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Abstract: This study was conducted to evaluate the strategy of feed restriction as well as enzyme supplementation
on the performance, behaviour, and physiology as indicators of welfare in broilers. The experiment carried out for 6
weeks. One hundred and eighty day old Cobb chicks were equally divided into 4 groups each of 3 replicates. Group
1 (control group ) were fed ad libitum with no enzyme supplementation, Group 2, fed ad libitum with enzyme
supplementation, Group 3 (restricted group) supplied with 75 % of quantity of feed consumed by the birds fed ad
libitum on the previous day from 7 to 17 day old with no enzyme supplementation and Group 4 (restricted with
enzyme supplementation) supplied with enzyme supplementation from 7 to 17 day old .The average weekly body
weight and weight gain, Feed intake and feed conversion rate (FCR) dressing percentage and giblet weight (heart,
liver, and gizzard)were calculated as physical indicators. The following behavioural parameters were measured:
feeding, drinking and resting behaviour as focal sampling, where comfort and agonistic behaviour as scan sampling.
Determination of H/L ratio, glucose and corticosterone hormone level as physiological parameters of welfare was
recorded. Data obtained in this experiment revealed that, at the age of 6 weeks, (G4) which fed restricted diet
supplemented with enzyme showed significantly (p<0.05) heavier final body weight , body weight gain and had
significantly (p<0.05)) the lowest daily feed intake ,the best feed conversion throughout the entire rearing period
and highest dressing yield %. Feed restricted groups (G3, G4) showed s ignificant (p<<0.05) decrease in the number
of approach to feeder and drinker while spent more time in feeding and drinking especially during the restriction
period at 2" and 3™ weeks than those fed ad libitum, however, feed restriction increased significantly (p < 0.05)
the resting frequency with lower time spent resting than birds fed ad libitum.Regarding the physiological
responses, birds subjected to feed restriction without enzyme supplementation (G3) had a marked heterophilia, and
lymphocytopenia consequently with higher H/L Ratio ;had the highest overall mean of blood glucose level and
Highest overall mean of blood corticosterone hormone level than the other groups. The practice of feeding
exogenous enzymes to feed-restricted chickens could be a desirable feeding strategy that might offer an economic
advantage over a continuous ad libitum feeding regimen.
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1. Introduction behaviour and of physiological signs of stress,
Welfare depends on how the individual may including alterations of immune responses, indicate
perceives its living environment, taking into account that there are no major welfare problems and welfare
not only the physical aspects of the environment, but is good (SCAHAW, 2000).
also the social aspects . In the last decades there has Several welfare indicators may be used to
been a great improvement in poultry production assess welfare, such as health (mortality, mobility,
based on the careful control of several aspects, and level of injuries) (Estevez, 2003); management
among which nutrition and management, Nowadays, (which type of rearing is offered to the flock);
the search for good welfare conditions is a global physiological responses to stress (respiratory rate,
tendency in animal production; (Moura, et al. 2006). body temperature, variation in cortisol levels (Craig
Poultry Welfare is good when all needs et al. 1986), or immune status (Patterson and Siegel,
associated with the maintenance of good health and 1998) and ultimately meat quality (Chevillon, 2000).
needs to show that certain behaviours are met so Behaviour is frequently used by experienced farmers
welfare varies from very poor to very good and can to determine potential problems in birds (Dawkins,
be scientifically assessed. In general, minimum 1999 and Duncan, 2002 ) Improvements in genetics
mortality, low morbidity, little or no risk of injury, and nutrition over the last 20 years have led to
good body condition, the ability to express species- increase of growth rates in modern broiler strains
specific activities including social interactions, which consume feed ad libitum; unfortunately this
exploration, and play, and the lack of abnormal high growth rate is associated with increased body fat
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deposition, high mortality and high incidence of
metabolic and skeletal disorders which have negative
impact on broiler welfare (Zubair and Leeson, 1996).
So there is a critical need to increase efforts to reduce
some of these problems and also reducing feed cost
which ranged from 60-70% without compromising
the final productivity. (Sarvestani et al. 2006).

One possible nutritional strategy of reducing
feed cost is to restrict feed intake of the birds in the
early stage of life which show improvement in feed
efficiency and reach a weight similar to that of birds
fed ad libitum at the time of slaughter (Novel et al.
2008 and 2009) The other nutritional strategy is using
feed additives as enzyme supplementation which
usually did not contain a single enzyme but they are
enzymatic preparations containing a variety of
enzymes as amylase, xylanase, protease,
galactosidase, pectinase, cellulose and lipase which
have been used successfully on poultry performance
improvement (Knudsen, 1997 and Pinheiro et
al.2004). Non starch polysaccharide (NSP)-degrading
enzymes usually result in numerous beneficial
effects, such as increased utilization of nutrients (e.g.,
fat and protein), improved values, increased growth
rate, improved feed: Gain, decreased viscosity of
intestinal digesta, reduced incidence of sticky excreta,
improved litter conditions and reduced environmental
pollution due to a decreased output of manure and
gases such as ammonia (Costa et al. 2008).

Therefore the objective of this study was to
clarify the impact of feed restriction and enzyme
supplementation on the welfare of broiler chickens.

2.Material And Methods
2.1.Birds and Housing

This study was conducted at the Department
of Veterinary Hygiene and Management, Faculty of
Veterinary Medicine, Cairo University. Day old Cobb
broiler chicks were purchased from a local hatchery
.A starter diet (23 % CP and 3029.84 kcal’kg ME)
were supplied from 0-3 weeks while finisher diet (20
% CP and 2949.69 kcal/kg ME) were fed from 3 — 6
weeks (end of trials). The basal broiler starter and
finisher diets were formulated to meet the NRC
(1994) nutrient requirements for broilers.

The experimental birds were kept on floor
litter system in a poultry research unit including
separate symmetrical pens each of (2.25 x 2m), each
pen divided into equal 3 subgroups .The pens were
thoroughly cleaned, washed and disinfected before
chicks arrival. The floor of all pens was covered by a
uniform layer of finely chopped wheat straw. Fresh
clean water was available all the time through bell
shaped drinking devices. Birds were fed through
plastic pan feeders. All the birds were provided with
the same management conditions as temperature,
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relative humidity, ventilation and light. Continuous
photoperiod lighting program was used throughout
the experimental period providing light intensity of
10 lux/ sq.m. The chicks were brooded at 35°C
during first week and thereafter; the temperature was
reduced by 3°C every week until the temperature
reached to the room temperature (22+1°C). The
relative humidity was ranged from 50-70 % during
the trial period.
2.2.Experimental design

This study was conducted to evaluate the
strategy of feed restriction as well as enzyme
supplementation on the performance, behaviour, and
physiology as indicators of welfare in broilers. The
experiment carried out for 6 weeks. One hundred and
eighty day old Cobb chicks were equally divided into
4 groups each of 3 replicates. Group 1 (control group
) were fed ad libitum with no enzyme
supplementation, Group 2,fed ad libitum with
enzyme supplementation , Group 3 (restricted group)
supplied with 75 % of quantity of feed consumed by
the birds fed ad libitum on the previous day from 7 to
17 day old with no enzyme supplementation and
Group 4 (restricted with enzyme supplementation)
supplied with enzyme supplementation from 7 to 17
day old (Santoso et al. (1993); Pinheiro et al. ( 2004)
and Novel et al. (2008 ) . The enzyme preparation
used known as NUTRI-ZYM Dry produced by INVE
TECHNOLOGIES NV, Belguim, European Union
and used in 0.5 kg / ton Dose. The composition of
Enzyme used is tabulated in table 1.

Table 1. Composition of the enzyme used in the trial

Ingredients | concentration

Alpha- Amylase 0.40 %

3 -Glucanase preparation 0.40 %
(Endo- 1, 3 (4) - B- glucanase E.C.3.2.1.6),

(Endo-1, 4 B-glucanase E.C.3.2.1.4)

Endo-xylanase preparation 0.07 %
Pectinase preparation 0.40 %
Endo-proteinase preparation 2.58%
Dried yeast (inactive Saccharomyces cerevisi) 25 %
Limestone as carrier up to 100 %
With the following activities on product basis

Endo- 3 —Glucanase 6800 BU/g
Endo-xylanase 8760 BXU/g
Proteinase 14.06 Uhb /g
Endo- cellulase 1300 ECU/g
Pectinase 1.04 PA/g
Alpha- Amylase 50U /g

2.3.Welfare indicators
2.3.1.Physical indicators

A random sample of 10 % of each pen was
weighted weekly by individual weighting of the
identified random samples of each group to obtain the
average weekly body weight and weight gain (Yalcin
et al. 1998; Lei and Beek, 1997). Feed intake and
feed conversion rate (FCR) were calculated according
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to Dagaas and Claveria, (2008) where the average
weekly feed intake was divided by the average
weekly weight gain. At the end of experiment, five
birds from each replicate were picked up randomly
and slaughtered for their dressing percentage and
giblet weight (heart, liver, and gizzard). The birds
were weighed after removing heads, legs and viscera
to determine the carcass weight included wings and
necks and the dressing yield. The heart, liver and
gizzard were weighed and their percentages to live
body weights were calculated. (Petek et al. 2000 and
Amina et al. 2008). The mortality rate was recorded
weekly throughout the experimental period. (Novel et
al. 2009)
2.3.2.Behavioural indicators

Birds used in this study were observed as
focal (Martin and Bateson, 1993) and scan samples
(Sandilands et al. 2005) for six weeks. Birds were
observed 3 days /week. Behavioural observation was
20 min / replicate/ day, in two observational periods;
in the morning (8.00-11.00 am) and at afternoon
(14.30-17.30 pm). The following behavioural
parameters were measured: feeding, drinking and
resting behaviour as focal sampling, where comfort
and agonistic behaviour as scan sampling (Cornetto
and Estevez, 2001).. Continuous focal animal
sampling was used for feeding, drinking and resting
behaviour Webster, (2000), All focal birds were
chosen randomly from each pen and were identified
on their body using special dyes. Five birds were
observed / day / replicate for 5 min/ period/day. The
number of birds performing comfort and agonistic
behaviour was recorded each minute for 5 minutes /
period / replicate / day.
2.3.3.Physiological indicators

Blood samples were collected weekly
starting from 2" week for determination of
differential leucocytic count, serum glucose and
blood corticosterone hormone level. A total of 5

3. Results

Results of this study were tabulated in tables 2, 3 and 4.

randomly selected chickens from each replicate were
gently removed from their pen and blood samples
(0.5 ml) were taken into EDTA tubes from each bird,
two blood smears from each sample were made using
the 2-slide wedge method (Houwen, 2000), blood
films were air dried, fixed in methanol and stained
with Diff-Quick stain (Dade Behring Inc., Deerfield,
IL). In the differential leucocytic counts, 100
leukocytes were counted on each slide using oil
immersion microscopy 100 x magnifications for
determination of heterophil, lymphocyte percentage
and H/L ratio by dividing the number of heterophil
by the number of lymphocyte. (Gross and Siegel,
1983). Blood samples were centrifuged at 3000 rpm
for 3 min and serum was obtained and frozen at -
20C° until the chemical analysis. Glucose Analysis
was conducted on an automated spectrophotometer
using a standard diagnostic kit. (Zulkifli et al. 2000
and Amina et al. 2008) and corticosterone hormone
analysis (Schaaf et al. 2000).
2.4.Statistical analysis

Data were analyzed in a factorial
arrangement with 2 levels of feed condition (ad
libitum and restricted) and 2 levels of enzyme
addition (with and without enzyme addition). The
Statistical analysis of the obtained results was
conducted by using SPSS program (statistical
Package for Social Science) version 12 for windows
17 (Dytham, 2003).The experiments were arranged as
a completely randomized design with groups as the
experimental unit. The mean values for the
performance, physiological and behavioural variables
were calculated for each group. T test, non-paired of
analysis of variance one way were used as a
parametric tests for the data analysis (Petrie and
Waston, 2006). The data were expressed as mean +
SE. A level of significance as minimal acceptable
level was assessed at (p < 0.05).

Table 2: Effect of feed restriction and enzyme supplementation on Physical indicators of broiler welfare

Physical Experimental groups
indicators Groupl Group2 Group3 Group4
Body weight (gm) 934.749.76 ™ 986.86 +11.76° 924.57£13.05° 1000.14+18.64°
Daily feed intake (gm) 87.00+ 5.56 * 85.45+7.45° 84.38+4.45% 82.33+6.87¢
Feed conversion rate (FCR) ~ 1.59 £0.08 ™ 1.5240.12 1.5240.06 ** 1.38+0.10¢

Slaughtering

Weight after slaughtering

Dressing yield %
Gizzard weight
Gizzard %
Liver weight

2225.0+7.04 *
1620.00+7.80 *
72.65+0.28*
46.80+0.40
2.10+0.02 *
50.32+0.92 *

2346.00+8.04 °
1795.80+13.61°
75.26+0.37%
30.28+1.66 ™
1.27+£0.07%
41.44+1.32 %

2254.00£11.01%
1645.80+9.22 *
72.82+0.44 *
47.96+2.90 *
2.12+0.13 %
50.72+3.60 *°

2474.00+£10.47¢
1890.60+26.84¢
76.25+0.95 ™
30.44+2.74 ™
1.23+0.11%
42.20£1.19 ™
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Table 3: Effect of feed restriction and enzyme supplementation on Behavioural indicators of broiler welfare

Experimental groups

Behavioural indicators Groupl Group2 Group3 Group4
Feeding frequency 4.12+0.08" 433+0.04" 2.78+0.09 2.66 +0.05
Time spent feeding 78.49+7.22 76.55+6.86 91.22+3.39 ¢ 90.14+2.87 ¢
Drinking frequency 3.110.05% 3.35+0.04 ® 1.89 £0.05 1.99+0.08
Time spent drinking 49.7546.21% 48.81+8.88 63.86+4.27 60.22+2.86 ¢
Resting frequency 2.96+0.04" 2.88+0.05 ™ 4.56 +0.06. 4.14+0.06

Time spent resting 160.45+3.12°

165.68+4.43 ™

148.00+7.3% 145.73+5.76

a, ,b,c, d:

means within the raw having different superscripts are significantly different at p (< .05).

G 1: (control group) fed ad libitum

G 2: (group fed ad libitum with enzyme supplementation)
G 3 :( restricted group with no enzyme supplementation)
G 4 :( restricted group with enzyme supplementation)

Table 4. Effect of feed restriction and enzyme supplementation on Physiological indicators of broiler welfare

Physical Experimental groups
indicators Groupl Group2 Group3 Group4
Heterophil % 29.67+2.44™ 28.20+6.09 ™ 32.25+3.96° 28.80+4.50 ™
lymphocyte % 65.33+8.71 ™ 66.76+5.62 ™ 61.94+5.34° 66.48+6.11 ™
H /L ratio 0.46=0.08 ™™ 0.42+0.04 ™ 0.52+0.03 ° 0.44+0.09 ™
Glucose level (mg/dl) 239.60 +25.98™ 234.5+19.75™ 250.0£15.97° 235.20+24.09 *
Corticosterone level (ng/ 4 3., ¢ g0 3.84+0,09™ 7.05 £0.04° 3.98+0.03 ™

ml)

4. Discussions
4.1. Physical indices of broiler welfare

Data obtained in this experiment revealed
that, at the age of 6 weeks, (G4) which fed restrict diet
supplemented with enzyme showed significantly
(p<0.05) heavier final body weight (1000.14+18.64 g)
and body weight gain ( 405.17 £9.48) then (G2) which
fed ad libitum supplemented with enzyme, which
recorded (986.86 + 11.76) for body weight and
(384.00+11.93) for weight gain compared to other
groups which gained relatively similar body weight
and body weight gain (Table 2). The increasing of
bodyweight and weight gain with enzyme
supplementation may be attributed to the improvement
of the overall digestion which observed more by feed
restriction due to the compensatory growth as
mentioned by Onbasilar et al. (2009) which found that
chickens subjected to feed restriction attained
complete compensation in live weight and weight gain
at 42 day of age as the ad libitum group and Pinheiro
et al. (2004) which showed that the exogenous enzyme
was responsible for increased live weight and body
weight gain in broiler. While Attia et al. (1998);
Shariatmadari and Vaez Torshizi (2004) and Lazaro et
al. (2004) found that feed restriction enzyme
supplementation lower the weight in broilers.

It was noticed that, (G4) which fed restricted
diet supplemented with enzyme had significantly
(p<0.05)) the lowest daily feed intake (82.33+6.87)
and better feed conversion (1.38+0.10) throughout the
entire rearing period than the other groups (Table 2).
As observed by Mahmood et al .,(2007) who
mentioned that, although birds fed ad libitum were
consumed more feed compared to the birds kept under
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restricted feeding programme , the restricted birds
utilized their feed more efficiently than controls. , and
with Samarasinghe et al. (2000) Wang et al. (2005);
Balamurugan and Chandrasekaran (2010) which said
that addition of feed enzymes to poultry diet decreased
the feed intake with improvement in feed conversion
rate, Contrarily Junqueira et al (2003); Alam et al.
(2003) and Shirzadi, et al. (2009) found that feed
restriction or addition of exogenous enzymes in broiler
resulted in increased feed intake and Khetani et al.
(2008) and Malayolu et al.(2010) found no significant
effects on feed conversion by feed restriction or
enzyme supplementation , The decreasing of feed
intake by feed restriction and enzyme supplementation
may be attributed to the decreased of the maintenance
requirement as the birds able to fulfill their nutrient
requirement by taking less amount of feed,

In the current study the highest dressing yield
% was observed in (G4) (76.25+0.95) which fed
restricted diet supplemented with enzyme followed by
(G2) (75.26+0.37) which fed ad libitum supplemented
with enzyme than birds fed non supplemented diet and
this explained by the highest final live weight
observed in these groups .While in relation to visceral
organ weight and percentage, enzyme supplementation
reduced gizzard, liver, heart weight and percentages
These results are in agreement with Khan et al. (2006);
Nadeem et al . (2005) and El-Deek and Al-Harthi
(2004) who reported that enzymes supplementation
reduced gizzard liver and heart weight of broiler.
4.2. Behavioural Indices

Feed restriction (G3, G4) decreased
significantly (p<0.05) the number of approach to
feeder (2.78+0.09) for G3 and (2.66+0.5) for G4 and
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drinker (1.99 + 0.08) for G4, (1.89 = 0.05) for G3
while spent more time in feeding (91.22 + 3.39) for G3
and (90.14 £2.87) for G4 and drinking (3.86+4.27) for
G3 and (60.2242.86) for G4 especially during the
restriction period at 2nd and 3rd weeks than those fed
ad libitum and this may related to the less amount of
food which offered during this period so birds are
hungry so spent more time to take more feed particles.
These results agreed with those reported by Kubikova
et al. (2001) who found that feed restricted birds spent
more time in food intake than ad libitum groups. with
Hocking et al. (1993) and Dagaas and Claveria (2008)
which observed that food-restricted birds showing
increased drinking over time compared to birds fed ad
libitum. However, feed restriction increased
significantly (p < 0.05) the resting frequency as
observed in (4.56 + 0.06) for G3 and (4.14 + 0.06) for
G4 but with lower time spent resting (148.00%= 7.32)
for G3 and (145.73%5.76) for G4. Similar results were
obtained by Savory et al (1992) and Aydn et al. (2009)
who found that restricted birds showed less time
resting than birds fed ad libitum.
4.3. Physiological indices
4.3.1. Heterophil / lymphocyte ratio

Regarding the physiological responses, birds
subjected to feed restriction without enzyme
supplementation (G3) had a marked heterophilia
(32.25£3.96) , and lymphocytopenia (61.94+5.34)
consequently with higher H/L Ratio (0.52+0.03) than
the other groups, the increased heterophil: lymphocyte
ratio in feed restricted group revealed that quantitative
feed restriction act as a stressor for broiler chicks .
Maxwell et al. (1992) and De Jong et al. (2002)
reported that restricted fed broiler showed increases in
heterophil together with a corresponding decrease in
lymphocyte % with elevated H / L ratio on the other
hand Onbagilar et al. (2009) found higher Heterophil:
Lymphocyte ratio in broilers fed ad libitum than the
fed restricted
4.3.2. Glucose level

In his experiment where (G3) which
subjected to feed restriction without enzyme
supplementation had the highest overall mean of blood
glucose level (250.63£15.97) which may be attributed
to the stress which occurred to birds by feed restriction
, These result support the view of Puvadolpirod and
Thaxton (2000) and Onbagilar et al. (2009) which
explained that by the higher circulating glucocorticoid
levels which associated with stress in chickens, On the
other hand, Dewil et al. (1999); Kubikova et al. (2001)
and Rajman et al . (2006) reported that quantitative
feed restriction did not affect blood glucose level.
4.3.3.Blood corticosterone hormone level

Highest overall mean of blood corticosterone
hormone level observed in G3 which subjected to feed
restriction ~ without  enzyme  supplementation
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(7.05+£0.04) than the other groups as limiting feed
intake during the rapid growth period considered stress
on meat type chickens, these result are in coinciding
with Kubikova et al. (2001); De Jong et al. (2002) and
Rajman et al. (2006) who found that feed restriction
elevated the blood corticosterone levels in broilers. It
can be concluded that, the practice of feeding
exogenous enzymes to feed-restricted chickens could
be a desirable feeding strategy that might produce
birds with maximum final body weight, best feed
conversion with a minimum feed intake; In addition,
this practice might offer an economic advantage over a
continuous ad libitum feeding regimen.
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