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ABSTRACT

Today, medicinal plants and prebiotics are known as growth stimulants and can have beneficial
effects on health and performance. This study was conducted to evaluate the effects of plant growth
promoters and a prebiotic (lactose) on growth performance, immune responses, and blood biochemical
parameters in broiler chicks. Seven hundred and fifty Arian broiler chicks (mixed-sex) were allocated
to six treatments and five replicates at one day of age. Three plant-based growth promoters (ASRI1,
ASRI2, and commercial supplement (Optifeed)) and two dietary prebiotic levels (0 and 1 kg/ton) were
evaluated in a completely randomized design with 3x2 factorial arrangements. The results showed
that growth performance and humoral and cellular immunities did not differ among experimental
treatments; therefore, the herbal compounds ASRI1 and ASRI2 can be used as growth promoters
equivalent to the commercial products currently used in the broiler chicken industry. An interaction
effect of growth promoter x prebiotic was detected for concentrations of calcium in the serum. Serum
calcium concentrations of birds fed ASRI2 and 1 kg/ton prebiotic were greater than those of chickens
receiving the commercial growth promoter. Serum triglycerides and VLDL-C concentrations were
significantly lower in birds treated with ASRI1 growth promoter compared to those fed with a
commercial growth promoter. In conclusion, there was no difference between ASRI1, ASRI2, and
Optifeed growth promoters in their effectiveness as promoters of growth and immunity of broiler

chicks.
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INTRODUCTION

The prohibition in the use of antibiotic growth pro-
moters (AGP) in animal diets (European Union Reg. no.
1831/2003/EC) has increased animal health challenges
which may lead to economic losses (Attia et al., 2015).
After the prohibition, some alternatives for antibiotics
such as probiotics, prebiotics, medical herbs, and es-
sential oils have emerged (Masek et al., 2014; Hady et al.,
2013; Poorghasemi et al., 2017).

Natural compounds such as essential oils are often
used in the production of some pharmaceuticals prod-
ucts or cosmetics as well as in the agricultural industry.
Essential oils as secondary compounds in medicinal
plants are known to have diverse and complex compo-
nents that include aromatic compounds and terpenoids
(Nazzaro et al., 2013). Medicinal plants are also known
to have some antibacterial, antifungal, antiviral, anti-
oxidant, and immunostimulatory properties (Bento et
al., 2013; Krishan & Narang, 2014). Medicinal plants
are usually used to improve and increase growth and
immune responses because of their antioxidant and an-
timicrobial properties and positive effects on the diges-
tive system (Abdulkarimi et al., 2011; Fallah & Mirzaei,
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2016; Poorghasemi et al., 2015). The major compounds
in medicinal plants and their derivatives control patho-
genic bacteria, stimulate endogenous digestive enzyme
activity, and increase nitrogen absorption (Sethiya,
2016). Medicinal plants can improve immune responses
because they stimulate the production of immunoglobu-
lins and lymphocytic activity and increase secretion of
interferon-y (IFNG) by the cells of the immune systems
(Krishan & Narang, 2014; Faramarzi et al., 2013; Gopi et
al., 2014). There are reports of positive effects of medici-
nal plants on poultry’s growth and health (Karadas et
al., 2014; Zeng et al., 2015). Cell walls from yeast are used
extensively in poultry diets contaminated with aflatoxin
in order to improve growth performances (Skalicka &
Korénekov4, 2016).

Prebiotics are defined as non-digestible food com-
pounds that are known to have beneficial effects on the
host by improving the growth and/or activity of one or
a limited number of bacteria in the colon (Poorghasemi
et al., 2017). Prebiotics are nonhydrolyzable compounds
in the digestive system that benefit the host. These
beneficial effects of prebiotics are to increase selective
substrates for classes of commensal bacteria, induce
changes in the gut microbiota, induce positive changes
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in functions of the gut and other organ systems of the
host (Lotfi et al., 2019). Prebiotics can inhibit pathogen
adherence and prevent colonization of bacteria by ad-
hering to the bacteria (Lotfi et al., 2019). The inclusion of
prebiotics in the diet of chickens decreases the numbers
of clostridia and increases the resistance to colonization
by pathogens. Prebiotics can improve the digestibility
and performance parameters by providing the optimum
conditions for beneficial bacteria (Ohimain & Ofongo,
2012).

Recently, various types of oligosaccharides have
been introduced as prebiotics to be used in the poultry
industry (Abd-Elsamee et al., 2015). One of these oli-
gosaccharides is lactose. Due to the lack of lactase in
poultry, the digestive process of lactose in the upper
gastrointestinal tract is preserved and after reaching
the colon, lactose can be used as a carbohydrate sub-
strate and it provides important sources of energy for
beneficial colon bacteria that results in the production
of enzymes such as beta-fructosidase, beta-glucosidase,
and xylanase, or other hydrolases to increase the access
of nutrients by the beneficial bacteria that eventually
results in the improvement of intestinal microflora in
poultry (Lotfi ef al., 2019). Therefore, prebiotics and
medicinal plants can have beneficial effects on perfor-
mance, immune responses, and gut flora in poultry.

Since most of the feed additives used in the poultry
industry in Iran are imported, this study was conducted
to evaluate the effects of growth promoters in plants
containing essential oils that are produced in Iran
compared to currently available commercial growth
promotors. The effects of these feed additives were
investigated in combination with prebiotics (lactose)
on immune responses, growth performance, and blood
parameters in broiler chicks.

MATERIALS AND METHODS

All procedures used were approved by the ethical
guidelines for animal use and animal care in the Animal
Science Research Institute, Alborz Province, Iran
(Directive 2010/63/EU).

Experimental Design, Diets, and Housing

A total of 750 1-day-old Arian broiler chicks (initial
weight of 42+2 g) were purchased from a commercial
hatchery. The broiler chicks were placed in pens at the
closed house system with controlled humidity and
temperature. During the first week of the experiment,
the temperature was maintained at 33°C then reduced
by 2-3°C every week to a final temperature of 22-23°C.
Humidity was maintained between 55 and 65% by water
spray. The lighting program provided 23 h of light and
1 h of dark during the experimental period. During the
experiment, the experimental chickens had ad libitum
access to feed and water.

A three-phase feeding program was formulated to
meet Arian nutrient recommendations for starter (0-14
d), grower (15-28 d), and finisher (29-42 d) periods in
poultry production (Table 1). The experimental treat-
ments were assigned in a 3x2 factorial arrangement with

three plant supplements (Optifeed, ASRI1 (pomegranate
hull, lemon, and thymes oil), and ASRI2 (pomegranate
hull, lemon, and oregano oil) and two dietary prebiotic
(lactose) levels (0 and 1 kg/ton). The commercial growth
stimulant used in this study was a product of the French
company Optifeed, which was made based on herbal
extracts and derivatives from plants, especially saponin,
at a rate of 1.5%. The active ingredients of ASRI1 supple-
ment include Geraniol (0.45%), Borneol (1.21%), Cineol
(0.29%), and Thymol (1.65%). The active ingredients of
ASRI2 supplement include Geraniol (0.42%), Borneol
(1.14%), Cineol (0.25%), and Thymol (1.55%).

Each treatment was replicated five times with 25
birds/per replicate. Crude protein was analyzed as
recommended by the Association of Official Analytical
Chemists (AOAC, 2005).

Growth Performance
All chickens were weighed at the beginning and
at the end of each rearing period and body weight gain

(BWG) was determined. Feed intake (FI) was recorded
periodically and weights of dead birds were taken into

Table 1. Ingredients and nutrients in the basal diets for chickens

Ingredients (mg) Starter Grower Finisher
(1-14 day) (15-28 day) (29-42 day)
Corn, 80 g CP/kg 518.4 582.3 600.2
Soybean oil 35.4 42.6 322
Soybean meal, 440
szkg & 383.6 291.0 331.0
DL-Methionine 3.50 3.1 2.5
L-Lysine HC1 2.5 15 14
L-Threonine 1.00 0.00 1.4
Limestone 18.0 9.7 14.3
Fish meal 21.1 50.0 0.00
NaCl 2.50 25 3.0
Vitamin premix? 2.50 2.5 2.5
Mineral premix® 2.50 2.5 2.5
Dicalcium phosphate 9.00 123 9.0
Total 1000 1000 1000
Calculated values (g/kg)
?ﬁgﬁ:;;zable energy 3025.0 3100.0 3200.0
Crude protein 231.2 213.0 193.0
Digestible Lysine 14.4 12.4 10.9
Digestible Methionine 5.10 45 41
Calcium 10.5 9.0 8.5
Available phosphorus 5.00 4.5 42
Sodium 1.60 1.8 17
Chloride 1.90 1.7 1.6

Note: @Vitamin premix provided per kilogram of diet (vitamin A (reti-
nyl acetate)= 15,000 IU; vitamin D3= 5,000 IU; vitamin E (DL-a-
tocopherol acetate)= 80 mg; vitamin K= 5 mg; thiamin= 3 mg; ri-
boflavin= 10 mg; pyridoxine=5 mg; vitamin B12= 0.02 mg; niacin=
70 mg; choline chlorid= 350 mg; folic acid= 2 mg; biotin= 0.4 mg;
pantothenic acid= 20 mg).
®Mineral premix provided per kilogram of diet (Mn (manganese
sulphate)= 100 mg; Zn (zinc sulphate)= 65 mg; Cu (copper sul-
phate)= 5 mg; Se (sodium selenite)= 0.22 mg; I (calcium iodate)=
0.5 mg; and C=0.5 mg).
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account. Feed conversion ratio (FCR) was calculated for
starter, grower, and finisher periods by dividing FI by
BWG (Poorghasemi et al., 2013).

Cellular Immunity

On the 25" day of the experiment, 0.1 mL of dini-
trochlorobenzene (DNCB) and phytohemagglutinin
(PHA) was administered to 2 chicks per cage. One area
of 10 cm? was allocated for administering DNCB. Skin
thickness was assessed before sensitization. The broiler
chicks were sensitized with DNCB at a dose of 0.ImL
per cm? area. Skin thickness was evaluated at different
sites in this area at 24 and 48 h after the DNCB chal-
lenge. Also, 0.1 mL of PHA (10 mg/mL* acetone and
olive oil in a 4:1 ratio) was administered intradermally
between the third and fourth digits of the right foot
and the area thickness was evaluated 24 and 48 h after
administration using a constant tension micrometer (Cai
et al., 2012).

Humoral Immunity

At the end of the 5" week of the experiment, 3 mL
of a 5% suspension of sheep red blood cells (SRBCs) was
administered intravenously to two birds per replicate.
Blood samples were collected 1 week after administra-
tion. The blood samples were centrifuged in 1800 x g
for 15 min and the serum was collected and stored in
-20°C for subsequent analyses. Complement in each
serum sample was inactivated by heating to 56°C for
30 min and then analyzed for total anti-SRBC antibod-
ies by using the protocol described by Delhanty &
Solomon (1966). Briefly, each inactivated serum sample
was titrated in order to evaluate the total and mercap-
toethanol (ME)-resistant (IgG) anti-SRBC antibody titers.
ME-sensitive (IgM) antibody titers were obtained by
subtracting the titer for IgG antibodies from the total
antibodies. All the data for antibody titers are reported
in terms of log, (Poorghasemi et al., 2015).

Blood Variables

At the end of the experiment, a 2.5 mL of blood
sample was taken from two birds in each replicate and
centrifuged at 3000xg for 15 min and the serum was col-
lected. Serum concentrations of calcium, phosphorous,
protein, albumin, globulin, cholesterol, triglyceride,
HDL-C, LDL-C, and VLDL-C were determined using
commercial kits from Pars Azmun (Tehran-Iran) accord-
ing to the manufacturer’s recommendations.

The CPC Photometric method was used to measure
calcium. In this method, the calcium ion with ortho-
cresolphthalein complex one in the alkaline environ-
ment creates a purple color complex and the intensity of
which is proportional to the amount of serum calcium.
Color stability occurs within 30 minutes and the reaction
intensity is read at the wavelength of 545 nm (Badiei et
al., 2011).

Phosphorus was measured using Phosphomolyb-
date/uv. The phosphorus in the serum reacts with
ammonium molybdate in an acidic environment and
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creates the blue color of hetero molybdenum, and the in-
tensity of which is proportional to the amount of phos-
phorus in the sample. Color stability was established
within 10 minutes, and the reaction intensity was read at
a wavelength of 340 nm (Badiei et al., 2011).

The total serum protein and total serum albumin
were measured using a photometric method at a wave-
length of 546 nm. The amount of globulin was calcu-
lated by subtracting the total protein from total serum
albumin (Mehrabi et al., 2011).

Cholesterol, triglycerides, and HDL-C in the serum
samples were estimated using enzymatic CHOD-PAP
method at the wavelength of 546 nm (Baighi & Nobakht,
2017).

The LDL-C and VLDL values were obtained by the
following formula (Friedewald ef al., 1972):

LDL-C = total cholesterol - HDL-C - (triglycerides/5)

VLDL= plasma triglycerides/5

Statistical Analyses

This study was conducted as a completely random-
ized design with 2x3 factorial arrangement for assessing
the effects of growth promoters and prebiotic. Data
were analyzed for the main effects of growth promoter
and prebiotic and their interaction. The statistical model
used was represented by the equation:

Yijk = u + (Gi) + (Pj) + (GPjj) + (eijk)

where Yijk is the individual observation, p is the overall
mean, (Gi) is the main effect of the growth promoter,
(Pj) is the main effect of the prebiotic, (GPjj) is the in-
teraction between growth promoter and prebiotic, and
(eijk) is the residual error. Data were analyzed using the
General Linear Model procedure of SAS. The Tukey test
was used to detect differences (p<0.05) among group
means (p<0.05).

RESULTS
Growth Performance

The data for growth performance of experimental
broiler chicks are summarized in Table 2. Body weight,
feed intake, and feed conversion ratio were not influ-
enced by the growth promoter, prebiotic, and interac-
tion of growth promoter and prebiotic (p>0.05).

Body weight and feed conversion ratio in the treat-
ments using a combination of ASRI1 and ASRI2 with
prebiotics were higher than treatments without the
prebiotic. However, the use of prebiotics alone did not
increase body weight. The highest body weight at the
end of the experimental period was found in the chicks
treated with ASRII in combination with prebiotics and
the lowest was found in the chicks treated with ASRI2
without prebiotics. In addition, the lowest conversion
ratio at 42 days of age was found in the chicks treated
with ASRI1 in combination with prebiotics.

The use of ASRII in combination with prebiotics
was able to increase feed intake compared to experimen-
tal chickens treated with commercial growth promoters
(Optifeed) and ASRI2 in combinations with prebiotics.
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The highest feed intake at 42 days of age was found in Immunity

the experimental chicks treated with commercial growth ) .
promoter (Optifeed) without prebiotic treatment and the Our. daté for cellular and humoral Immunities are
lowest feed intake was found in the experimental chicks spmmanzed' mn Table 3. Results mdlcated.that the‘ mCh.l'
treated with ASRI2 in combination with prebiotics. sion of prebiotic and growth promoters in the diet did

Table 2. Growth performance of broiler chicks at 42-days-of-age fed containing growth promoter

Growth promoter Variables
Prebiotic Body weight (g/bird)  Feed intake (g/bird) Feed conversion ratio
Optifeed 0.00 2113.00 3784.00 1.71
1.00 2078.00 3660.00 1.76
ASRI1 0.00 2163.00 3680.00 1.70
1.00 2175.00 3696.00 1.69
ASRI2 0.00 2061.00 3636.00 1.76
1.00 2065.00 3575.00 1.73
SEM 56.84 82.36 0.039
Growth promoter
Optifeed 2145.00 3722.00 1.738
ASRI1 2169.00 3688.00 1.702
ASRI2 2063.00 3605.00 1.750
SEM 40.80 59.29 0.028
Prebiotic
0.00 2146.00 3700.00 1.727
1.00 2106.00 3644.00 1.733
SEM 33.30 48.40 0.023
P-value
Growth promoter 0.644 0.377 0.463
Prebiotic 0.844 0.420 0.864
Growth promoterxPrebiotic 0.528 0.412 0.525

Note: SEM= Standard error of means; ASRI1: pomegranate hull, lemon, and thymes oil; ASRI2: pomegranate hull, lemon, and oregano oil.

Table 3. Cellular and humoral immunities of broiler chicks at 42-days-of-age fed containing growth promoter

. SRBC IgG IgM PHA-24 PHA-48 DNCB-24 DNCB-48
Growth promoter Prebiotic
Log2 mm
Optifeed 0.00 5.75 3.75 2.00 1.27 1.01 1.53 0.960
1.00 5.75 4.25 1.50 1.33 0.980 1.30 0.901
ASRI1 0.00 5.25 3.37 1.87 1.26 0.920 1.18 0.870
1.00 5.25 3.75 1.50 1.32 1.07 1.50 1.08
ASRI2 0.00 6.00 4.25 1.75 1.20 1.09 1.25 1.04
1.00 5.62 4.00 1.62 1.50 0.94 1.40 0.92
SEM 0.404 0.377 0.316 0.110 0.090 0.140 0.069
Growth promoter
Optifeed 5.75 4.00 1.75 1.421 0.939 1.305 1.00
ASRI1 5.25 3.56 1.68 1.345 0.976 1.297 0.999
ASRI2 5.81 4.12 1.68 1.326 0.981 1.357 1.021
SEM 0.293 0.272 0.219 0.096 0.044 0.073 0.065
Prebiotic
0.00 5.66 3.79 1.87 1.323 0.957 1.251 1.013
1.00 5.54 4.00 1.54 1.405 0.974 1.389 1.001
SEM 0.240 0.233 0.189 0.079 0.036 0.059 0.053
P-value
Growth promoter 0.341 0.319 0.973 0.764 0.760 0.819 0.965
Prebiotic 0.714 0.511 0.195 0.472 0.735 0.118 0.876
Growth promoterxPrebiotic 0.873 0.585 0.828 0.148 0.060 0.421 0.302

Note: SRBC= suspension of sheep red blood cells; Ig= Immunoglobulin G; IgM= Immunoglobulin M; PHA-24= phytohemagglutinin-24 h; PHA-48=
phytohemagglutinin-48 h; DNCB-24= dinitrochlorbenzene-24 h; DNCB-48= dinitrochlorbenzene-48 h; ASRI1: pomegranate hull, lemon, and
thymes oil; ASRI2: pomegranate hull, lemon, and oregano oil SEM= Standard error of means.

March 2021 65



MOHSENI GHARECHOPOGH ET AL. / Tropical Animal Science Journal 44(1):62-70

not have significant effects on the cellular and humoral
immunities. These results indicate that the herbal com-
pounds of ASRI1 and ASRI2 have growth promoter
activities that are similar to those of commercial growth
promoters (Optifeed) and can be used as a growth pro-
moter in the broiler industry.

The highest responses to SRBC and IgG were
found in the chicks treated with ASRI2 without prebiot-
ics. In addition, the highest level of IgM was found in
the chicks treated with commercial growth promoter
(Optifeed) without prebiotics.

The highest response to phytohemagglutinin
was observed 24 hours after injection in the control
chicks and the lowest was found in the chicks treated
with ASRI2 without prebiotics. In addition, the high-
est response to phytohemagglutinin was observed 48
hours after injection in the chicks treated with ASRI2
without prebiotics and the lowest response was found
in the chicks treated with ASRI1 without prebiotics. The
highest response to DNCB was observed 24 hours after
injection in the control chicks without treatment with
growth promoter and prebiotic and the chicks treated
with commercial growth promoter (Optifeed) without
prebiotics. The lowest response to DNCB 24 hours after
injection was observed in the chicks treated with ASRI1
without prebiotics. In addition, the highest response
to DNCB was observed 48 hours after injection in the
chicks treated with ASRI1 in combination with prebiot-
ics and the lowest was observed in the chicks treated
with ASRI1 without prebiotics.

Blood Variables

The effects of experimental treatments on biochemi-
cal parameters in the blood are summarized in Tables
4 and 5. Serum concentrations of globulin, albumin,
protein, and phosphorous were not influenced by the
experimental treatments of growth promoters and
prebiotics (p>0.05). However, the interaction of growth
promoter x prebiotic was detected to significantly affect
the serum calcium concentrations (p<0.05). Serum cal-
cium concentrations of experimental birds treated with
ASRI2 and 1 kg/ton prebiotic were greater than those
of chickens treated with commercial growth promoter
(Optifeed) (p<0.05).

The concentrations of cholesterol, HDL-C, LDL-C,
LDL/HDL, and cholesterol/HDL ratios were not affected
by the experimental treatments of growth promoter and
prebiotics (p>0.05). However, serum concentrations of
triglycerides and VLDL-C were lower (p<0.05) in birds
treated with the ASRI1 compared with those fed com-
mercial growth promoters (Optifeed).

DISCUSSION
Growth Performance
Growth performance is one general and direct cri-
terion in the poultry industry because it greatly affects

cost and profitability of the poultry enterprise (Ajuwon,
2015). Results of the present study revealed that inclu-

Table 4. Blood variables of broiler chicks at 42-days-of-age fed containing growth promoter

L Calcium Phosphorous Protein Albumin Globulin
Growth promoter Prebiotic
mg/dL g/dL
Optifeed 0.00 9.88p 11.62 3.25 1.35 1.90
1.00 10.61°° 10.82 3.50 1.45 2.05
ASRI1 0.00 10.54° 11.62 3.25 1.37 1.87
1.00 10.47°® 10.82 3.00 1.27 1.72
ASRI2 0.00 10.34%® 14.02 3.25 1.35 1.90
1.00 11.012 10.40 3.50 1.45 2.05
SEM 0.217 1.61 0.225 0.095 0.200
Growth promoter
Optifeed 10.24 11.22 3.37 1.40 1.97
ASRI1 10.51 12.82 3.12 1.32 1.80
ASRI2 10.67 10.70 3.37 1.40 1.97
SEM 0.165 1.22 0.172 0.072 0.153
Prebiotic
0.00 10.25° 11.21 3.25 1.35 1.89
1.00 10.702 11.95 3.33 1.39 1.94
SEM 0.135 0.001 0.14 0.059 0.125
P-value
Growth promoter 0.210 0.458 0.507 0.704 0.652
Prebiotic 0.032 0.611 0.679 0.695 0.870
Growth promoterxPrebiotic 0.019 0.658 0.507 0.541 0.729

Note: Means in the same column with different superscripts differ significantly (p<0.05). ASRI1= pomegranate hull, lemon, and thymes oil; ASRI2=
pomegranate hull, lemon, and oregano oil; SEM= Standard error of means.
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Table 5. Lipid profile in serum of broiler chicks at 42-days-of-age fed containing growth promoter

Variables
Growth promoter Prebiotic Cholesterol Triglycerides HDL-C LDL-C VLDL-C LDL/ Cholesterol/
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) HDL HDL
Optifeed 0.00 110.50 112.25 31.50 56.55 22.45 1.81 3.56
1.00 124.25 113.25 33.62 67.97 22.65 2.04 3.72
ASRI1 0.00 106.25 91.50 35.00 52.95 18.30 1.52 3.05
1.00 93.00 82.25 38.75 37.80 16.45 1.09 2.55
ASRI2 0.00 115.00 107.50 40.87 52.62 21.50 1.38 2.92
1.00 124.25 90.25 31.87 74.32 18.05 2.44 4.03
SEM 9.22 9.09 4.07 8.76 1.82 0.294 0.348
Growth promoter
Optifeed 117.37 112.752 32.56 62.26 22.552 1.93 3.64
ASRI1 99.62 86.67° 36.87 45.37 17.37° 1.30 2.80
ASRI2 119.62 98.87%® 36.37 63.34 19.77:® 1.91 3.48
SEM 6.78 6.59 2.78 6.30 1.32 0.213 0.255
Prebiotic
0.00 110.58 103.75 35.79 54.04 20.75 1.57 3.18
1.00 111.83 95.25 34.75 60.03 19.05 1.85 3.43
SEM 5.542 5.3387 0.207 5.14 0.077 0.17 0.208
P-value
Growth promoter 0.102 0.041 0.501 0.104 0.041 0.089 0.069
Prebiotic 0.683 0.279 0.750 0.421 0.279 0.267 0.395
Growth promoterxPrebiotic ~ 0.343 0.626 0.238 0.131 0.626 0.072 0.109

Note: Means in the same column with different superscripts differ significantly (p<0.05). HDL-C= high-density lipoprotein-cholesterol; LDL-C= low-

density lipoprotein-cholesterol; VLDL-C= very low-density lipoprotein-cholesterol; LDL/HDL= LDL to HDL rasio; ASRI1= pomegranate hull,
lemon, and thymes oil; ASRI2= pomegranate hull, lemon, and oregano oil; SEM= Standard error of means.

sion of prebiotic and herbal-based growth promoters in
the diet did not have significant differential effects on
growth performance compared to commercial growth
promoters. This result indicates that ASRI1 and ASRI2
are as effective as the imported Optifeed as dietary sup-
plements for chickens. It has been reported that dietary
inclusion of thyme essential oil improved average daily
gain of broiler chicks (Pournazari ef al., 2017) and that
essential oils improved growth performance and func-
tions of the digestive system in animals (Simitzis, 2017).
Further, inclusion of thyme essential oil in the diet im-
proved growth performance in broiler chicks reared un-
der hot conditions (Attia et al., 2017). Therefore, herbal
supplements seem to improve growth performance
under various environmental conditions. The conflict
between findings in the present study and those of oth-
ers may be attributed to differences in feed ingredients,
physiological conditions of animals, or physical-form
structure of herbal supplements from medicinal plants
(powder, essential oil, and extract). Huang et al. (2015)
showed that dietary inclusion of inulin prebiotic at 5-10
g/kg increased feed intake in the starter period (0-21 d),
but did not have any effect on feed intake in 42 day-old
broiler chickens (Huang et al., 2015). Dietary inclusion
of prebiotics into the diets of broiler chickens has been
reported to increase body weight gain and feed conver-
sion ratios (Baurhoo et al., 2007; Sims et al., 2004).

In the present study, it was observed that the use
of ASRI1 and ASRI2 with prebiotics increased weight
gain and feed intake and also improved feed effi-

ciency, which is consistent with the results reported by
Tiihonen et al. (2010).

Tiihonen et al. (2010) observed that the use of
herbal medicines in the diet increased the body weight
of broilers by 3% at 42 days of age. The effect of herbal
ingredients may be related to the stimulations of ap-
petite and secretions of digestive substances, increases
of utilization of feeds that eventually increases growth,
and antibacterial effects that are among the mechanisms
that can be considered to justify the improvement of
performance (Tiihonen ef al., 2010). It is also suggested
that herbal ingredients can improve feed conversion
ratio via better use of nutrients in the feed by enhancing
the activities of digestive enzymes, and better digestion
in ileum confirms this idea (Tiihonen et al., 2010). The
amounts and types of prebiotics fed may account for dif-
ference between our findings and those from previous
studies.

Immunity

Immune responses were not influenced by ex-
perimental treatments in our study. Natural products
have often been used to stimulate the immune system.
Herbal plants are known to have stimulatory effects on
the immune system of animals through their secondary
metabolites (Hashemi et al., 2008). Talazadeh & Mayahi
(2017) showed that supplementing the diet with thyme
extract in drinking water improved immune responses
in broiler chicks (Talazadeh & Mayahi, 2017). Plant de-
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rivatives are commonly used in animal nutrition and are
applied as promoters of growth and immune responses
due to their antioxidant, antimicrobial properties, and
beneficial effects on digestion (Assiri et al., 2016; Fallah
& Mirzaei, 2016). With regards to prebiotics, there are
some studies reporting that supplementation of diet
with prebiotics improve concentrations of IgM and IgG
in the circulation, cecum IgA concentration, the expres-
sion of mucin mRNA, and activities of the intestinal
immune system (Huang et al.,, 2015; Janardhana et al.,
2009). Improved immune response by inclusion of a
prebiotic in the diet can be attributed to preferential
colonization of the gut by the beneficial bacteria and mi-
crobial products that improve the functions of immune
cells (Janardhana et al., 2009).

According to the results of the present experiment,
the effects of combined uses of herbal growth stimulants
and prebiotics improve the performance of the immune
system, which is consistent with the results reported by
Ghalamkari et al. (2011) and Houshmand et al. (2012).
They state that one of the factors contributing to the
improved immune response is the proper growth of
lymphoid organs and the subsequent increase in anti-
body response having a positive correlation with the
development of immune system. Their results show that
in addition to genetic factors, non-genetic factors such as
nutritional supplements in the diet which affect growth
can change or modify the expression of the genes re-
sponsible for the development of immunity by changing
the volume of antibody production and maturation of
the immune system. Herbal medicines and prebiotics
are among the growth supplements being used recently
in poultry diets, which control harmful bacteria in the
intestine and increase the function of the digestive sys-
tem for better absorption of the nutrients in the diet.
Herbal medicines also stimulate the growth of cells
resulting in increased immune compounds (Ghalamkari
et al., 2011; Houshmand et al., 2012).

Blood Variables

Blood parameters are indicative of the meta-
bolic and health status of animals. It is well known that
changes in the abundance of albumin in the blood reflect
changes in liver function. While the liver is the source of
albumin production, immunoglobulins are synthesized
in lymphatic tissues (Jones & Bark, 1979). Zhu et al.
(2014) report that dietary inclusion of thyme essential
oil significantly increases the levels of total proteins and
globulins in 21-day-old chicks and significantly reduce
the albumin to globulin ratio in chicks between 21 and
42 days of age.

As can be seen in the results of the present study,
the amount of protein, albumin, and globulin in the
chicks treated with ASRI2 and Optifeed were higher
compared to the other treatments, which are consistent
with the results reported by Rahimi et al. (2011).

Higher concentrations of total serum protein,
albumin, and globulin under the influence of ASRI2
and Optifeed treatments in the present experiment
can be associated with the increased nutrient intake,
including protein, and its presence in the blood serum.
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Supplementation of herbal preparations with growth
stimulant activities in the diet will reduce the popula-
tion of harmful microbes in the gastrointestinal tract
that will reduce amino acid degradation in the digestive
tract that results in greater absorption of amino acids
and improves digestion and absorption of nutrients
and proteins that eventually causes an increase in the
concentrations of total serum protein, albumin, and
globulin (Rahimi ef al., 2011).

The results also showed that the serum concentra-
tion of calcium in the chicks treated with ASRI2 and
prebiotics significantly increased compared to the other
treatments. Limited researches have been done on the
effects of prebiotics and herbal compounds on the serum
calcium concentration in the broilers, but some studies
have found that anorexia results in an energy depriva-
tion which results in the decreased cellular calcium
homeostasis, followed by the destruction of cell mem-
brane integrity that ultimately reduces the functions of
the cell. Reduced feed intake and decreased activity of
the parathyroid gland as well as decreased parathyroid
secretion, will impair renal and intestinal calcium ab-
sorption. Since herbal growth stimulants and prebiotics
improve the environment of the digestive system that
will produce the better absorptions of minerals and nu-
trients from the digested diet by increasing feed intake
and providing a suitable environment for the activity of
beneficial bacteria in the intestine with the final result of
increased calcium absorption (Rahimi et al., 2011; Hayati
et al., 2019).

Souri et al. (2015) reported that the addition of
medicinal plants in the diet of broiler chickens reduced
plasma triglycerides concentrations due to the presence
of granuloma, cineole, citral, and borneol compounds.
This reduction may be related to the decreased lipid
intake or high lipid catabolism or a decrease in the ac-
tivity of the acetyl coenzyme A carboxylase resulting
in a decrease in esterification reactions that ultimately
decreases in triacylglycerol synthesis.

Other research has shown that different com-
pounds of herbal medicines, including citral and
borneol, reduce the activity of HMG-COA in hepatic
reductase. For every 5% inhibition of the activity of
the enzyme HMG-COA reductase (the key enzyme in
cholesterol synthesis), cholesterol production is reduced
by 2%, resulting in lower cholesterol, LDL, and VLDL
concentrations in the blood (Ghazvinian et al., 2018).

Serum concentrations of triglycerides and VLDL-C
were significantly lower in chickens treated with ASRI1
growth promoters compared with those treated with
commercial growth promoters (Optifeed). It seems that
the ASRI1 growth promoter improves some parameters
of lipids because of higher active substances (Geraniol,
Borneol, and Cineol).

CONCLUSION

Growth promoters and prebiotic did not have a
significant effect on immunity variables and growth
performance in the present study. Growth promoters
had a significant increase on the serum concentration of
calcium and a significant decrease on serum concentra-
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tion of VLDL-C. Overall, the findings from this study
indicate that the ASRI1 (pomegranate hull, lemon, and
thymes oil), and ASRI2 (pomegranate hull, lemon, and
oregano oil) herbal compounds are as effective as the
commercially available imported growth promoter
(Optifeed) and can be used as effective growth promot-
ers in the broiler industry.
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