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ABSTRACT: The present study was carried out to test the effect of using pectin to alleviate the
toxic effect of lead on absolute growth rate, relative growth rate and productive efficiency in Japanese
quail. A total number of 336 Japanese quail chicks (one week old), were randomly divided into 7
groups (48 chicks/each group), each group had 4 replicates (12 chicks/each). Quail chicks in all
treatments were similar in the average initial body weight (38.7 g). A completely randomized design
experiment was performed including seven groups. The first group of birds was served as control.
While the 2™ and 3™ group of quails fed a diet supplemented with 1.0 and 3.0 g of pectin/kg diet,
respectively. The 4™ and 5™ groups fed a diet supplemented with 0.5 and 1.0 g of lead/kg diet,
respectively. The 6™ and 7™ groups fed a diet supplemented with 1.0 g of pectin and 0.5 g of lead/kg
diet and 3.0 g of pectin and 1.0 g of lead/kg diet, respectively. Growth performance including absolute
growth rate, relative growth rate and production efficiency were studied. The results of the present
work could be summarized as follows: Quail birds fed the control diet and those fed diet containing
pectin level of 3 g/kg diet and lead as 0.5 g/kg diet showed significantly (P<0.01) the highest measure
in each of absolute growth rate and relative growth rate. The productive efficiency of quails treated by
pectin at 1 g/kg and 0.5 lead g/kg diet showed the lowest estimates in comparison with the other
groups without significant differences. In conclusion, pectin could be used in quail diets to diminish
the deleterious effects of lead.
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INTRODUCTION

varies among the large diversity of foods but is
generally consistent for a specific food product
The contaminations of poultry diets with  (Ibrahim ef al., 2012).
heavy metals remain a problem for poultry
industry, food safety regulatory agencies and
concerned consumers (Abou-Kassem et al.,
2016). The contaminations of poultry rations
with heavy metals cause a high reduction in
growth rate, feed efficiency and egg production,
which result finally great economical loss for

poultry farms. Nearly, all potential food

Lead (Pb) is abundant in the environment
from different sources include automotive
gasoline piston engines, oil burners, lead pipes,
incinerators, industrial effluents and smokestack
fallout (Sharma and Street 1980; Ravichandran,
2011). The direct neurotoxic actions of Pb
include apoptosis, excitotoxicity. Pb has been
also associated with impaired neurobehavioral

ingredients contain some kinds of heavy metals,
such as lead,which are usually associated with
tendency to accumulate in living organisms and
are highly toxic when adsorbed into body (Wan
Ngah et al., 2004; Abd El-Rahman et al.,
2014). The level of an individual trace element

" Corresponding author: Tel. : +201093012518
E-mail address: readsaad _1689@yahoo.com

functioning in children, decrements in
intelligence quotient (Ciobanu et al, 2012).
Low concentrations of Pb can be found in
tissues of clinically normal birds and animals
(Doganoc, 1996; Hamidipour et al., 2016).
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The use of new additives in the diet to
eliminate heavy metals should not cause
negative effects on animal performance and on
cost-benefit analysis (Silva et al., 2013).

Pectin is a complex mixture of polysaccharides
(heteropolysaccharide consisting of mainly
residues of galacturonic acid) in the primary cell
wall and the middle lamella of plant tissue that
make up about one third of the dry matter of the
cell wall in most plants (Brouns et al., 2012;
Abd El-Rahman et al., 2014; Hosseini et al.,
2016; Kuchkarova and Kudeshova, 2016) and
are extremely variable in chemical structure
(Langhout and Schutie, 1996). Pectin is also
used in the pharmaceutical industry to decrease
blood fat, soothe pain (Liu et al., 2010), and
decrease heart disease and gallstones (Bagherian
et al., 2011). Because of its functional and
nutritional properties, the demand for pectin in
the world market is in excess of 30,000 tons
annually, with a growth rate of about 4-5% per
annum (Hosseini ef al., 2016).

Due to its properties pectin swells in the
gastrointestinal tract, forming a gelatinous mass
that adsorbs undigested food residues, binds and
removes cholesterol and other toxic substances
and waste products from the body, improves
blood circulation and intestinal peristalsis
(Thakur et al., 1997; Zhao et al., 2008;
Kuchkarova and Kudeshova, 2016). Saki et
al. (2011) concluded that a higher ratio of pectin
to cellulose induces more variations in the
intestinal morphology of broiler chickens,
especially at 14 days of age.

Japanese quail (Coturnix japonica) is suitable
as a model for the study of toxicity in animals
for being readily available, easy to handle,
maintainable under laboratory conditions, much
lower feed and space requirement than the
domestic fowl, disease resistance, economic
viability in farming and small size which
accelerates the accumulation of heavy metals in
their tissues just in two weeks (Farghly et al.,
2015; El-Sheikh et al., 2016). Japanese quail
emerged as one of the important species of
poultry in Egypt and it was gradually occupied
its place in food basket.

The present study aimed to investigate the
effects of lead polluted diets and its alleviation
by pectin on growth performance of growing
Japanese quail under Sharkia Governorate
conditions, Egypt.

MATERIALS AND METHODS

This work was carried out at Poultry
Research Farm, Poultry Department, Faculty of
Agriculture, Zagazig University, Sharkia
Governorate, Egypt. A total number of 336
Japanese quail chicks of one week age were
randomly divided into 7 groups (48 birds/ each),
each group of birds had 4 replicates (12 per
each), where each replicate was housed in one
cage. A completely randomized design experiment
was performed including seven groups (the
experimental design is presented in Table 1).
The first group of birds was served as a control.
The second and third groups of quails fed a diets
supplemented with 1.0 g and 3.0g of pectin/kg
diet, respectively. The fourth and fifth groups
fed diets supplemented with 0.5 g and 1.0g of
lead/kg diet, respectively. The sixth group fed a
diet supplemented with 1.0 g of pectin and 0.5 g
of lead/kg diet. While the seventh group fed a
diet supplemented with 3.0 g of pectinand 1.0 g
of lead/kg diet.

The basal experimental diet was formulated
to cover the nutrient requirements of growing
Japanese quails as recommended by NRC
(1994) as shown in Table 2. The birds were fed
the contaminated diets and were reared during
the experimental period in cages (dimensions of
30 x 30 x 30 cm), under the same managerial,
hygienic and environmental conditions.

Birds were daily exposed to continuous light
during the first week then the light was
decreased by one hour during the rest of the
experimental period. Where the light intensity
was 15-20 Lux. The quail chicks were fed ad-
libitum and fresh water was available during the
whole experimental period, where drinkers and
feeding troughs were daily cleaned.

The investigated measurements were
absolute growth rate, relative growth rate and
production efficiency. Absolute growth was
calculated according to the following equation:

Absolute growth rate = Final body weight (at 6
weeks of age) — The initial body weight (at 1
week of age).

The relative growth rate was calculated
according the following equation:

Relative growth rate (%) = (the final body weight —
the initial weight)x100/the initial body weight
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Table 1. Experimental design

677

Group Number Ration

Lead Pectin
1 48(4R) Control Control
2 48(4R) 0 1.0 g/kg diet
3 48(4R) 0 3.0 g/kg diet
4 48(4R) 0.5 g/kg diet 0
5 48(4R) 1.0 g/kg diet 0
6 48(4R) 0.5 g/kg diet 1.0 g/kg diet
7 48(4R) 1.0 g/kg diet 3.0 g/kg diet

Table 2. Composition and calculated analysis of the experimental diet during 1 — 6 weeks of age

in Japanese quail

Ingredient Percentage
Yellow corn 52.5
Soybean meal 38.2
Corn gluten 60% 4.30
Vegetable oil 1.60
Di-calcium phosphate 1.60
Limestone 0.90
Nacl 0.30
Premix 0.30
L-lysine 0.03
DL methionine 0.07
Choline chloride 0.20

Calculated analysis (%)?

CP 24.15
ME kcal/kg 2904
Ca 0.80
Avail, P (%) 0.46
Lysine 1.31
Methionine 0.50
Methionine+ Cystine 0.82

(1) Growth vitamin and Mineral premix, each 1 kg contains of: Vitam. A 12000, 000 IU; Vitam. D3, 2000, 000
IU; Vitam. E. 10g; Vitam. k3 2 g; Vitam. B1, 1000 mg ; Vitam. B2, 49g ; Vitam. B6, 105 g; Vitam. B12, 10
mg; Pantothenic acid, 10 g; Niacin, 20 g, Folic acid , 1000 mg ; Biotin, 50 g; Choline Chloride, 500 mg, Fe,
30 g; Mn, 40 g; Cu, 3 g; Co, 200 mg; Si, 100 mg and Zn, 45 g.

(2) Calculated according to NRC (1994).
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Live weight average (LW), livability (LA),
slaughter age (SA) and feed conversion ratio
(FCR) were accepted such as technical indicators
of production, and production efficiency (PEF)
was calculated with the following formula
(Tandogan and Cicek, 2016):

LW (kg) x LA (%)

PEF = %100

SA (days) x FCR (kg)
Where:

LW (kg) = Live weight average at the end of the
rearing period, LA (%) = Livability (number of
birds alive at the end of the rearing period relative
to the number of chicks placed), SA (days) =
Slaughter age of chicks, FCR (kg) = Cumulative
feed intake (kg)/total weight gain (kg).

Data were statistically analyzed on a
completely randomized design using the SAS
General Liner Models Procedure (SAS, 2002)
basis according to Snedecor and Cochran
(1982) using the following model:

Yi=p+Tit+e
Where:

Yjj = an observation, p = the overall mean, T; =
effect of treatment level (i = 1 to7), and e; =
random error. Differences among means were
tested using Duncan’s New Multiple Rang test
(Duncan, 1955).

RESULTS AND DISCUSSION

Results related to growth performance
(absolute growth rate, relative growth rate and
productive efficiency percentage) are shown in
Table 3 and Figs. 1, 2 and 3.

Quail birds fed the control diet and those fed
diet containing pectin level as 3 g/kg diet and
those fed diet containing lead as 0.5 g/kg diet
showed significantly (P<0.01) the highest
measures in relative growth rate and absolute
growth rate. The productive efficiency of quails
treated by pectin at 1 g/kg feed and 0.5 lead g/kg
diet showed the lowest estimates in comparison
with the other groups without significant
differences (Table 2 and Fig. 3). These results
clearly indicate that lead cause a remarkable
decreases in the absolute growth and the
productive efficiency. The obtained results

completely confirmed the possibility of using
pectin as a food supplementation for alleviating
the diverse effects of lead poisoning.

Prolonged toxicity of lead metal is associated
with the fact that the lead is able to be
accumulated in the body (Kuchkarova and
Kudeshova, 2016). Quails have the ability to
accumulate lead in their tissues, especially in
liver than muscles (Hamidipour et al., 2016).
For that reason, group of quails had access to a
diet containing 0.5 g of lead/ kg diet had similar
growth rate as those of the control group.

In the present work, the quail birds fed diets
supplemented with pectin did not show greater
growth in comparison with the control group.
The explanation for this may be due to that gel-
forming carbohydrates such as pectin probably
delay gastric emptying by increasing gastric
viscosity (Sandhu et al., 1987). This in turn
would increase satiety and reduce the capacity
or the desire of the animal to consume more feed
(Razdan et al., 1997).

Reduction of the body weight in quails
exposed to lead intoxication has been also
observed in other researches (Ibrahim et al.,
2012; Metwally et al., 2015; Kuchkarova and
Kudeshova, 2016). The reduction in growth rate
in quails might be related to metabolic disorders
associated with transfer of zinc dependent
enzyme activity (Kuchkarova and Kudeshova,
2016). The latter authors added that an important
part in decreasing growth rate in lead treated
quails can play a reduction in the activity of
brush border carbohydrases of the small intestine.

The effect of dietary pectin on the
performance of broiler chicks is strongly
influenced by the degree of esterification or the
origin of the pectin product, and the amounts
that are added to the diet (Langhout and
Schutie, 1996). Pectin levels in the broiler's diet
affect intestinal transit time, excreta moisture
content and feed digestibility according to the
developmental phase of the broiler (Silva et al.,
2013). The latter authors indicated that intestinal
viscosity increases as pectin ingestion increases.
Intestinal transit time and intestinal viscosity
have a higher influence on feed digestibility at
growth stage. Therefore, the addition of pectin
to the feed improved growth performance of
broilers at the starter phase.
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Table 3. Means ()_( + SE) of absolute growth rate, relative growth rate and productive efficiency
of Japanese quail as affected by pectin and lead treatments

Item Absolute growth rate Relative growth rate Productive efficiency
(g, 1-6 weeks) (%, 1-6 weeks)

Control 189.98+2.08" 142.14+0.49° 179.77+8.32
Pectin 1 g/kg 180.27+2.74° 139.94+0.74™ 169.87+8.33
Pectin 3 g/kg 189.59+2.81° 142.00:£0.54 193.92+5.11
Lead 0.5 g/kg 189.6242.20° 142.06+0.46° 187.54+9.64
Lead 1 g/kg 175.35+4.16" 138.65+1.07° 173.94+10.22
Pectin1 g +lead 0.5 g 181.75+3.08" 140.28+0.77% 163.36+5.10
Pectin3g+1lead1g 176.14+1.57° 139.00+0.41° 184.66+8.54
Significance ok ok NS

** P<0.01 and NS = Not significant.
Means in the same column within each classification with different letters differ significantly (P<0.05).
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Fig. 1. Relative growth rate of Japanese quail as affected by pectin and lead levels
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Fig. 3. Productive efficiency of Japanese quail as affected by pectin and lead levels

Several investigators suggested that the
viscous property of pectin is the major factor
responsible  for its anti-nutritive  effect
(Langhout and Schutie, 1996; Razdan et al.,
1997). Wils-Plotz (2012) showed that dietary
inclusion of pectin at 7% inclusion level in
broiler diets, during the 14 days post-hatch,
reduced weight gain by 32% when compared to
the control group.

Weight loss and impaired reproduction
(Hoshiari and Pourkhabbaz, 2012), poisoning,
poor performance and death are other
consequences of lead poisoning (Mehrotra et
al., 2008).The present results are in line with
those of Razdan et al. (1997) who indicated that
diets containing pectin gave similar effects on
growth performance as the control diet. As well
as Langhout and Schutie (1996) reported that
addition levels of 1.5 and 3% of pectin to the
diet decreased weight gain by approximately
30% as compared to the control group.

Ibrahim et al. (2012) found that gain in
body weight was lowered in lead treated groups
(1/20, 1/40 and 1/160 of the oral LDs, of lead
acetate) relative to the control.

Based on the current findings, it can be
concluded that pectin could help in alleviation of
the adverse lead effects on growth performance
of quail chicks. However more studies are
required to detect the appropriate levels
according to many factors like pectin source and
level.
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