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Abstract | The study assessed the effect of post-hatch feed and water deprivation of broilers reared in a hot-humid
environment. A total of three hundred forty-five one-day-old Ross-308 broiler chicks were randomly allotted into five
treatment groups as 11,12, T3, T4 & T5 (6 hrs, 12 hrs, 24 hrs, 48 hrs, and 60 hrs of post-hatch feed and water depri-
vation). Birds were allowed a two-phase feeding system, such as starter and finisher, where appropriate. Performance
parameters include feed intake (g/birds), body weight gain, average daily gain, feed conversion ratio, and viability%
for growth periods (1d to 7d,1d to14d,1d to 21d,1 d to 28 d) were calculated. All chicks were vaccinated with
live attenuated Newcastle Disease Virus LaSota strain on day 2 via eye drop vaccination, along with other basic im-
munization schemes. After 14 days of ND vaccination, post-vaccination sera samples were collected and subjected to
an HI test to determine antibody titers. The Haemagglutination inhibition test was done using Newcastle Disease
Virus LaSota strain NLT 106.0 EID50 antigen. Post-hatch feed and water deprivation durations significantly affect
the production parameters. Feed intake, body weight gain and average daily gain were significantly (p<0.01) lower in
the T5 group. Significantly (p<0.01), a poor feed conversion ratio was observed in the T5 group. The lowest (91.66%)
survivability (p<0.01) was found in the T5 group compared to other groups. There was a significant (p<0.01) difference
in European Broiler Index for growth periods. Post-hatch feed and water deprivations did not influence (p>0.05) the
antibody titer level against the Newcastle disease virus. Increasing post-hatch feed and water deprivation leads to lower
feed intake, body weight gains, poor feed conversions, and lesser livability of broilers. Therefore, early access to feed and
water after hatching is recommended to achieve better production performance of broilers.
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INTRODUCTION

he brooding phase is the crucial stage of a fast-grow-
ing broiler chicken. Early growth is focused on de-
veloping the digestive system, heat-regulating mechanism,

and rapidly growing muscles and bones. Newly hatched

chicks undergo hatchery treatments, such as grading of
chicks, vaccination, sex determination, and sorting. Af-
ter that, the chickens are transported to the farm, which
involves a further feed and water withdrawal period. The
time between hatching and post-hatch food and water in-
take at the farm depends on earlier factors (Van de Ven et
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al., 2009; Willemsen et al., 2010; Lourens and Leenstra,
2013). The first feed and water intake of broilers may take
up to 50 hours or more; even up to 72 hours may require
long transportation (Van de Ven et al., 2009; Willemsen
et al., 2010). A delay in post-hatch feed and water intake
may lead to depletion of a reserved portion of yolk, dehy-
dration, distress growth, and mortality of birds (Dibner et
al., 1998). Commercial broiler chicks are often subjected
to numerous stressors after hatching in the first 72 hours.
Stressors during the critical early hours following hatch
can be detrimental, influencing the final performance of
birds. These early stressors can lead to declines in final body
weights, poor feed conversions, and cost per unit of meat
production. Chicks can survive withheld water and feed
for 72 hours, receiving total nutrients from their yolk sac
residue (Lourens and Leenstra, 2013). However, this does
not suggest a post-hatch feed, and water intake should pur-
posely be restricted. The performance of birds is negatively
affected by increasing the duration of feed and water in-
take compared to shorter deprivation (Vieira and Morgan,
1998; Careghi, 2005). Post-hatch feed and water depriva-
tion of chicks have long-term negative consequences for
the welfare and performance of chickens (Wakker Dier,
2013). Broiler chickens’ post-hatch feed and water depri-
vation could lead to poor livability, feed conversion, and

depressed body weight gain (Juul-Madsen et al., 2004).

'The proper growth and development of the immune sys-
tem in the early stage of birds is crucial, as the chick in-
itially relies entirely on maternal antibodies. The early
brooding period of chicks is also essential for appropriate
development and protection from conquering organisms
(Davison, 2014). Post-hatch feeding may initiate benefi-
cial microbial colonization and therefore occurs in immune
maturation of the gut (Friedman, 2003). Rearing of broil-
ers in sub-optimal conditions may impair their production
performance, cause deviation in physiological responses,
cause immune suppression, and increase their susceptibility
to diseases (Afolayan and Afolayan, 2008). Immune stress
occurs due to the loss of immune homeostasis induced by
external forces (Yang et al., 2011). Many studies suggest
that immediate post-hatch feeding compared to 72h post-
hatch feed deprivation of chicks resulted in bursa develop-
ment, consequently enhancing humoral immunity (Dibner
et al., 1998; Bar-Shira et al., 2005; Ao et al., 2012). Anti-
body titers and antibody response are widely used to assess
poultry’s immune status or competence against a foreign
antigen (Gross and Siegel, 1980). However, it is not clear-
ly documented whether or not post-hatch feed and water
deprivation of broilers reared in a traditional hot-humid
condition adversely affect performance. The research work
aimed to investigate the effect of post-hatch feed and wa-
ter deprivation on the performance and immune response
of broilers reared in a conventional commercial setting.

MATERIALS AND METHODS

BIRDS, TREATMENT, AND MANAGEMENT

The experiment was conducted in the Animal Experimen-
tal Station, Department of Veterinary and Animal Science,
University of Rajshahi, Bangladesh, from Mid-March to
Mid-April in a hot-humid climate (Average temperature
31.3° and average RH 61%). Three hundred forty-five
(345) one-day-old Ross-308 broiler chicks with an aver-
age initial weight of 44.49 g + 3.23 were randomly allotted
into five treatment groups such as T1, T2, T3, T4 &T5 (6
hrs, 12 hrs, 24 hrs, 48 hrs, and 60 hrs of post-hatch feed
and water deprivation) with three replications having 23
chicks in each. One-day-old baby chicks were placed in
their respective pens and intentionally deprived of feed and
water according to treatments of the experimental design.
Birds were allowed ad libitum access to feed and water af-
ter the feed and water deprivation period considering the
experimental design under a two-phase feeding system
where appropriate, such as starter pellet (0-10 days) with
23.0% crude protein (CP); 12.55 M]/kg and grower pellet
(11-24 days) containing 21.5.0% CP; 12.97 MJ/kg. Nutri-
ent calculations for feed formulations confirmed the Avia-
gen Ross Broiler recommendation (ROSS 2019). Birds
were managed in a deep litter system in a conventional
open-sided broiler house similar to commercial settings.

PRODUCTION PARAMETER MEASUREMENTS
Performance traits such as feed intake (g/birds), body
weight gain (BWG), together an average daily gain
(ADG), feed conversion ratio (FCR), and viability% for
each growth period (1dto7d,1dto14d,1dto21d,1d
to 28 d) were estimated. For the analysis of broiler perfor-
mance indicators, the following formulas were used:

Feed intake (g/bird) = Amount of feed (g) provided at the
beginning of a growth period — leftover feed (g) at the end

of that growth period

BWG (grams on a period) = BW (g) at the end of a period
—BW (g) on the first day;

ADG (g/chick/d) = BWG/number of days of a growth
period;

FCR (kg feed/kg gain) = cumulative feed intake (kg)/total
weight gain (kg)

Viability (%) = Number of birds remaining at the end of
the period (%)

European Broiler Index (EBI) (Van et al., 2003)

All chicks were vaccinated with live attenuated Newcastle
Disease (ND) Virus LaSota strain on day 2 via eye drop
vaccination; basic immunization schemes for other vac-
cines were performed following the standard vaccination
schedule for broiler chickens. HI test is commonly used to
test titer levels following ND vaccination in poultry flocks
since it is fast and cost-effective (Grimes, 2002; Swayne,
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Table 1: Response of post-hatch feed and water deprivation on production parameters of broiler

Parameter Growth Experimental group P LSD
Period value
(days) 11 T2 T3 T4 Ts
Feed Intake 1-7 236.67+8.82  235.00°¢11.55 216.67°+15.89  207.33%+6.74  179.67°+10.98 0.028 4.32
(o) 1-14  601.33'+10.17 568.33®+16.91 617.67"+4.33  569.33%+14.85 528.67°+17.70 0.009  6.25
121 130433 1278.33+18.78 1264.67°+17.79 1206.33 1174.00° 0.006 7.02
24.74 +14.84 +23.75
1-28  2335+34.44  2307.00:45.92 2363.00+44.52 2291.00¢10.69 2280.00:23.79 0.471  0.95
Bodyweight 1-7 188.28'+3.80  185.54'+0.58  167.49°:9.45  156.48'+231  133.934550  0.001 17.84
gain (g) 1-14  467.80°43.94 471174352  453.679.64 418733911  396.17+7.17 0001  20.99
1-21  950.47°+14.01 935224650  929.10'+13.38  852.83:10.59 836.27°+18.91 0.001 15.37
1-28  1572.66% 1535.67°+23.35 1528.0°:30.55 1441.00°¢16.86 1409.33+ 0012 571
43.89 21.67
Average  1-7 26.89'+0.54  2650°+0.08  23.92°+135  22.35°%033  19.14°20.79  0.001 17.80
Stk
GOSN 1-14 33400028 33.65::0.25 324002068  29.90°:0.65  28.29°:0.51  0.001 2093
(g/chick/d)
1-21  4526'20.66  4453:031  4424'+0.63  40.61°:050  39.82°x0.89  0.001 15.36
1-28  56.16't1.56  54.84'+0.83  54.57°+1.09  51.46::0.60  50.33°:0.77 0012 5.71
Feed Con- 1-7 1.25+0.02 1.26+0.06 1.28+0.02 1.32+0.02 1.33 £ 0.05 0472 0.95
Yef?iggg;‘- 1-14 128002  1.20°+0.03 1.35%+0.02 1.35+0.008 133002 0006 0.85
t10
(kg feed/kg 121 137:0.005 136002 1.34+0.01 1.39+0.021 1.40 +0.01 0236 0.67
gain) 1-28  1.48%0.02 1.50°:0.00 1.542+0.005  1.59'+0.01 1.61°+0.01  0.001 0.45
Survivalof 1-7 100.00+0.00  100.00'+0.00  100.00+0.00  100.00+0.00  96.66"+1.66  0.034  4.00
birds (%)  1-14  100.00+0.00  100.00+0.00  100.00::0.00  100.00::0.00  96.66'+1.66  0.034  4.00
121 9833:1.66  100.00:0.00  96.66+1.66 95.00+0.00 95.00+2.88 0226 1.70
1-28  95.0040.00  95.00°+0.00 95.001:0.00  95.00:0.00  91.66°+1.66  0.034  4.00
European  1-7 215.14>:0.83  211.48%+11.34 185.73+7.50  169.36'+1.95  138.5942.56  0.001 25.50
?roﬂeEfBIIﬂ- 1-14 261284728 280.69°+5.89  239.25:10.11 220.39*+3.44 205.58°+0.48 0.001 22.67
x(BBD) o1 3048391730 326.96:+858 3186141138 277.09°+7.62  270.92°+11.51 0.003 836
1-28  360.92°+15.14 348.05:+328 336.63'27.11 304.62+9.31 285.84°+329 0.001 12.49

a,b,c

Means with different lowercase superscript letters in a row indicate significant differences among treatment groups. T'1: 6-hrs of

post-hatch feed and water deprivation; T2: 12-hrs of post-hatch feed and water deprivation; T'3: 24-hrs of post-hatch feed and water
deprivation; T4: 48-hrs of post-hatch feed and water deprivation; T'5: 60-hrs of post-hatch feed and water deprivation

Table 2: Antibody titer against NDV

Variable Experimental group p-value LSD
T1 T2 T3 T4 T5

Initial (Day2) (Mean; Log2) 3.33.+0.19 3.33+0.19 3.44°+0.22 3.44+0.11 3.44+0.11 097 0.125

Post Vaccination (Day16) (Mean; Log2)  4.66*+0.19 4.44+0.11 4.66'+0.19 4.66*+0.19 4.44'+0.11  0.705 0.458

*Means with a similar lowercase superscript letter in a row indicate non-significant differences among treatment groups. T'1: 6-hrs of
post-hatch feed and water deprivation; T2: 12-hrs of post-hatch feed and water deprivation; T'3: 24-hrs of post-hatch feed and water
deprivation; T4: 48-hrs of post-hatch feed and water deprivation; T'5: 60-hrs of post-hatch feed and water deprivation
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2013). Forty-five (45) serum samples were collected ran-
domly from 45 birds, nine from each treatment just before
vaccination, to determine the level of maternal antibod-
ies against Newcastle disease (ND). Post-vaccination sera
samples were collected after 14 days of ND vaccination on
day 16 and subjected to an HI test to determine antibody
titers. The samples were taken via the Vena ulnaris and col-
lected in 3 ml microcentrifuge tubes (Carl Roth GmbH).
'The blood serum was then separated from the blood clot
and stored. The serum was centrifuged (5,000 x g) for 10
min at 40 C and held at -20°C until further use. The Hae-
magglutination inhibition (HI) test was done according to
OIE (2013) test protocol using Newcastle Disease (ND)
Virus LaSota strain NLT 106.0 EID50 antigen. Two-fold
serial dilutions of the collected test samples were mixed
with an equal volume of NDV LaSota antigen. Chicken
red blood cell (CRBC) suspension was added and settled
down. Furthermore, the dilutions were subsequently used
for complete inhibition of the hemagglutination.

STATISTICAL ANALYSIS

'The experimental data were analyzed with one-way ANO-
VA using SPSS 22.0 (IBM, Chicago, IL, USA). Tukey’s
post hoc comparison test verified the statistical differenc-
es between group means. Broiler performance parameters
were based on replication per the experimental unit, while
antibody titers against NDV were analyzed on individual
data from broilers. Study results were expressed as mean =+
pooled SEM. A level of 95% (P<0.05) and 99% (p<0.01)

were considered to analyze the data set.

ETHICAL ISSUE

'The study adhered to the Bangladesh law (Animal Welfare
Act, 2019) on the production of domestic and farm ani-
mals, which relates to the protection of animals. In brief,
the activities of the study were not detrimental to the birds
relative to the abovementioned law. Furthermore, no cruel-
ty or unjust treatment was shown to the birds; hence, ethi-
cal approval was not required.

RESULTS

EFFECTS ON PRODUCTION PARAMETERS

'The data referring to the performance parameters of broil-
ers among the different post-hatch feed and water dep-
rivation groups is presented in Table 1. The feed intake
of birds significantly differed among the experimental
groups up to 21 days of growth periods. The lowest feed
intake was observed in the TS5 group. However, a non-sig-
nificant (p=0.471) difference was found for broilers’ 1-28
days growth period. The changes in body weight gain of
birds showed significant differences among the treatment
groups. The highest gain was observed in the T1 group,

and the lowest gain was found in the T5 group. Likewise,

bodyweight gains and the average daily weight gains sig-
nificantly (p<0.01) differed among the treatment groups.
The highest daily gain was observed in the T1 (6-hrs of
post-hatch feed and water deprivation), and the lowest was
found in the T'5 (60-hrs of post-hatch feed and water dep-
rivation) group. There was a significant difference in FCR
among the treatment groups. However, the best FCR was
observed in the T1, followed by T2, T3, T4, and T5 for the
1-28 growth period. The result indicates the significantly
(p<0.05) lowest survivability in the TS5 (60-hrs of post-
hatch feed and water deprivation) group for most of the
growth periods compared to other groups. Data for BWG,
ADG, FCR, and viability were used to calculate the eco-
nomic efficiency of broilers through the calculation of EBI.
The differences in post-hatch feed and water deprivation
significantly (p<0.01) affected the EBI for all growth peri-
ods of boilers. However, the highest EBI was calculated for
T1, tollowed by T2, T3, T4, and T5.

RESPONSE OF POST-HATCH FEED AND WATER
DEPRIVATION ON ANTIBODY TITER LEVEL AGAINST
NDV

The mean antibody titer against NDV is summarized in
Table 2. The study also tended to estimate the effect of
immune response broiler due to different post-hatch feed
and water deprivations. The treatment groups showed no
significant difference in antibody titer levels against NDV
assessed through the HI test. However, antibody tier levels
were higher in the T1 group than in the T'5 group.

DISCUSSION

Determination of broilers’ post-hatch feed and water dep-
rivation effect at various points in time is essential. A good
start with proper management will lead to early develop-
ment and maximize the overall performance of broilers
at slaughter age. The present study examined the effect of
post-hatch feed and water deprivation of birds on the sub-
sequent performance of broilers, including the production
and immune performance of broilers reared in a hot-hu-
mid environment. Increasing the duration of post-hatch
feed and water deprivation resulted in significantly lower
feed intake, body weight gains, and FCR than early-fed
chickens grown up to 28 days of age. Similar findings were
reported by others who noted that delayed placement or
pre-placement holding time of chicks negatively affects
the subsequent post-hatch performance of broilers (Fan-
guy et al., 1980; Stamps and Andrews, 1995). The result
showed that body weight and feed intake are negatively
associated with post-hatch feed and water deprivation
durations. These reductions persisted for all growth pe-
riods, which was supported by earlier studies (Fanguy et
al., 1980; Stamps and Andrews, 1995). The time elapsed
from hatching until feed and water availability for chicks
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had a noticeable body weight depression (Juul-Madsen
et al., 2004; Careghi et al., 2005). In their investigation,
Vieira and Moran (1999) showed that chicks subjected to
delayed post-hatch access to feed had lower weight gain
than those fed early after hatching. They concluded that
post-hatch feed and water deprivations might be associ-
ated with a consequent decrease in overall food consump-
tion by the birds. Earlier studies reported that an increased
holding period of access to feed and water after hatching
causes weight loss in chickens, mainly due to dehydra-
tion and pectoral muscle utilization (Vieira and Morgan,
1998; Careghi, 2005). Boersma et al. (2003) summarized
that chicks subjected to delayed post-hatch feed and water
access could be stressful due to possible dehydration and
energy depletion. The result indicated that post-hatch feed
and water deprivation significantly affected the surviva-
bility of birds on days 1-28. Also, the higher mortality of
chicks within the first two weeks of age was found in 60-
hrs of post-hatch feed and water-deprivation birds. Sim-
ilar results were reported in earlier studies, which found
that chicks had longer pre-placement holding time led
to increased mortality (Fanguy et al., 1980; Stamps and
Andrews, 1995; Vieira and Moran, 1999). Early gut de-
velopment and proper functioning are essential in con-
firming broiler chickens’ overall health and performance.
Many studies reported that delayed post-hatch feeding of
birds had been shown to negatively affect the development
and proper function of the gastrointestinal tract of chicks
(Dibner et al., 1998; Yang et al., 2009; Lilburn and Loef-
fler, 2015). Yegani and Korver (2008) also reported that
a delay in the intestinal development of birds could have
enduring adverse effects on performance as it can affect
the digestion and absorption of nutrients. Hence, immedi-
ate post-hatch access to feed and water chicks are essential
to maximizing broilers’ gastrointestinal development and
performance. Earlier, several studies addressed the effects
of birds’ post-hatch feed and water deprivation on the im-
mune system development and the response to vaccine and
disease challenges (Dibner et al., 1998; Juul-Madsen et al.,
2004; Bar-Shira et al., 2005; Nnadi et al., 2010; Ao et al,,
2012; Hayashi et al., 2013; Price et al., 2015; Simon et al.,
2015). The current investigation indicated that post-hatch
feed and water deprivation did not significantly affect
the antibody titer level against NDV. However, a higher
level was found in early-fed birds (6-hrs of feed and wa-
ter deprivation group) than in 60-hrs of feed and water
deprivation birds. Nnadi et al. (2010) indicated a higher
antibody response to Newcastle disease vaccination at 21
and 42 days of age in immediately post-hatch-fed chick-
ens compared to 72h post-hatch feed and water-deprived
chickens. Dibner et al. (1998) reported that early feeding
was positively associated with coccidiosis vaccine challenge
at 14 days of age compared to 72h post-hatch feed and
water deprivation. Juul-Madsen et al. (2004) observed a

lower level and a delayed tendency of specific antibody
production in broilers against the IBDV vaccine subject-
ed to 48-hrs of post-hatch feed deprivation compared to
immediately fed chicks after hatching or 24-hrs of feed
deprivation. From many infectious disease challenges,
post-hatch feed deprivation is reported to negatively af-
fect the immune response (Juul-Madsen et al., 2004; Ao
et al., 2012; Simon et al., 2015). The rapid development
of the gut-associated lymphoid tissue (GALT) occurs af-
ter hatching. Studies on GALT development suggested
that chickens might be more susceptible to environmental
pathogens with delayed access to feed than immediately
post-hatch-fed chickens (Dibner et al., 1998; Bar-Shira et
al., 2005). Many studies reported that early feeding after
hatching is crucial for developing the immune system and
protecting chicks from invading pathogens (Davison et al.,
2008). Early post-hatch feeding seems to initiate micro-
bial colonization and cause the gut’s immune maturation
(Friedman et al., 2003). Dawkins (1990) stated that ani-
mal demand for feed and water is rigid, and any restric-
tion could be stressful. It is agreed that post-hatch feed
and water deprivation harm immune system development
and the response to challenges. These may include delayed
development of cellular immunity (Hayashi et al., 2013),
smaller bursal weight Simon et al. (2014), and decreased
weight of both primary and secondary lymphoid organs
(Heckert et al., 2002). The abnormal circulating leukocyte
changes include reduced lymphocyte numbers, increased
heterophil numbers, and a high H:L ratio resulting in high
glucocorticoid levels (Gross and Siegel, 1983; Patterson
and Siegel, 1998). The discussion above shows that the de-
lay in post-hatch feed and water provision negatively af-
fects the broilers’ performance.

CONCLUSION

Post-hatch feed and water deprivation significantly influ-
enced production measures and the survivability of broilers.
Post-hatch holding of feed and water leads to lower body
weight gains, lower feed intake, poor feed conversions, and
poor livability of broilers. As expected, antibody titer wors-
ened as feed and water deprivation prolonged. Therefore,
we suggest immediate access to feed and water for birds af-
ter hatching to maximize subsequent broiler performance.
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include data on the effects on production parameters.
Moreover, the environmental rearing conditions could be
more precise in the earlier publications. The present study
provides quantitative data relating to the impact of post-
hatch feed and water deprivation of broilers reared in the
hot-humid environmental condition. As such, it may guide
poultry practitioners, farmers, and breeder companies to
run poultry operations conveniently to reduce the adverse

effects of delayed post-hatch feed and water provision.

AUTHORS CONTRIBUTIONS

SA conceptualized and designed the research. All authors
equally contributed to data analysis, drafting, and approv-
ing the final manuscript.

FUNDING
STATEMENT

ACKNOWLEDGEMENT

Supported by the University of Rajshahi, Rajshahi, Bang-
ladesh, Project No. A-64-5/52/RU/Agriculture/2018-19

REFERENCES

Afolayan M, Afolayan MO (2008). An innovative use of boxboard
in the northern guinea savanna zone of Nigeria. J. App. Sci.
Res., 4(11): 1588-1595.

Ao Z, Kocher A, Choct M (2012). Effects of Dietary Additives
and Early Feeding on Performance, Gut Development
and Immune Status of Broiler Chickens Challenged with
Clostridium perfringens. Asian-Austr. J. Ani. Sci., 25(4):
541-551. https://doi.org/10.5713/ajas.2011.11378

Bar-Shira E, Sklan D, Friedman A (2005). Impaired immune
responses in broiler hatchling hindgut following delayed
access to feed. Veteri. Immu. and Immunopa., 105: 33-45.
https://doi.org/10.1016/j.vetimm.2004.12.011

Boersma ST, Robinson FE, Renema A. Fasenka GM (2003).
Administering Oasis™ hatching supplement prior to chick
placement increases initial growth with no effect on body
weight uniformity of female broiler breeders after 3 weeks
of age. J. App. Res., 12: 428-434. https://doi.org/10.1093/
japr/12.4.428

Careghi C, Tona K, Onagbesan O, Buyse ], Decuypere E,
Bruggeman V (2005). The effects of the spread of hatch and
interaction with delayed feed access after hatch on broiler
performance until seven days of age. Poult. Sci., 84(8): 1314-
1320. https://doi.org/10.1093/ps/84.8.1314

Davison F (2014). The importance of the avian immune system
and its unique features. In: Davison TF, Schat KA, Kaspers
B, Kaiser P. Avian Immunology, 2™ ed. Amsterdam,
London: Academic press and Elsevier Ltd, pp. 1-9. https://
doi.org/10.1016/B978-0-12-396965-1.00001-7

Dawkins MS (1990). From an animal’s point of view: motivation,
fitness and animal welfare. Behavi. and Br. Sci., 13(1): 1-9.
https://doi.org/10.1017/50140525X00077104

Dibner JJ, Knight CD (1999). Early feeding and gut health
in hatchlings. Int. Hatchery Practice 14(1)., Middlesex:
Positive Action Publications Ltd.

Dibner JJ, Knight CD, Kitchell ML, Atwell CA, Downs AC, Ivey
FJ (1998). Early feeding and development of the immune
system in neonatal poultry. J. App. Poult. Res., 7(4): 425-436
https://doi.org/10.1093/japr/7.4.425.

Fanguy R, Misra L, Vo K, Blohowiak C, Krueger W (1980).
Effect of delayed placement on mortality and growth
performance of commercial broilers. Poult. Sci., 59(6): 1215-
1220. https://doi.org/10.3382/ps.0591215

Friedman A, Bar-Shira E, Sklan D (2003). Ontogeny of gut
associated immune competence in the chick. World’s
Poult. Sci. J., 59(2): 209-219. https://doi.org/10.1079/
WPS20030013

Grimes SE (2002). A Basic laboratory manual for the small-scale
production and testing of 1-2 Newcastle disease vaccine.
Bangkok, Thailand: FAO Regional Office for Asia and the
Pacific (RAP), RAP publication, 136 p.

Gross W, Siegel H (1983). Evaluation of the heterophil/
lymphocyte ratio as a measure of stress in chickens. Avian
Dis., 27(4): 972-979. https://doi.org/10.2307/1590198

Gross W, Siegel P (1980). Effects of early environmental stresses
on chicken body weight, antibody response to RBC antigens,
feed efficiency, and response to fasting. Avian Dis., 24(3):
569-579. https://doi.org/10.2307/1589792

Hayashi RM, Kuritza LN, Lourenco MC, Miglino LB, Pickler
L, Rocha C (2013). Hatch window on development of
intestinal mucosa and presence of CD3-positive cells in
thymus and spleen of broiler chicks. J. App. Poult., Res.
22(1): 9-18. https://doi.org/10.3382/japr.2012-00488

Heckert R, Estevez I, Russek-Cohen E, Pettit-Riley R (2002).
Effects of density and perch availability on the immune
status of broilers. Poult. Sci., 81(4): 451-457. https://doi.
org/10.1093/ps/81.4.451

Juul-Madsen HR, Su G, Sorensen P (2004). Influence of early or
late start of first feeding on growth and immune phenotype
of broilers. British Poult. Sci., 45(2): 210-222. https://doi.or
g/10.1080/00071660410001715812

Lilburn MS, Loefler S (2015). Early intestinal growth and
development in poultry. Poult. Sci., 94(7):1569-1576.
https://doi.org/10.3382/ps/pev104

Lourens A, Leenstra F (2013). Helpdeskvraag over de tijdsduur
van voeronthouding voor jonge kuikens, de functie van de
dooierzak en het nut van vroege voeding.

Nnadi P, Eze P, Ezema W (2010). Influence of delayed feeding
on the performance, development and response of immune
system to Newcastle disease vaccination in chickens. Inter.
J. Poult. Sci., 9(7): 669-704. https://doi.org/10.3923/
ijps.2010.669.674

OIE (2013). Manual of diagnostic tests and vaccines for terrestrial
animals. 7th ed. Paris: OIE; 1404 p.

Patterson P, Siegel H (1998). Impact of cage density on pullet
performance and blood parameters of stress. Poult. Sci.,
77(1): 32-40. https://doi.org/10.1093/ps/77.1.32

Price KR, Freeman M, Van-Heerden K, BartaJR (2015). Shedding
of live Eimeria vaccine progeny is delayed in chicks with
delayed access to feed after vaccination. Veteri. Para., 208(3-
4): 242-245. https://doi.org/10.1016/j.vetpar.2015.01.009

Ross (2019). An Aviagen brand. Home page address: 2019. P.
4. (1-10) Accessed in. RossBroilerNutritionSpecs2019-EN.
pdf (aviagen.com)

Simon K, Reilingh GD, Bolhuis JE, Kemp B, Lammers A (2015).
Early feeding and early life housing conditions influence the
response towards a noninfectious lung challenge in broilers.
Poult. Sci., 94(9): 2041-2048. https://doi.org/10.3382/ps/

February 2023 | Volume 11 | Issue 2 | Page 201

%0 .
Qals Links
OResearchers


https://doi.org/10.5713/ajas.2011.11378 
https://doi.org/10.1016/j.vetimm.2004.12.011 
https://doi.org/10.1093/japr/12.4.428 
https://doi.org/10.1093/japr/12.4.428 
https://doi.org/10.1093/ps/84.8.1314 
https://doi.org/10.1016/B978-0-12-396965-1.00001-7 
https://doi.org/10.1016/B978-0-12-396965-1.00001-7 
https://doi.org/10.1017/S0140525X00077104
https://doi.org/10.1093/japr/7.4.425
https://doi.org/10.3382/ps.0591215 
https://doi.org/10.1079/WPS20030013 
https://doi.org/10.1079/WPS20030013 
 https://doi.org/10.2307/1590198 
https://doi.org/10.2307/1589792 
https://doi.org/10.3382/japr.2012-00488 
 https://doi.org/10.1093/ps/81.4.451 
 https://doi.org/10.1093/ps/81.4.451 
https://doi.org/10.1080/00071660410001715812 
https://doi.org/10.1080/00071660410001715812 
https://doi.org/10.3382/ps/pev104 
https://doi.org/10.3923/ijps.2010.669.674 
https://doi.org/10.3923/ijps.2010.669.674 
  https://doi.org/10.1093/ps/77.1.32 
https://doi.org/10.1016/j.vetpar.2015.01.009 
https://en.aviagen.com/assets/Tech_Center/Ross_Broiler/RossBroilerNutritionSpecs2019-EN.pdf
https://en.aviagen.com/assets/Tech_Center/Ross_Broiler/RossBroilerNutritionSpecs2019-EN.pdf
https://doi.org/10.3382/ps/pev189

OPEN aACCESS

Advances in Animal and Veterinary Sciences

pevl89

SimonK,Reilingh GD,Kemp B,Lammers A (2014). Development
of ileal cytokine and immunoglobulin expression levels in
response to early feeding in broilers and layers. Poult. Sci.,
93(12): 3017-3027. https://doi.org/10.3382/ps.2014-04225

Stamps LK, Andrews LD (1995). Effects of delayed housing of
broiler chicks and three different types of waterers on broiler
performance. Poult. Sci., 74(12): 1935-1941. https://doi.
org/10.3382/ps.0741935

Swayne DE, Glisson JR, McDougald LR, Nolan LK, Suarez DL,
Nair VL (2013). Diseases of Poultry. 13th ed. Hoboken:
Wiley, 1423 p. https://doi.org/10.1002/9781119421481

Van de Ven L, Van Wagenberg A, Koerkamp PG, Kemp B, Van
den Brand H (2009). Effects of a combined hatching and
brooding system on hatchability, chick weight, and mortality
in broilers. Poult. Sci., 88(11): 2273-2279. https://doi.
org/10.3382/ps.2009-00112

Van I (2003). Growth and broiler industrialization, Ed. Ceres,
Bucharest, p. 235-236.

Vieira S, Moran E (1998). Eggs and chicks from broiler breeders

of extremely different age. J. App. Poult. Res., 7(4): 372-376
https://doi.org/10.1093/japr/7.4.372.

Vieira SL, Moran ET (1999). Effects of delayed placement and
used litter on broiler yields. J. App. Poult. Res., 8(1): 75-81.
https://doi.org/10.1093/japr/8.1.75

Wakker Dier (2013). Eendagskuikens op hongerdieet. Report.
Stichting Wakker Dier. Available at https://www.wakkerdier.
nl/uploads/media_items/eendagskuikens-op-hongerdieet.
original.pdf. Accessed 25- 10-2016. 2013.

Willemsen H, Debonne M, Swennen Q, Everaert N, Careghi
C, Han H (2010). Delay in feed access and spread of hatch:
importance of early nutrition. World’s poult. Sci.J., 66: 177-
188. https://doi.org/10.1017/50043933910000243

Yang X, Li W, Feng Y, Yao J (2011). Effects of immune stress
on growth performance, immunity, and cecal microflora
in chickens. Poult. Sci., 90(12): 2740-2746. https://doi.
org/10.3382/ps.2011-01591

Yegani M, Korver D (2008). Factors affecting intestinal health
in poultry. Poult. Sci., 87(10): 2052-2063. https://doi.
org/10.3382/ps.2008-00091

February 2023 | Volume 11 | Issue 2 | Page 202

%0 .
Qals Links
OResearchers


https://doi.org/10.3382/ps/pev189
https://doi.org/10.3382/ps.2014-04225 
https://doi.org/10.3382/ps.0741935 
https://doi.org/10.3382/ps.0741935 
 https://doi.org/10.1002/9781119421481 
https://doi.org/10.3382/ps.2009-00112 
https://doi.org/10.3382/ps.2009-00112 
https://doi.org/10.1093/japr/7.4.372
https://doi.org/10.1093/japr/8.1.75
http://www.wakkerdier.nl/uploads/media_items/eendagskuikens-op-hongerdieet.original.pdf. Accessed 25- 10-2016. 2013
http://www.wakkerdier.nl/uploads/media_items/eendagskuikens-op-hongerdieet.original.pdf. Accessed 25- 10-2016. 2013
http://www.wakkerdier.nl/uploads/media_items/eendagskuikens-op-hongerdieet.original.pdf. Accessed 25- 10-2016. 2013
 https://doi.org/10.1017/S0043933910000243 
https://doi.org/10.3382/ps.2011-01591 
https://doi.org/10.3382/ps.2011-01591 
https://doi.org/10.3382/ps.2008-00091
https://doi.org/10.3382/ps.2008-00091

