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Table 1- Box-Behnken design points and values of results on broiler’s humoral and cellular immune response
(mean £SD*)

Input factors Humoral immune response Cellular immune response (mm)
(log2)
Treatment No. of HMB** primary Secondary
no. Replication (%) Dextrin  fasting response response 24 hour post- 48 hour post-
(%) (hour) (14 days) (28 days) inject (PHA-P) inject (PHA-P)
1 8 0.5 0 6 25+0.54 5.5+ 0.54 0.79 £ 0.05 0.56 £ 0.14
2 8 0.5 40 3.38+0.52 4.75 + 0.46 0.97£0.13 0.75+0.13
3 8 0.5 0 48 3.25+0.46 4.75 +0.46 0.62 +0.08 0.55 +.0.06
4 8 0.5 40 48 3.88+0.84 5.25+0.46 0.97 £0.12 0.86 £0.13
5 8 0 27 25%0.54 4.25 +0.46 05%0.11 0.43 +£0.08
6 8 1 0 27 2.38 £0.52 55+0.76 0.87+£0.13 0.72+0.14
7 8 0 40 27 2.88 £0.64 4.88 +0.35 0.83+0.11 0.63 +0.10
8 8 1 40 27 35+0.76 5.88 £ 0.64 1.05+0.12 0.71+0.12
9 8 0 20 6 3+0.76 5.63 £ 0.64 0.92 + 0.06 0.61 +0.08
10 8 0 20 48 3.13+0.64 5+0.76 0.55+0.07 0.57 £ 0.06
11 8 1 20 6 3.63+0.64 5.38 £0.32 1.25+0.10 0.99 +£0.17
12 8 1 20 48 2.38£0.52 6.13 £ 0.64 0.83 +£0.09 0.67 £ 0.10
13 24 0.5 20 27 3.96 + 062 5.29 £ 0.62 0.70 £ 0.08 0.58 + 0.08

*Standard Error of mean

**Beta-hydroxy beta-methylbutyrate

Table 2- ANOVA for response surface models of broiler’s humoral immune response at 14-28 days of age

Humoral immune response model

primary response (14 days)

Secondary response (28 days)

Source of variation df Sum of R2 P-value  Sum of squares R2 P-value
squares

Linear 3 9.156 0.111  0.0003 10.344 0.166 < 0.0001

Quadratic 3 19.565 0.238 <0.0001  4.198 0.067 0.0129

Cross-product 3 5.031 0.061 0.0124 7.031 0.113 0.0006

(interaction)

Total model (regression) 9 33.752 0.410 <0.0001  21.573 0.345 <0.0001

Lack of fit 3 6.031 0.0026 3.594 0.0196

Pure error 107 42.583 37.333

Total error 110 48.615 40.927

Table 3-ANOVA of results from response surface models of broilers cellular immune response at 16 and 17 days

of age

(PHA

-P) Cellular immune response model
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24 hours after phytohemagglutinin

48 hours after phytohemagglutinin injection

injection (16 days) (17 days)

Source of variation df Sum of squares  R2 P-value  Sum of squares R2 P-value
Linear 3 3.038 0.596 < 0.0001 1.274 0.375 <0.0001
Quadratic 3 0.644 0.126 < 0.0001 0.300 0.088  0.0002
Cross-product (interaction) 3 0.143 0.028  0.0083 0.279 0.082  0.0004
Total model (regression) 9 3.825 0.750 < 0.0001 1.853 0.545 <0.0001
Lack of fit 3 0.282 < 0.0001 0.322 <0.0001
Pure error 107 0.994 1.227

Total error 110 1.276 1.550

Table 4- Estimated parameters of second-order response surface models for broiler’s humoral immune response
at 14 and 28 days of age

Humoral immune response at 14 days of age

Humoral immune response at 28 days of age

Quadratic Estimated SE* t- P-value  Estimated Estimated SE* t- P-value Estimated
model Term parameter value parameter  parameter value parameter
from raw from from raw from
data coded data coded
data data

Intercept 1631 0.341 4.78 < 3.958 5588 0.313 17.84 <0.0001 5.292
0.0001

Fasting 0.0501  0.017 2.88 0.0048 0.0156 -0.043 0.016 -2.68 0.0084 -0.0156

Dextrin 0.060 0.016 3.72 0.0003 0.375 0.020  0.015 1.32 0.1891 0.0938

HMB** 3.332  0.643 5.18 < 0.0469 -0.582 0590 -0.99 0.3263 0.3906
0.0001

Fasting x -0.0006 0.0003 -2/00 0.0478 -0.2448 0.0002 0.0003 0.79 0.4319 0.0885

Fasting

Dextrin x -0.0002 0.0003 -0.53 0.5959 -0.0625 0.0007 0.0003 2.90 0.0045 0.3125

Fasting

Dextrin x -0.001 0.0003 -3.79 0.0002 -0.4635 -0.0008 0.0003 -2.83 0.0055 -0.3177

Dextrin

HMB x -0.033 0.011 -2.93 0.0042 -0.3438 0.033  0.010 3.19 0.0019 0.3438

Fasting

HMB x 0.019 0.012 1.60 0.1135 0.1875 -0.006 0.011 -0.58 0.5634 -0.0625

Dextrin

HMB x HMB -2.729 0.4893 -5.58 < -0.6823 0.604  0.449 1.35 0.1811 0.151
0.0001

Beta-hydroxy beta-methylbutyrate **
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Table 5- Estimated parameters of second-order response surface models for broilers Cellular immune response
at 16 and 17 days of age

Cellular immune response at 16 days of age

Cellular immune response at 17 days of age

Quadratic Estimated SE* t- P- Estimated Estimated SE* t- P- Estimated
model Term  parameter value value parameter parameter value value parameter
from raw from from raw from
data coded data coded
data data
Intercept 0.850 0.055 15.37 < 0.6942 0.528 0.061 8.66 < 0.5764
0.0001 0.0001
Fasting -0.020 0.003 -7.08 < -0.108 -0.011 0.003 -3.66 0.0004 -0.0340
0.0001
Dextrin 0.003 0.003 125 0.2143 0.1290 0.004 0.003 143 0.1563 0.8593
HMB** 0.065 0.104 0.62 0.5338 0.1386 0.345 0.115 3.01 0.0033 0.1066
Fasting x 0.0003 0.00005  6.02 < 0.1193 0.0002 0.00005  4.38 < 0.0956
Fasting 0.0001 0.0001
Dextrin x 0.00010 0.00005 2.17 0.0318 0.0414 0.00007 0.00005 1.47 0.1437 0.0309
Fasting
Dextrin x 0.000006 0.00005 1.21 0.2304 0.0239 0.00002 0.00006 0.34 0.7353 0.0074
Dextrin
HMB x -0.004 0.002 -1.95 0.0541 0.0371 -0.007 0.002 -3.44 0.0008 -0.0722
Fasting
HMB x -0.004 0.002 -1.95 0.0536 0.0372 -0.005 0.002 -2.41 0.0176 -0.0506
Dextrin
HMB x 0.382 0.079 4.82 < 0.0954 0.155 0.087 177 0.0789 0.0387
HMB 0.0001

*Standard Error of mean
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Introduction: The time between the first and the last chick hatching is called the hatch window and
the time required for all eggs to hatch is between 24 and 48 hours (Decuypere et al. 2001). In addition,
processes such as sex determination, vaccination, and on-farm transfers require more time, resulting
in hatched chicks not being able to access water and feed for 72 hours (Willemsen et al. 2010). Post-
hatch fasting leads to high chicken mortality, low growth in the first week and a reduction in disease
resistance, due to insufficient storage of yolk sac and incomplete immune system of birds in this
period. Zhai et al. suggested the use of in-ovo feeding (I0OF) to overcome the issues (Zhai et al. 2008).
The in-ovo injection of nutrients around days of 17 t018, called in-ovo feeding (Foye et al 2006),
supplies the embryo with additional nutrients via amniotic fluid prior hatching and those nutrients
continue to be utilized by the chick post-hatch during this fasting period. Yolk protein is a source of
maternal antibodies. The results of the research suggest that IOF increases immunoglobulins, weight
of bursa of fabricius, and lymphocyte proliferation on 28 days of age (Dibnere et al 1998). Studies
have reported that drinking glucose containing water leads to decrease in gluconeogenic enzymes
thus reducing the proteins breakdown as well as beneficial antibodies (Donaldson 1995). In most
studies, egg is inoculated with a single nutrient, while assuming other factors to be constant. In such
studies, the interrelationships between factors are ignored. Therefore, designing experiments using
modern statistical mathematical methods to optimize test conditions and obtain more accurate results
will be useful (Ahmadi and Golian 2010). Response surface methodology (RSM), a useful set of
statistical and mathematical procedures, can be employed 1) to survey responses from the
combinations of factors for searching optimum results, 2) to optimize the interactions between factors
and their levels, and 3) to reduce investigation costs. Additionally, not only that the effect of each
factor can be examined by RSM but also all coefficients of the quadratic regression model and the
interaction of factors can be estimated. Box-Behnken design (BBD) is a multivariate experimental
design, where multiple factors are studied simultaneously. The BBD is considered to be more efficient
than full factorial designs, because it requires a significantly smaller number of treatments and allows
researchers to estimate and optimize processes (Box and Hunter 1957). In this study, we aimed to
determine the immune response of broilers to in-ovo feeding of beta-hydroxy beta-methylbutyrate
(HMB) and dextrin and the first time of access to feed using Box-Behnken design.
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Material and methods: A total of 1800 fertile eggs of 65 weeks-old broiler breeders were obtained
from a commercial broiler breeder flock (Ross 308, Sepidrood, Rasht, Iran) and stored under
commercial conditions for two days before incubation. Eggs were weighed, and those within a similar
weight distribution (66.4 = 1.3 g) were randomly distributed into 60 groups of 30 eggs. Eggs were
then incubated in a commercial hatchery at 37.5°C and 56% relative humidity. On the 15" day of
incubation all eggs were candled and cracked. Then, unfertilized or dead embryo containing eggs
were discarded (Kornasio et al. 2011). On the 18™ day, 1500 eggs were randomly assigned into 15
treatments based on a Box-Behnken design (Box et al. 1987) with four replicates and three levels of
in-ovo administration of beta-hydroxy beta-methylbutyrate (0, 0.5 and 1.0%) and dextrin (0, 20 and
40%) in a 0.9% saline, along with the first feeding (6, 21 and 48 h). The injection was performed
manually through a hole made in the wide part of the egg, using needle number 23 and injection of
0.5 mL of sterile solution, which was inserted to a depth of 17 mm of amniotic fluid (Uni et al. 2005).
From the hatched chicks of each replication, 14 chicks (equal ratio of male and female) were
randomly selected, weighed, and transferred to the farm. According to box-Benken design, chicks
were allocated in one of 15 experimental treatments (each treatment with four replications, rearing
60 experimental units). Access to water and food was free during the 42-day trial period. Chickens
were fed three diets of starter, grower, and finisher based on the Ross 308 strain nutrients requirement
(Ross Broiler Guide 2014). Feed form and its composition were used in the form of crumble with a
2850 kcal/kg metabolizable energy and 21.92% crude protein) during starter period (1 to 10 days), in
pellet form (3 mm) with 2880 kcal/kg metabolic energy and 19.97% crude protein during grower
period (11 to 24 days) and in pellet form (6 mm) with 2950 kcal/kg metabolic energy and 17.98%
crude protein during finisher (25 to 42 days) period (Ghanaatparast et al. 2018 a,b). Experimental
data (60 data lines) gained by BBD were fitted to the second-order polynomial equation by SAS
through the RSREG procedure. A ridge analysis (Draper, 1963, SAS Institute 2011) was used to
compute the optimal response for TPB and PPB maximization (RIDGE MAX procedure in SAS).
Using ANOVA and corresponding absolute t-value of the model parameters, a process of the
sensitivity analysis was performed on developed RSM models to find which model term is considered
more important throughout the modeling process (Box et al. 1987).

Results and discussion: Increasing the time of the first access to feed and post hatch fasting reduced
the humoral and cellular immunity (P < 0.05). In-ovo feeding of HMB and dextrin improved primary
humoral immune response (P < 0.05). In-ovo feeding of HMB and dextrin resulted in improved
primary humoral immune response (P <0.05), and in-ovo injection of HMB enhanced primary and
secondary humoral immune response simultaneously with fasting. By increasing fasting time, in-ovo
feeding of HMB and dextrin increased the cutaneous basophilic hypersensitivity response in both
times of PHA-P injection (24 and 48 hours) and the second injection of PHA-P (48 hours),
respectively. Limited access to the post-hatch feed causes stress and corticosteroid secretion and
prevents the proper growth of immune cells. Therefore, increased immunity in chickens depends on
the first access to feed, during which the acquired immunity is strengthened, and the bird is protected
against pathogens through the respiratory tract, known as the source of infection (Yi et al. 2005). The
interaction between inoculated nutrients and their concentrations in egg, as well as post hatch
starvation affected broiler’s performance and such interactions can affect the optimal levels
determined in an experiment (Tako et al.2004; Kornasio et al. 2011). In general, injections of
carbohydrates such as fructose or ribose have shown to improve the humoral and cellular immune
response in broilers, and of course the extent of the effect on the poultry immune system depends on
the type of carbohydrate (Bhanja et al. 2014).

Conclusion: The first access of day-old chick to feed is considered as effective factor to prevent
declined bird's immune system function. If access to water and feed is delayed during post-hatch (for
reasons such as vaccination, sex determination, and transport to farm), in-ovo feeding of HMB and
dextrin can effectively improve the humoral and cellular immune response. The Box-Benken design
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for minimally invasive experiments is a good method to explain the relationship between in-ovo
feeding of nutrients and the first access to feed on the immune response of broilers.

Keywords: Broilers, Box-Behnken design, first feeding access, Immune response, In-ovo feeding



