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SUMMARY

A trial was conducted to evaluate the effect of type of protein and energy sources in pre-starter
diet on performance, intestinal microflora and gut morphology in broiler chickens. Pre-starter
diets were a 4 × 4 factorial design with 4 levels of isolated soy protein (ISP; 0, 1.5, 3.0, and
4.5%) and 4 levels of broken rice (0, 6, 12, and 18%). All pre-starter diets were formulated to
be isocaloric and isonitrogenous. A common commercial grower and finisher diet was fed to all
birds from 11 to 24 and 25 to 42 d of age, respectively. Birds fed pre-starter diet contained 4.5%
and 18% or 3% and 6% and/or 1.5% and 18% ISP and broken rice, respectively had higher
(P < 0.05) body weight gain (BWG) at 42 d of age compared to those fed control or other diets.
Chickens fed pre-starter diet contained 4.5% ISP and 18% broken rice had lower (P < 0.05)
feed conversion ratio (FCR) as compared to those fed control (1.602 vs. 1.653) or other diets
during 1 to 42 d of age. Lactobacillus counts in ileum was reduced (P < 0.05) by 14% when
birds fed pre-starter diet contained 4.5% ISP and 18% broken rice compared to control ones at
10 d of age. Bifidobacteria counts in ileum and Escherichia coli counts in ceca were reduced
(P < 0.05) when pre-starter diet contained 4.5% ISP compared to control ones at 10 d of age.
The inclusion of broken rice in diet did not have a significant effect on Escherichia coli and
Bifidobacteria counts in ileum or Bifidobacteria, Escherichia coli, and Lactobacillus counts in
ceca of 10 d old broiler chickens. The villus height in duodenum, jejunum and ilium in birds
fed diet containing 4.5% ISP and 18% broken rice were increased (P < 0.05) by 6% at 5 and
4% at 10 d of age. It is concluded that, the inclusion of ISP and broken rice in pre-starter diet
may have some beneficial effects on gut morphology, and performance of broiler chickens.
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DESCRIPTION OF PROBLEM

Digestive tract of newly hatched broiler
chicks in terms of physiological and morpholog-
ical is not fully developed [1]. Intestinal villus
height rapidly increase during the wk 1 of life [2],
pancreatic and biliary secretion may be insuffi-
cient in wk 1 after hatch especially for protein
digestion [3]. Because of undeveloped digestive
tract and insufficient digestive enzyme secretion,
feed is less digested in the pre-starter period.
On the other hand, maturity and development
of some body systems such as thermoregulation
and immune system are closely correlated with
nutrient absorption from digestive tract. In addi-
tion, due to positive correlation between 7-d live
weight and final weight of broiler chickens [4],
economic efficiency can be improved through
feeding of highly digestible ingredients [5, 6].
Non-starch polysaccharides (NSPs) are signifi-
cant parts of soybean meal (SBM) and corn that
are commonly used as the main dietary source
of protein and energy for broiler chicks. Total
NSPs and soluble NSPs are 192 and 27 mg/g in
SBM [7] and 76.3 and 27 mg/g in corn grain [8],
respectively. Although, NSPs content of corn is
lower than soybean meal, since corn is the main
source of energy and it approximately consti-
tutes 50 to 70% of the diets [9], thus the total
amount of NSPs provided by corn is noticeable.
Soluble NSPs could prevent the enzymatic diges-
tion due to an increase in digesta viscosity, and
thus reduce protein and amino acid digestibil-
ity [10]. Furthermore, soluble NSPs can exhibit
anti-nutritive activities, leading to changes in gut
physiology, microflora, and health of birds [11].

Isolated soy protein (ISP) has significantly
higher nutritional value than SBM and is char-
acterized by a high protein (90%), low trypsin in-
hibitor content (<1 mg/kg), and zero or negligi-
ble oligosaccharides and antigenic factors [12].
During the protein isolation process the non-
protein components, including soluble and in-
soluble NSPs, are removed [13].

Starch is an important energy source in
poultry diet, and type of starch and its diges-
tion rate are important factors affecting birds
performance. A positive correlation between
starch digestion rate and broiler chicken’s per-
formance was reported [20]. Rice starch gran-
ules are smaller (3 to 8 μm vs. 2 to 30 μm)
than corn [14]. Small granules are gener-

ally digested more rapidly than larger gran-
ules [15]. In addition, rice starch has less
amylose than corn starch (200 vs. 250 g/kg)
[16] and interestingly increased amylose
content is negatively related to the digestibility
of starch [17–19].

This experiment was conducted to study the
inclusion rate of ISP and broken rice in corn-
soy pre-starter diet on performance, intesti-
nal microflora, and gut morphology of broiler
chickens.

MATERIALS AND METHODS

The experimental protocol was approved by
the Animal Welfare Committee, at the Ferdowsi
University of Mashhad (FUM), Iran.

Birds’ Husbandry and Diets

A total of 1,440 mixed sex, day-old Ross 308
broiler chicks were obtained from a local com-
mercial hatchery, weighed (average initial body
weight was 45 ± 0.8 g), divided into groups
of 15 and randomly assigned to one of the 96
floor pens. Each independent pen (120 × 100 ×
70 cm, L × W × H), was equipped with 2 nipple
drinkers and a hanging plastic feeder for man-
ual feed distribution. The pen’s concrete floors
were bedded with clean wood shavings. House
temperature and lighting programs were simi-
lar to those described previously [21]. All birds
were vaccinated against viral diseases such as,
Newcastle Disease (ND) and Infectious Bursal
Disease (IBD), as scheduled by the veterinary
official. The 16 pre-starter diets were carried out
in a 4 × 4 factorial arrangement with 4 levels of
isolated soy protein (0, 1.5, 3.0, and 4.5%) and
4 levels of broken rice (0, 6, 12, and 18%). Each
pre-starter diet was randomly fed to 6 replicate
groups of 15 chicks each from 1 to 10 d of age.
Thereafter, all birds were fed with a mash form
common commercial grower (10 to 24 d) and
finisher (24 to 42 d) diets (Table 1) based on
Ross broiler nutrient specifications (2014).

Performance Parameters

Each replicate bird was weighed after arrival
at the farm and on d 10, 24, and 42, using a dig-
ital electronic balance with 1 g accuracy. Feed
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Table 1. Ingredients and nutrient composition of the
pre-starter diets1 fed from 1 to 10 d of age.

Isolated soy protein2 (ISP)%

0 1.5 3 4.5

Corn grain 8.5% 56.64 56.64 56.64 56.64
Broken rice3 – – – –
Soybean meal 46% 27.81 25.00 22.16 19.34
ISP 90% – 1.50 3.00 4.50
Soybean oil 0.18 0.36 0.55 0.74
Corn gluten meal 8.91 8.41 7.94 7.44
Wheat bran 15% 1.00 2.58 4.17 5.79
Casein 80% 1.00 1.00 1.00 1.00
Dicalcium phosphate 1.70 1.70 1.70 1.69
Calcium carbonate 1.39 1.40 1.41 1.42
Sodium chloride 3.90 3.90 3.90 3.80
Lysine-HCl 3.00 3.00 3.00 3.00
DL-methionine 0.18 0.21 0.22 0.23
Threonine – 0.01 0.02 0.03
Vit. + min. premix4 0.50 0.50 0.50 0.50

Calculated nutrients (% unless stated)
ME (kcal/kg) 3,000 3,000 3,000 3,000
CP (analyzed) 22.87 22.96 22.85 22.97
Lysine 1.29 1.29 1.29 1.29
Met + cys 0.95 0.95 0.95 0.95
Threonine 0.90 0.90 0.90 0.90
Calcium 0.96 0.96 0.96 0.96
Available P 0.48 0.48 0.48 0.48

1Similar commercial corn-soy grower and finisher diets fed

to all birds from 10 to 24 and 24 to 42 d of age, respectively.
2It was provided from Shangdong Yuxin Bio-Tech Co., Qing-

dao, China.
3Four diets were formulated for each level of ISP by the

addition of 0, 6.0, 12.0 and 18.0 per cent of broken rice

and adjustment of all other ingredients with the exception

of sodium chloride and vit-mineral premix to obtain similar

nutrients in all diets.
4Each kg of diet contained: IU: vit. A 9,000, vit. D3 2,000,

vit. E 18; mg: vit. K3 2, vit. B1 1.8, vit. B2 6.6, vit. B3 10,

vit. B5 30, vit. B6 3, vit. B9 1, vit. B12 0.015, vit. H2 0.1,

choline choloride 500; Mn 100, Fe 50, Zn 100, Cu 10, Mg

3.5, Se 0.2.

consumption was determined from the differ-
ence between supplied and residual feed in each
replicate pen at the beginning and end of each
period, respectively. The dead birds in each pen
during each period were weighed and was used
to calculate the corrected feed conversion ratio
(FCR). The FCR was calculated by dividing
total feed consumption by body weight gain
(BWG) of birds for every pen during each
period.

Samples Collection and Measurements

One chick from each replicate close to the
average pen weight was selected to evaluate
intestinal microflora and gut morphology at 5
and 10 d of age. Chicks were weighed, sacri-
ficed, dissected, and the ileal and/or cecal (mix-
ture of both cecum) contents were immediately
collected, mixed, and placed in a microtube and
stored at –70 ◦C until microbial assay. Since
Lactobacillus and Bifidobacteria are the most
important beneficial bacteria, and E. coli is the
main pathogenic microorganism, that constitute
a large part of the intestinal microflora in broiler
chickens, these bacteria were studied in this
experiment. Microbial populations were deter-
mined by serial dilution of ileal and/or cecal
samples in anaerobic diluents before inocula-
tion onto Petri dishes of sterile agar. Lactobacilli
were grown on Rogosa SL agar, Bifidobacteria
on BIM-25 agar, and E. coli on EMB agar. Plates
for Lactobacillus and/or Bifidobacteria were in-
cubated anaerobically for 48 h at 37 ◦C, but for
Escherichia coli were incubated aerobically for
24 h at 37 ◦C. The number of colonies was
then counted to determine the colony-forming
units (CFU) per gram of fresh ileal and/or ce-
cal contents, which were expressed in common
logarithms.

Subsequently, the small intestine was divided
into 3 segments: duodenum (from gizzard to
pancreo-biliary ducts), jejunum (from pancreo-
biliary ducts to Meckel’s diverticulum), and
ileum (from Meckel’s diverticulum to the ileo-
cecal junction). The empty weight and length of
the fresh segments were recorded. About 1 cm
in length from the midpoint of every segment
was cut off, gently washed with physiological
saline solution to remove any adherent of in-
testinal contents, and placed in 10% buffered
formalin tube for fixation and further histolog-
ical study. The buffered formalin solution was
changed 2 times to refresh the tissue. Tissue
samples dehydrated with increasing concentra-
tions (70, 80, 95, and 100%) of ethanol, cleared
with xylene, and placed into paraffin embed-
ding wax. Tissue sections (2 μm) were cut by
microtome [22], floated onto slides, and stained
with hematoxylin (Gill no. 2, Sigma, St. Louis,
MO) and eosin (Sigma). Villus height and crypt
depth were measured by using a light microscope
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with a digital camera. Twelve images from 3
sections of each tissue sample were taken and
24 villus heights and crypt depths were mea-
sured by imaging software. Villus height was
measured from the top of the villus to the top
of the submucosa. Crypt depth was measured
from the base upwards to the region of transition
between the crypt and villus [23].

Statistical Analysis

Data were analyzed in a completely random-
ized design with factorial arrangement, using the
GLM procedure of SAS [24]. Means were com-
pared by Duncan’s multiple-range test. Means
difference was considered significant with a
probability of equal or less than 5% (P ≤ 0.05).
Data were also subjected to orthogonal polyno-
mial analysis for linear and quadratic trends, us-
ing SAS software.

RESULTS AND DISCUSSION

Growth Performance

The main effects of ISP and broken rice in-
clusion in pre-starter diet and their interaction on
broiler chicken’s performance are shown in Ta-
ble 2. Chicks fed pre-starter diet contained 1.5%
ISP had higher (P < 0.0001) BWG comparing to
those fed control or diets containing 3 and 4.5%
ISP at 10, 24, and/or 42 d of age. The BWG
of chickens linearly increased with an increase
of broken rice in pre-starter diet at 24 and/or
42 d of age. Birds fed pre-starter diet that con-
tained 4.5% and 18%, 3% and 6%, and/or 1.5%
and 18% ISP and broken rice, respectively had
higher (P < 0.05) BWG compared with control
and other treatments at 42 d of age (Table 3). The
inclusion of ISP in pre-starter diet improved (P <

0.05) FCR during 1 to 10 and 1 to 42 d of age. The
FCR was decreased (P < 0.05) with an increase
of the broken rice in pre-starter diet. Inclusion
of broken rice in the pre-starter diet improved
(P < 0.0001) FCR during all periods. Chick-
ens fed pre-starter diet contained 4.5% ISP and
18% broken rice had lower (P < 0.05) FCR as
compared to those fed control (1.602 vs. 1.653)
and/or other diets during 1 to 42 d of age.

The little information in the literature regard-
ing the effect of ISP on performance of broiler
chickens has conflicting results. Longo et al. [25]
reported that starter diet containing 5.35% ISP
did not affect (P > 0.05) BWG and FCR at
21 d of age, whereas Ebling et al. [26] found
that diet containing 6% ISP decreased FI dur-
ing 1 to 21 d of age, which negatively affected
broiler growth performance (P < 0.01) at 7 and
21 d of age. In contrast with these findings, the
study of Vander Eijk [27] showed that substi-
tution of SBM with ISP significantly improved
feed utilization. It has been reported that 5%
processed soy protein improved BWG and feed
efficiency of 7-day-old chicks, and improved
(P < 0.05) FCR was reported for young turkeys
fed a diet containing ISP [28]. The current study
showed that BWG and FCR improved signifi-
cantly when dietary SBM was replaced with ISP
in pre-starter diet of broiler chickens. Soybean
meal is known to contain anti-nutritional com-
pounds, such as soy antigens and lectins [29]
and trypsin inhibitors which have been shown to
be detrimental to bird’s performance [30]. Such
anti-nutritional factors present in SBM, may af-
fect small intestine characteristics and decrease
digestive enzymes activities and consequently
reduce broiler performance [31]. These factors
not only reduce the nutritional value of SBM but
reduce the digestion of nutrients from other in-
gredients. Processed soy products including soy
protein concentrate (SPC) and ISP contain lower
amount of oligosaccharides and antigenic sub-
stances. Therefore, these products have higher
nutritive values than SBM [12]. Ebling et al.
[26] showed that the coefficients of total tract
retention of dry matter and GE of the pre-starter
diets containing 6% ISP were higher (P < 0.01)
than those fed control diet. Van Kempen et al.
[32] reported that soybean oligosaccharides may
decrease energy utilization. It is also shown that
substitution of SBM with ISP significantly im-
proved feed utilization as well as BWG of chick-
ens [28]. The use of broken rice in pre-starter
diet in our study improved FI, BWG, and FCR
in broiler chickens, which are in agreement with
the previous reports [26, 33]. Rice grain has less
crude fiber and NSPs than corn (0.8 vs. 8.64%).
Insoluble NSPs decrease the passage time of di-
gesta through the gastrointestinal tract and con-
sequently reduce nutrient digestibility. Negative
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Table 2. Effect of pre-starter diet containing different levels of isolated soy protein (ISP) and broken rice (BR) on
broiler chickens’ performance.1

Weight gain (g/chick) Feed conversion ratio (g/g)

ISP (%) × BR (%) 1–10 d 1–24 d 1–42 d 1–10 d 1–24 d 1–42 d

0 0 210i 892h 2,261i 0.825a 1.158a 1.653a

0 6 230e–g 914g 2,287g,h 0.775c–e 1.142b 1.638b

0 12 229f,g 923f 2,305f 0.785c,d 1.132b,c 1.630c,d

0 18 234c–f 932c,d 2,325d,e 0.785c,d 1.127c,d 1.623d,e

1.5 0 229g 923f 2,291g 0.773d,e 1.115d–f 1.618e,f

1.5 6 234c–f 927d–f 2,330c,d 0.785 c,d 1.125c–e 1.615f,g

1.5 12 235c–e 940b 2,339b 0.768d,e 1.105f,g 1.615 f,g

1.5 18 256a 960a 2,347a 0.730g 1.095g 1.618e,f

3.0 0 234c–e 922f 2,304f 0.772d,e 1.128c 1.612 f,g

3.0 6 231d–g 921f,g 2,320a 0.780c–e 1.132b,c 1.608g,h

3.0 12 236c,d 926d–f 2,322e 0.755e,f 1.132b,c 1.627c,d

3.0 18 236c 931c–e 2,337b,c 0.777c–e 1.127c,d 1.618e,f

4.5 0 221h 914g 2,283h 0.818a,b 1.142b 1.633b,c

4.5 6 223h 920f,g 2,318e 0.800b,c 1.137b,c 1.627c,d

4.5 12 248b 935b,c 2,330c,d 0.742f,g 1.113e,f 1.610g

4.5 18 236c 925e,f 2,352a 0.763d–f 1.125c–e 1.602h

SEM2 1.65 2.28 2.39 0.01 0.004 0.03

Main Effect Means3

ISP (%)
0 – 271d 915c 2,294c 0.79a 1.14a 1.64a

1.5 – 284a 938a 2,327a 0.76c 1.11c 1.62b

3.0 – 279b 925b 2,321b 0.77b,c 1.13b 1.62b

4.5 – 277c 924b 2,321b 0.78b 1.13b 1.62b

BR (%)
– 0 268d 913d 2,285d 0.80a 1.14a 1.63a

– 6 274c 920c 2,314c 0.79b 1.13a 1.62b

– 12 282b 931b 2,324b 0.76c 1.12b 1.62b

– 18 286a 937a 2,340a 0.76c 1.12b 1.61c

SEM 0.83 1.14 1.19 0.004 0.002 0.001

P-value
ISP <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
BR <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
ISP × BR 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Orthogonal polynomials
ISP
Linear 0.0003 0.03 <0.0001 0.12 0.18 <0.0001
Quadratic <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
BR
Linear <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Quadratic 0.22 0.50 <0.0001 0.10 0.01 0.40

1All birds fed a similar corn-soy commercial grower and finisher diets during 10 to 24 and 24 to 42 d of age, respectively.
a–hMeans in the same column for every effect with uncommon superscript are significantly different at P ≤ 0.05.
2Standard error mean.
3Means represent 15 birds per pen, 24 pens per diet.

effects of soluble NSP are associated with the
viscous nature of these polysaccharides. Solu-
ble NSPs increase gut viscosity [34], which de-
creases the rate of diffusion of substrates and
digestive enzymes at the mucosal surface [35].
Soluble NSPs interact with the glycocalyx of

the intestinal brush border and thicken the rate-
limiting unstirred water layer of the mucosa,
which reduce the efficiency of nutrient absorp-
tion through the intestinal wall [36]. It has been
reported that FCR may be improved with an
increase in dietary starch, because starch is the
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Table 3. Effect of pre-starter diet containing different levels of isolated soy protein (ISP) and broken rice (BR) on
microflora counts in ileal and cecal digesta of 10-day-old chicks (log10 cfu/g content).

Ileum Cecum

ISP (%) × BR (%) E. coli L.1 B.2 E. coli L. B.

0 0 5.0 7.4a 6.5a,b 5.1 8.4 7.8
0 6 4.9 7.2a–c 6.6a 5.1 8.4 7.8
0 12 4.9 7.2a–c 6.2a,b 5.0 8.3 7.6
0 18 4.8 7.2a–c 6.2a,b 4.9 8.3 7.5
1.5 0 4.8 7.3a,b 6.6a 4.6 8.4 7.8
1.5 6 4.8 7.2a–c 6.2a,b 4.8 8.4 7.7
1.5 12 4.9 7.1a–c 6.2a,b 4.7 8.3 7.6
1.5 18 4.9 6.9a–c 6.1a,b 4.8 8.8 7.5
3.0 0 4.8 6.7c–e 6.2a,b 4.8 8.2 7.6
3.0 6 4.8 6.4d,e 6.1a,b 4.6 8.2 7.5
3.0 12 4.8 6.8c–e 6.1a,b 4.7 8.0 7.7
3.0 18 4.9 6.8b–e 6.2a,b 4.6 8.1 7.6
4.5 0 4.9 6.9b–d 6.0a,b 4.7 8.2 7.5
4.5 6 4.9 7.0a–c 6.0a,b 4.6 8.0 7.4
4.5 12 4.8 6.9b–d 6.0a,b 4.7 8.1 7.5
4.5 18 4.8 6.3e 5.9b 4.6 8.1 7.5
SEM3 0.07 0.15 0.20 0.19 0.18 0.19
Main Effect Means4

ISP (%)
0 – 4.9 7.2a 6.4a 5.0a 8.3a,b 7.7
1.5 – 4.9 7.1a 6.3a,b 4.8a,b 8.4a 7.6
3.0 – 4.8 6.7b 6.2a,b 4.7b 8.1b 7.6
4.5 – 4.9 6.8b 6.0b 4.6b 8.1b 7.5

BR (%)
– 0 4.9 7.1a 6.3 4.9 8.3 7.7
– 6 4.9 7.0a,b 6.3 4.8 8.2 7.6
– 12 4.9 7.0a,b 6.1 4.8 8.2 7.6
– 18 4.9 6.8b 6.1 4.7 8.2 7.5
SEM 0.04 0.07 0.10 0.10 0.09 0.10
P-value
ISP 0.47 <0.0001 0.05 0.03 0.05 0.52
BR 0.89 0.10 0.33 0.79 0.89 0.87
ISP × BR 0.48 0.14 0.80 1.00 1.00 0.97
Orthogonal polynomials
ISP
Linear 0.22 <0.0001 0.01 0.005 0.02 0.14
Quadratic 0.33 0.21 0.75 0.42 0.69 0.92
BR
Linear 0.59 0.03 0.07 0.36 0.68 0.45
Quadratic 0.63 0.64 0.85 1.00 0.57 0.98

1Lactobacillus. 2Bifidobacteria.
a–eMeans in the same column for every effect with uncommon superscript are significantly different at P ≤ 0.05.
3Standard error mean.
4Means represent 15 birds per pen, 24 pens per diet.

main source of dietary energy for poultry [37].
Rice starch has smaller granule size (5 to 15 mm
of diameter) and lower amylose content (170 to
270 g/kg) than those in corn starch [38]. Also,
total insoluble NSP content and encapsulation
of starch are lower for rice than for corn, conse-
quently the digestion process in the gastrointesti-

nal tract is easier for rice [39]. The rate of starch
digestion (RSD) is an important factor affect-
ing bird’s performance [40, 20]. Gutierrez del
Alamo et al. [40] reported that broiler growth
and FCR were improved quadratically with an
increase in RSD. Similarly, Ball et al. [20] found
a positive correlation between the RSD and
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performance parameters. Our results support the
positive effect of rice inclusion in pre-starter diet
on broiler chicken’s performance at market age.

Intestinal Microflora

Effect of the pre-starter diet containing dif-
ferent levels of ISP and broken rice and their in-
teraction on microflora counts in ileal and cecal
digesta of broiler chickens at d 10 (log10 cfu/g
content) are shown in Table 3. The inclusion of
ISP in pre-starter diet did not have a significant
effect (P > 0.05) on Escherichia coli counts in
ileal content. Whereas the pre-starter diet con-
taining 3% or 4.5% ISP decreased (P < 0.05)
Lactobacillus counts and the inclusion 4.5% ISP
decreased (P < 0.05) Bifidobacteria counts in
ileal content compared to those fed control diet.
The use of ISP in pre-starter diet decreased (P <

0.05) Escherichia coli and Lactobacillus counts
in cecal content. The Bifidobacteria counts in
cecal content of chicks was not influenced
(P > 0.05) by the use of different levels of ISP
in the pre-starter diet at 10 d of age. The in-
clusion of broken rice in pre-starter diet did not
have an effect (P > 0.05) on miroflora counts
in ileal and cecal contents at 10 d of age, with
the exception of 18% broken rice that decreased
Lactobacillus counts in ileal content. The pre-
starter diet contained different levels of ISP and
broken rice did not have a significant effect on
Escherichia coli counts in ileum and Escherichia
coli, Lactobacillus and Bifidobacteria counts in
ceca content at 10 d of age. The use of 4.5% ISP
and 18% broken rice in the pre-starter diet de-
creased (P < 0.05) Lactobacillus counts in ileum
compared with those fed control diet at 10 d of
age.

Based on the results of the current study, the
use of ISP and broken rice in pre-starter diet de-
crease intestinal microflora counts. It has been
reported that high level of NSPs leads to in-
creased digesta viscosity and a decline in nutrient
digestibility [41]. In addition, there is a negative
correlation between the amount of NSPs and the
nutritive value of feedstuffs for poultry [33]. Be-
cause ISP contains trace amount of oligosaccha-
ride, total NSPs of the diets have been declined
by the use of ISP in diet. Therefore, with an
increase in dietary level of ISP, digesta viscos-
ity may decrease, nutrients digestibility increase

and consequently cause a reduction in substrates
for microflora in the ileum and ceca. The intesti-
nal microflora counts were reduced, because of
a limit in the amount of available substrates to
microflora in ileum and ceca. Diet composition
can affect gut microflora at least by 2 ways; first,
changing the physico-chemical properties (i.e.,
viscosity or pH) of chyme and second, supplying
the nutrients for the growth and proliferation of
specific groups of microflora [42]. In our study,
Lactobacillus counts in ileum were reduced by
14% when chicks fed a pre-starter diet contained
4.5% ISP and 18% broken rice compared to con-
trol at 10 d of age.

Intestinal Size and Morphology

The effect of pre-starter diet containing dif-
ferent levels of ISP and broken rice on rela-
tive weight (g/100 g body weight) and length
(cm/100 g body weight) of intestinal segments
of broiler chicks at 5 and 10 d of age are shown
in Table 4. There was no interaction among treat-
ments on relative weight and length of different
segments of small intestine in 5- and 10-day-
old chicks with the exception of ileum relative
length at 10 d of age. The inclusion of 4.5% ISP
in pre-starter diet increased relative weight of
duodenum (P = 0.058) compared with those fed
other diets and increased relative weight of ileum
(P = 0.023) comparing with control fed birds
at 5-day-old chicks. The use of ISP or broken
rice in the pre-starter diet did not have an effect
(P > 0.05) on relative weight of jejunum at 5- or
10-day-old chicks. The chick’s relative weight of
duodenum and jejunum were not affected when
they were fed diet containing ISP at 10 d of
age. However, the relative weight of duodenum
in chick’s fed pre-starter diet containing 4.5%
ISP was significantly higher at 5 d of age than
those fed control or other diets containing ISP.
Chicks fed diet contained 4.5% ISP had higher
(P < 0.05) relative weight of ileum than those
fed control or other diets containing ISP at 10
d of age. The dietary ISP did not have an effect
(P > 0.05) on relative length of intestinal seg-
ments of broiler chicks at 5 or 10 d of age. The
use of broken rice in the pre-starter diet did not
have an effect (P > 0.05) on the relative weight
and relative length of duodenum, jejunum, and
ileum at 5 or 10 d of age, with the exception of
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Table 4. Effect of pre-starter diet containing different levels of isolated soy protein (ISP) and broken rice (BR) on
intestinal segments of 5- and 10-day-old chicks.

Relative weight (g/100 g body weight) Relative length (cm/100 g body weight)

Dietary treatments Duodenum Jejunum Ileum Duodenum Jejunum Ileum

5 d 10 d 5 d 10 d 5 d 10 d 5 d 10 d 5 d 10 d 5 d 10 d

ISP (%)
0 1.6b 1.4 2.6 2.9 2.0b 1.8b 13.4 7.3 27.5 16.9 25.1 17.0
1.5 1.6b 1.3 2.5 2.7 2.1a,b 1.8b 13.4 7.4 26.3 17.0 24.7 17.1
3.0 1.6b 1.3 2.5 2.8 2.1a,b 1.8b 13.3 7.1 25.7 16.9 25.1 16.6
4.5 1.7a 1.3 2.6 2.8 2.2a 2.0a 13.6 7.1 26.4 16.9 25.7 17.4
BR (%)
0 1.6 1.3 2.5 2.8 2.1 1.8 13.5a,b 7.2 26.0 16.9 25.2 16.8
6 1.6 1.4 2.5 2.7 2.2 1.9 13.1b 7.3 25.9 16.9 25.1 17.1
12 1.6 1.4 2.6 2.9 2.0 1.8 13.0b 7.2 26.2 17.0 25.1 17.4
18 1.6 1.3 2.5 2.8 2.1 1.9 14.0a 7.1 27.8 17.0 25.2 16.8
SEM1 0.04 0.02 0.06 0.06 0.06 0.04 0.22 0.11 0.73 0.09 0.33 0.24

P-value
Sources of variation
ISP 0.06 0.67 0.64 0.22 0.02 0.01 0.85 0.08 0.36 0.67 0.23 0.23
BR 0.98 0.15 0.65 0.42 0.48 0.26 0.01 0.80 0.22 0.75 1.00 0.28
ISP × BR 0.41 0.81 0.86 0.13 0.91 0.47 0.25 0.67 0.89 0.05 0.21 0.01

Orthogonal polynomials
ISP
Linear 0.03 0.55 0.90 0.63 0.002 0.002 0.66 0.03 0.21 0.97 0.16 0.54
Quadratic 0.14 0.87 0.23 0.22 1.00 0.07 0.50 0.81 0.20 0.33 0.13 0.22

BR
Linear 0.89 0.88 0.46 0.99 0.42 0.94 0.16 0.46 0.08 0.32 0.91 0.94
Quadratic 0.97 0.02 0.43 0.52 0.95 0.62 0.003 0.51 0.26 0.73 0.90 0.08

a,bMeans in the same column for every effect with uncommon superscript are significantly different at P ≤ 0.05. 1Standard

error mean.

relative length of duodenum at 5-day-old. Chicks
fed the pre-starter diet containing 18% broken
rice had higher (P = 0.011) relative length of
duodenum than those fed diets contained 6% or
12% broken rice, but were similar to those fed
control diet at 5 d of age.

Effect of ISP and broken rice in the pre-
starter diet and their interaction on intestinal vil-
lus height and villus height to crypt depth ratio
(VCR) of broiler chicks are shown in Tables 5
and 6, respectively. The villus height of duo-
denum increased (P < 0.05) when chicks fed
pre-starter diet containing 3% or 4.5% ISP at
5 or 10 d of age. Feeding pre-starter diet con-
taining different levels of ISP linearly increased
(P < 0.05) villus height in jejunum and ileum
of 5- or 10-day-old chicks. The VCR for duo-
denum was unaffected by dietary ISP at 5- or
10-day-old chicks. The use of ISP in the pre-
starter diet increased (P < 0.05) VCR in je-
junum of 5- or 10-day-old chicks and linearly

increased (P < 0.05) VCR in ileum of 5-day-old
chicks. A significant linear and quadratic effect
of broken rice inclusion was observed on vil-
lus height in jejunum and ileum (P < 0.05) of
5- or 10-day-old chicks. The use of broken rice
in the pre-starter diet increased (P < 0.0001)
villus height in duodenum of 5-day-old chicks.
In addition, villus height in jejunum and ileum
were increased (P < 0.0001) when chicks fed
pre-starter diet contained broken rice at 5- or
10-day-old birds. There were no differences (P
> 0.05) in villus height of duodenum among
chicks fed pre-starter diet contained different
levels of broken rice at 10-day-old chicks. The
VCR in duodenum was unaffected (P > 0.05) by
the inclusion of broken rice of 5- or 10-day-old
chicks. Dietary broken rice caused a significant
increase (P < 0.05) in VCR of jejunum and ileum
of chicks compared to those fed control diet at
5- or 10-day-old chicks. The villus height of
duodenum and jejunum increased (P < 0.05)
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Table 5. Effect of pre-starter diet containing different levels of isolated soy protein (ISP) and broken rice (BR) on
intestinal villus height of 5- and 10-day-old chicks.

ISP × BR Villus height (μm)

(%) (%) Duodenum Jejunum Ileum

5 d 10 d 5 d 10 d 5 d 10 d

0 0 989g 1,175f,g 621h 817f 432i 525f,g

0 6 990f,g 1,184e,f 631f,g 823f 436h,i 528e–g

0 12 997d,e 1,192c–e 629f,g 818f 439g,h 531d–f

0 18 1,000b–d 1,168g 631f,g 823f 443g 536b–d

1.5 0 983h 1,181f 626g,h 820f 446g 526e–g

1.5 6 997d,e 1,197b–d 645b,c 845c 455e,f 541a,b

1.5 12 998d,e 1,176f,g 645b,c 837d,e 467b,c 525g

1.5 18 1,004b 1,169g 642c,d 857b 466c,d 535c,d

3.0 0 985g,h 1,200a–c 639d,e 818f 443g 528e–g

3.0 6 1011a 1,180f 647b,c 845c 453f 528e–g

3.0 12 999c–e 1,183e,f 634e,f 845c 465c,d 543a

3.0 18 1,003b,c 1,203a,b 661a 833e 462c–e 532c–e

4.5 0 994e,f 1,191d,e 649b 834e 461c–e 530d–g

4.5 6 1,011a 1,197b–d 659a 841c,d 460d,e 537b,c

4.5 12 1,012a 1,196b–d 660a 876a 476a 534c,d

4.5 18 1,011a 1,208a 660a 875a 473a 536b–d

SEM1 1.62 2.82 2.06 2.02 2.13 1.81

Main Effect Means2

ISP (%)
0 – 994c 1,180c 628d 820d 437c 530b

1.5 – 995c 1,181c 639c 839b 458b 532a,b

3.0 – 999b 1,191b 645b 835c 456b 532a,b

4.5 – 1,007a 1,198a 657a 856a 467a 534a

BR (%)
– 0 988c 1,187 634c 822d 445c 527b

– 6 1,002b 1,189 645a 838c 451b 534a

– 12 1,001b 1,187 642b 843b 461a 533a

– 18 1,004a 1,187 648a 847a 461a 534a

SEM 0.81 1.41 1.03 1.01 1.07 0.90

P-value
ISP <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.02
BR <0.0001 0.52 <0.0001 <0.0001 <0.0001 <0.0001
ISP × BR <0.0001 <0.0001 <0.0001 <0.0001 0.03 <0.0001

Orthogonal polynomials
ISP
Linear <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.002
Quadratic 0.001 0.07 0.72 0.39 <0.0001 0.84
BR
Linear <0.0001 0.76 <0.0001 <0.0001 <0.0001 <0.0001
Quadratic <0.0001 0.49 0.01 <0.0001 0.004 0.01

a–hMeans in the same column for every effect with uncommon superscript are significantly different at P ≤ 0.05.
1Standard error mean. 2Means represent 15 birds per pen, 24 pens per diet.

when chicks fed pre-starter diet containing 4.5%
ISP and 6%, 12% or 18% broken rice at 5 d of
age. Chicks fed pre-starter diets contained 4.5%
ISP and 12% or 18% broken rice had higher
(P < 0.05) villus height in ileum at 5 d of age.
The use of 4.5% ISP and 12% or 18% broken

rice in the pre-starter diet increased (P < 0.05)
villus height in jejunum and ileum of 10-day-old
chicks.

The use of 4.5% ISP in the pre-starter diet in-
creased relative weight of duodenum and ileum,
but there were no significant differences in the

Downloaded from https://academic.oup.com/japr/article-abstract/27/2/133/4590017
by guest
on 22 May 2018



142 JAPR: Research Report

Table 6. Effect of pre-starter diet containing different levels of isolated soy protein (ISP) and broken rice (BR) on
intestinal villus height to crypt depth ratio (VCR) of 5- and 10-day-old chicks.

ISP × BR VCR

(%) (%) Duodenum Jejunum Ileum

5 d 10 d 5 d 0 d 5 d 10 d

0 0 7.85 9.04a–e 5.32 6.04e 3.83 4.64
0 6 7.78 9.13a–c 5.40 6.25b–e 3.76 4.67
0 12 7.93 8.74c–f 5.42 6.12c–e 3.93 4.70
0 18 7.83 8.70d–f 5.45 6.15c–e 3.85 4.68
1.5 0 7.71 9.09a–d 5.36 6.05e 3.94 4.38
1.5 6 7.96 8.91a–f 5.52 6.32a–d 3.96 4.63
1.5 12 7.88 8.68e–g 5.49 6.31a–d 4.08 4.72
1.5 18 8.01 8.58f,g 5.49 6.34a–c 4.10 4.86
3.0 0 7.99 8.63f,g 5.47 6.27a–e 4.04 4.48
3.0 6 7.84 8.76b–f 5.54 6.36a–c 4.05 4.41
3.0 12 7.70 8.93a–f 5.32 6.12c–e 4.26 4.65
3.0 18 7.61 9.25a 5.63 6.36a–c 4.19 4.86
4.5 0 7.88 8.31g 5.56 6.28a–e 4.24 4.46
4.5 6 7.92 8.89a–f 5.61 6.07d,e 4.24 4.70
4.5 12 7.89 9.15a,b 5.58 6.46a,b 4.40 4.71
4.5 18 7.98 9.27a 5.59 6.52a 4.35 4.81
SEM1 0.12 0.12 0.05 0.08 0.06 0.08

Main Effect Means2

ISP (%)
0 – 7.85 8.91 5.40c 6.14b 3.84d 4.67
1.5 – 7.89 8.82 5.47b,c 6.26a 4.02c 4.65
3.0 – 7.79 8.90 5.49b 6.28a 4.14b 4.60
4.5 – 7.92 8.91 5.58a 6.33a 4.31a 4.67

BR (%)
– 0 7.86 8.77 5.43c 6.16b 4.01b 4.49c

– 6 7.88 8.92 5.52a,b 6.25a,b 4.00b 4.60b

– 12 7.85 8.88 5.45b,c 6.25a,b 4.17a 4.69a,b

– 18 7.86 8.95 5.54a 6.34a 4.12a 4.80a

SEM 0.06 0.06 0.03 0.04 0.03 0.04

P-value
ISP 0.42 0.69 <0.0001 0.01 <0.0001 0.53
BR 0.99 0.18 0.01 0.02 0.0003 <0.0001
ISP × BR 0.29 <0.0001 0.06 0.003 0.98 0.11

Orthogonal polynomials
ISP
Linear 0.65 0.77 <0.0001 0.001 <0.0001 0.77
Quadratic 0.45 0.42 0.64 0.47 0.94 0.22
BR
Linear 0.90 0.08 0.02 0.003 0.001 <0.0001
Quadratic 0.95 0.52 0.89 0.97 0.54 0.97
a–gMeans in the same column for every effect with uncommon superscript are significantly different at P ≤ 0.05.
1Standard error mean. 2Means represent 15 birds per pen, 24 pens per diet.

relative length of intestinal segments in chicks
fed any of the ISP containing diets, compared
to those fed control diet. Jankowski et al. [28]
showed that the use of 19.5% ISP that contained
only trace amounts of oligosaccharides in diet
significantly decreased ileum weight of young

turkeys. It is postulated that a total withdrawal
of oligosaccharides from a diet may result in un-
desirable hypotrophy of small intestinal tissue.
In our study, there were no significant differ-
ences in the relative weight and relative length
of small intestine segments among chicks fed a
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pre-starter diet containing different levels of bro-
ken rice and those fed a control diet. Similarly,
Kita and Okuten [33] reported that replacement
of corn with rice did not have a significant effect
on relative weight of jejunum and ileum in young
chicks. The results of the current study revealed
that the inclusion of ISP in pre-starter diet, in-
creased villus height in duodenum, jejunum, and
ileum in 10-day-old chicks. It also caused a lin-
ear increase in VCR in jejunum and ileum in 10-
day-old chicks. Higher villus height and lower
crypt depth in the small intestine are important
indicators of gut development and health, and
as such influence nutrient digestion and absorp-
tion [43]. Performance of broiler chickens in our
study support more effective absorption of nu-
trients by villi in birds fed pre-starter diet con-
taining different levels of ISP (1.5 to 4.5%) and
broken rice (6 to 18%).

CONCLUSIONS AND
APPLICATIONS

1. Pre-starter diet containing 4.5% ISP and
18% broken rice improved BWG by 4% and
FCR by –3% in broiler chickens during 1 to
42 d of age.

2. The use of ISP and broken rice in pre-
starter diet significantly increased (P <

0.05) the average villus height of duode-
num, jejunum, and ileum by 6% at d 5 and
4% at d 10 of age.

3. The Lactobacillus counts in ileum was re-
duced by 14% when chicks fed a pre-starter
diet contained 4.5% ISP and 18% broken
rice compared with those fed control diet
in 10-day-old chicks. Since, dietary ISP
(4.5%) had a negative effect on beneficial
bacteria, further research is needed to study
the effect of pre- and probiotics in pre-starter
diet containing ISP on gut microbiota.
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