rats.

ANTVFAL, SPECIES PICS RATS RATS
CEREAL ENDO-1  pran! #%  TNDO-2  BRAN? b pwpo-3  pram3 - ob
FRACTTION SPERY | SPTRI” SPERI

AMINO ACIDS (%)

ILssential _ :

ARG 95.6 90.0 5.6 92,9 92.4 0.5 88.7 87.8 0.9
HIS 96.6 88.0 7.8  9L.6 93.1 1.5 91.9 87.9 4.0
TLE 9.7 74,6 20.1  92.8 7.0 5.8 88.1 77.7  10.4
LEU 95.5 78.7 16.8  94.3 89.8 4.5 91,0 83.0 8.0
LYS 86.0 75.5 10.5 82.2 76.9 5.3 72.7 71.L 2.0
PHE 96.3 79.5 16.8 95,4 91.7 3.7  92.2 84.8 7.4
THR 92.3 71.3 21.0 89,7 83.6 6.2  83.7 7h.9 8.8
VAL QL .3 76.0 18.3 92,7 87.6 5.1  88.6 80,7 7.9

Non-Ussentia
ALK 90.8 75.5 15.3 88.0 82.4 5.6 8l1.2 75.8 5.4
ASP 89,2 75.6 13.6  87.7 82.5 5.2  80.5 7h.1 6.4
GLU 98.6 89.9 8.7 98.0 96,0 2.0 96,5 91.0 5.5
CLY 93.6 78.3 15.3 92.2 86.0 .6 86.8 77.1 9.7
PRO 98.5 89.5 2.0  98.0 95.5 2.5 96.8 89.0 7.8
SER 95.8 83.1 12.7 O .l 89.1 5.3 90,7 82.0 8.7
TYR oL 78.8 15.6  093.3 88.4 L.9  87.4 78.1 2.3

AVIRAGE (73) 94.2 80.3 13.9  92.4 88.1 L.3 87.8 81.0 6.8

Endosperm and bran indicate flour and LS+ respectively from study La.
Endosperm and bran obtained from high protein wheat from study 1.

Endosperm and bran obtained from low protein wheat from study 1.

= W

Columns A, B and C indicate the difference in percentage units between endospern and bran.

G6T
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differences in amino acid avzilabilities due to "pre-processing"
may be partially eliminated by the microflorz of the largs
intestine (es wes shown in study 4b). Also, the method used

for determining fszecal amino acid availsbilities in the rat
studies was of a somewhat subjective nature. The degree of
error that can be committed will depend on the total bulk of
faeces that is collected. The latter depends on the daily
dietary inteke, the drvy matter digestibility and the length of
time a particular test diet is fed. Therefore, in the rat

experiments one mav expesct a larger error for endosperm then

dry matter digestibility than bran. Conceivebly, fseczl znino
acid availabilitiss from endos fed to rats mav have heen

2 end L, the use of protein-fres dists for calculating trus
amino acid availabilities from carezl grains may give misleading

N

values especially if trué aveilabilities are determined ty the
faecal‘analysis method. The determination of zpparent fzecsl
amino acid avﬁilaoilities from cereel grains nszy
value. Vith the exception of TER, zpperent ileal and fzecszl
aveilabilities of essential amino acids from cerezl grains do
not diffsr that much especiclly if the grains were finely ground
rrior to feeding. Consequently, trus fascal aﬁino acid

a)

ties from cereel grains fed to rats have not been

4]
<
[4})
e
H
W
@)
'__l
}..J
[N

determined.
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SUMMARY

The apparent ileal and faecal amino acid
availabilities from corn, wheat and barley were determined with
6 growing Managra barrows.

Lysine was the least available indispensable amino
acid when determined by the faecal analysis method, namely 83.0,
80.7 and 77.5% for corn, wheat and barley respectively. Lysine
and THR were approximately equally the least available indispen-
sable amino acids when determined at the end of the ileum. The
ileal LYS availabilities were 82.0, 75.7 and 73.7% for corn,
wheat and barley respectively. In the same order, they were
78.9, 76.5 and 71.2% for THR. The apparent ileal availabilities
of MET were 91.9, 86.6 and 80.L% for corn, wheat and barley
respectively and were essentially similar to their faecal
availabilities.

The. apparent availabilities of LYS especially, and also
those of THR and MET, are of importance since these amino acids
are present in limiting amounts in cereal grains. Generally
speaking, the faecal analysis method is valid for determining
the apparent availabilities of LYS and MET. However, the faecal
analysis method overestimates the availability of THR due to
its relatively large disappearance in the large intestine.
Tryptophan is also present in limited amounts in cereal grains,
especially in cdrn, and its ileal availability should be assessed

in future research.
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The average amino acid disappearance in the large
intestine (as a percentage of amino acid intake) increased from
corn to wheat to barley and was 2.5, 5.3 and 6.0% respectively
for the indispensable amino acids and 6.3, 8.5 and 8.8%
respectively for the dispensable amino acids. For the indi-
spensable acids, ARG, HIS and THR disappeared to the greatest
extent. For the dispensable amino acids, disappearance was most
marked for GLY and PRO.

A separate study was carried out to determine if
apparent faecal amino acid availabilities from cahnulated pigs
were representative of those that would be obtained from non-
cannulated pigs. Essentially no differences were found between
normal and cannulated pigs fed the same sources of corn, wheat
and barley.

The differences that were found between ileal and
faecal amino acid availabilities from corn, wheat and barley
may have been partially confounded by the type of physical
treatment each cereal grain was subjected to prior to feeding.
Two diets, namely finely ground and cracked wheat, were fed |
each to 4 finishing pigs. The ileal availabilities of all amino
acids were higher from finely ground than from cracked wheat.
The differences in percentage units ranged from 8.9% for LYS to
0.7% for PRO. The ileal availabilities of amino acids, assoc-
iated with or contained in relatively large amounts in aleurone

cells (such as LYS and ALA), were increased the most upon fine
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grinding. Those amino acids, associated or contained in
relatively low amounts in aleurone cells (such as GLU and PHE),
were increased the least upon fine'grinding. Differences in
amino acid availabilities dué to physical treatment of wheat
prior to feeding could hardly be detected by faecal analysis.
More research as to the improvement of amino acid availabilities
upon finer grinding (and other dietary components such as starch)
may be warranted for such cereal grains as barley or oats.
Barley and oats contain relatively more aleurone protein (as a
% of total protein) than wheat or corn.

The ileal and faecal amino acid availabilities from
whole wheat, flour and B+S+M were determined with 6 growing
. barrows. Generally, apparent ileal and faecal amino acid
availabilities decreased from flour to whole wheat and to B+S+M.
The average availabilities of the indispensable amino acids
were 91.6, 87.0 and 72.9% when determined from ileal digesta and
93.9, 92.0 and 79.6% when determined on faeces for flour, whole
wheat and B+S+M respectively. As was found in studies carried
out on corn, wheat and barley, there was a greater disappearance
of dispensable than of indispensable amino acids in the large
intestine. Of the indispensable amino acids, ARG, HIS and THR
especially, disappeared to the greatest extent. Of the dis-
pensable amino acids GLY and PRO showed the largest disappear-
ance. The average amino acid disappearance in the large
intestine (as a % of amino acid intake) increased

from flour, to whole wheat and to B+S+M and was 4.1, 7.0 and
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8.4% respectively.

Lysine was the least available indispensable amino
acid of flour and whole wheat when determined by the faecal
analysis method and was approximately 86% for both diets.
Threonine was the least available indispensable amino acid
from B+S+M, namely 71.3% using the faecal analysis method.

Lysine and THR were about equal in being the least
available from flour and whole wheat when determined on ileal
digesta. The apparent availabilities were approximately 79
and 85% for whole wheat and flour respectively. Threonine
was the least available indispensable amino acid from B+S+M
when determined at the end of the ileum (54%).

The hypothesis that the low LYS availability of
cereal grains is due to the fact that this amino acid is mainly
deposited in the protein fraction of lowest digestibility (in
albumin and globulin protein associated with/or contained in
aleurone cglls) is not completely valid. The apparent ileal
LYS availability of flour (84.2%) was found to be only 4.9%
higher than that of whole wheat (79.5%). The difference between
ileal LYS availabilities from flour and whole wheat would be
approximately 2.7% if the whole wheat had been finely ground. In
addition, it was shown (indirectly by calculations) that the LYS
availability of B+S+M may approximate those of whole wheat and
flour upon fine grinding of diet B+S+M. The relatively low

availability of LYS from flour may possibly be partly attributed
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to the relative large numbers of lysylprolyl peptide linkages
in flour which are resistant to cleavage by the digestive
enzymes.

Amino acid availabilities determined at the end of
the ileum will give a more accurate measurement of their actual
availabilities to the animal than measurement by the faecal
analysis method. Partial verification of this was obtained
when LYS was infused into the caecum, as free LYS monohydro-
chloride or as part of the ISP-protein complex, Infusion of
LYS did not result in an improvement in nitrogen retention
(amount of nitrogen retained per day) over that obtained from
the pigs when they received no LYS infusion.

Interpretations of faecal amino acid availabilities
obtained from rats‘fed high and low protein wheat and barley
sources and the bran and endosperm fractions derived from these
cereal grains, should be interpreted carefully because of the
following reasons: 1) separation of aleurone from endosperm
protein by pearling was far from complete, especially that of
high protein wheat, 2) the measurement of faecal amino acid
avallabilities, from endosperm fractions in particular, may have
been biased because of subjective measurements (colour appraisal)
and 3) the faecal analysis method does not accurately measure
amino acid availabilities, particularly those of ARG, HIS and
especially THR (indispensable amino acids).

Regardless of the previous criticisms, differences in
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apparent faecal amino acid availabilities due to protein content
end/or variety of wheat and barley were detected. For example,
the apparent LYS availabilities were 78.9 and 73.4% for high

and low protein wheat respectively. In the same order, they
were 67.7 and 60.1% for high and low protein barley. As men-
tioned previously, ileal and faecal LYS availabilities would

not differ that much in case thé cereal grains had been ground
relatively fine prior to feeding as was done in these studies.
More research should be carried out to determine the ileal

amino acid availabilities from different varieties of particular
cereal grains with varying levels of protein,

Metabolic ileal and faecal amino acid levels were
determined by aid of 3 protein-free diets containing 5, 10 and
15% Alphafloc respectively. As the level of Alphafloc increased
from 5 to 10 to 15%, the average ileal level of the indispen-
sable amino acids increased from .030 to .039 to .0L3 grams per
100 grams of dry matter intake. In the same order, the average
level of the dispensable amino acids increased from .119 to
.15C and to .151 grams per 100 grams of dry matter intake. The
dispensable amino acids made up the major portion of the met-
abolic ileal amino acids, namely 75 to 80%. The latter could be
important in minimizing the loss of indispensable amino acids,
as a result of the processes of digestion (either by faecal loss
or by deamination in the large intestine).

Of the indispensable amino acids, ARG, THR and LEU (in
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descending order) were present in relatively high amounts in
metabolic ileal protein. Methionine and HIS were present in
relatively low amounts.

Of the dispensable amino acids, PRO and GLY (in
descending order) were present in very high amounts in metabolic
ileal protein. Proline and GLY made up approximately 55 and
16% respectively of the total amount of the dispensable amino
acids present at the end of the ileum when feeding the protein-
free diets. Cystine and TYR, which are actually semi-dispensable
amino acids, were present in very low amounts in metabolic ileal
protein.

There was a consistent net disappearance of ARG, THR,
GLY and PRO between the end of the ileum and the anus of pigs
fed the protein-free diets. Proline in particular and GLY dis-~
appeared to the largest extent (presumably due to microbial
deamination). Consistent net increases were found for ILE, LEU,
LYS, MET, PHE and ASP between the end of the ileum and the anus.
This was probably due to de novo microbial synthesis of these
amino acids.

Protein-free diets overestimate the levels of metabolic
ileal amino acids that are normally associated with the feeding
of natural type diets, such as cereal grains. This conclusion
was arrived at by obtaining "true" ileal PRO availabilities (and
in certain instances those of GLY and ARG) that exceeded 100%,

regardless of the type of corrections for metabolic ileal amino
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acid levels carried out. Interpretation of calculated "true"
faecal amino acid availabilities would be even more misleading
than "true'" ileal amino acid availabilities since an additional
error comes into play, namely that certain amino acids are
synthesized by the flora in the large intestine upon feeding
of protein-free diets.

Overestimation of metabolic losses due to the feeding
of protein-free diets were postulated to be due to increased
cellular losses of epithelial cells and/or increased mucus
secretions. On the other hand, a decrease in the digestion and
reabsorption of endogenous protein secreted into the lumen of
the small intestine, as initiated by differences in the rate of
passage of protein-free and natural type diets, may be respon-
sible. The overestimation of metabolic ileal amino acid levels, as
well as nitrogen (and therefore also of metabolic faecal amino
acid and nitrogen levels) is probably caused by a combination of
the factors discussed, in addition to other possible unidentified
factors.,

Protein-free diets are widely used in nutritional
studies on man and animals i.e. for the assessment of protein
quality and the determination of protein (amino acid) require-
ments. In light of the findings in these studies, the use of
protein-free diets for arriving at metabolic amino acid losses
should be reevaluated and more detailed research is warranted

on this aspect.
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APPENDIX TABLE 1. Analysis of variance between treatments for study 1: Mean
' squares for apparent amino acid availabilities and apparent
nitrogen and dry matter digestibilities,

Source of Variation ROWS (Test COLUMNS ROWS X _ ERROR -
Diets) (Weight) COLUMNS
Degrees of Freedom 9 1 9 80

(Mean Squares)
AMINO ACIDS :

Essential -
ARG 326,33%X 0.08 L.15 ‘ 2.35
HIS 204, 5% 25.81%x 14.36%% 2.27
ILE L,51.28%X 0.01 L.93 © 3.84
LEU ‘ 268, 25X 13.32% 3.53 3.25
LYS 390.80%X 5.29 12.33 10. 44
MET , L2k, 72%X 5.11 7.16 5.6l
PHE 278, 26%% 0.01 1.61 1.60
THR Lhl, . 60%X 0.41 6.62 5.32
VAL ~ 315,69%X 0.07 3.56 2.83
Non-Essential ' ; ‘
ALK L2},.18%% 35.16%% 6.30 L.60_
ASP 423, L3%X 15.29 7.70 6.83
GLU ' -~ 212.50%X 2.96% 0.79 0.68
GLY ‘ 518, 55%X 5.62 3.68 3.05.
PRO 223.73%X 2.07 - 1.05 0.86
SER , 39),,68%X 0.55 2.07 2.43
TYR o 365, 42%X 1.49 3.1, 3.45
NITROGEN L2, 30%X 0.38 6.73 . L .40 n
DRY MATTER 778 . 89%Xx 7. 67%x 1.05 0.85 o
X  (P<0.05)

XX (P<0.01)



APPENDIX TABLE 2. Analysis of variance between treatments for study 1: Mean
squares for metabolic faecal amino acid and nitrogen losses.

Source of Variation ROWS (Test COLUMNS | ROWS X ERROR
: Diets) (Weight) COLUMNS
Degrees of Freedom 1 1 1 56
AMINO ACIDS - (Mean Squares)
Essential
~ ARG .00061056%%  , 00013202%X . 00000602 .00077667
HIS | .00013054*% . 00000499 .00000099 .00027965
ILE - ,00163282%% .00006324, .00000232 . 00086475
LEU .004,37077%% .00023800% .00000411 .00226328
LYS .00252721%X .00002282 .00000273 . 00146270
MET .00035917xx .00012615x% .00001561 .00027237
PHE : - .001554,9%% .00005152 .00001540 .00092374
THR .0044118,%X .00009805% - .00000332 .00124160
VAL | . 00267600%% .00012644% .00000007 . 00146677
Non-~Essential
ALK .00311760%xx .00020944% .00002007 .00182109
ASP .00775207%X .00042135% .00003082 . 00452191,
GLU .01152875%X .00041870 . 00002077 . 00654177
GLY . .002411,27%% .00000680 .00000680 .00152185
PRO .00122L02%% .00000187 .00000217 .00199625
SER .00231633%% .00005339 .00000141 .00116564
TYR .00114756%% . 0000290 . 00000004 .00089239
NITROGEN .10634L,60%% .00285660 .01098907%  ,13080867
X (P£0.05)

XX (P<.001)
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APPINDIX TARLE 3. The individual apperent ileal and faecal amino scid availabilities
from corn in study 2z, in addition to nitrogen and dry matter
digestibilities and average daily dry matter intake.

" PZIRIOD I II i III
PTG NUTTTOR 1 6 3 b , 2 7
LOCATION TLEUN FAECES ILEUM.  FAECES  ILEUN FAECES ILEUIT  FAECES | ILEUK FAECES ILLUI.  FABCES
AITNO ACIDS (53) :
Issential f
TTRRG g9.¢8 91.1 88.2 92.5 89.6 93.2 89.6 93.3 i 85.9 91.6 81.5 01.5
HIS £9.1 93.2 89.7 92.6 89.3 95.0 88.9 96.1 87.6 92.6 85.0 92,1
TLE 89,4 87.6 87.3 86.6 90,2 90.1 88.6 90,2 86.14 86.8 83.0 87.4
LEU 9%.0 93.5 92.L  93.3  9L.h 95.1 3.4k 9.8 91.8 93.5 £8.2  92.3
LYSy €3.1 21.9 82.4 81.7 84.0 €5.6 82.7 86.5 80.2 80.6 79.2 81.9
IET 92.2 88.1, 92.2 88.1 91l.4 92.2 91.4 92.2 92.0 87.9 92.0 87.9
PHE 92.1 90.4 90.3 90.7 93.0 92.9 91.5 92.8 89.2 90.7 86.9 20.3
THR 81.1 85.3 80.0 35.L 82.5 88.5 20.1 88.3 77.0 85,1 72.1 I
VAL 87.5 87.3 Bh.  87.1 88.1 89.5 86.3 90.0 83.9 87.5 79.3 87.6
Mon~issential
ALA 90.2 89.6 89.2 90.7 91.1 92.6 89.4 92.3 88.1 90,1 82.8 89.5
ASP; 85.8 86.14, 8,.7  86.,  86.9 87.1 8.7  28.2 82.6 85.5 78.6  86.0
CYSs 84.9 89.3 84.9 89.3 78.4 91.8 78.4 91.8 83.1 89.6 83.1 29,6
GLU 93.2 93.4 92.3  94.5  94.0 95.0 92.4  95.1 91.3 93.9 87.9  02.¢8
GLY 73.3 85.2 73.7 85.3 77.2 87.8 69.2 87.8 72,7 85,4, 61.1 85.6
PRO 79.2 03.1 89.6 92.3 eL.h 9L..2 75.6 95.2 84.3 94,0 69.3 2.4
SER 86.3 90.2 85.9 91.2 7.4 92.3 85.6 92.3 83.8 90.7 80.1 80,5
YR 91.0 89.4 89.1 89.6 91.7 91.6 89.8 91.5 88.3 89.7 g4.2 89.3
- BITROGEN 83.2 88.3 83.9 ge.5 84.2 91.2 82.2 91.8 82.8 88.7 78,4 87.3
. DRY TATTER 80.3 89.3 81.3 88.9 80.7 90.3 79.8 90.1 80.0 . 89.6 79.9 3e.,2
DRY NATTER3 81.8 77.9 82.4 81l.4 79.7 77.1
DRY MATTER 1765 1765 1900 1900 1900 1900

INTAKE (g/day)

1 Tor the determination of I'ET and CYS aveilabilities, faeces from the 2 pigs, fed the
same diet during each particular test period, were pooled.

2 Dry matter digestibilities in this row were based on the chromic oxide method,
3 Dry matter digestibilities in this row were based on total collection.
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APPENDIX TADLE &,

The individusl apparent ileal and faecal amino acid availasbilities
from barley in study 2s, in addition to nitrogen and dry matter
digestibilities and average daily dry matter intake.

INTAKE (p/dav)

© PERIOD III
PIC NUITER
- LOCATION FALCES FAECES  ILEU FAICES FALCES ILEUH
AVINO ACTDS (%)
Lssential
ARG 79.0 87.5 90.7 8L .1, 88.4, 90.1 79.1 20,5
HIS 78.8 91.7 91.3 83.7 .3 88.0 0.7 78.0 02,2
ILE 77.0 8L.8 83.1 83.1 .1 81.4 8. 20.6 8.5
LEU 78.6 82.6 SZ.O 85.6 .0 85.é g7.0 81.5 88.0
LYS 71.2 76.7 78.3 77.9 .7 Tl 77.9 73.1 9.6
Irml 80.7 80.0 £0.0  80.5 .5 7%.5 81.3 £€0.0 51.3
PIL 80.1 87.3 87.9  85.2 .2 86.9 88.5 82.0  28.6
THR 66.6 79.6 81.8 76.6 .8 79.7 82.4 71.7 82,9
VAL 75.3 83.1 84,9 82.1 .3 82.8 8L.9 77.5 85.6
Non~kssential
ALA 76.7 77.0 75.0 .6 75.3 71.3 78.6 69,4 79.0
ASPy 75.3 78.9 75.6 .0 76.6 73.1 78.7 70.4 79.6
cYS 88.6 28,6 77.3 3.0 €9.0 Th.1 88.6 741 88,6
GLU 92.3 02,7 £8.9 .2 91.7 e7.7 23.0 85.4 3.4
cLy 81.8 82.4 74.0 .7 81.4 68.4 83.4 67.3 83.9
PRO 92.0 Q1.7 83.9 .1 91.0 83.1 92.7 82.8 93.2
SER g85.5 87.1 £81.1 .5 g5.5 77.6 87.6 7506 88,0
TVR 8.3 aL.,1 8.2 .0 83.6 78,4 86.6 80.2 86,1
NITROCEN 25.7 g5.8  77.5 .0 8.1 75.7 86.1 73. 1 27.5
DRY IATTIR £2.7 83.9  71.3 .9 £3.9 62.6 83.6 6L.0  £3.7
DRY LATTZRC 69.3 66.1 65.6
DRY LATTLR 1902 1902 1902

1, 2, 3

The same as in Appendix,
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APPENDIX TABLE 5. The individual apparent ileal and faecal amino acid avanlabllltles

from wheat in study 2e, in addition to nitrogen and dry matter

digestibilities and av0rﬁge daily dry matter intake.

DRY I'ATTER 175O 1759
INTAKE (g/dav) :

PERIOD I

PTG NUMBRER 2

LOCATION TLEUH FAZECES ILEU ILEUL: ILEUM  FAICES

ATTINO ACIDS (75)

Essential .
ARG L7 92.9 8L.0 01.2 85.L 91.2 86.3 93.6 .2 93.6 .2 23.4
118 87.6 9.6 86.9  93.4L  89.3 93.8 87.5  96.0 2.3 95.3 .0 96.2
TLE 26.0 88.5 81.9 89.1 8L.6 86.9 E5.4 90.5 3.2 91.2 .7 89,9
LEU 87.2 91.3 gl,,1 90.8 86.7 89.14 26.9 92.6 9.1 02.8 6.9 91.0
Lvol 75.6 79.3 70.L  77.4 76.1 78.2 75.3 82.4 -9 82.7 Lo 24,0

o1 8l,.7 87.4 8L.7  87.L  86.4 7.9 86.L  87.9 .8 91.5 .8 91.5

PHE 8g8.8 92.2 86.7 92.3 88.3 90.8 89.1 93.6 .6 9L.0 0 23.0
TIR 77.2 86.1 71.5 85.5 76.9 8L.3 76.1 88.0 9.9 88.5 " 87.8
VAL 83.3 88.7 78.7 88.1 83.1 86.1 82.6 90.3 5.8 90.5 5 £0.5

Non-Essential
ALA T 7L.5 83.7 67.7 7.2 73.9 . .5 86.5 .0 85.1
ASPy 76.2 82.9 67.5 76.3 74.8 0. .1 85.6 .6 8l .3
cyYs 22.6 93.2 82.6 85.6 85.6 93 . .5 ol .5 a1,
CLU 92.8 96.7 01.3 92.6 93.0 . .2 97. N 97.3
CLY 75.7 88,7 62.2 . 76.3 71.3 GO, 9.7 90.6 .1 89,7
PRO 8L.9 95.5 46.6 24 83.6 90.6 96, .9 97 . A 97.1
SER 2.8 92.1 80.¢8 92. 85.1 83.3 93. A . .0 2.9
TYR 86.0 89.1 83.2 8e, 85,2 86.0 90. .3 " a0.1

NTTROCEN 83.7 90.6 77.8 8a. 83.8 82.2 92. .9 .3 01.5

DRY TAquug 7h.1 ge.6b 70.3 29, 73.7 72.9 89, .0 N

DRY IATTIR 73.0 7T Z - .6 .3

O, 1294

1, 2, 3 The same as in Appendix, Table 3.
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APPENDIX TABLE 6. Mean squares of the analyses of variance for the apparent
ileal and faecal availabilities of the essential amino
acids for study 2a.

AMINO ACIDS ARG HIS ILE LEU LYs PHE THR VAL

Source of variation

Treatment (2)1 58,79%X 135,04°% 169.90%% 247.07%X 154.84°F  132,72%X 137.75%% 242,81,
Periods (2) 3.28 0.92 2.31 1.91 9.46 2.28 7.35 4.05
Pigs (5) 6.80% 9.96% 9.41 6.59 18.05% L.92 14,24 9.36%
Location (1) 382,20%% L76.69%% 75.11%F  121.73%%  106.73%% . 106.5,3%X 773.77%%  104.63%X
Treatments x ?

Location (2) 8.16% 27.27%% 11.45 13.13% 13.00 = 18.28% 7.61 8.57
Periods x Location (2) 5.56 0.07 2.23 1.58 0.6  1.23 3.71 3.98
Pigs x Location (5) 8.05% 3.36 3.67 1.67 3.56 | 1.50 L.61 v4,45
Error (16) 2.13 2.65 3.48 2.38 3.78 1.91 5.28 3.11

1 Numbers in parentheses indicate the degrees of freedom.
X (P<0.05)
XX (p<0.01)
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APPENDIX TABLE 7. Mean squares for the analysis of variance for the
apparent ileal and faecal availabilities of the
non-essential amino acids, in addition to nitrogen
and dry matter digestibilities for study 2a.

AMINO ACIDS ALA ASP GLU GLY PRO i SER TYR N. D.M.

Source of variation

Treatment (2)1 805,02%% 347.22%X 8L.51%% 174 .53%% 100.73*¥*%  170.58%X 170.09%X 153.30%% 285,10%%
Periods (2) 5.17 7.29 1.38 "13.45 0.20 2.03 2.87 0.95 2.20
~ Pigs (5) 17.64% 17.39% 3.82 L1.36X% 25.08 10.03% 7.26 1h.33%X 3.60
Location (1) 100, 00%* 290, 70%X 162.99%%  2288.03%%  1167.36%%  $33,36%X 101.00%* 682,95%% 1796, 3,%X
Treatments x - ’
Location (2) 16.347* 20.51% 11,32%X k.56 7.29 14.52% 12.61% 12.86%% 5k, L6XX
Periods x Location (2) 2.29 2.23 0.83 3.37 L.19 1.35 3.51 1.33 0.51
Pigs x Location (5) 8.11 9.23 1.41 35.30% 18.04 L.53 2.25 L.45 2.66

Error (16) 4.87 L.68 1.38 8.51 13.42 3.06 2.78 1.60 5.75

1 Numbers in parentheses indicate the degrees of freedom.
X (P<0.05)
*X (P<0.01)

12e
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APPENDIX TABLE 8. Mean squares of the analyses of variance for
the apparent ileal and faecal availabilities
of MET and CYS for study 2a.

AMINO ACIDS MET CYS

Source of variation

Treatment (2)1 177.03%X 59.58
Periods (2) 2.75 0.83
Pigs (2) 7.86 2.60
Location (1) 0.14 383,64
Treatment x

Location (2) 8.26 3.98
Periods x Location (2) 0.21 5.05
Pigs x Location (2) 1.62 0.16

Error (4) 2.31 12.42

1 . . s
Numbers in parentheses indicate the degrees of freedom.

**  (p<0.01)



APPENDIX TABLE 9. The individual metabolic ileal amino acid and nitrogen levelsl,
in addition to dry matter digestibilities and daily dry matter
intake for pigs fed the maintenance diets.

LEVEL OF ALPHAFLOC (%) 7 ; 14

PIG NUMBER 1 2 3 A 7 1 2 3 L 7 6

AMINO ACIDS ~

Essential 6(

TTARG .057 .030 .01 .027 .035 L0L6 .038 .0 . )
HIS .016 .010 .016 .009 .012 .016 .Oi6 _oig ,8&2 83% '8§é
IIE .037 .033 .031 .029 .033 .030 .039 .035 032 .04l .034,

_IEU .055  .O0L0 .035 .03, .0L8 .0L6 .0L3 .0L3 .0L0 047 0L9
LYS .Ogl& .034 .033 .028 .039 L0L6 LOh2 .0L3 .Ol»,O .0l|.6 .Ohl
MET? .009 009 .007 .008 011 011 | 012 ‘011 l012 “010 "010
PHE .030 .020 .018 .017 .027 .029 | .023 022 .021 .023 .025
THR .05 .036 042 .038 .052 .0L7 042 -07 .03 .051 -0L3
VAL .0L7 .036 .034 .032 043 041 | 042 041 .039 .0L6 .042

Non-Essential

Y.V 7 .061 .039 .0L2 .035 045 .061 .0n7 .054 .051 .079 .051
ASP .075 .065 .060 .059 .072 .076 .07 074 .071 .070 074
GLU .139 .127 .122 .107 124 .120 148 L144 135 .176 131
GLY .186 .085 122 .090 .090 .129 .095 L1142 .126 .281 .008
PRO L6k .243 494 248 .270 b9 .303 649 471 1.206 251
SER .075 .06l .072 .059 .055 .062 .075 .081 .067 .100 .066
TYR .02l 017 .015 .014 .021 .019 .017 .017 .016 .019 .019

NITROGEN 271 .181 .22h .176 .222 .310 | .259 .329 .290 400 .251

DRY MATTER DIGESTIBILITY (%)  85.8 87.0 86.4 86.9 86.7 77.1 | 76.5 6. 6. 6. ]

DRY MATTER DIGESTIBILITY (%;h 91.2 85.6 88.7 90.8 86.3 90.0 83.2 gé.g gs.g ZB.g g;.i

DRY MATTER INTAKE 825 1621 1580 1159 1586 521 1041 723 - 891 1337 6814

1 Expressed as grams per 100 gram dry matter intake. 2 Determined by acid hydrolysis.,
3 Ileal dry matter digestibilities in this row were based on the chromic oxide method. :
b Tleal dry matter digestibilities in this row were based on total collection.

9c¢
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APPENDIX TABLE 10. The individual metabolic faecal amino acid and nitrogen levels!
. in addition to dry matter digestibilities for pigs fed the
maintenance diets.

I1EVEL OF ALPHAFLOC (%) 7 _ 14

PIG NUMBER 1 2 3 I3 7 1 2 3 ol 7 1

AMINO ACIDS

Essential :

T ARG .049 .030 .022 .019 .023 .058 .022 041 .031 .027 .029
HIS .017 .012 .010 .008 .OL .020 . .009 .018 .018 .01l .012
I1E .0L8 .032 .031 .027 .028 .071 | .030 .0L6 .038 0L .036
LEU .080 .055 .037 .037 042 125 1 Ohh .072 .057 .05 .055
LYS, . .068 .0L6 .0LO0 .038 .036 095 - .037 .059 .054 .OL7 .058
MET .025 .018 .015 .011 .012 .034 | .013 .020 .019 .018 .015
PHE .047 .034 .025 .023 .026 .07, | .028 .0L3 .035 .030 .034
THR .050 .035 .030 .026 .030 .080 | .033 .050 Ro'A N .037 .0L0
VAL .055 .039 .034 .029 .033 -.085 - .036 .05, 045 042 LOhly

Non-Essential :

.066 .ou8 . 016,1 .036 .04,0 .108 Ol .066 .056 .051 L0514

ASP .10L .073 . 065 .056 .062 153,066 .101 .086 .079 .081
GLU .130 .092 .093 .082 .077 .197 .090 .130 .116 .111 .106
GLY .055 042 .031 .028 .032 .087 .033 .051 .OLl, .04l LO42
PrRO .060 .041 .034 .032 .026 .109 .057 L063 - ,053 .062 .055
SER .049 .03 .038 .034 .028 075,039 .053 .0L5 045 0L,
TYR .036 .02 .018 .016 .020 .05 .022 .031 .026 .023 .025
NITROGEN . 204 .150 .120 .111 .133 .323 .1 .198 .166 .16 .16
DRY MATTER DIGESTIBILITY (%) 90.1 90.0 92.0 92.2 91.2 85.8 , 37,335 36,%9 86.13; 85.9 ? 86.8 ?

1 Expressed as grams per 100 gram dry matter intake.

2 Determined by acid hydrolysis,

Lee




APPENDIX TABLE 11. DMean squares of analvses of variance for the apparent amino acid
availabilities, nitrogen and dry matter digestibilities for study 2b.

Source of Variation TREATMENT PIGS PERIODS ERROR

Degrees of Freedom 2 5 2 8

ANMINO ACIDS

Essential xx , o
ARG o 38,2007 : 2.58 2.65

2.31
HIS 63. 74 3.7h 3.6l 1.19
I ! .

e Lig T R 052 532
LYS 115.58%% 24 L8 12.54 11.16
KET 24,8 ,65%% 15.35 0.50 8,61
PHE - 72.94§§ L, . 22%X 0.35 0.55
THR , 119.14°° 11.05 1.36 L.32
VAL 100.53 10.81 0.75 3.29

Non—Essential
ALK 357.13%% 117.30% 1.67 L.21
ASP 203.40§§ : 16.74 3.31 16.53
GLU ' L7.18 1.87 0.36 1.04
GLY l29.85§§ 12.00 2.97 L.63
G | 103467 " el Vs
TYR ‘ 104 .91%% 6.01 0.51 2.40
NITROGEN 131.57%% L.L7 2.63 1.83
DRY MATTER 68.,4,3%% 0.96 0.19 0.20

X  (P<0.05)

gee

XX (P<0,01)



APPENDIX TAEBLE 12. The individual apparent faecal anino
- acid availabilities from barley in
study 2b, in addition to nitrogen
and dry matter digestibilities.

PERIOD I IT IIT

PIC NUIRER 5 6 1 2 3 L

ANINO ACIDS (%)

Essential

ARG 88.0 87.0 87.7 86.8 87.5 §7.1
HIS 89.8 85.9 87.8 87.5 88.6 87.1
ILZ 80.6 75.2 79.8 79.8 80.3 §1.1
LEU 85.3 £0.9 8L.2 &L.5 8L.7 84.9
vs 78,7 62.9 72.6 72.8 75.2 " 72.5
IET 75.8 68.7 78,7 76.0 77.2 80.9
PHE 87.1 82.3 86.9 87.2 86.6 36.8
THR 79.2 7L.1 784 79.8° 8.9 79.2
VAL 82.8 75.2 82.0 82.2 81.8 82.L
Non-Essential
ALA 76.8 €9.3 75.7 76.2 75.6 75.2
ASP ' 76 .1 58.5 75.5 76.6 75.7 75.6
GLU 91.9 89.0 92.0 91.7 - 91.9 92.6
LY 8l.. 72.6 81.2 81.9 0.7 81.0
PRO ol.4 ¢9.5 1.5 92.2 00.3 01.L
SER 8L.9 8L.L  8L.6 85.0 8L.7 8L .9
TR - 83.7 75.6 23.2 83.3 22,5 23,8
NITROGEN (%) 82.3 62.7 82.7 82.1 83.5 78.8
DRY KATTER (%) §2.0 81.0 82.5 82.1 81.3 31.6
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APPENDIX TAELE 14. The individuel apparent faecal amino acid
availabilities from wheat in study 2b,
in addition to nitrogen and dry
matter digestibilities.

PERIOD I - IT IIT

wut
on

PIC NUMBZR L 2 3 L

A'TNO ACIDS (%)

sssential .
ARG 92.8 93.4 92.5 93.2 93.1 57 oy
HIS 9L .7 95.1 95.0 9L.6 9L .7 90.4
ILE 90.0 90.5 90.1 88.5 90.8 83.5
LEU 92.4 92.7 91.3 91.2 92.5 7.1
1YS 80.9 82.8 81.8 81.3 83.2 69.1
1ET g8.5  90.7  88.0  85.0  89.6 . &2.2
PHE 93.4 93.7 92.5 92.4 93.6 §9.6
THR 86.7 §8.2 87.7 85.5 88.2 50.1
VAL §9.8 90. L 39.0 88.1 90.4 53.6
Non-issentiel
ALA 8L.5 86.1 85.5 51.3 g6.L, . 76.2
ASP 83.7 85.6 - 8L.O 81.6 85.7 75.0
GLU 97.3 97.5 7 o &4 96.8 97.6 95.4
GLY 89.4 90.8 89.9 88,2 90,6 8L.6
PRO 97.1 97.2  97.3 96.6 97 .4 96.2
SZR 92.8 93.3 2.3 91.5 93.3 £9.3
TYR 90.7 91.0 90.1 88.9 90.7 85.3
NITROGEN (%) S 91.3 92.3 91.8 90.8 92.5 38.0
88.8 88.9 87.8 87.8 8.9 §8.7

DRY ATTER (%)




APPANDIX TABLE 15

llean squares of the analyses of variance of the metabolic faecal

amino acid and nitrogen excretion from study 2b.

Source of ROWS (TiuST COLUMNS ROWS X ERROR

variation DIETS) (WEIGHT) COLUIMNS

Degrees of

frzedom 1 1 1 20

AMINO ACIDS

Essantial ) y ;

ARG 0.000504%* 0.000150%% 0.000004 0.000017
418 0.000077%% 0.000001 0.000003 0.000003
LG - 0.000682%% 0.000001 0.000013 0.000038
LEU 0.002072%% 0.000176 0.000001 0.000117
LYS 0.001276%% 0.000040 0.000002 0.00005
MIST 0.000216%% 0.000016 0.000008 0.000013
PHIi 0.00067 2% 0.000155% 0.000001 0.000030
THR 0.001053%* 0.000084, 0.000009 0.000062
VAL 0.001426%% 0.000030 0.000007 0.000092

Non—ﬁésential ;

ALA 0.002016%x% 0.000130 0.000001 0.000098
ASP 0.004902%X 0.0000L40 0.000026 0.000298
GLU 0.005310%x% 0.000051 0.000108 0.000351,
GLY 0.001148%% 0.000170 0.000006 0.000053
PRO 0.000715%x 0.000045 0.000001 0.000038
SER 0.000522%X 0.000032 0.000020 0,000053
TYR 0.000337%% 0.000073 0.000001 0.000023

NITR0GLEN 0.017935%X 0.000035 0.000001 0.000445

X (PL0,05)

R S AT a T a b I

A%



APPIHDIX  TADLE 16. The individual metabolic faecal amino acid and nitrogen excretior from
pigs fed the 7% alphafloc maintenance diet.

TI'I& OF COLLLECTION LEFORE CEREAL TiST DIETS AFTER CEREAL TEST DIETS

PT NUIDER 1 2 3 L 5 € 1

2
W
~
v
o

ATTINO ACIDS

Lssantial

ARG .028 .025 .016 .016 .021 024 - 016 .013 .021 .015 .017 .023
HIS .01l .007 .007. .007 .007 .008 .008 .006 .008 .006 .007 .009
ILE .036 .032 .021 .018 .026 .030 .025 .033 .029 .023 .025 .036
LBU .056 L0L5 .026 .028 .0L1 0,9 .030 .037 .04 2 .029 .032 .045
LYS .040 .035 .025 .02L .033 .040 .028 .028 .036 .023 .026 .037
MET .017 .01} .007 .002 .012 .013 .009 .012 .013 011 .012 .017
PIL .035 .027 .016 .018 .026 .029 .019 .020 .021 .017 .018 .025
THR .04l .033 .019 .021 .026 .032 .023 .026 .031 .021 .023 .033
VAL 042 .035 .022 .022 .032 .037 .027 .03 .033 .024 .026 .039

Non-Lssential '
LY .052 L043 .027 .029 .040 .046 - .033 .035 .042 .028 .030 .04 2
ASP .08, L0638 .043 043 .062 .069 .051 .057 . 064 .0L6 049 074
GLU ~ 100 .09, .06, .055 .075 . 08¢ .078 .106 .078 .071 074 113
GLY .040 .035 .022 L0214 .032 .036 .02l .026 .033 .023 .02, .033
PRO 041 .033 .025 .02 .027 .OL3 . 026 .033 .026 .028 .028 036
SER 041 040 026 .022 .029 .035 -034 L0L6 -031 .029 .032 046
TYR .026 .022 012 .013 .018 020 « .012 014 .019 .013 .013 .020

NITROGEN 143 127 .102 .09, .113 .129 .109 .131 .126 .101 .110 147

cee




AP2INDIY  TABLL 17. The individual metabolic faecal amino acid and nitrogen excretion from
pigs fed the 14% alphafloc maintenance diets.

TT 14 OF COLLECTIOR BEFORE CELRLAL DIZTS ‘ AFTER CERLAL DILTS

PIG NULBER 1 2 3 L 5 6 | 1 2 3 L 5 6

AMINO ACIDS

Esgantial

ARG .029 .030 .033 L0238 .032 .038 .020 .029 .027 .028 .021 .030
HIS .013 .010 .010 .008 .008 .015 .009 .0Lh .011 .012 .011 .013
ILs .038 L0L2 L0l .033 034 .0L5 .032 LOL5 .035 .032 .033 .0L9
LEY .056 .069 L062 .052 .055 .065 .043 .06l .050 .0L5 .04 .081
Lys .07 .0L9 .050 .0L1 .039 .055 .036 .055 .039 .0L2 .037 .060
MET .018 .018 L0138 .013 .015 .018 .017 .026 .022 .015 .013 .024
PHE .035 .039 .037 .033 .033 .037 .025 .035 .030 .026 .02 LOLL
THR L0LO - .0L5 .052 .039 .0L0 .043 .031 .043 .037 .031 .026 .059
VAL .047 .0L8 .052 .0L3 042 .057 .035 .050 .039 .037 L0314, L0714,
Non-isssential
TTATA .059 .060 .070 .052 .0L9 .058 .043 .066 .050 LOLL .04L0 .076
ASP .088 .091 .09 .077 .079 .099 074 .094 .08 .070 . 061, .139
LU .109 L111 134 .100 .095 .132 .096 .138 .098 .093 .104 1L,
aLy LOL7 0L .055 .043 .04C .045 .032 .046 .038 .034 .031 .059
P10 L040 .039 .041 Ol .043 .052 .037 .0L3 .039 .031 .0L0 .052
SER .041 .042 .OL7 .039 .039 .052 .037 .053 .037 .037 LOLL .055
TYR .026 .026 .029 .023 .025 .028 .020 .026 .022 .020 .013 L0314
NITICGEH L1685 .180 182 .161 L145 . 205 .156 211 .166 .162 .149 .207

hee



APPENDIX TALLE 18

Analyses of variance between treatments [or parameters
measured in study 3a.

———

Source of Variation ROWS ‘ COLULINS TREATHINTS LERROR

| (PICS) (PERIODS)
Degrees of I'reedom 2 2 2 2
ITNS (Fean squares)
Nitrogen retained (g/day) 0.7647 1.3803 L 6204 % 0.2216
Nitrogen retainedt 0.002734  0.001269 0.011537 0.000698
Nitrogen retention (%)< L 275 1.6374 62.5195% 1.1611
Eiological value (%)3 8.4700 78 ,4,21,5% 1.6782

5.6459'

1, 2, 3 As shown in Table 28,

X (<0.05)

qee



APPENDIX{ TABLE 19

The individual apparent ileal and faecal amino acid availabilities
from whole wheat in study 4a, in addition to nitrogen and dry
matter digestibilities and average daily dry matter intake.

DAY

PIG NUIBER

LOCATION ILEUM  FAECES FAECES FABCES ILEUIL FALCLS

AMINO ACIDS (%)

Essential

TRRG 87.2 94.1 94.3 94.2 85.9 .7 95.1 8.7 9.8
HTS 88.6 93.4 92.5 94.0 85.9 .2 94.9 88.4 9. 5
-TILE 89.1 91.6 91.8 9.8 85.2 . 92.8 89.5 91.5
LEU 39.7 92.8 93. 3 92.5 86.9 2 4.0 90.5 93. 2
LYS 80.2 86.1 87.0 8.2 72.8 5;.9 87.6 81.0 86.0
BT 93.6 93. 7 9.2 90.1 88.4 94,0 Q5.4 91.9 93.1
PHE 90.9 93.5 94 .1 93.6 €9.7 9.6 95.3 92.5 L5
THR 79.0 85.8 89.6 88.1 73.7 68.6 90.7 79.8 £9.0
VAL 86.3 91.3 91.9 90.3 3.4 91.7 93.6 87.9 91.8

Non-Essential

TTALA 79.2 88,1 0.9 88.8 A 85.1 75.6 88.2 78.8 20.0 79.5 87.9
ASP 81.4 87.3 81.8 88.6 .1 86.3 76.5 8§7.7 79.7 89.9 81.5 88.0
GLU 95.8 7.8 95.9 97.9 .3 97.7 9L.5 97.9 95,4 98.1 95.8 97.9
GLY 69.9 90.2 75.8 91.0 .2 b9.8 76.4 90.6 65.5 91.5 66.7 90.6
PRO 80.6 96.5 55.7 97.6 .5 9.6 91.5 97.0 69,5 98.1 54,5 96.6
SER 5.7 93.7 £6.9 2L.0 4 93.3 83.8 95.6 35.9 95.3 87.0 9.1
TYR 87.9 92.4 59.2 93.2 9.7 91.2 86.6 92.7 90.9 94.8 91.0 92.9

NITROGEN (/) 8L.7 93.0 93.6 .0 92.6 84.1 93.1 8L.1 94,5 863.6 93.4

DRY FATTER (%) 78.0 §9.2 89.9 .9 89.8 75.8 238.6 77.1 89.5 78.9 €9.3

DRY IATTER 1367 0 1721 1530

INTAKE (g/day)

9€e



availabilities from flour in study 4a, in addition
to nitrogen and dry matter digestibilities and

-APPENDIL  TAbLE 20. The individual apparent ileal and faecal amino acid { |
average daily dry matter intake. '

DAY 12-18 34-4,0 56-62
PTIC NU'BER 1 2 3 L 5 7
LOCATION LEUII  FAsCES  ILZUid FAECBS  ILZUM  FAECES  ILEUM  FAECES ILEUM  FAECES ~ ILEUM  FARCES

ANIND ACIDS (%)

issential

ARG 92.5 23.7 92.5 97.0 90.4 95.1 92.7 96.3 89.7 96.8 86.3 k.7
HIS 93.8 9.9 94.0 97.7 9.0 96.5 9.3 97.0 9.2 97.7 93.3 95.8
ILE 03.1 93.2 93.4 95.8 Oy oty 94.7 .6 95.4 9h.2 96.5 9k.1 92.7
LU 9.0 9.5 oL4.2 96.1, 25.2 95.7 Ol 1y 96.1 95.1 97.3 95.0 93.3
LYS 81.8 80.2 83.8 91.3 85.0 8h.1 86.4 88,2 8L.7 90.0 83.4 82.0
IET 02.6 89.5 23.1 26,1 9L.5 90.9 93.0 95,4 95.9 95.4 93.0 93.2
PUE 95.7 95.6 958 97.0 93.1 96.4, 95.7 95.7 96.5  97.7 96.0 9.7
THR 83.8  91.2 8.3 aL.3 85.0  91.9 3L,.7  92.8 87.4 9.8 87.3 88.6
VAL 91.2  93.0 92.2  95.5 93.1  OL.2 92.6 95, 93.3  96.3 93.1  91.9
Non-~issential
TALR 86.6 88.3 86.1 93.2 86.7 90.5 87.2 92.2 85.6 93.8 8L.7 86,7
ASP 8h.1 86.9 87.0 92.5 85.8 88.4 §5.7 90.2 aL.7 92.4 g5.5 84.9
GLU 97.6 98.1 97.9 93.9 97.9 28.6 97.9 8.8 98.0 99.1 98.0 98.0
GLY 86.9 92.7 83.6 95,2 76.6 93.3 85.5 9.1 69.6 95.6 69,3 90.8
FRO 96.2 98.4 96.5 98.6 76.1 98.3 0L.2 8.8 73 .4 99.1 61.7 98.0
SER 91.4 .7 91.4 97.0 91.3 95.7 91.8 96.2 92.3 97.3 92.0 ST
TYR 92.6 93.5 92.8 96.2 3.5 93.1 92.7 94 .3 L .3 96.3 02.8 93.3
HITROGEN (;5) 91.7 9.6 91.8 06.8 89.6 95.2 92.5 96.2 89.6  96.1 87.6  9L.6
DRY IATTER (<)  90.7 9.9 90.5 095.7 20.0 . Ly Q0.4 95.2 90.4 95.8 89.5 3.8
DRY I'ATTIR 1353 1285 1512 1621, 1550 1550

IETAES (¢/day)

L€2
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APPENDIX TABLE 23. The individusl metsbolic ileal and Taecal amino acid, nitrogen
and dry matter levels from pigs fed the 5% alphafloc protein-free
diets, in addition to average daily dry matter intake.

DAY 1-7 , 23-29 ; 15-51

PIG NUMBER 1 2 3 L : 5 ;
LOCATION ILEUN ~ FAECES  ILEUI. FAECES ILEUN  FAECLS  ILGUN . AECES  ILEUIT  FARCES  ILEU.  FATC.S

ATNO AcTDSt i

Issentisal
RRGC .026 .023 .026 .022 .059 .019 .038 .024 .06, .020 .083 .021
HIS L011 .012 .011 .011 .015 - ,010 .016 .012 .016 .010 .015 .009
ILG .016 .030 .019 .030 .021 .025 .025 .233 .021 L0214 .026 ,022
LEU .029 L0L7 .035 .0L5 .038 .039 .0L7 .0L9 .037 -,038 . .0oL6 L036
LYS .022 .040 .027 .039 .02¢8 .034 .030 .040 .028 .033 .029 .033
LET .005 .014 . 005 .01 .005 .010 .005 .010 .007 .011 .007 .011
PHE ,018 .029 .020 .02¢8 .022 .024 .028 . .029 .023 .023 .026 .022
THR .033 .033 .033 .032 .0L3 .029 045 .035 .037 .026 LOL2 .026
VAL ,028 .037 .027 .035 .032 .032 .03¢8 .038 .032 .029 .029 .027
Non-dssential
] .029 .040 .03 .039 RoIX: .03, .040 .040 .0L8 .029 L050 .032
ASP LOLL 066 .0L7 .06l .060 L056 .062 .069 .055 .058 L067 .05
cYs ,011 .009 .011 .009 .013 .011 .013 .011 .01L .011 .01, L011
GLU .053 .078 .050 .072 .079 .063 .077 .077 .073 .061 .08l .058
CLY .066 .037 .078 .031 .101 .030 .099 .033 .189 .029 .211 L0264
PRO .220 .020 146 .02l L6L6 .032 .210 L031 .601 .021 .932 .020
SER .030 .027 .032 .026 .OL4 .025 .038 .028 .039 .02 .0L5 .023
TYR L011 .012 .013 .015 .012 .008 .017 .012 .012 .018 .015 L016
NTTROGENT 1 .123 .110 .130 .10L .252 .000 L1621 L1111 .253 .005 .313 .095
DRY LATTZIR 10.26 6.98 11.42 6.56 11.85 6.69 11.13 6,21 12.93 6.34 12.40 6.02
DRY FATTER 1368 1368 1642 1642 1642 1642

INTAKE (g/dav)

1 rIstabolic ilesl and faecal amino acid levels were expressed as grams per 100 grams
of dry matter intake.

0%z



APPENDIX TABLE 24. The individual metabolic ileal and faecal amino acid,
nitrogen and dry matter levels from pigs fed the
10% alphafloc protein-free diet, in addition to
average daily dry matter intake.

DAY ‘ 1-7 23-29 12-18 34-40 56-62
PIG NUMBER 3 A 5 7 9
LOCATION ILEUM  FAECES  ILEUM  FAECES  ILEUM  FAECES  ILEUM  FAECES ILEUM  FAECES  ILEUM  FAECES  ILEUM  FAECES
AMINO ACIDSY
Eegequlal 075 026 o1 035 062 027 o6 028 -
. . . . . . .0 .02 .082 .030 .06 . .
HIS .019 .013 .019 017 .01 .01 .015 .013 .022 .oia .01% .gig .8%8 '8%%
IIE .030 .035 .039 .048 .020 .039 .02l .032 .032 .041 .029 .040 .038 .06
%?3 '8%3 '853 '822 '8?% '8%3 .ggg '8%3 .ggg . .060 .060 .05 .055 .061 .071
MeT :823 fg§5 :812 :oig :807 :813 :806 .013 -038 -Ok5 -036 -042 - 040 -056
) .03} .039 .0 .02l .03 .024 .032 .03 .0 .0 . .
THR .050 .035 .055 .050 .02 .02 046 .03, .06 .033 ,ogi .8%15 .83? 28'5*3
VAL 041 .0L3 .055 .059 .033 .050 .039 VTS S N 1) 046 .0L8 .Oh5 .050 .056
Non-Essential 66 6 f
TAA .0 .0} .055 .063 .049 .057 .OL, .03 ,070 .051, .063 .056 063 066
ASP -086 .075 .085 .102 .062 .087 -066 .028 0 .08 . . . .
I I B T B B S (e O A
L . . . . . . . 078 107 .0 .100 . ) )
CLY -196 .038 .11 .051 .188 .0L5 J143 .037 . .250 .023 222 .gﬁg .igZ .%%g
PRO .763 .038 .13 .049 .668 .050 .511 040 .780 042 .899 .056 742 059
SER -052 .030 .0k .ou1 043 .036 .ol .031 . .062 .036 .059 .032 -059 .02
TYR 1 .015 .013 .019 .019 L011 .016 .012 .016 .018 .04 .021 .016 .017 :019
NITROGEN .310 .126 .203 .166 .250 142 .208 116 . BT . ) )
DRY MATTERT  18.14  10.32 17.15°  11.24 17.54,  10.20 16.51  10.22 | 19.ggh 10.%3 19.8?0 1o.%$b 19.3?7 10Z§;l
DRY MATTER 1285 1102 1561 1561 1040 1416 1366

INTAKE (g/day)

1 I:’IeZagolic ileal and faecal levels were expressed as grams per 100 grams of dry matter
intake.

e




APPENDIX TABLE 25. The individual metabolic ileal and faecal amino acid,
. nitrogen and dry matter levels from pigs fed the
15% alphafloc protein-free diets, in addition to
average daily dry matter intake.

DAY 1-7 | 45-51 12-18 34-140
PIG NUMBER 5 3 . 6
LOCATION ILEUM  FAECES ILEUM  FAECES  ILEUM  FAECES  ILEUM  FAECES

AMINO AcIpsl

Essential ‘

T~ ARG .050 .032 .061 .038 .071 .026 .08, .033
HIS .013 .016 - .025 .01 .02 .013 .029 .017
IIE .026 .043 .030 .049 .03L .0L7 .038 .O45
LEU .050 .063 .052 .072 .06, .063 .072 .072
LYS .029 .052 .039 .060 .0L6 .0L5 .051, .056
MET .010 .028 .01 .021 - - - -
PHE .029 .038 .02 .OLL, .042 .03 .041 .037
THR .055 .0L1 .0L7 .051 .077 .OL7 .073 .OL 4,
VAL .039 .0L9 .039 .059 .052 .057 .059 .050

Non-Essential '

ATA .050 .05, .061 .068 .063 .063 .067 .055
ASP .073 .088 074 .107 .098 .092 .093 .099
CYS .018 .019 .021 .015 - - - -
GLU .08,  .099 .097 .120 .116 .111 .125 .105
GLY 152 .043 174 .052 .182 .053 .180 .0L5
PRO ANA .035 761 .042 4,67 .02 .635 .038
SER .0L2 .035 .055 .039 .063 .037 .061 .036
TYR .013 .016 .01L, .023 .021 .015 .023 .017

NITROGENL .233 .153 28 172 .272 .164, .306 .153

DRY MATTERL 25,31 15.27 26.71 13.61, 82'59 15.57 L %8.14 15.27

. 532

DRY MATTER 730 1277 11
INTAKE (g/day) |

1 Metabolic ilealhand faecal levels were expressed as grams per 100 grams of dry matter .

intake. N

-



APPENDIX TABLE 26. Analyses of variance: Mean squares for apparent ileal and faecal

amino acid availabilities, nitrogen and dry matter digestibilities

from finely ground and cracked wheat for study 4b.

Source of LOCATION TREATMENT TREATMENT X LOCATION ERROR
variation

Degrees of 1l 1 1 12
freedom ‘

AMINO ACIDS

Essential :

ARG 98, 258%X 37.424%X 26, 807%x 1.512
HIS 141.372%% 39.564%X 28.998%x 1.238
ILE 38.069%X 45.4,28%X 17.016% 2.405
LEU L1.056%X 28.436%X 13.74,6%X 1.217
LYS 265.038%x 136.189%x 73.103% 13.571
MET 51.984% 15,445 28.944 6.232
PHE 20.885%X 20, 566%X 10.791%X 0.722
THR 222.905xx 60.14L0%x 23.717% L .L40
VAL 113.050%% L7.990%X 28.918%x 2,471

Non-~Essential
ATA 332.789%% 99.052%% 69.597% 9.175
ASP 209.960%X 60. 81,0%XX 29.921% L.372
GLU 4,0.132%X 2,62l 1.575 1.127
GLY 614 .172%X 73.831%X 66.300%X 3.83L
PRO 569.538%% 1 0.109 1.300 10.815
SER 117.777%% L6.1,78% 0.473 8.48L
TYR L), 023%% 25.553%XX 22.801% 2.617

NITROGEN 194.393%X 23.160xx 15.269%x 0.712

DRY MATTER L16.871,%% 12.942%X 12.,79%X 0.638

X  (P<D.05). o

XX (P 0.01). 5



pparent ileal and faecal amino acid availabilities

from study L4b, in addition to nitrogen and dry

matter digestibilities and average daily dry matter intake.

The individual a
of ground wheat

APPENDIX TABLE 27.
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APPENDIX TABLE 28. The individual apparent ileal and faecal amino acid availabilities
; of cracked wheat from study A4b, in addition to nitrogen and dry
‘matter digestibilities and average daily dry matter intake.

DAY . : 78-8L
- PIG NUMBER 2 L 7 9
LOCATION ILEUM 'FAECES ILEUM FAECES - ILEUM FAECES ILEUM FAECES

AMINO ACIDS (%)

Essential v
ARG 86.8 93.9 85.5 93.8 86.9 9.4 86.6 93.6
HIS 8.2 93.5 85.5 OL.4 87.5 Ok .4 85.8 93.4
ILE 81.8 89.3 85.1 90.2 89.0 90.8 86.5 89.4
LEU 85.0 91.8 87.7 92.5 89.7 92.5 87.8 91.5
LYS 6),.0 82.7 - 72.1 85.5 77.9 8.8 76.7 82.1
MET - 78.7 87.6 82.9 88.6 8.5 91.7 88.3 90.7
PHE 87.8 93.0 89.6 93.1 90.9 93.1 89.2 92.4
THR 78.8 86.1 76.7 88.9 80.6 g88.1 76.0 86.1
VAL 79.3 90.6 83.1 90.6 85.4 91.0 8L, 1 89.7
Non-Essential
ALA 66.6 85.3 73.2 86.5 -80.6 87.4 77.9 85.9
ASP 71.7 85.8 77.1 87.1 81.6 87.1 78.7 8L.6
GLU 93.3 97.5 9L.2 97.9 95.3 97.7 93.6 97.3
GLY 7.5 89.9 70.0 90.4 78.8 90.0 0.5 89.1
PRO 87.1L 95.1 77.8 96.3 86.2 97.2 83.8 96.7
SER 83.6 92.4 85,4 93.5 85,7 93,1 84,1 82.0
TYR 82.2 89.4 85.5 90.5 86.9 91.9 86.5 90.6
NITROGEN (%) 82.7 92.7 84.9 93.4, 87.0 93.3 84.0 92.5
DRY MATTER (%) 76.7 88.8 76,1 89.2 78.6 88.5 75.6 88.6
DRY MATTER 2167 | 2059 1842 2167

INTAKE (g/day)

e



