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ABSTRACT- Ninety six 2-week-old British United Turkeys (BUT) Big 6 were assigned
to 2 groups (4 replicates of 12 birds each). One basal diet and another one in which 20%
canola meal replaced the corn starch in the basal diet were prepared. At 9, 16 and 21 wk
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of age, four birds from each pen slaughtered for digesta collection. The last two-third
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segment of the intestine, between the Meckel’s diverticulum and about 2 cm anterior to
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the ileo-ceca-colonic junction, was excised. The diets and digesta were analyzed for dry
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matter, crude protein, and chromic oxide content. The standardized prececal protein
digestibility of canola meal was calculated using multiple linear regression procedure.
The standardized prececal protein digestibility of canola meal at 21 wk of age was
significantly lower as compared with that of 9 wk of age; the relative weight of digestive
Keywords:
Standardized prececal protein digestibility organs also decreased significantly with increasing age (P< 0.05). By using multiple
linear regression which accounted for the endogenous nitrogen losses, we showed that
Multiple linear regression
standardized prececal protein digestibility was also influenced by the age.
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INTRODUCTION
Diet formulation is a vital issue in poultry production.
Although, the total nutrient components is a very
important issue in poultry industry, the digestibility of
the individual nutrient is of greater importance in
terms of meeting higher performance and lower
environmental nitrogen loss in contemporary
production systems. British United Turkeys (BUT) Big
6 have recently become popular among producers,
mainly because of higher growth rate and performance
compared to other meat birds, and research on feed
digestibility is scarce in this turkey.
Much data have been published (Payne et al., 1971;
Nordheim and Coon, 1984; Sibbald, 1986) on feed
digestibility in birds, using current methods of
digestibility measurements, but these methods have
been criticized for not accounting for the endogenous
nitrogen loss contributed by the posterior part of the
hind gut, and also being more time-consuming
(Sibbald, 1987; Sauer et al., 2000; Lemme et al., 2004;
Ravindran et al., 2004). Such limitations of the current
methods can be overcome through prececal or total
tract digestibility measurements using cecectomized
birds (Rezvani et al., 2008a; Rezvani et al., 2008b). To
correct for the endogenous losses of the nutrients, the
losses are usually estimated by using various
techniques, although the estimates can vary according
to the method used (Perez et al., 1993; Siriwan et al.,
1993; Donkoh and Moughan, 1999; Jansman et al.,
2002). Therefore, methods which do not require

separate determination of endogenous losses would be
of great value in feed evaluation. This can be achieved
by using multiple linear regression (MLR) procedure,
and using at least two levels of each ingredient, thus
eliminating the need for using another group of birds
for estimating the endogenous losses (Short et al.,
1999; Rodehutscord et al., 2004; Kluth et al., 2005;
Rezvani et al., 2012).
Published data on the effect of age on nitrogen
digestibility in poultry (Kadim et al., 2002; Ravindran
et al., 2004; Huang et al., 2005; Adedokun et al.,
2007a; Rezvani et al., 2007) are not consistent, mainly
due to incorrect sampling site and/or the method
applied for correcting the endogenous losses. To the
best of our knowledge, the MLR approach has not yet
been used to study the effect of age on standardized
prececal protein digestibility in BUT Big 6. Therefore,
the present study aimed at determining the effect of age
on standardized prececal protein digestibility using the
MLR approach. Two levels of canola meal (as a nonconventional feed for BUT Big 6) were used to
measure the standardized prececal protein digestibility
in three age groups. Canola meal contains a high
protein concentration
with high
methionine
digestibility in both layers and meat-type poultry
(Kluth et al., 2005; Rezvani et al., 2008a; Rezvani et
al., 2012).
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1994) comprising mainly corn grain, corn starch and
wheat gluten. The second group was fed with a diet
containing 20% canola meal substituted for corn starch
in the basal diet, so that the differences in crude protein
(CP) content of the diets could be attributed to the
canola meal (Table 1). Analyzed chemical composition
of the canola meal was shown in Table 2. Chromic
oxide (Cr2O3) was added to the diets (0.5%) as a
marker for measuring the standardized prececal protein
digestibility. The diets were fed as mash form,
prepared by using a hammer mill (3 mm screen). The
diets were fed to the birds only one wk before the
slaughtering time at different ages. At other times, the
birds were fed the conventional turkey diets which
were prepared from The Rad Ard Pars Company,
Shiraz, Iran.

MATERIALS AND METHODS
Birds and Experimental Treatments
One hundred and fifty five-day-old male BUT Big 6
were obtained (Aviagen® Co., Grantham Hatchery,
Grantham, UK) and reared according to the company’s
guidelines at the Experimental Research Station of
Animal Science, College of Agriculture, Shiraz
University, Shiraz, Iran (18L:6D photoschedule; 20 lx).
The rearing temperature was set at 32GC during the first
wk of age and then reduced by 2.8GC per wk, reaching
to a final temperature of 20GC. At the second wk of
age, 96 birds were randomly selected and assigned to 8
floor pens (2 treatment groups with 4 replicates of 12
birds each), in a completely randomized design. The
pens were equipped with a hanging feeder and a bell
drinker. The first group, received a basal diet (NRC,

Table 1. Ingredients and chemical composition of basal diets and diets with 20% of canola meal (CM) substituted for corn
starch in the basal diet
Age (wk)
Diets
Basal diet
Ingredients (%)
Rice hull
15.1
Corn
36.7
Wheat gluten
19.0
Corn starch
20.0
CM (CP = 36 %) 0
Soybean oil
0
0.050
Cr2O3
Dicalcium
3.67
phosphate
NaCl
0.260
CaCO3
3.55
0.500
Premix1
L- Lysine HCl
1.00
DL0.020
Methionine
L- Threonine
0.150
Calculated analysis (DM basis)
Metabolizable
energy
2850
(kcal/kg)
Crude protein
20.9
Ca (%)
2.42
Available P (%) 0.766
Methionine
0.382
Lysine
1.25

9

16

21

CM diet

Basal diet

CM diet

Basal diet

CM diet

15.1
36.7
19.0
0
20.0
0
0.050
3.67

15.2
45.0
14.7
20.0
0
0
0.050
1.61

15.2
45.0
14.7
0
20.0
0
0.050
1.61

15.1
45.9
12.9
20.0
0
2.45
0.050
1.56

15.1
45.9
12.9
0
20.0
2.45
0.050
1.56

0.260
3.55
0.500
1.00
0.020

Basal diet

CM diet

Basal diet

CM diet

15.2
45.0
14.7

15.2
45.0
14.7

15.1
45.9
12.9

15.1
45.9
12.9

0.150

20.0

0

20.0

0

2500

3000

2670

3200

2840

28.1
2.56
0.840
0.544
1.68

18.0
1.22
0.368
0.343
0.995

25.1
1.36
0.442
0.505
1.43

16.5
0.772
0.358
0.288
0.822

23.6
0.906
0.432
0.450
1.26

1

Provided per kg: vitamin A, 7350 IU; vitamin D3, 2200 ICU; vitamin E, 8 IU; riboflavin, 5.5 mg; d-pantothenic acid, 13.0 mg;
niacin, 36 mg; choline, 500 mg; vitamin B12, 0.02 mg; menadione, 2 mg; folic acid, 0.5 mg; thiamine mononitrate, 1.0 mg;
pyridoxine, 2.2 mg; d-biotin, 0.05 mg; Cu, 6.0 mg; Fe, 54.8 mg; I, 1.0 mg; Mn, 65.3 mg; Se, 0.3 mg; Zn, 55.0 mg.

Table 2. Analyzed chemical composition of the canola meal (percent, on dry matter basis unless stated otherwise)
Dry matter
88.7

Crude
protein
38.7

Ether
Extract
3.72

Ash
8.09

Crude
fibre
15.6

Neutral
detergent fiber
26.5

Calcium
0.830

Phosphorus Total Glucosinolates
(mmol/kg DM)
1.29
8.98

42
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Sampling and Data

Statistical Analysis
Data were analyzed using the GLM procedure of SAS
(2004). Multiple linear regression analysis, as
suggested by Kluth et al. (2005), was used to determine
the standardized prececal protein digestibility, where
digested protein was regressed on the protein intake.
As basal endogenous loss was included through the
intercept ( ), no correction was made for basal
endogenous losses. The following model was applied
to determine the digestibility of canola meal protein
(Rezvani et al., 2008b):
ybsij = + bXb + siXsi + ebsij, where, ybsij = the amount
of daily digested protein from canola meal-containing

diet (mg/d), = intercept, b = digestibility of protein
originating from the basal diet, Xb = daily intake of
protein originating from the basal diet (mg/d), si =
digestibility of protein originating from canola meal,
Xsi = daily intake of protein originating from canola
meal, and ebsij = error term with mean 0 and normal
distribution. The treatment means were compared using
the Duncan’s multiple range test at the significance
level of 0.05.
RESULTS AND DISCUSSION
The effect of age on the digestibility of canola meal
protein, body weight, feed conversion ratio, and
relative weights of digestive organs are summarized in
Table 3. The digestibility of canola meal protein (%)
was 83.2 ± 12.1, 77.9 ± 15.6, and 70.3 ± 17.3, at 9, 16,
and 21 wk of age, respectively, with a significant
difference between age 9 and 21wk (P< 0.05; Fig. 1).
A linear increasing trend was found for the feed
conversion ratio with increasing age. The analysis of
carcass constituents showed a significant decreasing
trend (P< 0.05) in the relative weights of the digestive
organs in the birds fed by canola meal at different ages.
30

Protein digested (g/bird/d)

Body weight and feed intake were recorded weekly on
a pen basis. Average daily gain, feed intake, and feed
conversion ratio were also calculated. During the
rearing period, 4 birds per pen were slaughtered at 9,
16, and 21 wk of age. Digesta were obtained by
flushing the last two third segments of the intestine,
between the Meckel’s diverticulum and 2 cm anterior
to the ileo-ceca-colonic junction, using distilled water
(Rezvani et al., 2008b). The digests were then frozen at
-20GC immediately, vacuum-dried, and grounded. The
gizzard, proventriculus, liver, intestine and pancreas
were dissected out, and weighed for calculation of the
relative weight of the organs.
The dried digesta and diets were analyzed, in
triplicate, for dry matter (DM) and crude protein (CP)
according to AOAC procedures (1990). The content of
Cr2O3 was determined in the diets and digesta using an
atomic absorption spectrophotometer (Shimadzu, AA
670, Tokyo, Japan) according to Williams et al. (1962).
Prececal protein digestibility of the diets was calculated
using the following equation:
Digestibility (%) = 100 – 100 × [(Cr2O3Diet × CPDigesta)/
and
(Cr2O3Digesta × CPDiet)] in which, Cr2O3Diet
Cr2O3Digesta represent concentrations of Cr2O3 in the diet
and digesta samples (g/kg), respectively, and CPDiet and
CPDigesta stand for the concentrations of CP in the diet
and digesta samples (g/kg), respectively.

wk 9 of age
wk 16 of age

20

wk 21 of age
10

0

15

25

35

45

Protein intake (g/bird/d)

Fig. 1. The standardized prececal protein digestibility of
canola meal in BUT Big 6 at different ages
calculated using multiple linear regression approach

Table 3. The effect of age on standardized prececal protein digestibility of canola meal, body weight, feed conversion ratio,
and relative weight of digestive organs in British United Turkeys Big 6
Age (wk)
Protein digestibility (%)
Feed intake (kg/bird)
Body weight (kg/bird)
Feed conversion ratio
Relative weight (%)1
Gizzard
Proventriculus
Liver
Intestine
Pancreas

9
83.2 ± 12.1a
10.3 ± 0.378 c
4.17 ± 0.191c
2.47 ± 0.034b

16
77.9 ± 15.6ab
27.3 ± 0.378 b
11.1 ± 0.191 b
2.46 ± 0.035b

21
70.3 ± 17.3b
48.1 ± 0.378a
18.0± 0.192a
2.67 ± 0.035a

P-value
< 0.0001
< 0.0001
< 0.0001
< 0.0003

2.7 ± 0.046a
0.264 ± 0.005a
1.60 ± 0.034a
2.48 ± 0.057a
0.183 ± 0.005a

1.78 ± 0.045b
0.176 ± 0.005b
1.32 ± 0.033b
2.04 ± 0.056b
0.104 ± 0.005b

1.04 ± 0.047c
0.083 ± 0.005c
0.692 ± 0.034c
1.51 ± 0.058c
0.059 ± 0.005c

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

a-c

Means in the same row without a common superscript differ significantly (P< 0.05).
As a percentage of live weight

1
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The main aim of this study was to investigate the
effect of age on the standardized prececal protein
digestibility of canola meal using multiple linear
regression approach. The results showed that the effect
of birds' age on the digestibility was significant (P<
0.05). Huang et al. (2005) showed that age significantly
affected the CP apparent digestibility. Tarvid (1995)
also found that age had a significant effect on the
digestion and absorption of dietary protein in broiler
chickens. Zuprizal and Chagneau (1992) reported a
decreasing trend for CP and amino acid digestibility of
canola meal as the birds' age increased. It might be
assumed that if the effect of the endogenous
components was not considered at different ages, the
apparent digestibility measurements would be adversely
affected, so the higher endogenous loss will result in
lower apparent digestibility.
In contrast to this study, Adedokun et al. (2007b)
found no differences in the apparent ileal digestibility of
a number of amino acids between 5 and 21 d of age in
turkey pullets. Rezvani et al. (2007) reported that
apparent prececal digestibility of most amino acids at
age 57 wk was higher than those of 27 or 40 wk in
cecectomized laying hens. However, the digestibility
measurements in the present study were corrected for
the endogenous losses using the regression model
procedure which is standardized and therefore the
measurements are more accurate. The relative weights
of gizzard, proventriculus, liver, intestine and pancreas
were significantly lower (P< 0.05) at older ages.

The decreased relative weights of the digestive organs
(which contribute to the endogenous nitrogen losses) at
older ages could be associated with lower endogenous
nitrogen losses. Not considering this fact might result in
higher apparent protein digestibility at older ages as
reported previously (Rezvani et al., 2007). By applying
MLR, the interference of the endogenous losses on
protein digestibility is corrected, thereby resulting in
lower standardized protein digestibility at older ages.
This study showed that using the multiple regression
method for determining the standardized prececal
protein digestibility in canola meal at 3 different ages
reflected the effect of age on protein digestibility.
Investigation of the standardized prececal protein
digestibility of canola meal and the effect of age using
cecectomized turkeys would reduce the standard errors
as reported previously (Rezvani et al., 2008a; Rezvani et
al., 2012). Furthermore, the digestibility of amino acids
rather than protein in cecectomized turkeys would be a
more accurate measure of feed protein quality in
formulating the diets more economically.
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