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The aim of this study was to conclude the effect of feed frequencies
and amount on growth performance, carcass traits, physiological

responses and behaviors of broilers chicks. One hundred Ross
broiler chicks at 7 days old were randomly assigned into five
regimens (20 chicks per each program with two replicate).
Experimental design were as follows; T1: feeding once a day
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(100% diet at 6:30), T2: two equal feedings per day (50% of total
diet at 6:30 and 18:30), T3: two feedings per day (75% at 6:30 and
25% at 18:30), T4: three equal feedings per day (33.33% at 6:30,
12:30 and 18:30) and T5: three feedings per day as 50% of diet at
6:30, 25% at 12:30 and 25% at 18:30. Chicks were fed with
commercial broiler diet for five weeks. The obtained results
indicated that offering two equal feeding times per day was
significant (p<0.05) improved overall body weight, body weight
gain and average daily gain of broiler chicks. Chicks fed single,
twice per day and three times of 4™ regimen showed higher feed
intake than chicks of 3™ and 5" regimens. Feed frequencies had
significant (P<0.05) effect on percent of carcass, spleen and
intestine percentage. High proportion of chicks of 1%, 2™ 39 and
4" feeding regimens showed significant more feeding and preening
behaviors than chicks of 5" regimen. Chicks of 5" regimen
exhibited significantly higher foraging behavior than those of 3™
and 4" regimens. Moreover, feeding frequency with different
amount of feed decreased the duration of tonic immobility test
means less stressful and high chick welfare. T2 showed significant
increasing on heterophil, total protein, globulin, serum glucose and
growth hormone levels in comparison to the other groups, as well
as a lower albumin/globulin ratio and albumin. In conclusion, two
equal feeding per day (T2) might be a desirable feeding approach
that might produce good healthy birds with maximum growth
performance and improved welfare.
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Domestic birds consume their food regularly
INTRODUCTION throughout the day and do not eat separate meals
The productivity of broiler industry can be (Peter and Gernat, 2006). In poultry production, ad
successfully  realized with  improved growth libitum feeding is widely used for maximizing bird

performance, feed efficiency and health of birds
(Baracho et al., 2006). Feed management considered
the most expenditure in broiler management account
(Neves et al., 2014). Consequently, efficiency in
feeding is one of the fundamental factors for successful
poultry production.
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growth. Additionally, allowing birds an indefinite
supply of feed may effect bird consumption that
exceeds its requirements for maintenance and
production as well as the excessive deposition of body
fat at market age that reduces meat quality (Junqueira
et al., 2003; Butzen et al., 2013) and increases the
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incidence of sudden death syndrome, ascites, and
skeletal problems (Khurshid et al., 2019).

When birds forced on specific meal times or
regimes an adaptation is observed as birds consume an
amount of feed in a shorter time. Thus, the desirable
feeding approach would be to produce chickens with
maximum lean body mass, minimum feed intake, and
extreme final body weight (Peter and Gernat, 2006).
One management strategy to reduce fat deposition and
prevent metabolic troubles is feed restriction manner
(Mohammadalipour et al., 2017).

Feeding frequency is one of the feed restriction
strategy. In broiler chickens, restricted feeding
frequency has been used to decrease feed consumption
and increase feed efficiency (Farghly and Makled,
2015). Intermittent feeding regimes (4 h of feeding and
4 h of non-feeding) had higher average daily gain and
lower feed conversion ratio values than restricted
feeding regimens and did not produce any negative
effects on performance or physiological status of birds
(Farghly et al., 2019). Liu et al., (2020) concluded
that both ad libitum feeding and fixed feeding
frequency for 3 to 5 times daily were suitable for geese
from 28 to 70 day of age to achieve optimum
production. In sucking piglets, 6 times daily feedings
led to a higher average daily gain and lower feed
conversion ratio than those in pigs fed 12 times daily
(Liu et al., 2019).

Without a thorough blood examination, it is
frequently difficult to determine an animal's present
health status (Amakir et al., 2009). The existence of
many metabolites and other constituents in the body
can be clinically investigated using blood pictures, and
blood plays an important part in the animal's
physiological, nutritional, and pathological status
(Aderemi, 2004). In the poultry industry, blood
parameters have become increasingly popular as a tool
for detecting physiological changes and aiding illness
detection. Hematological markers are important
indicators of a bird's physiological status (Saied et al.,
2011).

The evaluation of normal hematological
indices of broiler chickens is crucial for detecting
various clinical and/or metabolic disorders. This can be
used to assess the health of a single bird or a flock of
birds (Olukomaiya et al., 2014). The level of a
specific blood ingredient can be influenced by many
factors such as feeding, environment, rearing
technique, and physiological state (Meluzzi et al.,
1992). Increasing animal wellbeing can occasionally
result in the systemic immune system being
suppressed, resulting in welfare problems triggered by
aberrant behaviors (De Jong et al., 2003). Feed
limitation improved the immunological response of
broilers, which was harmed by heat stress exposure

(Khajavi et al., 2003). Thus, the aim of this study was
to investigate the effect of feeding amount and
frequency on growth performance, carcass traits,
behavior and physiological responses of broilers from 7
days till marketing age.

MATERIAL AND METHODS

All birds handling procedures as well as
samples collection and disposal were according to the
regulation of institutional Animal Care and Use
Committee (IACUC) Faculty of Veterinary Medicine,
University of Sadat City, Cairo, Egypt during the
period from September 2020 to November 2020.

Five feeding regimens were applied for 100
Ross broiler chicks at 7 day old (20 chicks per each
regimen in 2 replicate) as it is shown in Table (1).
These programs last for 5 weeks until chicks reach to
40 days old. Feed was provided ad libitum for the first
7 days of chick life. At 7 days the chicks were divided
into five treatments and were housed in separated pens
(10 chicks/ pen) constructed on the concrete floor with
wire partitioning (floor system) as described by
(Abdelbasit et al., 2016). The house was equipped
with feeders and drinkers and wood shaving was used
as the litter material under continuous lighting system.
Chicks were fed on commercial broiler starter (23%
crude protein) for first 2 weeks, grower (21.5% crude
protein) form 2 till 4 weeks and finisher (19% crude
protein) from 4 weeks until slaughter. Daily feed
allowance was adjusted according to the
recommendation made by an Aviagen brand 2019.
Water was provided ad libitum. All birds were
vaccinated against Newcastle disease at 8 and 18 day
of chick age in drinking water. All general
management practices were followed until the birds
reach to 40 days.

Table 1: Experimental design

Feeding Feeding amount and time
regimens First meal Second meal Third meal
> > >
: 3 ¢ 2 & 5
= @ = @ = @
=3 X =3
T1 100 6:30 - - - -
T2 50 6:30 50 18:30 - -
T3 75 6:30 25 18:30 - -
T4 33.33 6:30 3333 12:30 33.33 18:30
T5 50 6:30 25 12:30 25 18:30

77

Data Collection:
Growth Performance:

Body weight of chicks was measured at 7, 21,
30 and 40 days old. Moreover, weight gain was
calculated as difference between final body weight and
initial body weight. Additionally average daily gain
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and feed conversion ratio (FCR) (feed intake
(9)/weight gain (g)) were calculated. Daily feed intake
was calculated daily by measuring given feed and
remained feed per treatment.

Behavioral observation:

Scanning technique of observations was
performed according to Fraser and Broom, (1990) for
three consecutive weeks (3th, 4™, and 5" week). All
birds of each treatment were observed 2 days/week for
10 minutes/time in two observational periods; in the
morning (8.00-8:50) and at afternoon (17: 00- 17:50).
The percentage of chicks performed feeding, drinking,
foraging, lying, standing, walking, preening, wing
flapping and stretching behaviors was recorded during
all scan samples in each treatment.

Tonic immobility:

The effect of the feeding frequency and
amount on the fear response of the chicks was
evaluated with the tonic immobility test (TI). A total of
5 chicks per treatment were used for this test at 14, 28
and 40 days of age. The test was performed between
15:00 and 17:00 h in a separate room away from
chick's pen. Tonic immobility was induced by placing
the bird on its back on a U-shaped wooden cradle
padded with a layer of cloth according to Tahamtani
and Riber, (2020) for maximum 5 min test period, by
stop watch, and recorded the total duration of TI, i.e.
until the bird righted itself.

Carcass traits:

Five birds were randomly selected from each
treatment at 40" days of age and they were slaughtered.
The weights of carcass and internal organs (liver, heart,
gizzard, spleen, bursa and intestine) were taken and
expressed as percentage of the live weight at slaughter.

Blood samples and Biochemical Assays:

Four blood samples were obtained from each
chick's wing vein at 40 days old and divided into two
parts one in a vial containing EDTA for hematological
assay and another part for serum separation. In the
laboratory, blood samples were subjected to
hematological examination of hemoglobin
concentration (Hb), Red Blood Cell (RBC), White
Blood Cell (WBC), Packed Cell Volume (PCV), mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC) and White Blood Cell
differential counts according to conventional
techniques according to Schalm, (1986). In addition,
total protein, albumin, and globulin were measured in
serum, as recommended by electrophoresis. Glucose
assay kit (Diamond diagnostic kits) was used to detect
the levels of glucose in the serum. Measurement of
chicken growth hormone (CGH) in serum samples
using a Recombinant Chicken GH (BioVision Rsearch
Products).
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Statistical analysis:

Statistical analysis was carried out using
analysis of variance; one-way ANOVA test followed
by Duncan multiple comparison tests. All data were
statistically analyzed using statistical software program
SPSS (Statistical package for Social Sciences) Version
22. The results were expressed as mean + SE and
considered as significant when P- values less than 0.05
(*) and 0.01 (**).

Growth performance:

Data presented in Table (2) revealed that
feeding frequency with different amount had a
significant effect on growth performance of broiler.
Generally, offering two equal feeding per day had a
significant (p<0.05) effect on overall body weight,
body weight gain and average daily gain of broiler
chicks. Body weight at 21 and 30 days of chicks age
were significantly (p<0.01) improved under two equal
feeding of 2" program (T2) and three feeding of 5%
program (T5) compared to 3" feeding programs (T3)
only. However, offering feed for broiler chicks once
and twice per day with equal amount had a significant
(p<0.05) effect on body weight of chicks at 40 days
old. The FCR of chicks is not significantly affected by
different feeding programs.

Data in Table (3) showed that, there is a
significant difference in feed intake among all groups.
Overall feed intake of chicks of T1, T2 and T4 was
significantly higher than chicks of T3. At 1 and 2™
week, chicks of 2" program (T2) showed a significant
increase feed intake than chicks of 5" program (T5).
However chicks fed single, twice per day and three
times of 4" program showed higher feed intake at 3™
and 4™ weeks than chicks of 3" and 5" program.

Behavioral observation and tonic immobility test
(Tn:

The effects of different feeding programs on
behaviors of broiler were presented in Table (4). High
proportion of chicks of 1%, 2" 39 and 4" feeding
regimens were showed significant more feeding
behavior than chicks of 5" program. Chicks of 5"
program were exhibited significantly higher foraging
behavior than those of 3 and 4" program. Chicks of
1%, 2" and 4" feeding regimens were significantly
showed higher preening behavior than those of 5"
program. Conversely, other behavioral patterns of
chicks including drinking, resting, walking, standing,
wing flapping and stretching was not significantly
differed under different feeding programs. Results
summarized in Table (5) concluded that feeding
frequency with different amount of feed had a
significant (P<0.05) effect on the duration of tonic
immobility test (TI). The chicks of 1% regimen that fed
one time per day were showed significantly longer
duration in TI than other regimens that indicated
increasing the fear levels.
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RESULTS

Table 2: Effect of feeding frequency and amount on body weight (g), weight gain (g) ,average daily gain
(9) and feed conversion ratio (FCR) of broiler (Means+SE)

ltems Feeding regimens P
T1 T2 T3 T4 T5 value
Body weight (g)
at 7 davs 146.81+ 146.99+ 145.32+ 149.73¢ 147.62+ NS
y 3.29 3.00 2.31 3.32 2.53
at 21 davs 855.48+ 894.81+ 825.50+ 854.78+ 889.79+ .
Y 8.70% 5.502 1.31° 1.88% 7.332
at 30 davs 1728.57+ 1769.23% 1618.75% 1700.63x 1785.00% .
Y 6.75® 3.962 2.87° 3.85® 2.332
at 40 davs 2004.16+ 1999.50+ 1880.00x 1963.00x 1986.87+ *
Y 2,552 3.362 3.50° 3.26® 2.01%®
Overall weight 1143.48+ 1203.48% 1079.93x 1136.70x 1040.03% *
() 6.75% 6.162 5.19" 6.75% 6.05"
Body weight 1856.05x 1921.78% 1799.71+ 1815.14+ 1779.92+ -
gain (g/bird) 2.12% 3.87° 3.41° 2.58® 3.25°
Average daily 4417+ 47.04+ 44.09+ 44.49+ 4471+ *
gain (@) 1.26° 0.718 0.67° 0.67° 0.38°
2.84+ 2.81+ 2.56+ 2.65% 2.52+
FCR 0.22 0.22 0.12 0.08 0.09 NS

b, = Mean values within rows with different superscripts letters are significantly different * (p<0.05) or ** (p<0.01),

NS non significant.

Table 3: Effect of feeding frequency and amount on feed intake (g/bird) of broiler (Means+SE).

Feed intake Feeding regimens P

(g/bird) Tl T2 T3 T4 T5 value

At 1 week 46.54+ 48.09+ 45.80+ 44,12+ 40.71+ *
2.25%® 2.172 1.83% 1.96% 1.12°

At 2" week 80.83x 83.51+ 79.86+ 80.28+ 72.59+ *
3.64%® 2,132 2.43® 2.30%® 2.61°

At 39 week 124,97+ 124.23+ 116.12+ 123.32+ 114.39+ el
2.622 2.728 2.94b 2.56% 2.50°

At 41 week 165.35+ 164.66+ 158.36+ 162.61+ 155.19+ *
4.36° 3.37° 3.17° 2.432 2.71°

Overall 105.33+ 104.47+ 97.76% 105.13+ 100.76+ *
4,322 4413 4.44° 6.39% 4.29%

ab.= Mean values within rows with different superscripts letters are significantly different * (p<0.05) or ** (p<0.01).

Table 4: Effect of feeding frequency and amount on behaviors (%) of broiler (MeanstSE).

Behaviour Feeding regimens P value
Tl T2 T3 T4 T5

Feeding 341042397  39.47 #1.80° 36.47+2.41* 36.28+2.99°  23.75#3.15°  **
Drinking 18.65+1.12 17.34+1.49 18.31+1.48 18.24+1.75 18.21+2.02 NS
Foraging 16.56+0.95®  16.44+1.03®  14.80+1.40° 13.34+1.42° 18.82+1.32%  *
Lying 32.46+1.67 33.16+1.68 32.56+2.45  30.31+2.72 32.98+2.64 NS
Walking 13.73+1.34 13.98+0.97 13.93+0.82 12.64+1.31 13.70+1.86 NS
Standing 14.39+1.13 15.85+2.21 15.18+1.05 14.33+1.47 14.16+1.31 NS
Wing flapping 12.47+0.79 11.81+0.50 14.74+1.80  12.90+1.76 12.76£1.38 NS
Stretching 13.13+.89 13.26+.67 14.12+1.54  14.70+2.10 12.81+1.23 NS
Preening 17.78+1.222 17.81+1.27%°  15.55+1.20® 19.25+2.15°  1354+1.44> *

ab = Mean values within rows with different superscripts letters are significantly different * (p<0.05) or ** (p<0.01),

NS non significant.
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Table 5: Effect of feeding frequency and amount on Tonic Immobility (TI) duration (sec) of broiler (MeanstSE).

TI duration Feeding regimens P
(sec) T1 T2 T3 T4 T5 ‘e’a'”
At14d 73.80+2.01° 59.20+1.77%  46.40+3.61° 49.00+2.44° 48.00+4.87° *
At28d 67.60+8.06% 48.60+5.24> 50.60+10.03°  46.20+10.09°  46.40+7.67° *
At40d 58.80+2.572 40.60+3.48°  47.20+4.85" 46.00+2.60° 42.60+2.67° *

ab = Mean values within rows with different superscripts letters are significantly different * (p<0.05).

Carcass traits:

Results summarized in Table (6) denoted that feeding frequency with different affect significantly
(p<0.05) on carcass traits. Percentage of carcass weight of chicks fed once and twice per day with equal amount
was significantly increased compared with carcass of other treatments. Additionally percentage of spleen weight
of chicks of the 2nd, 3rd and 5" showed significant increase compared to the 4th feeding regimens. However
intestinal percentage weight of chicks of the T4 was significantly increased than the T1 and T2. Others carcass
traits as percentage weight of liver, heart, gizzard and bursa were not significantly differed under feeding
frequency regimens.

Table 6: Effect of feeding frequency and amount on carcass traits (%) of broiler (Means+SE).

Carcass Feeding regimens P
traits (%) T1 T2 T3 T4 T5 value
Carcass % 76.10+0.82° 75.90+1.252 71.83+0.71° 72.47+0.82° 71.42+0.96° *
Liver % 2.63+0.09 2.62+0.07 2.56+0.14 2.52+0.15 2.54+0.09 NS
Heart % 0.55+0.02 0.57+0.02 0.56+0.03 0.57+0.02 0.59+0.05 NS
Gizzard % 1.93+0.08 1.8140.06 1.7240.12 2.22+0.27 2.01+0.12 NS
Spleen % 0.15+0.01% 0.17+0.01° 0.17+0.022 0.11+0.02° 0.17+0.01° *
Bursa % 0.15+0.02 0.16+0.01 0.15+0.02 0.13+0.28 0.14+0.01 NS
Intestine % 7.76+0.17° 7.89+0.55" 8.41+0.57 ® 9.76+0.46° 8.85+0.23 % *

a.b, = Mean values within rows with different superscripts letters are significantly different * (p<0.05), NS non significant
Physiological responses:

Table (7) showed that feeding frequency and amount had a significant (p<0.01) effect on heterophil in the
second feeding regimen compared to the other groups. According to the results of this study, there was no
significant difference (p>0.05) between the groups on hematological parameters as Hb, PCV, RBCs, MCH, and
MCV. However chicks of T4 and T5 showed higher MCHC than chicks of T1. Table (8) showed the effect of
different feeding frequencies and amounts on broiler serum biochemical testing. The second regimen's chicks had
significantly higher total protein, globulin, and gamma globulin levels than the other programs, as well as a lower
AJ/G ratio and albumin. The results listed in Table (9) revealed that offering feed to chicks twice daily with equal
amount improved serum glucose and growth hormone than others regimens.

Table 7: Effect of feeding frequency and amount on physiological responses of broiler (MeanstSE).

Items Feeding regimens P value
T1 T2 T3 T4 T5

WBC x10%/ul 11.62+0.49 12.25+0.06 12.01+0.63  11.82+0.72 10.85£0.37 NS
Lymphocyte % 77.95+0.05 75.06+1.21 77.00+1.68  76.50+0.64 77.50£0.28 NS
Monocyte % 4.75+0.252 3.75+0.25° 4.25+0.252 4.75+0.252 5.00£0.132  **
Heterophil % 14.30+0.23° 21.00+1.15*  16.66+1.66° 15.75+0.75°  14.75+0.47°  **
Eosinophil % 2.25+0.25 2.00+0.01 2.00£0.05 2.00£0.04 2.00+0.03 NS
Basophil % 0.75+0.25 0.00£0.00 0.75+0.25 1.00£0.11 0.75+0.21 *
Hemoglobin g/dI 8.77+0.39 8.40+0.29 8.57+0.57 8.45+0.14 9.30+0.10 NS
PCV % 23.55£1.02 22.62+0.42 23.20+0.88  22.82+0.42 22.46£1.18 NS
RBC x10%/ul 2.19+0.09 2.07+0.03 2.22+0.08 2.02+0.02 2.06+0.13 NS
MCH 39.97+0.48 42.52+0.71 43.02+¢1.51  42.80+0.80 43.33x1.01 NS
MCV 107.25+0.29 108.75+.71  108.85+0.24 106.85+1.12  107.76x1.38 NS
MCHC 37.27+0.44° 39.074£0.61% 39.50+1.30® 40.16+0.71*  40.16+0.43* *

a.b = Mean values within rows with different superscripts letters are significantly different.* (p<0.05), ** (p<0.01)
NS non significant.
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Table 8: Effect of feeding frequency and amount on biochemical parameters of broiler (Means+SE).

Items Feeding regimens P

T1 T2 T3 T4 T5 value
Total protein(g\dl) ~ 3.10+0.11° 3.60+0.05? 3.34+0.05° 3.16+0.10°  2.82+0.09¢ **
Albumin(g\dl) 1.55+0.11° 1.28+0.05¢ 1.85+0.042 1.62+0.06°  1.63+0.05° **
Globulin(g\dl) 1.54+0.01° 2.32+0.03? 1.48+0.02° 1.53+0.08°  1.18+0.01¢ **
A/G ratio 1.04+0.10° 0.54+0.02° 1.23+0.06" 1.12#0.09°  1.5740.17%8 **
Gamma 0.11+0.01° 0.26+0.012 0.10+0.04° 0.14+0.01>  0.09+0.05° **

globulin(g\dl)

ab.¢= Mean values within rows with different superscripts letters are significantly different ** (p<0.01).

Table 9: Effect of feeding frequency and amount on growth hormone and glucose concentration of

broiler (Means+SE)

Items Feeding regimens P

T1 T2 T3 T4 T5 value
Glucose (mg\dl)  142.75+6.65° 152.60+11.72% 140.20+£7.25° 131.80+10.77¢ 135.6045.72° *
Growth hormone  4.72+0.27¢ 7.40£0.172 4.12+0.15° 3.76x0.32° 5.72+0.51°  **

(ng\ml)

ab.c= Mean values within rows with different superscripts letters are significantly different * (p<0.05) or ** (p<0.01).

DISCUSSION

In this study, offering two equal feeding per
day was significant improved overall body weight,
body weight gain, and average daily gain and feed
intake, however the FCR of broiler chicks was not
affected. These results might be attributed to offering
two equal feeding for chicks per day at 6:30 and 18:30
increased feed intake during cooler temperatures at this
time, which allows the chicks to meet their nutrient
requirements for growth (Abdul Azis and Afriani,
2017). Besides, feeding frequency could reflect
changes in the pattern of circulating hormones such as
growth hormone as listed before in result section, that
may result from pulsate feed intake (Su et al., 1999).
The presented results were in agreement with Chris et
al., (2011) who reported that feeding chicks more than
once a day increased growth performance. Farghly
and Hassanien, (2012) stated that body weight gain of
birds was significantly affected by different feeding
frequencies.

Liu et al., (2020) reported geese fed 3 times
daily had a lower body weight, average daily gain from
28 to 41 day of age compared with those of the other
groups but at 56 to 69 day of age had a higher average
daily gain than those of the ad libitum group and those
fed 4 times daily. In contrast, Tolkamp et al., (2005)
reported that there were no effects of restriction feed
either as nutritional quality or quantity or time
accessing on body weight and body weight gain.
Adikari et al., (2018) concluded that lack of significant
effect of feeding frequency to live body weight gain
and FCR of broiler chickens. Saber et al., (2011) and
Jones and Farrell, (1992) reported that FCR was not
affected with changing of feeding frequencies.
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These differences in the findings may be due
to the difference in the methods of feed restriction or
the duration and time of feed frequency. The higher
feed intake could be attributed to increased feeding
frequency improved the feed utilization through
improvements in nutrient digestibility (Fanimo et al.,
2003). As well as improving the ability of chicks to
compensate for feeding two meal or three meals
compared to ad libitum fed chicks over time (Farghly
and Hassanien, 2012). The results of present study
agreed with the findings of Ozkan et al., (2003) and
Bley and Bessei, (2008) who reported that increasing
feeding frequency for broiler had a significant effect
on feed intake and feed efficiency. Chris et al., (2011)
concluded that feeding twice and triple daily feeding
increased feed consumption than once or more than
triple daily.

Feeding frequency and amount had a
significant effect on chick’'s behavior Increasing the
feeding behaviour of chicks under feeding frequency
could be attributed to increasing feed intake of chicks
that reflect on body weight as presented and discussed
previously. Moreover, increasing frequency of
preening behavior might indicate increasing the
behavioural activities of the bird. Duncan and Wood-
Gush, (1972) thought that preening behaviour is
considered essential both in response to stimulation
from feather disorder and as displacement activity in
mild frustrating or conflict situations. Lefebvre,
(1982) reported that birds perform preening activity
rhythmicity in an undisturbed environment.
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Chicks of 5" program were exhibited
significantly higher foraging behavior than those of 3™
and 4™ program. Tahamtani and Riber, (2020)
reported the birds likely use foraging and exploration
as approaches to control stress caused by food
shortage. Chicks of 5" program showed less feeding
than other programs so that increase foraging to
compensate their nutrient requirement.

The welfare related behavior such as fear, and
stress indicated by the duration of tonic immobility test
(Campo et al., 2005; Ghareeb et al., 2008). The
duration of tonic immobility considered behavioral
index of fear (Faure and Mills, 1998). This study
reported that feeding frequency decreased the duration
of TI test. These results indicated the availability of
feed two times or more per day for broiler chicks might
decrease stress effect and improve welfare and
performance. Jones, (1986); Scott and Moran, (1993)
reported that long duration of Tl is revealed the bird is
more frightened and more fearful, and a short duration
is indicative of low levels of fearfulness.

Offering two equal feeding daily (T2) for
chicks improved percentage of carcass and spleen.
These results supported by improved body weight,
weight gain and chick immunity under this feeding
program (T2). These results were disagreed with
Farghly and Hassanien, (2012) who showed that
feeding frequency of broiler chicks had no significant
effect on percentage of dressed carcass, heart, gizzard,
and intestine. Similar results were observed in geese by
Liu et al., (2020) who concluded that carcass traits at
70 day of geese age were not affected by feeding
frequency. Farghly and Makled, (2015) and Farghly
et al., (2019) indicated that intermittent feeding did not
affect the carcass characteristics and organ weights of
broilers except for the heart.

However, Aliakbarpour et al. (2013)
observed a significant decrease in carcass percentage
when fed broiler chickens 5 times daily. Nematallah et
al., (2003) indicated that restricted feeding of Muscovy
ducklings did not affect the carcass characteristics and
the relative weights of different organs, except the
relative weight of liver.

The results of this study revealed that the
feeding frequency had no significant effect on
hematological parameters as Hb, PCV, RBCs, MCH,
and MCV. On the other hand offering two equal
feeding per day improved the immunity of chicks
through increasing heterophil level, total protein,
globulin, and gamma globulin levels, as well as a
lower A/G ratio than the other programs.

However, feed restriction had only a little
impact on blood variables, our data revealed that, feed
frequency as one of feed restriction strategy improved
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birds immunity through increasing growth hormone,
which stimulates the immune system. This could be
because growth hormone induces a rapid rise in a
variety of immune cells, including WBCs, and so
improves the immune system's overall efficacy.
Additionally, thymus gland and spleen, as well as
lymphocyte proliferation and differentiation and bone
marrow function, all of this require GH (Wikipedia,
2021).

Results of this study concur with Fayed et al.,
(2012) who found that birds subjected to dietary
restriction without enzyme supplementation displayed
a clear heterophilia in terms of physiological
responses. Our findings backed up Kidd, (2004) who
reported that diet regimens increase immunity and
reduce illness severity in Dbroiler chickens.
Additionally  feed restriction augmented the
immunological response of broilers that had been
damaged by heat stress (Khajavi et al., 2003). Our
results contradict those of Shabani et al., (2015);
Davood-Omam et al., (2019) who found that feed
limitation had a very limited effect on broiler chicken
immunity. Furthermore, Rahimi et al., (2015) found
that a feed restriction had no effect on broiler chicken
immunity.

The feed restriction had a very limited effect
on blood variables, indicating that the nutritional and
metabolic status of broiler chickens remained
unchanged even in the treated groups, which is
consistent with Junqueira et al.,, (2003) who
indicated that feed restriction has no effect on
haematological parameters (He, Hb, Ht, MCV, MCH,
MCHC). Davoodi-Omam et al., (2019) who found
that feed limits had no effect on broiler chicken blood
variables. When Maxwell et al., (1990) studied the
influence of diet restriction on erythrocyte
characteristics and reported significant alterations in
PCV, RBCs, Hb, MCV, and MCHC that might
attributed to using different feeding regime.

Besides, offering feed to chicks twice per day
with equal amount improved serum glucose and
growth hormone that indicated improving weight and
weight gain of chicks as presented previously. This
owing to the action of growth hormone, which
reduces glucose uptake in the liver and promotes
gluconeogenesis and stimulates protein anabolism in
many tissues. This effect reflects increased amino
acid uptake, protein synthesis and decreased
oxidation of proteins (Wikipedia, 2021). Also
Increases muscle mass through  sarcomere
hypertrophy. Our findings are consistent with those of
Fayed et al., (2012), who found that broiler chicken
subjected to diet restriction without enzyme
supplementation had the highest overall mean blood
glucose level.
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Our findings contradict those of Dewil et
al., (1999); Kubikova et al., (2001) and Rajman et
al., (2006) who found no effect of quantitative feed
limitation on blood glucose levels on broiler
chicken.

CONCLUSION

It can be concluded that, the feeding
frequency with different amount especially two
equal feeding per day could be a desirable feeding
approach that might produce good healthy birds
with maximum growth performance and improved
welfare.
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