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ABSTRACT 

A total of 185 Ross broiler chickens (age 22 days) and 36 adult Leghorn cockerels were used to 
investigate the effect of volume-weight (from 53.4 to 71.5 kg/hi) on the apparent excreta digestibility 
(AED) of nutrients and apparent nitrogen corrected metabolizable energy value (AME n) of barleys. 
Furthermore, apparent ileal (AID) and AED of amino acids were determined for broilers. Birds were 
given either a semi-purified soyabean meal based basal diet (crude protein 300 and 170 g/kg dry 
matter for broilers and cockerels, respectively) or basal diet-barley mixtures (50:50 on a DM basis). 
The AID and AED of nutrients were determined using chromium mordanted straw as an indigestible 
marker. The AID of nutrients was measured by the slaughter technique. Volume-weight did not affect 
the AID or AED of amino acids in broilers. Neither did volume-weight affect the AME n of barley in 
broilers or cockerels. The AME n of barleys were higher for cockerels compared to broilers. Diffe­
rences in amino acid digestibility of diets measured from excreta and digesta varied for individual 
amino acids. The AID of alanine, glycine and methionine were higher than corresponding AED 
values. For other measured amino acids AED was higher than AID, the largest differences observed 
for cystine and aspartic acid. 
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INTRODUCTION 
In Northern Europe and Canada, barley is an important energy source in mo-

nogastric feeds. Broiler diets can contain up to 60 % of barley. Barley protein 
contains more essential amino acids, e.g. methionine, lysine and threonine than 
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wheat protein (Wallis, 1984). However, amino acid digestibility is lower for barley 
than wheat due to higher non-starch polysaccharide content (Wallis, 1984). The 
chemical composition and nutrient digestibility of barley vary greatly and are af­
fected by several factors, such as variety, level of fertilization and growing condi­
tions (Bach Knudsen et al., 1987; Fuller et al., 1989; Bulman and Smith, 1993). 
The economical value of barley is generally based on volume-weight (VW). An 
association between VW and chemical composition of barley has been extensively 
studied during the 1970s (Sibbald and Price, 1976a,b; Coates et al., 1977; Salo, 
1978). 

Under unfavourable weather conditions, barley starch content is low, the en­
dosperm is undeveloped, grain is smaller and lighter and the portion of hull is 
larger. According to Salo (1978) VW of barley is positively related to starch and 
negatively related to crude fibre content. However, there is a lack of knowledge 
concerning the connection between VW and the nutrient digestibility and AME-
value for poultry, despite measurements being reported for wheat (Wiseman, 2000). 

In general, amino acid requirements for poultry are expressed as total amino 
acids (NRC 1994). In addition, amino acid digestibility measurements based on 
excreta (AED) were previously used to optimise poultry diets. However, in poul­
try, little or no amino acids are absorbed after the ileum, while considerable micro­
bial protein degradation and synthesis occurs in the lower digestive tract which 
affects the determination of apparent digestibility coefficients (Parsons et al., 1982). 
In addition, faeces and urine are voided together but amino acid excretion to urine 
is commonly supposed to be negligible. Therefore, digestibility values measured 
from excreta are subjected to error and apparent digestibility of amino acids should 
be measured at the ileum (AID) (Moughan and Donkoh, 1991). Furthermore, the 
difference between AID and AED of amino acids varies depending on dietary 
ingredient and the amino acid in question (Williams, 1995; Ravindran et al., 1999). 
Currently, there are only a limited number of published reports of AID of amino 
acids in barley. 

The aim of this study was to investigate the effect of VW on the AME of barley 
for poultry and the digestibility of amino acids. In addition, the difference between 
ileal and total digestibilities was determined in order to evaluate the contribution 
of the lower digestive tract to the digestibility of barley in broilers. 

MATERIAL AND METHODS 

Birds 

For Experiment 1, a total of 185 d-old Ross broilers were obtained from a 
hatchery and raised in three-floor battery wire cages (size 47.5 x 56 x 40 cm), five 
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birds (two males and three females or two females and three males) per cage. One 
bird per cage (female or male) was killed for digesta viscosity determinations, 
so that equal numbers of both sexes per cage were used for excreta and digesta 
collections. Birds received standard broiler starter and grower diets (220 and 
200 g/kg of crude protein, respectively) from d 1 to d 14 and from d 15 to d 21, 
respectively. Broilers were 22 d of age at the beginning of the experiment. The 
broiler house temperature was maintained at 19°C during the experimental peri­
od (from d 22) and light was controlled according to Ross-broiler breeders' in­
structions (20 h light (5-10 lux) and 4 h dark cycle). 

In Experiment 2, a total of 36 adult (26 wk old) Leghorn cockerels were used. 
Birds were housed in digestibility cages (30 x 45 x 50 cm), one cock per cage at a 
temperature of 20°C under a 11 h light (7 lux) and 13 h dark cycle. 

Diets 

Barley (var. Kymppi) were harvested during year 1997. Barley samples were 
obtained from batches sent to Rehuraisio Ltd., Finland by contract-producers. A 
total of 200 samples were classified by VWs and 15 samples were randomly se­
lected from classes for detailed analysis. Six samples were chosen for digestibility 
experiments based on VW and chemical composition of samples (Table 1). Object 
was to get barleys with different VWs but fairly uniform protein content. Experi­
mental barleys were harvested during 1997, when weather conditions were rather 
dry (rain 385 mm and cumulative temperature 1504°C during the growing season 
(temperature over 5°C)). In Experiment 1 with broilers, six barleys with VWs of 
53.4, 60.6, 62.6, 64.6, 68.6 and 71.5 kg/hi were used. In Experiment 2 with co­
ckerels, the same barleys with the exception of barley with a VW of 60.6 kg/hi 
were used. Barleys were ground before mixing using a 4.0 mm sieve (Pulverisette 
15, Fritsch, Germany). 

In both experiments, test diets contained 500 g of each barley sample and 500 g 
of basal diet (BD), on a DM basis. Diets were formulated to meet nutrient require­
ments of broilers (Tuori et al., 1996) and were fed without enzymes (Table 2). 
A semi-purified basal diet contained soyabean meal as the sole source of protein 
(Table 3). For all treatments in the broiler experiment, 1.7 g/kg feed of chromium 
mordanted straw was used as indigestible marker (0.2 g Cr/kg feed, Uden et al., 
1980). Barleys and basal diet ingredients were mixed in a batch-mixer and pressed 
with cold air to 4 mm pellets (Amandus Kahl Laborpresse L175, Germany). 

Experimental procedures 

In experiment 1 at 22 day of live, five cages of five birds were randomly allo­
cated to each of the six dietary treatments and the basal diet. Feed and water was 
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TABLE 1 
Composition of the tested barleys, g/kg dry matter (unless otherwise stated) 

Barley VW, kg/hi 53.4 60.6 62.6 64.6 68.6 71.5 
Barley WTK, g 31.4 37.5 34.1 39.0 37.2 35.8 

Dry matter, % 88.49 88.10 88.51 88.43 88.35 89.99 
Organic matter 964.7 970.8 971.7 971.1 971.6 971.5 
Ash 35.3 29.2 28.3 28.9 28.4 28.5 
Crude protein 131.4 126.9 129.1 128.7 125.2 139.0 
Crude fat 29.0 29.4 30.2 30.6 30.5 31.3 
Crude fibre 62.6 55.7 60.8 52.2 48.8 44.8 
N-free extractives 741.6 758.8 751.5 759.6 767.0 756.3 
Starch 585.4 610.8 606.2 645.2 624.9 611.8 
NDF 262.7 242.3 256.4 233.0 235.4 205.1 
ADF 66.5 64.6 65.4 61.4 57.2 49.1 
Hemisellulose 196.2 177.7 191.0 171.6 178.2 156.0 
(3-glucan 41.3 40.3 41.4 49.2 47.0 47.9 

Amino acids 
arginine 6.5 6.3 6.3 6.3 6.3 6.6 
histidine 3.0 2.8 2.9 2.9 2.9 3.0 
isoleucine 4.1 3.9 4.0 3.8 3.8 4.3 
leucine 8.9 8.7 8.9 8.7 8.6 9.3 
lysine 4.2 4.0 4.2 4.0 4.0 4.3 
methionine 2.0 2.0 2.0 1.8 1.9 2.0 
phenylalanine 6.5 6.4 6.5 6.5 6.4 7.0 
threonine 4.1 4.0 4.0 4.0 3.9 4.2 
valine 6.8 7.4 7.8 7.0 7.7 6.9 
alanine 5.2 5.1 5.1 5.0 4.9 5.2 
aspartic acid 7.2 7.0 7.1 6.9 6.9 7.5 
cystine 3.1 3.1 3.0 3.0 2.7 3.2 
glutamic acid 31.5 31.4 30.3 33.7 29.5 35.5 
glycine 5.3 5.2 5.2 5.1 5.1 5.3 
proline 15.1 15.5 14.8 16.1 14.1 17.0 
serine 5.3 5.3 5.3 5.3 5.1 5.6 
tyrosine 4.2 4.1 4.2 4.1 4.1 4.5 

VW = volume-weight, WTK = weight per 1,000 kernels 

provided ad libitum. After a 5 d adaptation period, one bird per cage was killed for 
digesta viscosity determinations. Thereafter total excreta collection was carried 
out for 3 d. That was followed by a further 2 d adaptation period, 24 h fasting and 
4 h free access to feed after which birds were killed for ileal digesta collection. 
The trial lasted 13 days. Cages were divided into five blocks, each consisting of 
seven treatments. Feeding and killing were started at the same time for the whole 
block (one cage from each treatment). Time between blocks were 1 h. Birds were 
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TABLE 2 
Composition of the experimental diets, g/kg dry matter (unless stated otherwise), for broilers and 
cockerels 

Experiment 1 Experiment 2 

Diet 1 2 3 4 5 6 7 1 2 3 4 5 6 
Barley VW BD 53.4 60.6 62.6 64.6 68.6 71.5 BD 53.4 62.6 64.6 68.6 71.5 

Dry matter,% 92 90 92 92 92 91 91 88 87 88 87 87 87 
Crude protein 308 218 222 222 217 215 218 173 158 157 169 155 161 
Crude fibre 46 50 42 48 43 43 43 
Ether extract 30 29 29 30 31 30 31 
Ash 89 64 66 61 69 61 60 
Gross energy, 
MJ/kg DM 18.0 18.2 18.0 18.3 18.2 18.2 18.2 17.9 18.0 18.0 18.1 18.0 18.2 

TABLE 3 
Composition of basal diet, g/kg dry matter 

Experiment Broilers (Experiment 1) Cockerels (Experiment 2) 

Soyabean meal 625 170 
Barley starch 314 790 
Limestone 18 10 
Dicalcium phosphate 30 20 
NaCl 5 5 
DL-methionine 2.0 0.5 
Trace mineral premix1 3.0 2.0 
Vitamin premix2 3.0 3.0 
1 trace mineral premix supplied per kg of basal diet for broilers and cockerels, respectively (in mg): 

Ca, 950 and 630; Fe, 43.8 and 29.2; Cu, 7.6 and 5.1; Mg, 75.4 and 50.3; Zn, 97.6 and 65.1; I , 0.7 
and 0.5; Se, 0.3 and 0.2 

2 vitamin premix supplied per kg of basal diet for broilers and cockerels, respectively (in mg): Ca, 
2.1; P, 8.9; vit. A, 18 750 1U; vit. D 3 4650 IU; vit. E, 60.0; tocopherol, 54.0; phylloquinone, 7.5; 
thiamine, 4.5; riboflavin, 9.0; pyridoxine, 6.0; cyanocobalamin, 0.05; biotin, 0.45; folic acid, 1.5; 
niacin, 60.3; pantothenic acid, 22.5, and antioxidants, 0.92 

killed by stunning with carbon dioxide and subsequent neck dislocation. The ile­
um was dissected from Meckel's diverticulum to the ileo-caeco-colic junction and 
digesta was quantitatively collected from the distal 15 cm for viscosity and digesti­
bility determinations. Viscosity of ileal digesta was measured after centrifugation 
(11 600 x g, 3 min) on a Brookfield Digital Viscometer (Brookfield Engineering 
Laboratories Inc., Stoughton, MA, USA) at 25°C with a Cone-Plate 40 spindel. 
Digesta of birds within a cage was pooled before chemical analysis. 
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In Experiment 2, cockerels were divided into six equal blocks according to 
liveweight. Within a block, cages containing one bird were randomly allocated to 
six treatments. Feed and water was offered ad libitum. The trial lasted 9 days, that 
included 5 d adaptation and 4 d total excreta collection. Collection of excreta was 
performed as described for Experiment 1. For both experiments, birds were weighed 
at the beginning and end of the trial and at the beginning and end of excreta collec­
tion. Feed intake of each cage was recorded during the collection period and for 
broilers during the 4 h pre-slaughter period. Experimental procedures were evalu­
ated and approved by the Animal Care Committee of the MTT Agrifood Research 
Finland. 

Chemical analysis 

Feed ingredients were sampled before mixing of experimental diets. Ileal di­
gesta samples were freeze-dried and excreta samples were dried over night at 60°C. 
Al l samples were ground to through a 1 mm sieve before analysis. Nitrogen ana­
lysis from excreta was conducted with fresh samples by the Kjeldahl-method and 
that from dried ileal digesta samples according to a Dumas based method using a 
Leco FP 428 nitrogen analyser (Leco Corp., St Joseph, USA). Proximate analysis 
was performed according to standard procedures (AOAC, 1990), crude fibre using 
method of Hirsjarvi and Andersen (1954), starch according to Bach Knudsen et al. 
(1987), neutral detergent fibre (NDF) according to Van Soest et al. (1991) and acid 
detergent fibre (ADF) and lignin according to Robertson and Van Soest (1981). 
Samples were hydrolysed with 4 M HC1 before ether extract analysis. Gross ener­
gy were determined with IKA C 400 calorimeter (Janke and Kunkel GmbH, Sa-
tufen, Germany) using benzoic acid as a calibration standard. Amino acids were 
determined according to official EC method (EC 1998), chromium according to 
Williams et al. (1962) and (3-glucans according to McCleary and Codd (1991). 

Data analysis 

AID and AED of nutrients were calculated using Cr as an indigestible marker: 

Apparent ileal or excreta digestibility - [(N/Cr)d - (N/Cr)J / (N/Cr)d, 

where (N/Cr)d = the dietary ratio of nutrient to Cr and (N/Cr) i e = the ratio of 
nutrient to Cr in ileal digesta or excreta. 

Digestibilities of test barleys were calculated by difference using measured 
digestibility coefficients for BD: 

Nutrient digestibility - [ ( I D x D d )- (I b d x D J ] / I b a r l e y x 100, 
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where I , and I, . = intake of nutrient from diet and basal diet, and Du^ = digesti-
d bd ' d bd 0 

bility of nutrient in diet and in basal diet and I, , = intake of nutrient from barley. 
J barley J 

Apparent ME values of diets (AME) were calculated by subtracting the GE of 
excreta from GE intake divided by total dry matter intake. The AME values were 
corrected for zero nitrogen retention (AME n) assuming a value of 36.55 kJ/g of 
nitrogen lost or retained (Titus et al., 1959). AME of barleys were calculated by 
difference method. 

Experimental data was subjected to analysis of variance using the GLM proce­
dure of SAS (1990) and the model which had the random effect of block and fixed 
effect of treatment (Snedecor and Cochran, 1989). Where appropriate, treatment 
means were compared using Tukey test. When AID and AED of amino acids were 
compared, the model included the random effect of digestibility, fixed effect of 
treatment and their interaction. In all cases, residuals were plotted against fitted 
values to ensure normality of experimental data. 

RESULTS 

VW did not affect liveweight gain or feed intake of broilers and cockerels (Ta­
ble 4). The viscosity of ileal digesta was greatest in broilers fed barley of the 
highest VWs (68.6 and 71.5 kg/hi; PO.05) . However, VW did not affect the AID 
of barley diets or barley samples calculated by difference in broilers (Table 4). 
In addition, nitrogen retention and AME n were not influenced by barley VW in 
broilers or cockerels. However, barley AME n varied between samples, being hig­
her for cockerels (from 12.6 to 13.5 MJ/kg DM) compared to broilers (from 11.7 
to 12.7 MJ/kg DM) (Table 4). In addition, in diets ME:GE ratio ranged from 0.61 
to 0.64 and from 0.66 to 0.70 for broilers and cockerels, respectively. 

VW did not affect the AID and AED of amino acids (P>0.05) (Tables 5 and 6). 
No interactions between digestibility assay and amino acid digestibility were de­
tected. Differences in amino acid digestibilities between digestibility assays var­
ied for individual amino acids. In diets, AID of most amino acids tended to be 
lower for the basal compared to other diets. In contrast, AED of amino acids were 
the same for all diets. Only histidine, lysine and tyrosine digestibility coefficients 
were independent of the digestibility assay. The AID of alanine, glycine and me­
thionine in diets were higher than corresponding AED values (P<0.001). For the 
other measured amino acids AED were higher than AID values (PO.05) , with the 
largest differences observed for cystine and aspartic acid. The calculated AID va­
lues of some amino acids in barleys were over 100%. However, digestibility assay 
had no effect on the digestibility of proline and tyrosine in barley. For other measu­
red amino acids, AED was higher than AID (PO.05) , with the largest differences 
being observed for alanine, arginine, aspartic acid, lysine and valine. 
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TABLE 4 
Apparent ileal and excreta digestibility coefficients, digesta viscosity (centipoise) and apparent 
metabolizable energy values (MJ/kg DM) of diets and barleys in broilers and cockerels 

Diet 
Barley VW 

l 1 

BD 
2 

53.4 
3 

60.6 
4 

62.6 
5 

64.6 
6 

68.6 
7 

71.5 
SEM 

Broilers, n 5 5 5 5 5(4)2 5 
liveweight, g 
(age 33 days) 1327 1306 1295 1351 1363 1307 1266 31.9 
intake, 
g DM/kgW 0 7 5 /d 107 107 109 108 108 109 105 2.1 

AID in diets 
dry matter 0.58 0.58 0.59 0.57 0.51 0.62 0.60 0.010 
organic matter 0.62 0.61 0.63 0.60 0.63 0.64 0.63 0.010 
crude protein 0.70 0.74 0.74 0.73 0.75 0.74 0.75 0.011 

AID in barleys 
dry matter 0.58 0.60 0.56 0.62 0.65 0.61 0.022 
organic matter 0.61 0.63 0.58 0.63 0.66 0.63 0.021 
crude protein 0.87 0.85 0.83 0.90 0.88 0.89 0.041 

Viscosity, centipoise 8.2a 8.8a 8.2a 9.3a 28.6b 27.4b 3.50 
AME n in diets, 

MJ/kg DM 10.6 11.3 11.3 11.3 11.1 11.6 11.5 0.14 
AME n in barleys, 

MJ/kg DM 12.0 12.0 12.0 11.7 12.7 12.5 0.30 

Cockerels, n 5 5 5 5 5 
liveweight, g 
(age 191 days) 2059 2046 2069 2029 2104 2040 218.6 
intake, g DM/kgW 0 7 5/d 45 50 49 49 48 47 6.59 
AME n in diets, 
MJ/kg DM 11.9 12.4 12.2 12.5 12.7 12.6 0.39 
AME n in barleys, 
MJ/kg DM 13.0 12.6 13.2 13.5 13.4 0.77 

1 results from basal diet were not included in the statistical analysis 
2 only 4 observations for viscosity determinations of treatment 5. SEM value for this parameter is 

1.117 times greater than that reported in the table 
VW = volume-weight 

a b values in the rows with a different letter are significantly different at P <0.05 
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TABLE 5 
Nitrogen retention of intake and apparent digestibility coefficients of amino acids of broiler diets 
(Experiment 1) 

Ammo w B D , 5 3 4 6 Q 6 6 2 6 6 4 6 6 g 6 ? 1 5 S £ M D . e t s . t e Diet 
acid x site 

N-re-
tention 0.40 0.45 0.46 0.48 0.44 0.48 0.46 0.017 ns 

Ala AED 0.70 0.68 0.67 0.69 0.66 0.68 0.68 0.013 ns *** ns 
AID 0.71 0.72 0.73 0.73 0.75 0.74 0.77 0.014 

Arg AED 0.83 0.83 0.82 0.83 0.82 0.83 0.83 0.006 ns * ns 
AID 0.75 0.80 0.79 0.80 0.81 0.82 0.82 0.011 

Asp AED 0.75 0.76 0.75 0.77 0.75 0.75 0.76 0.010 ns *** ns 
AID 0.64 0.69 0.68 0.69 0.71 0.69 0.72 0.012 

Glu AED 0.783 0.82 0.82 0.83 0.81 0.82 0.83 0.008 ns *** ns 
AID 0.692 0.78 0.78 0.79 0.79 0.78 0.81 0.011 

Gly AED 0.42 0.47 0.50 0.48 0.45 0.47 0.50 0.025 ns *** ns 
AID 0.63 0.67 0.67 0.67 0.70 0.67 0.71 0.013 

Cys AED 0.60 0.68 0.66 0.66 0.63 0.65 0.66 0.017 ns *** ns 
AID 0.472 0.61 0.59 0.58 0.63 0.60 0.62 0.020 

His AED 0.81 0.79 0.79 0.79 0.79 0.78 0.80 0.011 ns ns ns 
AID 0.76 0.78 0.77 0.77 0.78 0.78 0.80 0.011 

He AED 0.78 0.78 0.78 0.79 0.77 0.76 0.79 0.011 ns * ns 
AID 0.70 0.76 0.75 0.76 0.76 0.75 0.79 0.011 

Leu AED 0.80 0.81 0.81 0.81 0.79 0.79 0.80 0.010 ns ** ns 
AID 0.72 0.78 0.78 0.78 0.79 0.78 0.79 0.010 

Lys AED 0.86 0.85 0.84 0.85 0.83 0.84 0.84 0.007 ns ns ns 
AID 0.802 0.84 0.83 0.84 0.85 0.85 0.86 0.008 

Met AED 0.84 0.81 0.81 0.82 0.81 0.81 0.80 0.009 ns *** ns 
AID 0.84 0.85 0.85 0.84 0.86 0.85 0.86 0.010 

Phe AED 0.79 0.81 0.81 0.81 0.79 0.80 0.80 0.009 ns *** ns 
AID 0.73 0.78 0.77 0.78 0.79 0.78 0.79 0.010 

Pro AED 0.76 0.81 0.80 0.80 0.79 0.80 0.77 0.011 ns * ns 
AID 0.72 0.80 0.78 0.77 0.79 0.79 0.77 0.013 

Ser AED 0.76 0.74 0.74 0.76 0.72 0.73 0.74 0.011 ns ** ns 
AID 0.67 0.71 0.70 0.71 0.73 0.71 0.74 0.013 

Thr AED 0.70 0.71 0.70 0.72 0.69 0.69 0.70 0.013 ns ** ns 
AID 0.64 0.67 0.66 0.67 0.69 0.67 0.70 0.013 

Tyr AED 0.73 0.74 0.72 0.72 0.71 0.71 0.71 0.012 ns ns ns 
AID 0.70 0.70 0.69 0.70 0.73 0.72 0.72 0.020 

Val AED 0.76 0.77 0.77 0.78 0.76 0.77 0.76 0.016 ns ** ns 
AID 0.672 0.74 0.73 0.74 0.76 0.73 0.77 0.015 

1 data of basal diet was not included when experimental data was subjected to statistical analysis 
2 digestibility of the basal diet was different to that of the other diets (PO.05) 
3 digestibility of basal diet was statistically different to that of the diets 4 and 7 (PO.05) 

site = AED vs AID, VW = volume-weight, BD = basal diet 
significance: ns= non significant, * = P O.05, ** = PO.01 and *** = PO.001 
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TABLE 6 
Apparent digestibility coefficients of barley amino acids in broilers (Experiment 1) 

Amino 
acid 

VW 
site 

53.4 60.6 62.6 64.6 68.6 71.5 SEM VW Site 
VW* 
site 

Ala AED 0.58 0.57 0.66 0.52 0.56 0.62 0.058 ns *** ns 
AID 0.75 0.78 0.80 0.88 0.83 0.92 0.066 

Arg AED 0.83 0.80 0.83 0.78 0.84 0.83 0.031 ns *** ns 
AID 1.06 1.00 1.01 1.08 1.04 1.10 0.064 

Asp AED 0.83 0.75 0.89 0.71 0.74 0.81 0.087 ns *** ns 
AID 1.13 0.98 0.98 1.19 1.15 1.17 0.106 

Glu AED 0.94 0.92 0.94 0.88 0.91 0.92 0.023 ns *** ns 
AID 1.02 1.03 0.99 1.02 0.97 1.01 0.038 

Gly AED 0.64 0.79 0.70 0.55 0.68 0.70 0.110 ns ** ns 
AID 0.84 0.80 0.82 0.93 0.86 0.94 0.062 

Cys AED 0.82 0.77 0.77 0.69 0.74 0.76 0.047 ns ** ns 
AID 0.86 0.82 0.79 0.92 0.87 0.89 0.060 

His AED 0.75 0.75 0.74 0.71 0.68 0.76 0.056 ns ** ns 
AID 0.86 0.82 0.80 0.86 0.85 0.96 0.054 

He AED 0.81 0.78 0.83 0.73 0.65 0.81 0.058 ns *** ns 
AID 0.99 0.92 0.96 1.01 1.03 1.02 0.058 

Leu AED 0.84 0.86 0.86 0.78 0.77 0.79 0.041 ns *** ns 
AID 0.97 0.93 0.94 0.99 0.98 1.00 0.043 

Lys AED 0.76 0.70 0.81 0.65 0.69 0.72 0.053 ns *** ns 
AID 1.16 1.09 1.12 1.21 1.26 1.25 0.067 

Met AED 0.73 0.71 0.77 0.74 0.70 0.70 0.041 ns *** ns 
AID 0.86 0.85 0.84 0.92 0.86 0.91 0.039 

Phe AED 0.88 0.85 0.85 0.79 0.81 0.82 0.032 ns *** ns 
AID 0.91 0.88 0.92 0.95 0.93 0.95 0.039 

Pro AED 0.88 0.87 0.87 0.82 0.86 0.79 0.027 ns ns ns 
AID 0.92 0.88 0.84 0.90 0.89 0.86 0.035 

Ser AED 0.68 0.64 0.75 0.58 0.55 0.67 0.059 ns *** ns 
AID 0.87 0.81 0.83 0.96 0.90 0.97 0.070 

Thr AED 0.75 0.69 0.78 0.66 0.65 0.72 0.061 ns * ns 
AID 0.78 0.74 0.76 0.87 0.78 0.87 0.065 

Tyr AED 0.77 0.68 0.69 0.64 0.63 0.63 0.054 ns ns ns 
AID 0.70 0.68 0.73 0.83 0.80 0.81 0.087 

Val AED 0.79 0.77 0.83 0.73 0.78 0.76 0.058 ns *** ns 
AID 0.96 0.89 0.90 1.00 0.92 1.00 0.058 

VW = volume-weight 
significance: ns= non significant, * = P O.05, ** = PO.01 and *** = PO.001 
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DISCUSSION 

Metabolizable energy value of barley 

In current study, no differences were found in adult cockerels and growing 
broilers in metabolizable energy value of barley samples. In addition, same barley 
samples were used in experiment with pigs and no differences in apparent ileal 
amino acid digestibility coefficients between barleys were observed (Valaja et al., 
1999). However, the AMEn-values of barley obtained in the current study fall within 
the range previously reported by Sibbald and Price (1976a) and Kiiskinen (1981). 
In Sibbald and Price (1976a) the AME values of Canadian barleys (40 samples) 
for roosters varied between 9.9 and 14.5 MJ/kg sample due to variations in VW of 
between 45.7 and 71.4 kg/hi. Kiiskinen (1981) reported that differences in barley 
VW of between 48.8 and 62.5 kg/hi (8 samples), were significantly correlated 
with AME in trial carried out with laying hens. In addition, Wiseman (2000) re­
ported that VW did not affect AME values for wheats of VWs from 71 to 81.5 kg/hi. 
According to Coates et al. (1977), barley crude fibre content varied to a greater 
extent (from 4.5 to 7.2%) than in the current experiment (from 4.5 to 6.3%) and 
therefore a close relationship between metabolizable energy value and crude fibre 
content was in that experiment detected. 

Differences in the digestibility of nutrients are caused by differences in barley 
composition, particularly fibre content (Hughes and Choct, 1999). Crude fibre is 
indigestible in small intestine. In the lower digestible tract crude fibre is used to a 
small extent in microbial fermentation reactions. In current experiment, barley 
with higher VW contained greater amounts of P-glucans and resulted in increased 
ileal digesta viscosity. Soluble carbohydrates, such as P-glucans, are not digested 
by endogenous enzymes, and therefore increase digesta viscosity and decrease 
nutrient digestibility and absorption in the small intestine (Hesselman and Aman, 
1986). However, in the current study, barley P-glucan content had no affect on 
nutrient digestibility. In general, when VW of barley increases, the content of crude 
fibre decreases and starch increases. In current experiment, the content of crude 
fat also increased as VW increased. The greater content of starch and crude fat and 
lower content of crude fibre of the heavier barleys possible compensated the ne­
gative effects of P-glucans on nutrient digestibility and AME-value in the heavier 
barleys. 

In the current study, AME n values for adult cockerels were higher than that of 
growing broilers. According to Scott et al. (1998), AME values increase as the 
ability of broilers to digest feed increases. Digesta transit time changes with age 
and is also dependent on diet composition and level of intake. Furthermore, young 
broilers have immature digestive tracts and lower endogenous enzyme activities 
compared to adult cockerels. The anti-nutritive effects of non-starch polysaccha-
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rides such as P-glucans diminishes after 3 weeks, and therefore AME values in­
crease with maturity (Scott et a l , 1998). 

Ileal vs total digestibility of amino acids 

In the current experiment, AID of amino acids in the basal diet tended to be 
lower compared to other diets. In contrast, AED of amino acids in basal diet did 
not vary from that of the other diets. Differences in AID and AED of amino acids 
in the basal diet resulted in a large variation in calculated barley digestibility va­
lues. The AID of amino acids in barleys appears to have been overestimated by the 
difference method due to large differences between the AID of amino acids of the 
basal diet compared to the other diets. Green et al. (1987) have noticed that the 
higher the intake of an amino acid the higher the apparent digestibility. At relative 
low intakes, small differences in supply will have a profound influence on diffe­
rences in digestibility values, since endogenous losses contribute a large propor­
tion of total excreta. However, the difference method assumes that digestibility 
coefficients are additive. In addition, supporting the arguments of Kadim and 
Moughan (1997), the digestibility of nutrients in the basal diet may have also de­
creased after incorporation with barleys because of the content of anti-nutritional 
P-glucans of barleys. 

According to Williams (1995), relatively small differences between ileal and 
faecal digestibilities become more important when poorly and highly digestible 
ingredients are compared. Poorly digestible protein supplements undergo more 
microbial fermentation than highly digestible protein ingredients, which magnify 
the differences between ileal and faecal digestibilities (Ravindran et al., 1999). 
Deamination of amino acids liberates ammonia, which is not utilized by the bird, 
but is absorbed and excreted in the urine (Salter et al., 1974). In the presence of 
poorly digestible carbohydrates, microbial synthesis increases leading to a lower 
AED than AID of amino acids (Ravindran et al., 1999). 

In the current study, the largest differences between AID and AED in barleys 
were for alanine, aspartic acid, glycine, cystine, lysine and methionine. Values for 
glycine are not reliable due to the production of glycine from acid hydrolysis of uric 
acid present in excreta (Soares et al., 1971). In addition, the content of methionine 
can be underestimated when acid hydrolysis is performed in the presence of carbo­
hydrates (Blackburn, 1978). In wheat, ileal amino acid digestibility values have been 
much higher than values obtained in excreta indicating substantial microbial protein 
synthesis in the lower digestive tract (Ravindran et al., 1999). The mean excreta 
digestibility of amino acids in wheat was lower (68%) than the ileal value (81%). 
The AID of individual amino acids in wheat were 5 to 25% units higher than AED. 
In the study of Ravindran et al. (1999), differences were particularly evident for 
alanine, threonine, histidine, aspartic acid, lysine, valine and isoleucine. 
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In conclusion, VW did not affect nutrient digestibility or AME n of barley. Bar­
ley (3-glucan content and viscosity of ileal digesta increased with higher VWs. The 
AME n of barley for adult cockerels was higher than that for young broilers. Diffe­
rences between AID and AED of amino acids in barleys were detected and they 
varied between individual amino acids. 
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STRESZCZENIE 

Wplyw ciezaru objetosciowego jeczmienia na pozornq strawnosc jelitow^ i calkowit^ amino­
kwasow oraz jego wartosc energetycznq dla drobiu 

W doswiadczeniu przeprowadzonym na 185 kurczQtach brojlerach Ross, w wieku 22 dni, oraz 
36 doroslych kogutach Leghornach badano wplyw ciezaru objetosciowego (od 53,4 do 75,1 kg h i 1 ) 
na pozornq. strawnosc calkowita^ (AED) skladnikow pokarmowych oraz wartosc energetyczna^ (ener­
gii netto, AME n ) jeczmienia. Poza tym, na brojlerach, oznaczono pozorna^ strawnosc jelitowa^ (AID) 
oraz AED aminokwasow. Ptaki zywiono polsyntetyczna^ dieta^podstawowa^ zawieraja^cq. srutQ sojo-
wq_, jako zrodlo bialka (w ilosci 300 i 170 g N x 6,25 kg*1 w dietach, odpowiednio dla brojlerow 
i kogutow), lub diet3_podstawowg. z ocenianym JQezmieniem w proporcji 50:50 (s.m.). AID i AED 
skladnikow pokarmowych oznaczano metodq. wskaznikowa^, stosujâ c jako wskaznik slom$ trakto-
wanâ  chromem, AID skladnikow pokarmowych metodâ  ubojowa .̂ 

Ciê zar objeJ:osciowy jeczmienia nie mial wplywu na wartosc AID oraz AED u brojlerow, a takze 
na wartosc energii metabolicznej (AME n) dla brojlerow i kogutow. AME n jeczmienia byla wyzsza dla 
kogutow niz brojlerow. Roznice w strawnosci calkowitej i jelitowej aminokwasow diet byly zrozni-
cowane dla poszczegolnych aminokwasow. AID alaniny, glicyny i metioniny byla wyzsza niz AED. 
Dla pozostalych, oznaczanych aminokwasow, wartosci AED byly wyzsze niz AID; najwiejcsze rozni­
ce stwierdzono dla cystyny i kwasu araginowego. 


