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Introduction This research was conducted to evaluate the effects of different levels of dietary fiber and fat on
the growth performance of broiler chicks using the central composite design and response surface methodology at 1-
7 d and 7-14 d of age. The response surface methodology is a set of statistical and mathematical methods that help
the researcher in design of experiment within the incomplete factorial designs. In this method, the obtained data is
converted into a mathematical model and the obtained model is optimized to determine the values of the input
variables in order to achieve the best output.

Materials and Methods This study was carried out at the Research Farm, Faculty of Agriculture, Ferdowsi
University of Mashhad, Iran. A total of 420 one-day-old Ross 308 male broiler chicks with average weights of 46.90
+ 1.03 g were randomly distributed into 60 battery brooder cages. The birds were assigned to 15 diets of CCD
containing 3 levels of sugar beet pulp (SBP; 0.00, 1.75 and 3.5%), tallow (T; 0.00, 0.50 and 1.00%) and soybean oil
(SO; 0.00, 0.50 and 1.00%), from 0 to 14 days of age. Diet samples were analyzed for neutral detergent fiber, acid
detergent fiber and insoluble fiber. Soluble fiber was calculated from the difference of total crude fiber from its
insoluble fraction. Fatty acids profiles of tallow and soybean oil were determined using gas chromatography. The
average daily body weight gain (ADG) was calculated from the weight gain of birds in each cage. 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. The experimental data (60 data lines) obtained by CCD were fitted to the second-order
polynomial equation by Minitab 2017.

Results and Discussion The polynomial equation from raw experimental data for ADG (R? = 0.79; root MSE =
1.65) and FCR (R? = 0.88; root MSE = 0.14) at 7d of age was generated as follows:

ADG (g/bird) = 27.54 - 1.07 x SBP —5.57 x T—-1.99 x SO-0.17 x SBP x SBP + 195 x T x T + 1.77 x SO x SO
—0.45xSBP x T—-0.05 x SBP x SO-0.71 x T x SO

FCR=0.87 — 0.03 x SBP + 0.38 x T —0.08 x SO + 0.05 x SBP x SBP —0.29 x T x T + 0.13 x SO x SO + 0.15 x
SBP x T +0.04 x SBP x SO + 0.002 x T x SO

The estimated parameters for SBP and T terms in the ADG model, and SBP, T, SO, SBPxSBP and SBPxT terms in
the FCR model were significant. In the ADG and FCR models, the linear terms had higher contribution to explain
existing variation in the response of the chicks. Maximum ADG was observed with diet containing 0.15% SBP,
0.00% T and 0.00% SO and minimum FCR was observed with diet containing 0.07% SBP, 0.00% T and 0.28% SO.
The predicted ADG and FCR at the optimal points were 27.54 g/bird per day and 0.96, respectively. The coefficient
estimates for ADG and FCR models and the corresponding absolute t-values showed that among the investigating
nutrients and their interactions, the linear effect of dietary SBP the largest effect on ADG and FCR of chicks. Lack
of fit for both ADG and FCR models was insignificant, showing that the observed data are in good agreement with
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the model. The polynomial equation from raw experimental data for ADG (R? = 0.78; root MSE = 3.60) and FCR
(R? = 0.80; root MSE = 0.14) at 14d of age was generated as follows:

ADG (g/bird) =52.50 — 7.81 x SBP —26.01 x T + 14.37 x SO + 0.66 x SBP x SBP + 11.22 x T x T — 14.17 x SO x
SO +3.58 x SBP x T +0.27 x SBP x SO —3.46 x T x SO

FCR=1.01+0.07xSBP +0.35x T —0.26 x SO + 0.02 x SBP x SBP —0.10 x T x T + 0.26 x SO x SO + 0.03 x
SBP x T +0.03 x SBP x SO +0.14 x T x SO

The estimated parameters for SBP, T, TxT, SOxSO and SBPxT terms in the ADG model, and SBP, T and SO terms
in the FCR model were significant. In the ADG and FCR models, the linear terms had higher contribution to explain
existing variation in the response of the chicks. Maximum ADG and minimum FCR were observed with diet
containing 0.30% SBP, 0.00% T and 0.50% SO. The predicted ADG and FCR at the optimal points were 56.65
g/bird per day and 0.95, respectively. The coefficient estimates for ADG and FCR models and the corresponding
absolute t-values show that among the investigating nutrients and their interactions, the linear effect of dietary SBP
the largest effect on ADG and FCR of chicks. Lack of fit for both ADG and FCR models was significant, showing
that a more complicated modeling method or other testing with extra variables should be made.

Conclusion Response surface model and central composite design were able to predict the relationships between
the diet ingredients and the optimal point of them. At 1-7 d of age, maximum ADG was observed with diet
containing 0.15% SBP, 0.00% T and 0.00% SO and minimum FCR was observed with diet containing 0.07% SBP,
0.00% T and 0.28% SO. At 7-14 d of age, maximum ADG and minimum FCR were observed with diet containing
0.30% SBP, 0.00% T and 0.50% SO. The predicted ADG and FCR at the optimal points were 56.65 g/bird per day
and 0.95, respectively. The results of this experiment implied that with increasing age of the broilers and possibly
the development of their gastrointestinal tract, the negative effects of soluble fiber are somewhat reduced and
broilers will be able to better utilize fat sources.

Keywords: Broiler, Central composite design, Fat, Fiber, Response surface methodology
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Table 1- Different level of Sugar beet pulp (SBP), Tallow (T) and Soybean oil (SO) in experimental diets prepared
according to a central composite design in broiler chicks from 1 to 14 d of age.
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Table 3- Composition of the experimental diets.
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NaHCO3
ol S5
0.25 0.24 0.25 0.25 0.25 0.24 0.24 0.24 0.24 0.25 0.24 0.25 0.25 0.24 0.25
Salt (NaCl)
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Provided the following (per kg of diet): vitamin A (trans-retinyl acetate), 12500 1U; vitamin D3 (cholecalciferol), 5000 1U; vitamin E (D L-a tocopherol acetate), 80 IU ;
vitamin K (menadione), 3.20 mg; riboflavin, 8.6 mg; pantothenic acid (D-Ca pantothenate), 18.6 mg; pyridoxine (pyridoxine-HCI), 4.86 mg; thiamin, 3.2 mg; vitamin B12
(cyanocobalamin), 0.02 mg; biotin, 0.25 mg; folic acid, 2.2 mg; nicotinic acid, 62.51 mg; ethoxyquin (antioxidant), 2.5 mg. Fe, 20.23 mg; Zn, 110 mg; Mn, 120 mg; Cu, 16

mg; |, 1.25 mg; Se, 0.30 mg.
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Figure 1- Surface response plot of effects of tallow (T) and sugar beet pulp (SBP) on average daily body weight gain (ADG) at 1-7 (A) and 7-14

d (B) of age, when soybean oil (SO) is at its middle level (0.5%).
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Figure 2- Surface plot of effects of tallow (T) and soybean oil (SO) on average daily body weight gain (ADG) at 1-7 (A) and 7-14 d (B) of
age, when sugar beet pulp (SBP) is at its middle level (1.75%).
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Figure 3- Surface plot of effects of soybean oil (SO) and sugar beet pulp (SBP) on average daily body weight gain
(ADG) at 1-7 (A) and 7-14 d (B) of age, when tallow (T) is at its middle level (0.5%).
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Figure 4- Surface plot of effects of tallow (T) and sugar beet pulp (SBP) on feed conversion ratio (FCR) at 1-7 (A) and 7-14 d (B) of age,
when soybean oil (SO) is at its middle level (0.5%).
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Figure 5- Surface plot of effects of tallow (T) and soybean oil (SO) on feed conversion ratio (FCR) at 1-7 (A) and 7-14 d (B) of age, when
sugar beet pulp (SBP) is at its middle level (1.75%).
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Figure 6- Surface plot of effects of soybean oil (SO) and sugar beet pulp (SBP) on feed conversion ratio (FCR) at 1-7 (A) and 7-14 d (B) of age,

when tallow (T) is at its middle level (0.5%).
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Table 4- Chemical composition of the experimental diets (Calculated and determined analysis %).

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

(%) 01s dumlen lowds LS 5
Calculated analysis (%)

,(;)I\jlﬁég(/kdﬂlflzl‘? redlgibe JB 55 2860 2860 2860 2860 2860 2860 2860 2860 2860 2860 2860 2860 2860 2860 2860
cal/kg

P o . 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00
Crud protein
Syl olas

Ether extract

307 259 354 349 346 311 256 305 262 3.03 267 351 357 265 3.08

Pk )“9 353 378 328 377 326 354 328 328 354 353 380 352 379 330 378

Crud fiber

Jofonels b . 883 973 793 962 782 8838 794 794 889 878 982 876 971 806 972

Insoluble fiber

oloee )“5 190 207 173 206 171 191 173 173 191 190 208 189 207 174 207

Soluble fiber

‘5’\".'“‘ sesd )2 J,_lmtz e 332 371 294 369 291 334 294 294 334 331 373 331 371 296 371

Acid detergent fiber

(S oAy gu Jﬁl""b_ b 855 9.18 793 896 7.74 864 797 795 867 847 935 843 913 817 09.16

Neutral detergent fiber

‘C’)J 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133
ys

"\’Au’tw 066 065 066 066 066 065 065 066 065 066 065 066 066 065 0.66
e

O ¥ Oigete 100 1.00 1.00 100 1.00 1.00 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00

Met + Cys

_‘F';’;’; 090 090 090 090 090 090 090 090 090 090 0.90 090 090 090 0.90

r

;f;”ﬁ 025 025 025 025 026 025 025 025 025 025 025 025 025 025 0.25

C" 091 091 091 091 091 091 091 091 091 091 091 091 091 091 0091
a

u»,:..»a B it 045 045 045 045 045 045 045 045 045 045 045 045 045 045 045

Available P

g;:’ m 0.15 015 0415 0415 045 0415 0415 015 015 015 015 015 015 015 0.15

iu
éiﬂ . 0.27 0.27 027 027 027 027 027 027 027 027 027 027 027 027 027
orine

(1) 0 s lasss S 5
Determined analysis (%)

“’B’”‘é_ 348 3582 325 380 324 351 323 325 361 359 382 350 381 328 3.74
Crud fiber

J’l’mu"‘*‘j_ 886 9.70 7.88 965 7.86 883 790 791 893 881 975 873 9.70 800 9.83
Insoluble fiber

"Jém)’f'ﬁ_ 193 214 166 214 172 170 176 174 195 193 211 180 212 170 215
Soluble fiber

(ol oisgs 3 Jobnel 337 366 305 373 287 330 298 295 343 334 377 332 371 300 3.76
Acid detergent fiber

S 0lsd 5> Jolonal b 859 921 7.90 9.07 770 852 800 797 860 849 930 850 9.15 820 9.24

Neutral detergent fiber
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Table 5- Analysis of main fatty acids in soybean oil and tallow (%).

%oy sl N7 bgwses,
Fatty Acids(%) Tallow (T)  Soybean oil (SO)
(Con ) Sostizal s 29.29 3.79
Stearic acid (Cis:0) ' '
(CV7 50 Sl dl 27.34 11.54
Palmitic acid (C16:0)

(CW :~) Syl Al 3.04 05
Lauric acid (C14:0)

(Cun ) S 1 2851 2351
Oleic acid (Cus:1)

(Con %) Setlgd 2o 3.81 52.78
Linoleic acid (C1s:2)

(Con 1) Syl e 0.51 6.95
Linolenic acid (C1s:3)

gl 0 Eledl ooy el Sl g3 16:84

SFAUFA

eSSz g oliE as cups g wlis) (i (il eShe (e lp dsl Sy UBgy 4 ped Ol sllentin (slate ) 0dd o5t (slayial )b =T Jgun

(S YN o )l

Table 6- Estimated parameters of response surface model for ADG and FCR of broiler chicks from 1 to 7 d of age.

a9y s LRIBl Ske Jse whie bl coys Joe
ADG model FCR model
ol b ol \b
Joeslizl asg el IM) (055 el )“)
Sl 2> o5l bl = -o3ly bl <
. -oab L})'.»)‘)J -oab L)»L»A‘)J
P9 Ol NEGPIIN slbs 5 L NEPTN slas . L
Quadratic  Estimated il t-value vall;ez e Estimated 5 |l val-ue Pvalue ¢
mOdell parameter SE Estimated parameter SE Estimated
term from raw parameter from raw parameter
data from data from
coded data coded data
:::e):c;f 27.54 0.32 65.93  <0.0001 21.65 0.87 0.02 43.82 <0.0001 1.26
SBP -1.07 0.30 -11.27  <0.0001 -3.40 -0.03 0.02 16.84 <0.0001 0.44
T -5.57 0.30 -7.88 <0.0001 -2.38 0.38 0.02 6.89 <0.0001 0.18
SO -1.99 0.30 -1.10 0.27 -0.33 -0.08 0.02 2.48 0.01 0.06
SBPxSBP -0.17 0.57 -0.95 0.34 -0.54 0.05 0.05 3.33 <0.01 0.16
TxT 1.95 0.57 0.84 0.40 0.48 -0.29 0.05 -1.43 0.15 -0.07
SOxSO 1.77 0.57 0.77 0.44 0.44 0.13 0.05 0.68 0.49 0.03
SBPxT -0.45 0.33 -1.17 0.24 -0.39 0.15 0.02 456 <0.0001 0.13
SBPxSO -0.05 0.33 -0.14 0.88 -0.04 0.04 0.02 1.35 0.18 0.04
TxSO -0.71 0.33 -0.52 0.60 -0.17 0.002 0.02 0.02 0.98 0.0005

{S0) L o, (T) 4 (SBP) a8 juize dlss”

sugar beet pulp (SBP), tallow (T) and soybean oil (SO).
2 P<0.05= significant

P<./.p ==Y
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Table 7- 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 of broiler chicks from 1 to 7d of age.

139 03y ORI 5Ske Je

i o5 oy S

. ADG model FCR model
byl &b as s . .
Source of variation :l u:"w E’T'“ SpR? pvaluel Ul;)ﬁ 29;?“ s R? P_value
@l umo Partial R2 umo Partial R?
df squares squares
Ul_b 3 521.44 0.77 <0.0001 7.17 0.78 <0.0001
Linear
P9 oy . 3 5.70 0.01 0.56 0.36 0.04 <0.01
Quadratic
Jlize ,Jl 3 454 0.01 0.64 0.48 0.06 <0.0001
Interaction
(Og,5)) Joe JS
Total model 9 521.69 0.79 <0.0001 8.01 0.88 <0.0001
(regression)
iz e 5 93.01 0.09 0.22 0.14
Lack of fit
oAt sl 45 43.91 0.83
Pure error
ol 50 136.92 1.06
Total error
P< N —oldme

! P<0.05= significant
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Table 8- Estimated parameters of response surface model for ADG and FCR of broiler chicks from 7 to 14 d of age.
lig) js ol (Sle Jse S has cape Je
ADG model FCR model
03 (e ey 03 (a5 yal)ly 03 (e ey 03j (a5 yial)ly
e Je JIP\ wL”‘ p o -oal> u,uLul);. ol L).)L.u‘ JYE W™ -odby uuL.;l)_g X%
Oy slalex P slaodly sl i- p. oS sl FYESP{EYSIK slbas N 053 sl
po Estimated slubl ole value? Estimated Estimated sl ale P-value Estimated
. parameter parameter parameter parameter
Quadratic SE SE
model term? from raw from coded from raw from coded
data data data data
'T‘n"té'rcﬁ) ): 52.20 071 5145 <0.0001 36.81 1.01 0.03 4484 <0.0001 1.40
SBP -7.81 0.65 -9.48  <0.0001 -6.23 0.07 0.02 11.78  <0.0001 0.33
T -26.01 0.65 -7.79  <0.0001 -5.13 0.35 0.02 6.79  <0.0001 0.19
SO 14.37 0.65 -0.80 0.42 -0.52 -0.26 0.02 2.24 0.02 0.06
SBPxSBP 0.66 1.26 1.62 0.11 2.03 0.02 0.05 1.29 0.20 0.07
TxT 11.22 1.26 2.23 0.03 2.80 -0.10 0.05 -0.48 0.63 -0.02
SOxSO -14.17 1.26 -2.82 <0.01 -3.54 0.26 0.05 1.20 0.23 0.06
SBPxT 3.58 0.73 426  <0.0001 3.13 0.03 0.03 1.05 0.29 0.03
SBPxSO 0.27 0.73 0.32 0.75 0.23 0.03 0.03 0.86 0.39 0.02
TxSO -3.46 0.73 -1.18 0.24 -0.86 0.14 0.03 1.15 0.25 0.03

(50) Ly o {T) a {SBP) 35 s s
P< ./ =Pe=Y

Isugar beet pulp (SBP), tallow (T) and soybean oil (SO).
2 P<0.05= significant
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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 of broiler chicks from 7 to 14d of age.

aligy 039 ol (SSle Jae e b cups Joe
ol ADG model FCR model
byl @b s . -
Source of variation :‘ Sloy ﬁ"}"“ Sp R P-valuel Sleye 5?‘;"“’ S R? Povalue
< Sum o Partial R? Sum o Partial R2
df squares squares

“’J_a& 3 1965.03 0.64 <0.0001 4,71 0.75 <0.0001
Linear
P9 Oy . 3 162.21 0.06 0.01 0.16 0.03 0.09
Quadratic
Jlize Q‘_)j‘ 3 254.87 0.09 <0.01 0.07 0.02 0.37
Interaction
(Ogw)5)) Jse JS
Total model 9 2382.10 0.78 <0.0001 4.96 0.80 <0.0001
(regression)
e 5 355.33 <0.0001 0.09 0.02
Lack of fit
ol ol 45 294.45 1.14
Pure error
Sl 50 649.78 1.24
Total error

P<./-0 =)l a0
! P<0.05= significant
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