Jowrnal of Ainimal and Feed Sciences, 10, 2001, 103 - 118

Variability of apparent ileal amino acid digestibility
in high-protein wheat samples for growing-finishing

pigs”
M.Z. Fan', W.C. Sauer? and S. Li?

Department of Animal and Poultry Science, University of Guelph
Guelph, Ontario, Canada NIG 2W]
‘Department of Agricultural, Food and Nutritional Science,
University of Alberta
Edmonton, Alberta, Canada T6G 2P5

(Received 31 July 2000; accepted 22 January 2001)

ABSTRACT

An experiment was conducted to investigate factors responsible for the variability of apparent
ileal digestibility values of amine acids (AA) in high-protein wheat samples. Six barrows, average
initial body weight 30.5 kg, fitted with a simple T-cannula at the distal ileum, were fed six diets
according to a 6 x 6 Latin square design. The six dicts included 970 g kg of different samples of
wheat, Chromic oxide was used as the digestibility marker. The barrows were fed twice daily, at
08:00 and 20:00 h. The dietary allowance was 1,600 g d”. Each experimental period consisted of
8 d. llcal digesta were collected for a total of 24 h, at 2-h intervals, from 08:00 on d 6 to 08:00 h on
d 8. There were differences (P<0.05) in the apparent ileal digestibility values of all amino acids (AA)
among the wheat samples. Of the indispensable (+semi-) amino acids (AA), within each sample, the
digestibility values of lysine and threonine, the first- and second-limiting AA, were lowest and ranged
from 59.0to 70.3 (P<0.05) and 64.2 to 73.0% (P<0.05), respectively. With the cxception of argining
and tyrosine, the digestibility values of the other indispensable (+semi-) AA, were negatively corre-
lated (P<0.05) with neutral-detergent fibre (NDF) content, whereas differences in dictary AA con-
tents did not affect the variability of the ileal AA digestibility values in the wheat samples. In conclu-
sion, measured with the ileal analysis method, there was considerable variation in the digestibility
values of AA in high-protein wheat samples. Differences in NDF content were, in part, responsible
for the variation. Furthermore, the relatively low digestibility values of lysine, threonine and tryp-
tophan further accentuate the limitation of these AA in proteins from wheat.
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INTRODUCTION

Wheat is a major ingredient in swine diets in Western Canada. This cereal grain,
together with barley, usually supplies approximately half of the protemn in diets for
growing and finishing pigs. There is a considerable variation in the crude protein
(CP) and amino acid (AA) contents in wheat; the CP content can range from 60 to
202 g kg dry matter (Suleiman, 1987; Simmonds, 1989). Furthermore, the nutritive
value of protein in wheat is not only determined by its total content in AA, but also
by their digestibility values with particular reference to the limiting AA.

The 1leal rather than faecal analysis method should be used to determine AA
digestibility values in feedstuffs for pigs because of the modifymg action of the
microflora in the large intestine (e.g., Zebrowska, 1973). From data compiled from
the literature, thcre was considerable variation in the apparent ileal digestibility
values of AA among different wheat samples {(e.g., Sauer and Ozimek, 1986).

Inherent factors, such as differences in neutral-detergent fibre (NDF) content,
were found to be partly responsible for the variation in iteal digestibility valucs of
AA in wheat samples (e.g., Taverner and Farrell, 1981). In addition, the variability
of ileal AA digestibility values in wheat samples may also result from methodo-
logical approaches, such as differences in AA contents in assay diets and the use of
different methods of determination, as reported by Fan et al. (1994) and Fan and
Sauer (1995a,b). Accurate informatien on faclors affecting AA digestibility va-
lues is of importance for cconomical formulation and/or AA supplementation to
wheat-based diets for pigs and for plant breeders to improve wheat protein quality.

The objectives of this study were to investigate the variability of apparent ileal
digestibility values of AA in high-protein wheat samples and to examine how in-
herent and methodological factors are responsible for the variation. Six samples off
high-protein wheat, of which the production has increased during the last decade
in Western Canada as a premium is paid it the CP content exceeds 130 g kg™, were
examined.

MATERIAL AND METHODS
Animal tricl procedures
Six barrows (Lacombe x Yorkshire), average initial body weight 30.5 kg, were

surgically fitted with a simpie T-cannula approximately 5 cm anterior to the ileo-
caecal sphincter according to procedures adapted from Sauer et al. (1983). The
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cannulas were modified according to De Lange et al. (1989). After surgery, the
barrows were housed individually in stainless steel metabolic crates in a tempera-
ture-controlled bam (20-22°C). During a 14-d recovery period, the barrows were
fed a 160 g CP kg'!' grower diet (Sauer et al., 1983). Sauer (1976) and Sauer et al.
(1983) previously presented a detailed description of pre- and past-operative care.
Afier recovery, the barrows were fed one of six experimental diets according to a
6 x 6 Latin square design. They were fed 800 g twice daily, at 08:00 and 20:00 h.
Water was freely available from a low-pressure drinking nipple. At the conclusion
of'the experiment, the barrows, average final body weight of 61.2 kg, were electri-
cally stunned before killing, bled out and dissected to determine whether cannula-
tion had caused intestinal abnormalities.

Six samples of wheat with high protein contents (149.4 to 175.6 g kg'', as fed)
were obtained for these studies: ¢.v. Katepwa from Alberta Wheat Pool, Calgary,
Alberta; c.v. Katepwa from Alberta United Grain Growers, Edmonton, Alberta;
c.v. Katepwa from Saskatchewan Wheat Pool, Saskatoon, Saskatchewan; c.v. Nee-
pawa from Saskatchewan Wheat Pool, Saskatoon, Saskatchewan; c.v. Kyle from
Saskatchewan Wheat Pool, Saskatoon, Saskatchewan; ¢.v. Celumbus from Sas-
katchewan Wheat Pool. Saskatoon, Saskatchewan. Wheat supplied the sole source
of dietary protein (Table 1). Vitamins and minerals were supplemented according
to NRC (1988) standards. Chromic axide (3 g kg diet) was included in the diets as
the digestibility marker. Wheat was ground through a 4.8-mm mesh screen prior to
diet incorporation.

Each experimental period comprised of 8 days. lleal digesta were collected for
a total of 24 h: from 08:00 to 10:00 h on d 6, every other 2 h thereafter until 08:00 h
ond 7, and from 10:00 to 12:00 h on d 7, and every other 2 h thereafter until
08:00 h on d 8. Ileal digesta were collected in soft plastic tubing (length, 25 ¢m;
internal diameter, 2.5 ¢m) which was attached to the barrel of the cannula with
Velero tape. The tubing contained 10 mLl of formic acid solution (10%, v/v) to
minimize further microbial activity. The tubing was removed and replaced as soon
as it was partially filled with digesta. Digesta samples were immediately frozen at
-20°C following collection.

The experimental proposal, surgical procedures and procedures for care and
treatment of the barrows were reviewed and approved by the Faculty of Agricul-
ture and Forestry Animal Care Committee of the University of Alberta, The bar-
rows used in this experiment were cared for in accordance with the guidelines
established by the CCAC (1980).

Chemical analyses

After the conclusion of the animal trial, the digesta were freeze-dried, pooled
within barrow and period for the same dietary treatment, ground through a 0.8-mm
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TABLE 1

Formulation of the experimental diets, g kg™! air dry weight

Ingredients gkg!

Wheat ' 570

Calcium carbonate 11

Dicalcium phosphate 8

Trace-mincralized salt? 5

Vitamin premix 3 2

Mineral premix * 1

Chromic oxide 3 3

the six wheat diets (diets | to 6) contained the following wheat samples: dict 1, c.v. Katepwa from
Alberta Wheat Pool, Calgary, Alberta; diet 2, c.v. Katepwa {tom Alberta United Grain Growers,
Edmonton, Alberta; diet 3, c.v. Katepwa from Saskatchewan Wheat Pool, Saskatoon, Saskatche-
wan; diet 4, ¢.v. Neepawa from Saskatchewan Wheat Pool, Saskatoon. Saskatchewan; diet 3, c.v.
Kyle from Saskatchewan Wheat Pool, Saskatoon, Saskatchewan; diet 6, c.v. Columbus from Sas-
katchewan Wheat Pool, Saskatoon, Saskatchcwan

supplied by Windsor Salt, Toronto, Canada. Composition (g kg™’ salty: NaCl, 965; ZnQ, 4.0, FeCO,,
1.6; MnO, 1.2; Cu0, 0.33; Ca(10,),, 0.07; Ca, 0.04 '
! the vitamin premix supplied the fdllowing vitamins (mg kg diet): retinyl palmitate, 5.2; cholecal-
ciferol, 0.38; all-rac-o-tocopheryl acetate, 44.0; menadione, 3.0; riboflavin, 2.2; niacin, 12.0;
d-pantothenic acid, 11.0; vitamin B, 0.012; choline. 550; thiamine, 1.1; pyridoxine, [.1; d-biotin
0.1; folic acid, 0.6

the trace-mineral premix supplicd the following minerals (mg kg diet): FeSO_H,0, 152.0; ZnCO,,
95.9; MnSO,H,0, 6.2; CuSO,5H,0, 11.8; KI, 0.60; Na,Se0,, 0.30

% Fisher Scientific, Fair Lawn, NJ

%}

IS

mesh screen in a Wiley mill and mixed before analyses. Samples of wheat and
diets were ground similarly.

Analyses for dry matter, CP and ether extract were carried out according to
AOAC (1990) methods. Analysis for NDF was carried out according to principles
outlined by Goering and Van Soest (1970). Chromic oxide was determined ac-
cording to the procedure of Fenton and Fenton (1979).

For AA analyses, with the exception of the sulphur-containing AA and tryp-
tophan, the samples were hydrolysed with 6 M HCI at 110°C for 24 h. The AA
were analysed by ion-exchange chromatography using an automatic AA analyzer
according to procedures adapted from Mason et al. (1980). Methionine and cysteine
were determined as methioning sulphone and cysteic acid after oxidation with
performic acid; the oxidation process was carried out according to AOAC (1990).
The oxidised samples were then hydrolysed and analysed in the same manner as
the samples that were not oxidised. Tryptophan analysis was carried out according
to the procedure described by Jones et al. (1981).
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Calculations and statistical analyses

The apparent ileal digestibility values of CP and AA in the wheat samples were
determined with the direct method using equation (1):

D, =100%- [(,xA4,)/(1.x 4,)]x 100% (1)

Where D is apparent digestibility of a nutrient in the diet (%). {, is the marker
concentration in the diet (%); 4, is the concentration of a nutrient in ileal digesta
(%%); 1,15 the marker concentration in ileal digesta (percentage); A, is the concen-
tration of 4 nutrient in the diet (%).

Three different pigs went off feed during the experiment, which resulted in
three missing values; one during the first, third and fourth experimental period,
respectively. The digestibility values were first subjected to least squarc analyses
of variance (LL.SAV) for a 6 x 6 Latin square design. Periods and barrows were the
controlled factors in the 6 x 6 Latin square design. Where appropriate, least square
means for trecatments were compared using the probability of difference (PDIFF)
procedure (SAS, 1988). The LSAV and PDIFF werc carried out using the General
Linear Model (GLM} Procedures of SAS (1988) according to the principles de-
scribed by Steel and Torrie (1980}, Pearson partial correlation analyses were con-
ducted to determine the relationships between the apparent ileal digestibility va-
lues of CP and AA and the NDF content in the wheat samples and the dietary
levels of CP and AA using the GEM procedure of SAS (1988). Variation contrib-
uted by barrows and periods was removed by creating five dummy variables for
barrows and periods, respectively, and obtaining partial correlation coefficients
when the dummy variables were forced into analyses (Draper and Smith, 1981).

RESULTS AND DISCUSSION

The pigs, with the exception of the instances mentioned previously, remained
healthy and consumed their meal allowances throughout the experiment. Postmor-
tem cxaminations, carried out at the conclusion of the cxperiment, revealed no
intestinal adhestons or other abnormalities.

The chemical composition of the wheat samples and diets is shown in Tables 2
and 3, respectively. The analyzed values of CP and AA in the diets were close (o
the calculated values that were based on the analyzed values 1 the different wheat
samples. The NDF content in wheat ranged from 117 to 176 g kg (Table 2). The
dietary NDF content was calculated from the vatues detcrmined in the wheat sam-
ples. The contents of CP, lysine and threonine in wheat in this study ranged {rom
170 to 199, 4.3 10 5.0 and 4.9 to 5.8 g kg', respectively. These values, and also
those of the other AA, were considerably higher than those reported by Sauer et al.



108 ILEAL DIGESTIBILITY OF WHEAT AMINO ACIDS

TABLE 2
Dry matter, ether extract, neutral-detergent fibre, crude protein and amine acid contents! in the wheat
samples, g kg’

Wheat samples?

W1 w2 W3 w4 W5 Wo
Dry matter 893 399 904 899 905 912
Ether extract 10 13 12 16 13 14
Neutral-detergent fibre 122 149 135 134 117 176
Crude protein 192 183 170 177 199 191
Amino acids
Indispensable {+semi-)
Arg 13,0 9.0 8.6 9.8 10.2 10.0
Cys 4.6 4.1 4.0 43 4.4 4.4
His 4.5 4.0 3.1 4.0 39 4.3
He 6.4 57 5.1 5.7 6.5 58
Leu 13.0 11.8 10.7 1.7 133 12.2
Lys 5.0 4.8 43 4.9 4.6 4.8
Met 32 2.9 3.0 3.0 33 32
Phe 8.8 7.6 7.1 7.2 8.7 7.8
Thr 5.8 53 4.9 53 5.3 5.4
Trp 2.0 2.1 2.2 2.3 22 2.1
Tvr 3.5 29 2.4 2.2 43 2.4
Val 8.1 7.2 6.6 7.5 8.0 7.3
Dispensable
Ala 6.4 5.8 5.6 6.0 6.0 6.4
Asp 93 86 8.6 9.8 10.2 10.0
Glu 64.7 58.0 55.7 55.7 67.4 65.1
Gly 7.6 6.9 6.5 7.0 7.1 7.5
Pro 213 18.9 18.7 18.2 21.2 21.3
Ser 9.1 83 7.6 8.1 9.1 8.9

! dry matter basis
2 refer to footnote 1 to Table 1

{1981) and the average values compiled by NRC (1988) for wheat. However, the
CP content was within the range of values, 123 to 202 g kg'', with an average of
161 g kg ' reported for 161 samples of spring wheat grown in Alberta (Suleiman,
1987). Like in many other plant seeds, the rate of protein synthesis and acenmula-
tion in wheat is genetically controlled and affected by many environmental [actors
(c.g., Byers et al., 1978; Simmonds, 1989). Based on the onginal classification by
Osbome (1909), wheat proteins can be distinguished into albumins, globulins,
prolamins (gliadins) and glutenins depending on their solubility in watcr, saline
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TABLE 3
Dry matter, ether extract, neutral-detergent fibre, crude protein and amino acid contents' in the
experimental diets, g kg™

Experimental dicts”

1 2 3 4 5 6
Dry matter 909 904 306 04 205 905
Ether extract 10 12 L1 14 12 13
Neutral-detergent fibre 113 144 132 129 114 172
Crude protcin 182 174 166 171 194 185
Amino acids
Indispensable (+semi-}
Arg 9.5 8.8 8.6 9.5 10.0 9.8
Cys 4.3 4.0 39 4.3 4.4 4.3
Iis 4.0 3.7 34 39 43 43
ile 59 54 5.1 5.6 6.5 59
Leu 12.2 11.3 107 1.3 13.1 12.1
Lys 4.7 4.5 43 5.0 4.6 4.6
Met 31 29 29 29 32 3.0
Phe 8.6 7.7 7.4 7.5 8.7 8.2
Thr 5.4 5.1 4.8 5.2 5.4 5.3
Trp 2.0 2.1 22 2.1 2.0 2.1
Tyr 36 33 30 23 4.1 3.1
Val 7.5 6.9 6.6 7.1 7.8 7.3
Dispcnsable
Ala 6.1 3.7 5.6 5.9 6.5 6.2
Asp 9.1 8.6 8.6 93 9.8 9.6
Glu 62.4 56.6 54.5 55.1 65.6 63.7
Gly 7.2 6.6 6.5 6.9 6.9 7.3
Pro 20,6 18.6 18.5 18.4 209 21.1
Ser 8.0 8.0 7.6 g0 8.9 8.8

' dry matter basis
? refer to footnote § to Table 1

solution, 70 to 80% aqueous ethanol and diluted acid or alkaline solutions, respec-
tively. As was reviewed by Simmonds (1989), storage proteins of wheat, which
make up about 720 g kg of the total protein, are primarily prolamins and glutenins
which are located in the endosperm fraction and are referred to as endosperm
proteins, The remaining proteins are metabolically active cytoplasmic proteins,
i.e., albumins and globulins. These proteins comprise cnzymes, membrane, ribo-
somal, and other regulatory proteins, as well as some structural proteins (cell wall).
These proteins are distributed in the aleurone layer, the pericarp and embryo tis-
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sues, and account for 160, 40 and 80 g kg’ of the total protein of wheat, respective-
ly. In this context, it should be mentioned that AA contents and composition in
wheat are dependent on the contents and relative proportions of these four protein
fractions, since there are large differences in AA composition between these pro-
tein fractions (Lasztity, 1983; Simmonds, [1989). For example, the contents of lysine
and threonine (g 100 g’ CP) are much higher in albumins and globulins than in
glutenins and prolamins. The oppaosite is true for the contents of glutamic acid and
proline (e.g., Simmonds, 1989).

The content of each of the AA usually increased correspondingty as the CP
content increased among the wheat samples (Table 2). Wyatt (1993), in studies
with 48 Canadian hard red spring and 47 American wheat samples, observed strong
positive linear relationships between the contents of CP and AA and concluded
that the AA contents in wheat can be reliably predicted from their CP content. In
this study, there was little variation in CP content among the wheat samples. Al-
though the CP content only increased by 2.9 percentage units from the lowest
(W3, 170 gkg'y to the highest (W35, 199 g kg'') protein wheat sample, the contents
of all AA increased correspondingly (Table 2). Because of the small difference in
CP content, the variation in AA content among these wheat samples was also small.

The apparent tleal digestibility values of dry matter in the experimental diets
and CP and AA in the wheat samples are presented in Table 4. There were diffe-
rences (P<0.05) in the ileal digestibility values of CP and all AA among the wheat
samples. The digestibility of CP ranged from 74.7 to 80.5%. Of the indispensable
(+semi-) AA, the differences in digestibility values ranged from 4.7 (isoleucine,
phenylalanine and tyrosine) to 11.3 (lysine) percentage units. Of the dispensable
AA, the differences ranged from 2.6 (glutamic acid) to 12.0 (glycine) percentage
units., The apparent ilcal digestibility values of AA in the wheat samples used in
this study fall within the range of values summarized by Sauer and Ozimek (1986).
However, much more variation in the digestibility values of AA in wheat has been
reported in the literature. For instance, as was summarized by Sauer and Ozimek
{1986), the digestibility values of lysine and threonine ranged from 62.3 to 81.0%
and 61.9 to 78.4%, respectively, whereas these ranged from 59.0 to 70.3% and
64.2 to 73.0%, respectively in this study. Other factors including fineness of grin-
ding and methodological approaches, which were previously discussed by Sauer
and Ozimek (1986), Fan et al. (1994) and Fan and Sauer (1995), were likely
responsible for the additional variation in AA digestibility values among the wheat
samples reported in the titerature.

In agreement with studies by Ivan and Farrell (1976), Sauer et al. (1981) and
Green et al. {1987), the apparent ileal digestibility values of glycine, lysine and
threonine were relatively low while those of glutamic acid, phenylalanine and
proline were rclatively high among the AA in wheat (Table 4). The low digesti-
bility values of lysine and threonine and high digestibility values of glutamic
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TABLE 4
The apparent ileal digestibilitiy valucs of crude protein and amine acids in the wheat samples, %

Wheat samples'

Wil w2 w3 W4 WS Wo SE?
No. of observations 6 4 [ 6 5 6
Dry matter? 74.9¢ 67.7¢ 69.4¢ 72.6° 75.1° 66.1¢ (.67
Crude protein 80.50 73.04 76.9% 79 .41 80.1= 747 112

Amino acids
Indispensable {(+scmi-)

Arg 80.0 B2.20 82.6° 81.8 3.4 77.5° 2.03
Cys 79.4 76.0° 78.5° 76.9* 79.8° 70.3° 1.41
His 83.8° 798 82.9 80.5* 8l1.6" 74.0° 1.48
lle 83.0° 80.1° 81.6* 81.7* 80.3% 78.3¢ .82
Leu 848 81.4¢ 83.4° 83.4° 82,1 79.9¢ 0.79
Lys 70.3¢ 64.0° 67.5% 65.0° 694+ 59.0¢ 1.66
Met 83.4° 78.6% g1.0° g1.1" gl.2¢ 76.2¢ 0.84
Phe 87.5° 83.5° 86.4* 86.6° §5.3% 82.8 0.72
Thr 73.00 687 69.9° 68.8® 71.8° 642" 1.53
Trp 79.5° 75.4° 76,70 77.6 79.3% 71.9¢ 0.89
Tyr 77.0 732 76.2 77.9 74.2 73.7 1.68
Val 79.54 7510 770 76.8 769 72.6° 1.02
Dispensable
Ala 74.8¢ 70,8 72.0% 70.7° 710 65.7 1.29
Asp 73.9° 70.6% AW 69.2° 1.7 64.8° 1.30
Glu 92.40 89,90 91.7% 92.5 89.3¢ 89.5¢ 0.61
Gly 74.2¢ 67.8 678 08.0° 69.7% 62.2° 1.69
Pro 87.2¢ §5.5% 813 84,7 82,1 80.4b 2.08
Ser 83.8° 80.64 82.3¢ 8.8 81.47 78.2° 0.96

' refer to footnote | to Table |

% gtandard crror of the least square mcan (n = 6)

? digestibility values of the experimental diets

abed means in the same row followed by different letters differ at P<{(.05

acid and proline likely resulted from differences in the distribution of these AA
among the protein fractions in wheat. As was discussed previously, the contents
of lysine and threonine are very low in glutenins and prolamins and high in
albumins and globulins and vice versa for the contents of glutamic acid and
proline. Furthermore, the albumin plus globulin fractions are distributed in the
aleurone layer of wheat (Simmonds, 1989). This layer has thick cell walls, and
the proteins are tightly bound to the cellulosic matrix of the ateurene cells limi-
ting their access to proteolytic enzymes of the gastrointestinal tract (Saunders
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and Kohler, 1972). Therefore, it is most likely that proteins and AA “locked-up”
inside the aleurone cell walls are of low digestibility, whereas the storage pro-
teins in endosperm are of high digestibility. Saunders et al. (1969) reported that
aleurone cells in wheat are largely unbroken during digestion by young chie-
kens. Studies with rats showed that the truc protein digestibility values in wheat
bran (derived primanly from the aleurone layer and pericarp) and white flour
(primarily from endosperm) ranged from 63 to 73% and from 93 to 96%, respec-
tively (Simmonds, 1989). Furthermore, the low apparent ileal digestibility of
threonine and glycine may also, in part, result from their relatively high concen-
trations in endogenous protein recavered from the distal ileum (e.g., Holmes et
al., 1974; Sauer et al., 1977).

Pcarson partial correlation analysis was conducted to identify possible inhe-
rent factors responsible for the vartability of apparent ileal digestibility values
of AA among the wheat samples. With the exception of arginine, glutamic acid,
proline and tyrosine, the apparent ileal digestibility values of CP and AA were
negatively correlated (P<0.05) with the NDF content in the wheat samples (Ta-
ble 5). These results tend to suggest that differences in NDF content are, in part,
responsible for the variation in digestibility values of CP and most AA among
the samples. A negative relationship between protein digestibility and crude fi-
bre content in cereal grains was also previously reported in studies with pigs and
rats (Eggum and Beames, 1983). As was reviewed by Simmonds (1989), an ave-
rage of 200 g kg of the total wheat protein, mainly albumin and globulin, is
deposited in the aleurone layer, the pericarp and the seed coat. These fractions
make up wheat bran after milling. The protein fractions contained in wheat bran
arc of relatively low digestibility and can be classified into two types. The first
type of protein resides inside the thick cellulosic cell walls in the alcurone layer,
the second type of protein is tightly bound to the cellulosic matrix of the aleu-
rone cells {Saunders and Kohler, 1972). Therefore, differences in the NDF con-
tent among wheat samples may reflect differences in the proportion of these four
major protein fractions. Although the fractions were not separated in this study,
one can speculate that samples of wheat with a high NDF content are likely to
contain relatively larger amounts of albumin and globulin and lower amounts of
glutenin and prolamin fractions than samples with a lower NDF content. How-
ever, it should be emphasized that the variability of the ileal digestibility values
of CP and AA in association with the differences in NDF content among the
wheat saumples is the combined effects of both genotype and growing conditions.
Taverner and Farrell (1981) also reported negative correlation between the NDF
content and AA digestibility values in wheat, Furthermore, negative correlation
between the NDF content and apparent ileal AA digestibility values was also
reported in other feedstuffs of plant origin including peas {Gdala et al., 1992;
Fan, 1994) and canola meal (Fan et al,, 1996). The NDF fraction comprises a
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TABLE 5
Corrclation cocfficients between apparent ileal digestibility values of crude protein and amino acids
and neutral-detergent fibre contents in the wheat samples and dietary levels of crude protein and
amine acids

Neutral-detergent fibre content, %' Dietary amino acid contents, %'
r p r P
Crude protein -(.60 0.001 0.11 0.61

Amino acids
Indispensable {(+semi-)

Arg -0.36 {.088 0.16 0.46
Cys -0.78 £.001 0.08 0.71
His -0.72 0.001 0.11 0.42
Tle -0.59 0.003 0.16 0.47
Leu -0.62 (.001 0.14 0.51
Lys -0.77 0.001 0.05 0.83
Met : -0.79 0.001 0.24 0.27
Phe -0.67 0.001 0.03 0.89
Thr -0.70 0.001 0.09 0.69
Trp -0.85 0.001 0.31 0.10
Tvr -0.27 0.212 0.17 0.43
Val -0.71 0.001 0.10 0.65
Dispensable
Ala -0.68 0.001 0.16 0.46
Asp 0.71 0.601 0.33 0.12
Glu -0.30 0.160 0.13 0.44
Gly -(1L.6% 0.601 0.05 0.81
Pro -0.29 0.178 0.09 0.68
Ser -0.65 0.001 0.23 0.28

' dry matter basis
r — Pearson partial correlation cocthicients (n= 33)
P — probability of significance level

heterogeneous mixture of structural (cellulose, hemicellulose, and pectins) and
non-structural (B-glycoside-linked oligosaccharides and lignin) materials (Goering
and Van Soest, 1970}, Cellulose, hemicellulose, and lignin are water-insoluble,
whereas pectins and B-glycoside-linked oligosaccharides, ¢.g., B-glucans, are
water-soluble. Several mechanisms by which diftferences in the NDF content
contribute to the vartability of apparent ileal AA digestibility values have been
proposed. It has been well established that dietary NDF has direct adverse ef-
fects on apparent ileal CP and AA digestibility values in pigs. It was shown that
the dictary inclusion of both water-insoluble and soluble fibre depressed the
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apparent ileal digestibility values of CP and AA {Graham et al., 1986; Li et al.,
1994; Mosenthin et al., 1994; Schulze et al., 1994; Lenis et al., 1996). The lower
ileal digestibility values of CP and AA with increasing waler-insoluble fibre
content may be atiributed to an increase in the rate of passage of digesta (Stano-
gias and Pearce, 1985) and increased distal ileal recoveries of endogenous CP
and AA (Sauer et al., 1977; Taverner et al., 1981; De Lange et al., 1989; Furuya
and Kaji, 1992; Leterme et al., 1992). On the other hand, the gelling and visco-
sity properties of water-soluble fibre can decrease the digestion and absorption
of nutrients by reducing the mixing of intestinal contenis, thus blocking enzyme-
substrate interactions. This then forms an unstirred water layer which creates a
physical barrier to nutrient absorption (Johnson and Gee, 1981; Anderson et al.,
1990}. Recently, Huang (1997) in studies with wheat shorts demonstrated that
considerable proportions of CP and AA are directly associated with NDF and
are of low digestibility. Their results tmply that in plant feedstuffs including
wheat, significant amounts of CP and AA are associated with NDF in a form that
is of low digestibility. Therefore, the higher the NDF content, the lower the ileal
digestibility values of CP and AA.

Fan et al. (1994) showed that the apparent ileal digestibility values of CP and
AA are quadratically affected by dietary CP and AA contents unless those CP
and AA contents in assay diets excecd their corresponding “threshold levels’.
Although there were some differences in the dietary levels of AA among the
experimental diets (Table 2), it was surprising to see that Pearson partial correla-
tion analysis revealed no correlation (P>0.05) between dietary AA contents and
the corresponding ileal AA digestibility values among the wheat samples (Table
3). The possibility of effects of differences in dietary AA contents on the varia-
bility of ileal amino acid digestibility values in these wheat samples was there-
fore excluded. This was likely due to the fact that, with the exception of the
limiting AA (i.e., lysine, threonine and tryptophan), the contents of CP and other
AA in these high-protein wheat samples were very close to, or higher than, the
established ‘threshold levels’ of CP and AA determined with soyabean meal. In
addition, different feed ingredients may also differ in values of the ‘threshold
levels” of CP and AA as were previously defined (Fan et al., 1994). On the other
hand, our previous study also showed that determination methods had no effects
on the determination of apparent ileal CP and AA digestibility values in wheat
(Fan and Sauer, 1995b). In this study, ileal CP and AA digestibility values in the
wheat samples were all measured with the direct method. Therefore, methodo-
logical approaches were not responsible for the variability of apparent ileal CP
and AA digestibility values in these high-protein wheat samples.

In conclusion, measured with the ilcal analysis method, there were difteren-
ces in the apparent ileal digestibility values of all AA among the high-protein
wheat samples. Differences in the NDF content among the wheat samples were,
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in part, responsible for the variation, whereas methodological approaches were
not the sources of the variation. Furthermore, the relatively low digestibility
values of lysine, threonine and tryptophan further accentuate the limitation of
these AA in proteins from wheat.
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STRESZCZENIE

Zmiennos¢ wartosci pozornej strawnosei jelitowej aminokwasdw roznych odmian pszenicy
wysoko-bialkowej u rosngcych swin

Celem pracy bylo zbadanie czynnikow odpewiedzialnych za zmienno$e pozornej jelitowej straw-
nosci aminokwaséw (AA) rdznych odmian pszenicy wysoke-biatkowej. Szesé wicprzkow. o $redniej
poczatkowej m.c. 30,5 kg, 2 prostymi T-przetokami do koncowego odeinka jelia biodrowego, zy-
wiono 6 dictami w ukladzie kwadratu tacinskiego 6 x 6. Kazda z diet zawicrata po 970 g kg™ réznych
odmian pszenicy. Jako wskaZnik do oznaczania strawnosei zastosowano trdjtlenek chromu. Wieprz-
ki zywiono dwa razy dziennie, o godz. 8120, dieta wynoszaca 1,600 g/dzien. Kazdy okres do§wiad-
czalny wynosil 8 dni.

Stwierdzone istotne (P<0,05) roznice w strawnoscl wszystkich AA pomigdzy odmianami psze-
nicy. Sposrod niezbednych (+ czesciowo) AA, w obrebie kazdej proby, wspotczynniki strawnosct
lizyny i trconiny, picrwszego i drugiego egraniczajacego AA, byly mnigjsze 1 wahaty sig od 59,0 do
70,3% (P<0,05} oraz od 64,2 do 73,% (P<0,05}), odpowicdnio. Z wyjatkicm argininy i tyrozyny,
wspdtezynniki strawnoséci pozostalych niezbgdnych (+ czgdciowo-) AA, byly ujemnic skorelowane
{P<0,05) z zawartodcia NDF, podezas gdy réznice w zawartosci AA w dietach nie wplyngly na zmicn-
no$é¢ wspolezynnikdw strawnosci jelitowej AA badanych odmian pszenicy.

W podsumowaniu stwierdzono, ze w oparciu o analityczne metody pomiaru w jelicie biodrowym
wspdtczynniki strawnosdci AA roznych odmian pszenicy wysoko-biatkowej znacznic sig roznity.
Zmicnnosé ta spowodowana byla w duzej micrze rozng zawartoscia NDF. Stosunkowo niska straw-
noéc lizyny, treoniny i tryptofanu wskazuje dodatkowo na niedobdr tych AA w biatku pszenicy.



