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PAPER

Optimisation of broilers performance to different dietary levels of fibre and
different levels and sources of fat from 0 to 14 days of age

Fatemeh Aziz-Aliabadi, Ahmad Hassanabadi , Abolghasem Golian and Saeed Zerehdaran

Faculty of Agriculture, Department of Animal Science, Ferdowsi University of Mashhad, Mashhad, Iran

ABSTRACT
Central composite design (CCD; 3 levels and 3 factors) and response surface methodology (RSM)
were used to evaluate the average daily body weight gain (ADG) and feed conversion ratio
(FCR) in broiler chicks to different levels of dietary sugar beet pulp (SBP), tallow (T) and soybean
oil (SO). A total of 60 battery brooder cages of 7 birds each were assigned to 15 diets of CCD
containing 3 levels of SBP (0.00, 1.75, 3.50%), T (0.00, 0.50, 1.00%) and SO (0.00, 0.50, 1.00%),
from 0 to 14days of age. The testable outcomes of CCD were fitted with the quadratic model.
The response surface analysis showed significant linear, quadratic, and interaction models for
ADG and FCR from 0 to 7 and 7 to 14days of age. At 7 days of age, maximum ADG and min-
imum FCR were observed with 0.00% of SBP, T, and SO in the diet. At 14 days of age, maximum
ADG was obtained at 0.60%, 0.33% and 0.45% of SBP, T and SO in the diet, and the minimum
FCR was observed with 0.98%, 0.00% and 1.00% of SBP, T and SO in diet, respectively. The
results of this study showed that with increasing age and development of the gastrointestinal
tract of broilers, adverse effects of soluble fibres are reduced, and response surface models can
explain the correlation among dietary nutrient concentrations and young broiler performance to
achieve the optimal target.

HIGHLIGHTS

� Central composite design reduces the number of trials and the costs.
� The development of the gastrointestinal tract will moderate the adverse effects of dietary sol-
uble fibre.

� By the response surface model, the correlations between dietary nutrients can be explained.
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Introduction

Different advances in poultry nutrition have drawn

nutritionists’ attention to interactions between the

components of the diet. Fibre is one of the most

substantial ingredients in poultry diets. Traditionally,

dietary fibre has been suggested as a diluent and anti-

nutritional factor. However, it has been found that

fibre’s appropriate values improve digestive organ

development, enzyme secretion, and nutrient digest-

ibility in poultry. Dietary fibre features including vis-

cosity (Miyamoto and Chang 1992), emulsifying

capacity (Collins and Post 1981), and their interactions

with cholesterol (Bangoura et al. 2009), and interac-

tions between different types of fibres (Saki et al.

2011), have received much consideration.

Sugar beet pulp (SBP) remains after sugar extrac-
tion and contains approximately 400 g/kg of neutral
detergent fibre (NDF) and 250 g/kg of pectin as sol-
uble fibre (Voelker and Allen 2003). One kilogram of
dry sugar beet pulp contains 9.7–11.2MJ/kg of metab-
olisable energy and 102.7 g/kg of crude protein. It con-
tains relatively high calcium, sodium, magnesium and
trace elements. Since it contains almost no lignin, it
has a high digestibility in pigs (Koschayev et al. 2019).
Due to the pectin content of the SBP, it can produce
viscose and moist excretion by creating viscosity and
water holding feature (J�ozefiak et al. 2006).

Energy makes up a large part of the costs of bal-
anced diets for poultry. One of the most applied man-
ners to increase energy density in poultry diets is
applying fats and oils (Peebles et al. 2000). Oils and
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fats include unsaturated fatty acids, unsaturated fatty
acids with a double bond, and unsaturated fatty acids
with several double bonds (Wathes et al. 2007).
Animal fats, especially tallow, mostly contain saturated
fatty acids and often contain triglycerides and a little
free fatty acid (Bartov 1988). Soybean oil is rich in lino-
leic acid, which is the most important member of the
omega-6 family of fatty acids. Oxidation is higher in
soybean oil due to its high levels of unsaturated fatty
acids, and it has been observed that the rate of lipid
peroxidation is lower in broilers fed with tallow
(Hosseini-Vashan et al. 2014). Velasco et al. (2010)
found that broilers consuming diets containing sun-
flower oil showed a better FCR than chickens consum-
ing diets containing palm oil. On the other hand,
when using two oil sources in broiler diets, Abudabos
(2013) did not observe a significant difference among
the treatments in terms of feed intake and body
weight gain. He stated that the nutrition values of fats
and oils are totally dependent on their metabolisable
energy contents, and the metabolisable energy con-
tent of them is a function of their digestibility
and absorption.

Obstacles related to distinguishing the best meas-
ure of urgent nutrients in the diet are argued (Lerman
and Bie 1975). Therefore, it is useful to design experi-
ments using new mathematical-statistical methods to
optimise the test conditions and achieve more accur-
ate results (Ahmadi and Golian 2010). The response
surface methodology (RSM) consists of statistical and
mathematical methods used in designing experiments,
modelling, analysing data, evaluating the impact of
input variables, and finding optimal conditions based
on inputs (Box et al. 1978). This method is based on a
specific type of experimental design in which the
effects of multiple factors on one or more outputs are
investigated, and the data obtained from the experi-
ment design are fitted on a quadratic polynomial
model (Ahmadi and Golian 2011). If the researcher
intends to examine several factors at the same time,
the RSM is an appropriate model because it has a use-
ful set of statistical and mathematical methods to
study the responses obtained by combination factors
to find efficient solutions (Myers et al. 2009), optimis-
ing the interaction among the agents and their levels,
and reducing research costs (Hu 1999). The central
composite design (CCD) is the most usual design of
the experiment used in the RSM in which the inputs
take on 3 or 5 various levels, but not all combinations
of these factors appear in the factorial design; then,
it requires fewer experimental runs. This trial aimed
to optimise broiler chickens’ growth performance to

various amounts of dietary fibre and fat using RSM at
0 to 7 days and 7 to 14 days of age.

Materials and methods

Birds and diets

A total of 420 One-day-old Ross 308 male broiler
chicks with average weights of 46.45 ± 0.97 g were
obtained from a local commercial hatchery and ran-
domly distributed into 60 battery brooder cages.
According to the scheme produced by 3-level, 3-factor
CCD, 60 cages of 7 birds each were assigned to 15
diets containing 3 levels of SBP (0.00, 1.75, and 3.5%),
T (0.00, 0.50, and 1.00%), and SO (0.00, 0.50 and
1.00%), from 0 to 7 days and 7 to 14 days of age
(Tables 1 and 2). Ingredients and chemical compos-
ition of the experimental diets are shown in Tables 3
and 4. Diet samples were analysed for neutral deter-
gent fibre (Mertens et al. 2002), acid detergent fibre,
and insoluble fibre (Association of Official Analytical
Chemists 2005). The soluble fibre was calculated from
the difference of total crude fibre from its insoluble
fraction. Fatty acids profiles of tallow and soybean oil
were determined using gas chromatography (Table 5).
Rearing house temperature was set at 32 �C in the first
week, which was decreased by 3 �C each week to
eventually reach 25 �C and remained constant until
the end of the experiment. Light and darkness were
provided as 18 h light and 6 h dark throughout
the experiment.

Growth performance

The group weight of birds in every cage was meas-
ured at the beginning and end of the study (end of 7
days and 14 days of age). The average daily body
weight gain (ADG) was calculated from birds’ weight
gain in each cage. Feed intake was calculated by sub-
tracting the remaining feed from the offered feed in
each cage during the study. Feed conversion ratio
(FCR) was corrected for mortality and represented as
grams of feed consumed by all birds divided by grams
of body weight gain. Mortality was recorded daily
(Imari et al. 2020). After running a growth experiment

Table 1. Dietary nutrient concentrations used in central com-
posite design response surface methodology to feed broiler
chicks from 0 to 14 days of age.

Item (% of diet)

Level

1 0 �1

Sugar beet pulp (SBP) 3.50 1.75 0.00
Tallow (T) 1.00 0.50 0.00
Soybean oil (SO) 1.00 0.50 0.00
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by CCD, a data set, including 60 data lines, was pro-
duced and subjected to statistical analyses.

Statistical analyses

The most commonly used model in RSM analysis is
the following second-order polynomial equation (Box
et al. 1978):

y ¼ b0 þ
Xk

i¼1

bixi þ
XX

i<j

bijxixj þ
Xk

i¼1

biixi
2 þ E

Where y is ADG or FCR, k is the number of input
variables (k¼ 3), xi represents the input variables (diet-
ary percentage of SBP, T, and SO), b0 is the constant
term, bi represents the coefficients of the linear

parameters, bij represents the coefficients of the inter-
action parameters, bii represents the coefficients of the
quadratic parameter, and E is the residual associated
with the experiment. The experimental data (60 data
lines) collected by CCD were fitted to the second-
order polynomial equation by Minitab 17. Using
ANOVA and corresponding absolute t-value of the
model parameters, a procedure of the sensitivity ana-
lysis was done on RSM models to discover which
model term is considered more notable within the
modelling procedure. A more important model term
(linear, quadratic, or interaction of obtained model
related to dietary SBP, T, and SO concentration) has a
higher absolute t-value. Thus, the input variables may
be sorted in the order of importance.

Table 2. Sugar beet pulp (SBP), Tallow (T), and Soybean oil (SO) concentrations in experimental diets prepared according to a
central composite design (3 levels, 3 factors) and corresponding experimental response values for ADG and FCR in broiler chicks
from 0 to 7 days and 7 to 14 days of age.

Treatment
numbers Replicationsa

Factors (% of diet) Experimental response (0–7 days) Experimental response (7–14 days)

SBP T SO ADG, g/bird/day ±SD FCR ±SD ADG, g/bird/day ±SD FCR ±SD

1 18 1.75 0.50 0.50 18.29 0.87 1.24 0.09 44.21 3.07 1.61 0.27
2 3 3.50 1.00 0.00 11.66 0.77 1.94 0.77 21.81 0.90 2.18 0.08
3 3 0.00 0.00 1.00 15.12 1.79 1.56 0.12 28.84 1.61 1.31 0.07
4 3 3.50 1.00 1.00 11.94 0.47 2.10 0.12 22.81 1.60 2.66 0.56
5 3 0.00 1.00 1.00 16.78 0.51 1.36 0.16 37.73 3.87 1.62 0.16
6 3 1.75 0.00 0.50 17.69 1.99 1.45 0.13 43.03 3.14 1.14 0.14
7 3 0.00 1.00 0.00 15.64 1.89 1.21 0.06 24.03 2.01 1.55 0.14
8 3 0.00 0.50 0.50 19.04 1.01 1.19 0.09 42.89 1.36 1.45 0.06
9 3 1.75 0.50 0.00 17.42 0.88 1.50 0.13 45.23 3.09 1.11 0.14
10 3 1.75 1.00 0.50 17.69 0.40 1.38 0.17 34.60 3.03 1.39 0.03
11 3 3.50 0.00 0.00 12.14 0.19 2.05 0.19 24.81 3.38 2.25 0.11
12 3 1.75 0.50 1.00 15.07 1.53 1.40 0.06 23.73 2.54 1.57 0.18
13 3 3.50 0.00 1.00 12.48 0.44 2.04 0.15 22.81 0.57 2.28 0.29
14 3 0.00 0.00 0.00 22.65 0.53 0.86 0.01 38.63 3.57 1.74 0.19
15 3 3.50 0.50 0.50 11.80 0.66 2.10 0.08 22.53 1.07 2.50 0.13
aA total of 60 run numbers were provided.
ADG: average daily body weight gain; FCR: feed conversion ratio; T: tallow; SO: soybean oil; SD: standard deviation.

Table 3. Composition of the experimental diets.

Ingredient
(%, as-fed basis)

Treatmentsa

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Broken rice 69.06 69.14 68.98 66.17 66.82 70.14 69.79 69.38 70.55 67.98 71.30 67.58 68.33 71.95 68.74
Soy protein concentrate, 84% CP 20.07 19.89 20.25 20.18 20.46 19.96 20.17 20.21 19.92 20.17 19.68 20.21 19.97 19.96 19.93
Dicalcium phosphate 1.42 1.41 1.43 1.45 1.46 1.41 1.42 1.42 1.40 1.43 1.39 1.44 1.42 1.39 1.42
Limestone 1.59 1.56 1.61 1.54 1.60 1.59 1.62 1.62 1.60 1.58 1.57 1.58 1.55 1.63 1.56
Soybean oil 0.50 0.00 1.00 1.00 1.00 0.50 0.00 0.50 0.00 0.50 0.00 1.00 1.00 0.00 0.50
Tallow 0.50 1.00 0.00 1.00 1.00 0.00 1.00 0.50 0.50 1.00 0.00 0.50 0.00 0.00 0.50
Sugar beet pulp 1.75 3.50 0.00 3.50 0.00 1.75 0.00 0.00 1.75 1.75 3.50 1.75 3.50 0.00 3.50
Sand 3.52 1.91 5.14 3.57 6.07 3.05 4.41 4.77 2.69 3.99 0.97 4.35 2.64 3.47 2.27
Vitamin and mineral premixb 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
L-Lysine HCl 0.10 0.10 0.10 0.09 0.09 0.10 0.10 0.10 0.11 0.10 0.11 0.10 0.10 0.11 0.10
DL-Methionine 0.57 0.56 0.57 0.57 0.58 0.57 0.57 0.57 0.56 0.57 0.56 0.57 0.57 0.56 0.57
L-Threonine 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
NaHCO3 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Salt (NaCl) 0.21 0.21 0.21 0.22 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.22 0.21 0.21 0.21
aFifteen diets of central composite design containing 3 levels of SBP (0.00, 1.75, 3.50%), T (0.00, 0.50, 1.00%) and SO (0.00, 0.50, 1.00%).
bProvided the followings per kg of diet: vitamin A (trans-retinyl acetate), 12,500 U; vitamin D3 (cholecalciferol), 5000 U; vitamin E (D L-a tocopherol acet-
ate), 80 U; vitamin K (menadione), 3.20mg; riboflavin, 8.6mg; pantothenic acid (D-Ca pantothenate), 18.6mg; pyridoxine (pyridoxine-HCl), 4.86mg; thia-
mine, 3.2mg; vitamin B12 (cyanocobalamin), 0.02mg; biotin, 0.25mg; folic acid, 2.2mg; nicotinic acid, 62.51mg; ethoxyquin (antioxidant), 2.5mg. Fe,
20.23mg; Zn, 110mg; Mn, 120mg; Cu, 16mg; I, 1.25mg; Se, 0.30mg.
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Results

ADG and FCR (0–7 days of age)

The polynomial equation from raw experimental data
for ADG (R2 ¼ 0.82; root MSE ¼ 1.41) and FCR (R2 ¼
0.83; root MSE ¼ 0.14) was generated as follows:

ADG 0–7 daysð Þ g=birdð Þ ¼ 21:56 – 0:04 �

SBP – 5:07 � T – 0:29 � SO – 0:69 � SBP �
SBP þ 0:55 � T � T – 5:24 � SO � SO þ
0:62 � SBP � T þ 1:001 � SBP � SO þ

4:31 � T � SO

FCR 0–7 daysð Þ ¼ 1:01 – 0:003 � SBP þ 0:01 �
T þ 0:16 � SO þ 0:08 � SBP � SBP þ

0:14 � T � T þ 0:28 � SO � SO – 0:03 �
SBP � T – 0:09 � SBP � SO – 0:18 � T � SO

The estimated parameters for SBP, T, SO,
SBP� SBP, SO� SO, SBP� SO, and T� SO terms in the

ADG model, and SBP, SO, SBP� SBP, and SBP� SO
terms in the FCR model were significant (p< .05). The
fit of the RSM model was also expressed by the R2

value, which was found to be 0.82 and 0.83 for ADG
and FCR model, respectively, indicating that almost
80% of the variability in the responses could be
explained by the model. The contribution of each type
of effect in the RSM model (linear, quadratic, and
interaction) to the statistical fit (in terms of R2) is
shown in Table 6. In the ADG model, the linear terms
have a higher contribution (partial R2 ¼ 0.49) to
explain existing variation in the response of chickens.
It was followed by quadratic (partial R2 ¼ 0.24) and
interaction (partial R2 ¼ 0.10) terms. In the FCR model
the linear (partial R2 ¼ 0.60) and quadratic (partial R2

¼ 0.20) terms had contribution to explain existing
variation in feed efficiency, and the interaction terms
(partial R2 ¼ 0.03) had a little contribution (Table 6).
Maximum ADG and minimum FCR were observed with
the diet containing 0.00% SBP, 0.90% T, and 0.00% SO
(Table 7). The predicted ADG and FCR at the optimal
points were 21.56 g/bird per day and 1.01,
respectively.

The regression coefficient estimates and corre-
sponding t- value and p-value are shown in Table 8.
The absolute t-value (jt-valuej) may illustrate to what
extent each model term contributed to the statistical
fit so that the greater the absolute t-value, the
more remarkable the corresponding coefficient. The
coefficient calculates for ADG model and the related

Table 5. Analysis of major fatty acids in tallow and soybean
oil (%).
Fatty acids Tallow Soybean oil

Stearic acid (C18:0) 29.29 3.79
Palmitic acid (C16:0) 27.34 11.54
Lauric acid (C14:0) 3.04 0.50
Oleic acid (C18:1) 28.51 23.51
Linoleic acid (C18:2) 3.81 52.78
Linolenic acid (C18:3) 0.51 6.95
SFA:UFA 60:33 16:84

SFA: saturated fatty acids; UFA: unsaturated fatty acids.

Table 6. Analysis of variance on the experimental results along with the contribution of each type of effect (linear, quadratic,
and interaction) to the statistical fit in response surface model for ADG and FCR in broiler chicks from 0 to 7 days of age.

Source of variation

ADG model FCR model

df Sum of squares R2 p-Value� Sum of squares R2 p-Value

Linear 3 288.10 0.49 <.0001 5.13 0.60 <.0001
Quadratic 3 136.17 0.24 <.0001 1.65 0.20 <.0001
Interaction 3 53.29 0.10 <.0001 0.25 0.03 .04
Total model (regression) 9 477.56 0.82 <.0001 7.04 0.83 <.0001
Lack of fit 5 37.83 <.0001 0.87 <.0001
Pure error 45 61.72 0.55
Total error 50 99.55 1.43

ADG: average daily body weight gain; FCR: feed conversion ratio.�p < .05¼ significant.

Table 7. Optimisation analysis on response surface model (RSM) to reach maximum ADG and minimum FCR
in broiler chicks from 0 to 7 and 7 to 14 days of age.

Item

Input variablea (% of diet)
Predicted output variable

at optimal pointSBP T SO

0 to 7 days of age
ADG 0.00 0.00 0.00 Maximum¼ 21.56 g/bird/day
FCR 0.00 0.00 0.00 Minimum¼ 1.01
7 to 14 days of age
ADG 0.60 0.33 0.45 Maximum ¼ 43.44 g/bird/day
FCR 0.98 0.00 1.00 Minimum ¼ 1.10
aDietary percentage of sugar beet pulp (SBP), tallow (T), and soybean oil (SO).
ADG: average daily body weight gain; FCR: feed conversion ratio; SBP: sugar beet pulp; T: tallow; SO: soybean oil.
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absolute t-values demonstrate that across the attend-
ing nutrients and their interactions, the linear effect of
dietary SBP had greatest effect on ADG of chicks (jt-
valuej ¼ 11.34), followed by quadratic effect of
SBP� SBP (jt-valuej ¼ 4.35), interaction between T
and SO (jt-valuej ¼ 3.74), linear effect of SO (jt-valuej
¼ 3.15), interaction between SBP and SO (jt-valuej ¼
3.04), quadratic effect of SO� SO (jt-valuej ¼ 2.67)
and linear effect of T (jt-valuej ¼ 2.47) (Figure 1). The
coefficient calculates for FCR model and the related
absolute t-values (Table 8) indicate that linear effect of
dietary SBP has the highest effect on FCR of chicks (jt-
valuej ¼ 13.04), followed by quadratic effect of
SBP� SBP (jt-valuej ¼ 4.43), linear effect of SO (jt-val-
uej ¼ 2.90), interaction between SBP and SO (jt-valuej
¼ 2.51) (Figure 2). Other ADG and FCR model terms
were insignificant. Lack of fit for both ADG and FCR
models was significant (Table 6), showing that a more
complicated modelling method or another testing
with extra variables should be made.

ADG and FCR (7–14 days of age)

The polynomial equation from raw experimental data
for ADG (R2 ¼ 0.74; root MSE ¼ 5.33) and FCR (R2 ¼
0.74; root MSE ¼ 0.24) was generated as follows:

ADG 7–14 daysð Þ g=birdð Þ ¼ 39:48 þ 5:82 �

SBP – 3:83 � T þ 15:11 � SO – 2:55 � SBP �

SBP – 6:89 � T � T – 24:23 � SO � SO þ
0:39 � SBP � T – 0:70 � SBP � SO þ

13:25 � T � SO

FCR 7–14 daysð Þ ¼ 1:62 – 0:49 � SBP þ 0:36

� T – 0:09 � SO þ 0:18 � SBP � SBP – 0:51�
T � T – 0:22 � SO � SO þ 0:02 � SBP �
T þ 0:12 � SBP � SO þ 0:47 � T � SO

The estimated parameters for SBP, SBP� SBP,
SO� SO, and T� SO terms in the ADG model, and

Table 8. Estimated parameters of response surface model for ADG and FCR in broiler chicks from 0 to 7 days of age.

Quadratic
model
terma

ADG model FCR model

Estimated
parameter

from
raw data SE t- value p-Value�

Estimated
parameter

from
coded data

Estimated
parameter

from
raw data SE t- value p Value

Estimated
parameter

from
coded data

Intercept 21.56 0.28 64.28 <.0001 18.00 1.01 0.03 38.64 <.0001 1.30
SBP �0.04 0.25 �11.34 <.0001 �2.92 �0.003 0.03 13.04 <.0001 0.40
T �5.07 0.25 �2.47 .01 �0.63 0.01 0.03 0.08 .93 0.002
SO �0.29 0.25 �3.15 <.01 �0.81 0.16 0.03 2.90 <.01 0.08
SBP� SBP �0.69 0.49 �4.35 <.0001 �2.13 0.08 0.05 4.43 <.0001 0.26
T� T 0.55 0.49 0.28 .77 0.13 0.14 0.05 0.59 .55 0.03
SO� SO �5.24 0.49 �2.67 .01 �1.31 0.28 0.05 1.18 .24 0.07
SBP� T 0.62 0.28 1.88 .06 0.54 �0.03 0.03 �0.78 .43 �0.02
SBP� SO 1.00 0.28 3.04 <.01 0.87 �0.09 0.03 �2.51 .01 �0.08
T� SO 4.31 0.28 3.74 <.0001 1.07 �0.18 0.03 �1.35 .18 �0.04
aDietary percentage of sugar beet pulp (SBP), tallow (T), and soybean oil (SO).
ADG: average daily body weight gain; FCR: feed conversion ratio; SBP: sugar beet pulp; T: tallow; SO: soybean oil.�p < .05¼ significant.
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Figure 1. Absolute t-value indicating contribution of each response surface model term to the statistical fit for average daily body
weight gain (ADG) in broiler chicks. SBP: sugar beet pulp; T: tallow; SO: soybean oil (0–7 days of age); ns: not significant.
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SBP, SBP� SBP, SBP� SO, and T� SO terms in the FCR
model were significant (p< 0.05). The R2 value was
found to be 0.74 and 0.74 for the ADG and FCR
model, respectively, showing that the model could
explain almost 70% of the responses’ variability. The
contribution of each type of effect in the RSM model
(linear, quadratic, and interaction) to the statistical fit
(in terms of R2) is shown in Table 9. In the ADG model,
the quadratic terms have a superior portion (partial R2

¼ 0.50) to illustrate available alteration in the response
of chickens. It was followed by linear (partial R2 ¼
0.21) and interaction (partial R2 ¼ 0.04) terms. In the
FCR model the linear (partial R2 ¼ 0.42) and quadratic
(partial R2 ¼ 0.27) terms had portion to explain pre-
sent variation in feed efficiency, and the interaction
terms (partial R2 ¼ 0.02) had a little role (Table 9).
Maximum ADG was observed with a diet containing
0.60% SBP, 0.33% T, and 0.45% SO, and least FCR may

Table 9. Analysis of variance on the experimental results along with contribution of each type of effect (linear, quadratic, and
interaction) to the statistical fit in response surface model for ADG and FCR in broiler chicks from 7 to 14 days of age.

Source of variation

ADG model FCR model

df Sum of squares R2 p-Value� Sum of squares R2 p-Value

Linear 3 1178.23 0.21 <.0001 5.56 0.42 <.0001
Quadratic 3 2796.37 0.50 <.0001 3.51 0.27 <.0001
Interaction 3 274.94 0.04 .03 0.63 0.05 .02
Total model (regression) 9 4249.53 0.74 <.0001 9.71 0.74 <.0001
Lack of fit 5 1079.16 .09 2.49 .10
Pure error 45 346.36 0.77
Total error 50 1425.52 3.27

ADG: average daily body weight gain; FCR: feed conversion ratio.�p < .05¼ significant.

Table 10. Estimated parameters of response surface model for ADG and FCR in broiler chicks from 7 to 14 days of age.

Quadratic
model
terma

ADG model FCR model

Estimated
parameter

from
raw data SE t-value p-Value�

Estimated
parameter

from
coded data

Estimated
parameter

from
raw data SE t-value p-Value

Estimated
parameter

from
coded data

Intercept 39.48 1.06 40.33 <.0001 42.74 1.62 0.05 30.11 <.0001 1.52
SBP 5.82 0.97 �5.88 <.0001 �5.73 �0.49 0.46 9.00 <.0001 0.42
T �3.83 0.97 �1.76 .08 �1.71 0.36 0.46 1.45 .15 0.06
SO 15.11 0.97 �1.91 .06 �1.86 �0.09 0.46 1.36 .18 0.06
SBP� SBP �2.55 1.86 �4.21 <.0001 �7.82 0.18 0.89 6.50 <.0001 0.57
T� T �6.89 1.86 �0.93 .73 �1.72 �0.51 0.89 �1.45 .15 �0.12
SO� SO �24.23 1.86 �3.26 <.01 �6.06 �0.22 0.89 �0.64 .52 �0.05
SBP� T 0.39 1.09 0.31 .75 0.34 0.02 0.05 0.48 .63 0.02
SBP� SO �0.70 1.09 �0.56 .57 �0.61 0.12 0.05 2.07 .04 0.10
T� SO 13.25 1.09 3.04 <.01 3.31 0.47 0.05 2.29 .02 0.11
aDietary percentage of sugar beet pulp (SBP), tallow (T), and soybean oil (SO).
ADG: average daily body weight gain; FCR: feed conversion ratio; SBP: sugar beet pulp; T: tallow; SO: soybean oil.�p < .05¼ significant.
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Figure 2. Absolute t-value indicating contribution of each response surface model term to the statistical fit for feed conversion
ratio (FCR) in broiler chicks. SBP: sugar beet pulp; T: tallow; SO: soybean oil (0–7 days of age); ns: not significant.
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be gained with a diet including 0.98% SBP, 0.00% T,
and 1.00% SO. The predicted ADG and FCR at the
optimal points were 43.44 g/bird per day and 1.10,
respectively (Table 7).

The regression coefficient estimates and corre-
sponding t-value and p-value are given in Table 10.
The linear effect of dietary SBP the had greatest effect
on ADG of chicks at 14 days of age (jt-valuej ¼ 5.88),
followed by quadratic effect of SBP� SBP (jt-valuej ¼
4.21), quadratic effect of SO� SO (jt-valuej ¼ 3.26)
and interaction between T� SO (jt-valuej ¼ 3.04)
(Figure 3). The coefficient estimates for FCR model
and the corresponding absolute t-values (Table 10)
indicate that linear effect of dietary SBP the highest
effect on FCR of chicks (jt-valuej ¼ 9.00), followed by
quadratic effect of SBP� SBP (jt-valuej ¼ 6.50), inter-
action between T� SO (jt-valuej ¼ 2.29) and inter-
action between SBP� SO (jt-valuej ¼ 2.07) (Figure 4).
Other ADG and FCR model terms were insignificant.

Lack of fit for both ADG and FCR models was insignifi-
cant (Table 9), showing that the observed data are in
good agreement with the model.

Discussion

Several studies have been conducted on the effect of
dietary fibre on broiler performance. Recent research
with broilers (Jim�enez-Moreno et al. 2013), laying pul-
lets (Guzm�an et al. 2015) and turkeys (Roma et al.
1999) has shown that the use of moderate amounts of
fibre sources in the diet is beneficial for the develop-
ment and proper functioning of the gastrointestinal
tract and improves nutrient digestibility and product-
ive performance of the birds. Jim�enez-Moreno et al.
(2009) used two sources of fibre (3% oat hull, 3%
sugar beet pulp) and two sources of fat (5% soybean
oil, 5% yellow grease) to investigate the broiler per-
formance. They stated that adding temperate values
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Figure 3. Absolute t-value indicating contribution of each response surface model term to the statistical fit for average daily body
weight gain (ADG) in broiler chicks. SBP: sugar beet pulp; T: tallow; SO: soybean oil (0–7 days of age); ns: not significant.
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Figure 4. Absolute t-value indicating contribution of each response surface model term to the statistical fit for feed conversion
ratio (FCR) in broiler chicks. SBP: sugar beet pulp; T: tallow; SO: soybean oil (0–7 days of age); ns: not significant.
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of fibre to the broiler diets could improve the per-
formance and digestibility of nutrients. It was reported
that the highest body weight gain and the lowest
feed conversion ratio were observed in the broilers
receiving 5 g/kg of processed fibre and the group con-
suming 5 g/kg of corn hulls had the highest feed
intake and the highest feed conversion ratio. These
researchers attributed the positive effect of processed
fibre on performance to its beneficial effect in improv-
ing the morphology of the small intestine (Rezaei
et al. 2012). There are many factors in the response of
poultry species to the inclusion of fibre in the diet.
Some of these agents are related to the age and spe-
cies of the bird; some depend on the type of fibre
used in the diet, such as the amount of soluble and
insoluble fibres, the lignin content, and the particle
size. Other factors such as bird management and
environmental conditions during breeding, disease
challenge, and health status can also be effective in
the response of birds to dietary fibre. Therefore, it is
not easy to predict the birds’ response to adding fibre
to the diet and recommending the appropriate
amount of fibre used in the poultry diets (Mateos
et al. 2012).

Viveros et al. (2009) reported that FCR and ADG
were not affected by different sources of fat (saturated
and unsaturated). The feed conversion ratio is
improved by consuming diets containing sources of
unsaturated fatty acids in poultry diets (Villaverde
et al. 2004). The present study showed that at 7 days
of age, the best performance was observed in the
groups receiving diets with 0.00% SBP, 0.00% T, and
0.00% SO, which may be due to the incomplete
gastrointestinal development. With increasing age and
development of the gastrointestinal tract at the age of
14 d, the lowest feed conversion ratio was observed
at diet containing 0.98% SBP, 0.00% T, and 1.00% SO.
Although various studies have reported the negative
effect of soluble fibre sources, in the current study,
the presence of SBP (up to 0.98% of diet) in the diet
probably improves the development of the gastro-
intestinal tract and, as a result, ameliorates ADG and
FCR at 14d of age.

In young birds, due to insufficient bile and lipase
enzymes secretion, the digestion of triglycerides is
low. Whereas with increasing age and secretion of bile
and lipid digestive enzymes, the bird’s ability to digest
fats increases (Freitas et al. 2005). Unsaturated fatty
acids have higher digestibility and more metabolisable
energy, which improve growth performance and
reduces carcase fat deposition (Zulkifli et al. 2006).
Mechanisms that lead to decreased emulsification

diminish pancreatic lipase activity and micelle forma-
tion in the intestine, which is more relevant for satu-
rated fatty acids. Factors that improve the evolvement
of the gastrointestinal tract in broiler chickens and
promote bile acid secretion can increase the digestibil-
ity and absorption of fat in young chickens (McNab
and Boorman 2002). In our study, at 14 days of age,
ADG was reduced by increasing the fat in the diet,
whereas at day 7, the highest ADG was obtained at
the 0.00% level of tallow. This shows that younger
chickens cannot completely utilise dietary fat. Faria
Filho et al. (2008) reported that RSM is efficient in pre-
dicting ADG and FCR in broilers. These models allow
for more accurate determination of optimal levels of
dietary protein, growth temperature, and slaughter
age of broilers. It is stated that because of the linear
relationship between the factors, response surface,
and neural network models showed similar results
(Ghanaatparast-Rashti et al. 2017). In the other hand,
Ahmadi and Golian (2011), in reviewing the
response surface models and artificial neural network
for broiler performance stated that the artificial neural
network models had more accurate and correct pre-
dictions for both body weight gain and feed conver-
sion ratio.

Conclusions

Current results showed that with increasing age and
evolution of the birds’ gastrointestinal tract, the
adverse effects of soluble fibres are decreased, and
the broilers can digest and absorb fats more effi-
ciently. During 0–7 days of age, maximum ADG and
minimum FCR were observed with a diet containing
0.00% SBP, 0.90% T, and 0.00% SO. The predicted ADG
and FCR at the optimal points were 21.56 g/bird per
day and 1.01, respectively. At 7–14 days of age, max-
imum ADG was observed with a diet containing 0.60%
SBP, 0.33% T, and 0.45% SO, and the least FCR may
be gained with a diet including 0.98% SBP, 0.00% T,
and 1.00% SO. The predicted ADG and FCR at the
optimal points were 43.44 g/bird per day and 1.10,
respectively. Central composite design reduces the
number of trials and the costs. The response surface
model can be used to describe the relationship of
nutrients to reach the optimum point.
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