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Abstract: The present study was conducted to investigate the effects of various pectin to cellules ratios on
carcass characteristics and visceral organs of broiler chickens. A total of 400 chickens were allocated to 4
treatments, 4 replications and 25 chickens in each at a completely randomize design. Treatments were consisted
of control (treatment 1) or diets containing different pectin: cellulose ratios; 2:1 (treatment 2), 1.5:1.5 (treatment
3) and 1:2 (treatment 4), respectively. Carcass weights was significantly decreases at 21 days of age and
increases at 42 days of age by treatment 2 (P<0.05). The lowest breast weights was obtained by treatment 4 at
21 days of age (P<0.05). The lowest and highest thighs weights were related to treatment 3 and 4 at 42 days of
age, respectively (P<0.05). All treatments convinced a significant decreases in backside and neck weights rather
than control at 21 and 42 days of age (P<0.05). A significantly decreases in wing weights were observed by
treatments 3 and 4 rather than control and treatment 2 at 42 days of age (P<0.05). Treatments 2 and 3 induced
a significant decreases and increases in intestinal weights at 21 and 42 days of age, respectively (P<0.05). A
significant decrease in liver, heart and abdominal fat weighs were prompted by all treatment rather than control
at 21 days of age (P<0.05) as well as abdominal fat weighs at 42 days of age (P<0.05). Treatments 4 and 2 tempt
the lowest and highest proventriculus weights at 42 days of age, respectively (P<0.05). The greatest and lowest
gizzard weights were shown by treatments 2 and 4 at 42 days of age, respectively (P<0.05). A significantly
increases in liver weights and a significantly decreases in heart weights were obtained by Treatment 2 and all
NSPs treatments rather than control, respectively (P<0.05). The results of current study have shown that
various changes arise in physicochemical conditions of gastrointestinal tract (GIT) due to soluble and insoluble
fibers interactions reflected to external (carcass traits) and internal (visceral organs) adaptations to alleviate
fibers effects. Moreover, it is concluded that using of fibers in diet reduces fat depots and can manipulate to
produce lean broilers.
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INTRODUCTION as non-nutritive for growing chickens [6, 7] which can

Dietary fiber is one of the important components of Broiler chickens don’t have endogenous enzymes to
poultry diets. The inclusion of fibers alters the retention NSPs digestion. But, acid digestion in the proventriculus
time of the digesta, changes gizzard behavior [1, 2], and microbial degradation in the ceca and large intestine
gastrointestinal tract (GIT) functions and broiler can to some extent be effective in this regard [8]. Most
performance [3]. The proper amount and type of fiber can insoluble fibers (such as isolated cellulose and lignin)
be beneficial to development of GIT and growth moderately or slowly ferment. Insoluble fiber are usually
performance. consider as nutrient diluents and don’t affect digestion

Except -glucans (starch), non starch and absorption of nutrients in the intestine [9]. In
polysaccharides (NSPs) constituent of the plant cell wall contrast, soluble NSPs increase viscosity [10] and usually
which attract much attention in monogastric nutrition [4]. have anti-nutritive properties. Soluble NSPs generally
They are classified into two main groups: soluble and hamper the digestion process [8, 11] whereas insoluble
insoluble based on solubility in water [5]. NSPs consider NSPs impede the access of endogenous enzymes to their

change GIT ecosystem, health and broiler performance [3].
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substrates by physical entrap [11]. Insoluble fibers reduce So, it hypothesized that fiber interactions in the intestine
length  of  GIT  as compared to soluble fibers [12, 13]. will determine final broiler responses. Few scientific
Soluble fibers increase GIT length because of rise in literatures are available that examine broiler responses to
intestinal viscosity and microbial activity which are different fibers ratios on the development of broilers GIT.
associated with GIT hypertrophy [14]. Moreover, the Thus, to test this hypothesis the effects of added various
NSPs cause a variety of changes in organs characteristics. ratios of NSPs sources differ in their solubility and
These changes frequently consider as adjustments to viscosity characteristics, as semi-purified diets, were
minimum the effects of NSPs. It is reported that relative evaluated on broiler internal parameters as carcass cuts
weights of digestive organs such as gizzard [6, 15], (breast, thighs, backside, neck, wing) weights, visceral
pancreas [15] and cecum [15, 16] have changed by soluble organs and relative organs of GIT of broiler chickens.
and insoluble NSPs. But, scientific researches regarding
the effects of NSPs on carcass characteristics are scarce MATERIALS AND METHODS
[17].

Although, the effects of soluble and insoluble NSPs Birds and Diets: A total of 400 one-day-old broiler
are separately investigated in broiler diets in some cases, chickens (Lohman) were weighted and randomly allocated
but the effects of NSPs are depended on each other. The to 4 treatments, 4 replications and 25 chickens in each
ratio of insoluble to soluble fibers is important in the replicate by a completely randomized design. Experiment
formulation of diets to provide  optimal   efficiency   [18]. diets were  formulated to insure that diets have minimum

Table 1: Diets formulation and composition (%)

Starter Grower
-------------------------------------------------------------------------------- -----------------------------------------------------------------------------

Ingredients Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 1 Treatment 2 Treatment 3 Treatment 4

Corn grain 68.51 65.01 65.01 65.01 74.81 71.33 71.33 71.33
CGM 21.66 22.16 22.16 22.16 16.63 17.11 17.11 17.111

Pectin - 2 1.5 1 - 2 1.5 1
Cellulose - 1 1.5 2 - 1 1.5 2
Fish meal 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50
Limestone 1.54 1.54 1.54 1.54 0.90 0.90 0.90 0.90
DCP 2.44 2.44 2.44 2.44 1.93 1.93 1.93 1.932

Common salt 0.35 0.35 0.35 0.35 0.25 0.25 0.25 0.25
Min pre 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.253

Vit pre 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.254

L-Lysine HCL 0.50 0.50 0.50 0.50 0.48 0.48 0.48 0.48

Total 100 100 100 100 100 100 100 100

Calculated
ME (MJ/kg) 12.98 12.98 12.98 12.98 12.98 12.98 12.98 12.98
Protein 22.28 22.28 22.28 22.28 19.37 19.37 19.37 19.37
Calcium 0.97 0.97 0.97 0.97 0.87 0.87 0.87 0.87
N P P 0.43 0.43 0.43 0.43 0.33 0.33 0.33 0.335

Methionin 0.48 0.48 0.48 0.48 0.37 0.37 0.37 0.37
Lysine 1.06 1.06 1.06 1.06 0.97 0.97 0.97 0.97

Analyzed
D M 91.67 91.26 91.26 91.26 90.15 89.51 89.51 89.516

C P 22.10 22.10 22.10 22.10 19.56 19.53 19.53 19.537

C F 0.82 3.75 3.75 3.75 0.88 3.81 3.81 3.818

E E 4.04 3.90 3.90 3.90 4.17 4.03 4.03 4.039

Ash 2.60 2.55 2.55 2.55 2.62 2.56 2.56 2.56

Treatment 1: Control diet, Treatment 2: diet contains 2:1 ratio of pectin and cellulose, Treatment 3: diet contains 1.5:1.5 ratio of pectin and cellulose and
Treatment 4: diet contains 1:2 ratio of pectin and cellulose. 1- Corn Gluten Meal, 2- DCP, Dicalcium phosphate, 3, 4- Mineral premix: Mn, 100 mg; Zn,
84.5 mg; Fe, 80 mg; Cu, 20 mg; I, 1.6 mg; Co, 0.5 mg; Se, 0.20 mg/ kg of diet 4- Vitamin premix; Vitamin A, 11000 IU; Vitamin D , 1800 IU; Vitamin3

E, 36 mg; Vitamin k , 5 mg; Tiamin, 1.53 mg; pholic acid, 1.26 mg; B , 0.02 mg; Biotin, 0.5 mg; Coline chloride, 1100 mg; Anti oxidant, 100 mg/ kg3 12

of diet. 5- Non phytate phosphorus. 6- Dry matter. 7- Crude protein. 8- Crude fiber. 9- Ether extract. 
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NSPs and only the effects of NSPs ratios were RESULTS
investigated. The control (treatment 1) was used to meet
the nutrients requirements of chickens [19]. Other Carcass Characteristics: The effects of dietary
treatments were control diet plus pectin (High methylated) treatments on the carcass characteristics of broiler chicks
(HP, USA) and cellulose (UPM-Kymmene, Finland) in are shown at Tables 2 and 3 at 21 and 42 days of age,
various ratios of 2:1 (treatment 2), 1.5:1.5 (treatment 3) and respectively. A significant decrease in carcass weights
1:2 (treatment 4), respectively (Table 1). Chicks were kept was obtained by treatment 2 rather than other treatments
under uniform management conditions. They had free at 21 days of age (P<0.05). Treatment 4 caused the lowest
access to feed and water. The light provided according breast weights rather than control which didn’t differ with
23h light and 1h dark throughout the experimental period. treatment 2 and 3 at this age (P<0.05). No significant
Birds fed experimental diets as starter (1-21 day) and differences were observed in thighs and wing weights
grower (22-42 day) periods. between treatments (P>0.05). All treatments were

Carcass and Organelles Traits: On 21 and 42 days of weights in compared to control (P<0.05). 
age, final body weights of broiler chicks were measured, Treatment 2 tempted a significant increase in carcass
4 birds from each replicate were randomly selected and weights at 42 days of age (P<0.05) which didn’t differ with
tagged and then they were fasted for 8h (no limitation of treatment 3 (P>0.05). Moreover, the lowest carcass
water access). Birds were weighted and slaughtered by weights were obtained by control (P<0.05). [Table 3]
serving both of the right and left carotid artery and jugular Uppermost  breast  weights  was  related to treatment 4
vein in a single cut and bled for 180s. Carcass weights (P<0.05) that not significantly different with treatments 2
were measured after removal of feather, head, legs and and 3 (P>0.05). The lowest and highest thighs weights
abdominal contents. Proventriculus, gizzard, pancreas, were associated to treatments 3 and 4, respectively (P<
liver, heart and abdominal fat dissected and recorded. The 0.05). All treatments caused a significant decrease in
breast, thighs, backside, wings, neck weights were backside and neck weights as compared to control (P<
calculated as the percentage of fasted live body weights. 0.05). Significant decreases in wing weights were found

by treatments 3 and 4 rather than control but increase in
Statistical Analysis: The data were checked by treatment 2, (P< 0.05). 
Kolmogrov Smirrnov test. Experimental data subjected to
one way-ANOVA using the GLM procedure of SAS [20] Organelles Characteristics: The effects of dietary
and significant differences compared by Duncan's treatments on the organelles traits of broiler chicks are
multiple range test (P< 0.05). presented  at  Table  4  and  5  at  21  and  42  days  of  age,

produced a significant decreases in backside and neck

Table 2: Dietary treatments effects on carcass characteristics (21 days of age) (% of * carcass weight)
Treatment 1 Treatment 2 Treatment 3 Treatment 4 SEM P value

Carcass 71.35 ± 2.77 68.69 ± 2.83 72.72 ± 2.19 71.50 ± 1.95 0.87 0.021a b a a

Breast 15.39 ± 4.63 13.00 ± 2.94 13.03 ± 1.18 11.79 ± 1.94 1.05 0.028a ab ab b

Thighs 17.84 ± 7.08 17.84 ± 1.81 16.80 ± 1.77 17.98 ± 1.51 1.35 0.120a a a a

Backside 18.18 ± 4.88 15.08 ± 1.73 14.52 ± 1.40 13.66 ± 2.18 1.02 0.023a b b b

Neck 4.79 ± 1.52 3.55 ± 0.78 3.20 ± 0.25 3.60 ± 0.57 0.32 0.043a b b b

Wing 6.43 ± 2.07 6.41 ± 1.17 6.57 ± 0.89 6.40 ± 0.91 0.48 0.148a a a a

Means with different superscripts in the same row are significantly different (P< 0.05). Treatment 1: Control diet, Treatment 2: diet contains 2:1 ratio of pectin
and cellulose, Treatment 3: diet contains 1.5:1.5 ratio of pectin and cellulose and Treatment 4: diet contains 1:2 ratio of pectin and cellulose.

Table 3: Carcass characteristics in response to treatments (42 days of age) (% of * carcass weight)
Treatment 1 Treatment 2 Treatment 3 Treatment 4 SEM P value

Carcass 70.57 ± 2.27 77.61 ± 2.67 75.69 ± 2.03 74.71 ± 1.04 0.74 < 0.000c a ab b

Breast 15.14 ± 1.09 16.85 ± 3.16 16.42 ± 1.37 17.90 ± 1.53 0.69 0.043b ab ab a

Thighs 23.28 ± 1.78 22.83 ± 1.64 22.59 ± 2.23 24.99 ± 2.36 0.72 0.010ab ab b a

Backside 16.64 ± 0.92 14.41 ± 1.24 14.50 ± 0.64 14.89 ± 1.55 0.40 < 0.000a b b b

Neck 5.47 ± 0.39 4.39 ± 0.64 4.65 ± 0.37 4.52 ± 0.42 0.16 < 0.000a b b b

Wing 28.81 ± 4.97 31.38 ± 3.90 21.09 ± 3.15 18.22 ± 2.26 1.31 < 0.000a a b b

Means with different superscripts in the same row are significantly different (P< 0.05). Treatment 1: Control diet, Treatment 2: diet contains 2:1 ratio of pectin
and cellulose, Treatment 3: diet contains 1.5:1.5 ratio of pectin and cellulose and Treatment 4: diet contains 1:2 ratio of pectin and cellulose.
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Table 4: The effect of dietary treatments on the organelles traits (21 days of age) (% of * live weight)

Treatment 1 Treatment 2 Treatment 3 Treatment 4 SEM P value

WIW 31.83 ± 11.10 24.83 ± 3.03 25.46 ± 3.40 27.40 ± 3.26 2.19 0.0421 a b ab ab

Proventriculus 1.03 ± 0.25 0.88 ± 0.13 0.95 ± 0.14 0.87 ± 0.13 0.06 0.231a a a a

Gizzard 4.44 ± 0.90 3.89 ± 0.35 4.35 ± 0.49 4.20 ± 0.46 0.20 0.284a a a a

Pancreas 0.48 ± 0.09 0.43 ± 0.08 0.43 ± 0.10 0.42 ± 0.08 0.03 0.605a a a a

Liver 3.96 ± 0.92 3.08 ± 0.48 3.15 ± 0.32 2.99 ± 0.48 0.21 0.010a b b b

Heart 1.13 ± 0.37 0.90 ± 0.16 0.87 ± 0.09 0.88 ± 0.09 0.07 0.040a b b b

Abdominal fat 2.25 ± 1.40 0.88 ± 0.2 0.74 ± 0.38 1.27 ± 0.42 0.27 0.002a b b b

Means with different superscripts in the same row are significantly different (P< 0.05). Treatment 1: Control diet, Treatment 2: diet contains 2:1 ratio of pectin
and cellulose, Treatment 3: diet contains 1.5:1.5 ratio of pectin and cellulose and Treatment 4: diet contains 1:2 ratio of pectin and cellulose. 1: Whole
intestine weight (empty).

Table 5: The effect of dietary treatments on the organelles traits (42 days of age) (% of * live weight)

Treatment 1 Treatment 2 Treatment 3 Treatment 4 SEM P value

WIW 21.96 ± 2.09 22.45 ± 0.92 24.93 ± 2.45 20.80 ± 2.34 0.72 0.0031 b b a b

Proventriculus 0.82 ± 0.09 0.98 ± 0.19 0.83 ± 0.11 0.67 ± 0.07 0.04 < 0.000b a b c

Gizzard 5.73 ± 0.68 6.85 ± 1.05 4.66 ± 0.97 3.79 ± 0.45 0.29 < 0.000b a c d

Pancreas 0.31 ± 0.05 0.40 ± 0.05 0.35 ± 0.03 0.30 ± 0.02 0.01 < 0.000bc a b c

Liver 3.17 ± 0.38 3.47 ± 0.51 2.86 ± 0.35 3.14 ± 0.31 0.14 0.036ab a b ab

Heart 1.00 ± 0.12 0.83 ± 0.11 0.80 ± 0.05 0.70 ± 0.05 0.03 < 0.000a b b c

Abdominal fat 1.85 ± 0.39 1.14 ± 0.25 1.13 ± 0.49 1.11 ± 0.75 0.18 0.018b b b b

Means with different superscripts in the same row are significantly different (P< 0.05). Treatment 1: Control diet, Treatment 2: diet contains 2:1 ratio of pectin
and cellulose, Treatment 3: diet contains 1.5:1.5 ratio of pectin and cellulose and Treatment 4: diet contains 1:2 ratio of pectin and cellulose. 1: Whole
intestine weight (empty).

respectively. Significant decreases in intestinal weights due to NSPs interactions. Treatment 2 caused significant
were induced by treatment 2 at 21 day (P< 0.05) which decreases in carcass weights at 21 days of age. It is
didn’t differ with treatments 3 and 4 (P> 0.05). No reported that birds fed diets contain high fiber had lower
significant differences were obtained between treatments carcass weights rather than low fiber diets [3].
in proventriculus, gizzard and pancreas weights (P> 0.05). Furthermore, the use of grains (contain viscose NSPs)
All treatments were prompted a significant decrease in increase intestinal viscosity and reduce feed intake [21,
liver, heart and abdominal fat weighs rather than control 22]. This phenomenon can lead to carcass weights losses
(P< 0.05). of broiler. These results are in accordance with current

A significant increase in intestinal weights was study. All ratios of NSPs bring about increases in carcass
provoked by treatment 3 at 42 day (P<0.05). Treatments 4 weights rather than control at 42 days of age. This can
and 2 were triggered the lowest and uppermost show that older broilers increase their capacity in order to
proventriculus weights, respectively (P<0.05). The increase the use of these materials. The development of
greatest and lowest gizzard weights were acquired by GIT and intestinal microflora adaptation can be involved
treatments 2 and 4, respectively (P<0.05). Treatment 4 in this respect [5]. In contrast, birds fed diets contained
caused the lowest pancreas weights (P<0.05) which didn’t fiber resulted in lighter carcasses as compared to control
differ with control (P> 0.05). Treatment 2 was produced a [23]. These conflict results show that the effect of dietary
significant increase in liver weights (P<0.05) that didn’t fiber (insoluble and soluble NSPs) on the carcass weights
differ with treatment 4 and control (P>0.05). Significant is less clear [23, 24]. 
decreases in heart weights were obtained by all NSPs The treatments showed variable effects on broiler
treatments rather than control (P<0.05). Abdominal fats carcass cuts in this study. The use of NSPs ratios lead to
weights were decreased by all ratios of NSPs (P<0.05). lower breast weights at 21 days of age. This finding is

DISCUSSION which influence energy and protein access to

Little information is available regarding weights of But, this consequence seems by adaptation of broilers to
carcass components and visceral traits of broiler chickens NSPs was gradually omitted at 42 days of age.

probably due to effects of NSPs on nutrient utilization

development of breast muscle and impress breast growth.
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No significant difference was observed in thighs and Treatment 2 promoted a significant increase in pancreas
wings weights between treatments at 21 days of age. It is
showed that the effects of NSPs ratios on thighs and
wings weights are less pronounces at this age. NSPs
ratios didn’t induce significantly changes in thighs
weights rather than control at 42 days of age. The
explanation of this observation is difficult and unclear.
Moreover, the effects of treatments 3 and 4 on wings
weights are difficult to interpret. NSPs induce intestinal
high viscosity [25], absorption of lipids and soluble
vitamins in lipid decreases. Broiler’s bone mineral density
can reduce by decrease absorption of vitamin D. The neck
and backside weights can reduce in comparison with
breast. This finding was observed at 21 and 42 days of
age.

Treatment 2 tempted a significant decrease in
intestinal weights at 21 days of age. This is in contrast
with the other [21], who reported that increase of
intestinal weights by use of grains. It may be related to
improper opportunity to GIT adaptation as weight rises.

All ratios of NSPs caused decreases in abdominal fat
weighs rather than control at 21 and 42 days of age. It
confirmed that broilers fed diets with high amounts of
fiber had lower abdominal fat [26]. In presence of NSPs bill
acids secretions reduce, their digesta concentrations
severely decrease, hepatic-intestinal circulation impress
[27] and lipids emulsification strike. It results to decrease
of lipids absorption and lead to lower form of abdominal
fat [26].

The gizzard roles well documented to regulate of
digesta passage ratio and intestinal functions [3, 4]. Its
weight increase and plays important role at utilization of
whole grains [28]. No significant differences were
obtained between treatments in gizzard weights at 21 days
of age. These results are in accordance with other
research that the use of viscose and non-viscose
materials in diets had no effects on gizzard weights [29].
But, treatment 2 caused an increase in gizzard weights at
42 days of age. It might be due to enhancement of
viscosity by upper ratio of pectin that the weight of
gizzard increase to facilitate movement of digesta. Similar
trend was observed for proventriculus weights. It is
reported that after supplement of barley and wheat in
diets, gizzard and proventriculus weights were increased
[21]. The mode of action can be due to more activity and
secretion.

No significant differences were observed between
treatments in pancreas weights at 21 days of age. It shows
that none of treatments can change pancreas activity as
well as pancreas weights. It is confirmed by the other [16].

weights at 42 days of age. Increases in pancreas weights
are an attempt to enhance ability of birds to cope with
effects of NSPs. Increase in pancreas weights was
reported because of viscose material [15].

All treatments of NSPs caused a significant decrease
in liver weights rather than the control. Liver increase its
weight when is exposed to NSPs to improve bile secretion.
It shows that NSPs ratios didn’t have any detrimental
effects on liver function and weights which are in
agreement with the other [29]. None of NSPs groups can
produce a significant increase or decrease in liver weights
in comparison with control at 42 days of age. This finding
is related to adaptation by ageing to reduce effects of
fiber diets.

CONCLUSION

The various levels of NSPs differently alter carcass
and visceral organs traits. These changes can attribute to
different conditions arise due to interactions of soluble
and insoluble fibers in GIT. It concluded that occurred
changes in carcass and organs toward physiological
approach to minimum effects of NSPs. Furthermore, the
abdominal fat of broilers has a considerable reduction by
use of fiber in diets and can apply to lean broiler
production. Further researches are necessary to determine
how NSPs (in point of solubility) tempt alterations in
carcass and visceral organelles.
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