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Introduction: The widespread use of growth-promoting antibiotic compounds (antibiotics) in the past two
decades has caused antibiotic resistance in different bacterial strains in poultry and humans, resulting in reduced
response rates to group. Non-antibiotic compounds such as organic acids, enzymes, and phytobiotics are considered
effective alternatives to antibiotics. Phytobiotics are incorporated into livestock diets to enhance growth and
reproductive performance by improving nutrient utilization and thereby increasing the quality of animal-derived

product. Capparis Spinosa L. is a drought-resistant plant from the Capparis genus of the Capparidaceae family.
Flower buds, roots, fresh leaves, and mature fruits are used for medicinal purposes. Dietary inclusion of dried leaf
powder of Capparis Spinosa L .at a level of 15 g/kg in the diet without any adverse effects on performance in laying

hens. Predicting broiler performance using mathematical growth models and resulting curves is essential in breeding
fast-growing broiler chickens. The purpose of this study was to compare two statistical models: nonlinear support
vector regression and cubic linear regression model in evaluating growth performance, carcass traits, and blood
biochemical indices of broiler chickens fed diets containing different levels of Capparis Spinosa L. fruit powder.

Materials and Methods: In this study, 300 one-day-old Ross broiler chicks (Ross 308) were used with six
experimental groups including different levels of 0, 3, 6, 9, 12, and 15% Capparis Spinosa L. fruit powder in five
replications (each replication consisted of 10 chicks) in a completely randomized design. During the rearing period,
the chicks had ad libitum access to feed and water. Body weight of the chicks and feed residues were recorded at the
starter, grower, and finisher periods. Then the average daily weight gain, daily feed consumption, and feed
conversion ratio were calculated. Two birds from each replicate were weighed and slaughtered on day 42 for carcass
traits evaluation. The yield and ratio of carcass components to live weight were calculated. Blood biochemical
parameters (glucose, cholesterol, and triglycerides) were determined using a spectrophotometric autoanalyzer
(Biosystem 15A autoanalyzer, Biosystem Company) and commercial biochemical kits (Zistchemi Co., Iran). The
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growth performance, carcass traits, and blood biochemical indices were fitted with a nonlinear support vector
regression (SVR) model and linear cubic regression. The coefficient of determination (R and mean square error
(MSE) were used to select the most appropriate model.

Results and Discussion: The results showed that with increasing levels of Capparis Spinosa L. fruit powder, no
significant changes were observed in growth performance, carcass traits and blood biochemical parameters of
broiler chickens. Feed intake was highest during the grower, finisher, and total periods in broilers fed diets
containing 6% Capparis spinosa L. fruit powder, whereas during the starter period, the highest feed intake was
observed at the 9% inclusion level. The body weight of broilers decreased during the initial and growth periods.
During the starter and overall growth periods, body weight increased up to inclusion levels of 6% and 3% Capparis
spinosa L. fruit powder, respectively, and then declined at higher inclusion rates. The weight gain of broilers was
observed in the early periods at a level of 6 and in the growth and final periods at 3% Capparis Spinosa L. fruit
powder. Feed conversion ratio in the final period and total broilers fed diets containing Capparis Spinosa L. fruit
powder at levels of 3 and 9% had the lowest feed conversion ratio. Among carcass components, the highest
coefficient of determination was observed for breast yield using the nonlinear support vector regression (SVR)
model (R? = 0.94). In biochemical indices of broiler chicken blood, the highest coefficient of determination between
the two studied models related to cholesterol and LDL variables was obtained with (R?= 0.98). The results of
comparing the goodness-of-fit indices of the models showed that the nonlinear support vector regression model,
with a higher coefficient of determination, lower mean square error, and lower sum of squares of the nonlinear
support vector regression model, had a better estimate of growth performance, carcass percentage, and blood
biochemical indices of broiler chickens compared to the cubic linear model. In a study, linear and nonlinear models
(Gompertz, three-parameter logistic, and Richards) were compared to describe the growth patterns of broiler
chickens, and it was reported that the Richards model had higher efficiency in predicting and fitting the growth
performance of broiler chickens. Stated that machine learning (SVR) models effectively predict carcass
characteristics based on body weight measurements. Using a regression model to predict breast muscle relative
weight and abdominal fat is non-destructive and inexpensive, so this method has the potential for generalization.

Conclusion: The results of the present study indicate that nonlinear support vector regression models are
effective approaches for predicting growth performance, carcass traits , and blood biochemical parameters of broiler
chickens.
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1- Cubic Regression Model



VFoF oyl B oslodds OV ol (4l pl (oolo pale sloidgly 4 i Y42

18y 2 )Sas (sloasls )5S ose 5 Sl 205 =V Jgua
Table 2- Estimating the effect of Capparis Spinosa L. friuit powder on growth performance indicators

P 42> (dad Jao b plidy oGSy Je
Cubic method SVR method e
e o . S N s
Variables Models Clayyo Segome 0 Eoeze i e Eeze sl
5 oS Ol bdclupe e olue Povalue
MSE1
R26 TSS? MSE> R? TSS
s )+ Shys 225.5 + 13.44 x-
9 )5? yae 2.940 x**2 + 356.58 0.89 3260.0 176.05 0.94 3260.0 0.0138
FI 0-10 day (g) 0.0961 x**3
iy WYY Sl Bpae 756.5 + 227.2 x-
FI 11-24 day (g) 77.77 x**2 + 7.180 1934.69 0.97 67470 1542.10 0.97 67470 0.0001
539 YO-¥Y STyss Gpume X**3
FI 25-42 day (g) 2566 + 311.1 x-
- D 107.9 x**2 + 10.15 23498.28 0.88 196121 1300156 0.93 196121 0.0256
ey oYY Jl)? O o X**3
Fl 0-42 day (g) 3548 + 551.8 x-
- R 188.6 x**2 + 17.42 8812.85 0.97 396449 7883.69 0.98 396449  0.0011
3T TR RSN T) X**3
BW 0-10 day (g)? 182.3 + 77.62 x-
.. . 23.37 x**2 + 2.026 459.37 0.86 3495.1 268.25 0.92 3495.1 0.0022
us)ﬁ) =YY R 09 X**3
S YAV iy 94.27 x**2 + 8.327 10501.39 0.88 90085 6367.97 0.92 90085 0.1832
uS)9) oM U9 X**3
BW 25-42 day (g) 1722 + 879.9 x-
TN e sl 268.1 x**2 + 23.93 23460.75 0.92 291101  15390.28 0.94 291101 0.0148
u5)9) 0% Qg uwly® X**3
BWG 0-10 day (g)? 142.7 + 73.35 x-
_ L 21.97 x**2 + 1.892 546.28 0.84 3455.0 347.28 0.89 3455.0 0.0022
9 WY o s u“il)sl X**3
e YO-FY -y e )il 72.29 x**2 + 6.435 2192.34 0.95 67934 2061.48 0.97 67934 0.4291
&9 ON iy e X**3
BWG 25-42 day (g) 1022 +578.6 x-
Ve S had cups 173.8 x**2 + 15.60 4826.89 0.97 181693 4500.72 0.97 181693  0.6351
S X**3
FCR 0-10 day (9)* 1.445 - 0.3391 x+
N=YY SThgs bl o ps 0.1076 x**2 - 0.01472 0.87 0.11 0.0292 0.75 0.11 0.0154
5392 0.01009 x**3
FCR 11- 24 day 1.300 - 0.0434 x+
YO-¥Y Sk s cupd 0.00578 x**2 - 0.006 0.95 0.14 0.016 0.98 0.14 0.8610
Sis) 0.000139 x**3
FCR 25-42 day 1.919 - 0.3373 x+
Y S s o 0.09382 x**2 - 0.015 0.87 0.12 0.002 0.97 0.12 0.9688
Sios 0.008104 x**3
2.289 - 0.4826 x+
FCR 0- 42 day 0.1345 x**2 - 0.025 0.91 0.30 0.007 0.97 0.30 0.6846
0.01170 x**3

! Feed intake (FI), 2Body weight (BW), 3 Body weight gain (BWG), * Feed conversion ratio (FCR), > Mean squared error (MSE), ¢ R-
squared, ’ Total sum of squares (TSS)
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Figure 1- The effect of Capparis Spinosa L. fruit powder level on feed intake, body weight and feed conversion ratio at different
ages based on cubic method and support vector method (SVR Method)
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Table 3- Estimating the effect of Capparis Spinosa L. friuit powder on carcass components

pow 42> (Jad Jue b bty o GgsS) Je
W ) Cubic method SVR method P-value
e - g i Sile  carl L Sile o o
Variables Models ):‘:& ’ e I gome U:&Lu e I gome b
O TSl Sme o TSSelyy e
MSE1! R? MSE2 R?
s 3.209 - 1.120 x+
N 0.3608 x**2 - 0.52 0.91 5.60 0.86 0.85 5.60 0.0564
liver 0.03006 X**3
e 19.43 + 3.253 x-
B 0.9930 x**2 + 6.65 0.85 4524 2.54 0.94 45.24 0.2783
Breast 0.08260 x**3
y 22.78 - 5.556 x+
o) 1.713 x**2 - 1.83 0.93 28.35 2.42 0.91 28.35 0.1205
Thigh 0.1516 x**3
it oolgég il 0.03970
g %9 + 0003108 0.04 0.88 0.38 0.03 0.91 0.38 0.0615
Bursa X**3
0.03039 +
Jxb 0.09890 x-
Spleen 0.02129 x**2 + 0.04 0.87 0.37 0.03 0.91 0.37 0.0010
0.001418 x**3
! Mean squared error (MSE), 2 R-squared, 2 Total sum of squares (TSS)
09 herdon slaiasls 2 568 0gma g 31 0ylp —€ Jgu
Table 4- Estimating the effect of Capparis Spinosa L. friuit powder on blood biochemical indices
pows dyd Jad e kS Oy g g Sy S C‘im
Cubic method SVR method il
o yio oo P-value
Variables Models Sl pSibe . . < . JS egemme
- J5 g90 Slaye (1S5ke o
L Rzej;s TSSEZZ; Mgi RZ:.: e
MSE;® ' TSS
Jg s’
Cholesterol o 12_%404;‘;*%5'“ 270.19 96.18 114793 236.83 098 114793  0.0070
(un
el 1258 +46.99 x- 22.29 3025.99 0.86 21795.8 1561.58 092 217958  0.0634
TG (UI)! X**2 + 2.479 x**3
<okl 2455 + 8.00 x- 12.89
- 0+ 3. X- .
5yl 3 gisel % + 1,611 x**3 4355.30 0.86 32512 1942.46 0.94 32512 0.0009
AST (UI)?
gty b (5259 5090
31.42 +116.4 x- 36.68
ol s + 3447 3 529.25 0.96 16715.8 529.25 0.96 16715.8 0.1104
LDL (UI)®

Ay b (589 090 198.8 - 59.90 x+ 9.03

8- X X+ 9.
VL! 1985 -59.90x+ ¢ 1850.11 0.92 26414.5 465.91 0.98 26414.5 0.0014
HDL (UD)*

1 Triglyceride (TG), 2 Aspartate aminotransferase (AST), * Low density Lipoprotein (LDL), * High density Lipoprotein (HDL), ® Mean squared error
(MSE), ®R-squared, ” Total sum of squares (TSS)
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Figure 2- Relationship between different levels of Capparis Spinosa L. fruit powder and carcass components for the cubic method
and the support vector method (SVR Method)
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