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ABSTRACT
Background: Heat stress (HS) has negative effects on economic parameters of the
poultry industry. Different strategies such as nutritional additives are used to alleviate
negative effects of HS. The use of multiattribute decision-making (MADM) could help to
select the best additive for alleviating the effects of the HS. Thus, the present study was
conducted to investigate the effects of probiotic, prebiotic and synbiotic on growth
performance and immune responses of broiler chicks affected by HS via MADM method.
Methods: Two-hundred and forty broiler chicks were randomly assigned into 4
treatments with 6 replications and 10 broiler chicks per replication. The birds were
treated with probiotic, prebiotic, and synbiotic for 42 days. A group was considered as
control and received only basal diet. Stress condition was induced from 21 to 42 days of
age. Growth performance and humoral immunity were assessed, then calculated and
analyzed by MADM method.
Results: The results showed that dietary supplementation of probiotic, synbiotic,
prebiotic and control had coefficients of 0.762, 0.702, 0.581 and 0.00, respectively.
Dietary supplementation of probiotic, prebiotic and synbiotic had better effects
compared with control group.
Conclusions: Therefore, dietary supplementation of probiotic may have better
efficiency compared with other additives based on the MADM. The use of probiotics can
be suggested for improving growth and immunity under the HS condition in the poultry
industry.
Keywords: Probiotic, Prebiotic, Symbiotic, Heat stress, Multiattribute decision-making
1. Introduction
Heat stress (HS) has negative effects
on economic parameters in the poultry
industry [1]. It is defined as a status in
that animals cannot maintain their body
temperature
against
thermal
environment [2]. HS decreases growth

performance and defaults immune
responses in broiler chicks [1, 3, 4]. HS
shows its negative effects on immune
responses by the decrease in level of total
circulating antibodies [5]. It also has
adverse effects on the intestinal mucosa
and microbiota of broiler chickens [6].
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Different strategies are used for
alleviation negative effects of HS on
economic parameters of broiler chicks
such as dietary supplementation of
additives.
Probiotics are live microbial feed
supplements that have beneficial effects
for their host by improving microbial
balance in host [7-9]. Probiotics not only
improve intestinal microbial balance, but
they also promote the growth and
activity
of
some
bacteria
in
gastrointestinal system [10]. Studies
have reported positive effects of
probiotics on economic parameters in
the poultry industry [11, 12].
Prebiotics increase population of
health-promoting
bacteria in
the
intestinal tract [10]. Prebiotics are nondigestible feed ingredients that could
have beneficial effects for their hosts by
improving the growth and activity of
beneficial bacteria in intestinal system,
such as glucose, fructose, galactose, and
mannose [13]. Studies have reported that
a combination of probiotic and prebiotics
(synbiotics) have synergistic effects on
improving immune responses and
growth performance by the modulation
in microbial system [14].
In sum, prebiotic, probiotic and
synbiotic may have beneficial effect on
growth performance and immunity of
broiler chicks under HS condition.
Comparative effects of different levels of
dietary
supplements
in
animal
production could help decision makers
[15]. Multiple Attribute Decision Making
(MADM) is a method for selecting the
best treatment, but it is not commonly
used in the animal science. The use of the
MADM may help to select the best the
treatment. This study, for first time,
evaluated the effects of probiotic,
prebiotic and synbiotic on growth
performance and immune responses of
broiler chicks affected by the HS through
MADM method.

2. Materials and methods
2.1. Materials
We prepared probiotic from IROST
(Tehran, Iran), containing B. subtilis 4 ×
108 CFU/g in per mL. The prebiotic
product contained hydrolyzed yeast and
yeast cell wall. Synbiotic was a mixture of
50% probiotic and 50% prebiotic.
2.2. Housing
Two-hundred and forty commercial
one-day old broiler chicks (Ross 308) of
male sex were prepared. The current
study was conducted in a farm in
Sarpole-Zahab town (Kermanshah-Iran).
All the efforts were conducted to
minimize pain in the animals and the
study was conducted based on Ethical
Committee of Islamic Azad University,
Qaemshahr Branch (No. 14062). The
broiler chicks were reared in pens for a
three phases period of starter, grower
and finisher. The diets were formulated
based on Ross 308 broiler management
manual [16] and analyzed for proximate
composition by AOAC methods [17]. A
lighting program of 23 h light and 1 h
darkness was used. The broiler chicks
had unrestricted access to water and
food. Thermal program was adjusted
based on catalogue on 21 first days. Heat
stress program was conducted from 21
days to 42 days, as reported by Akbari
and Torki [18].
2.3. Growth performance
Feed intake, body weight and feed
conversion ratio (FCR) were calculated
as growth performance parameters.
2.4. Immune responses
Immune responses were investigated
by sheep red blood cell (SRBC) solution
based on previous studies [19] and the
samples were investigated for antibody
titer, IgG and IgM.
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2.5. Microbiological
enumeration

isolation

and

To isolate lactic acid bacteria, the ileal
samples were collected from 2 broiler
chicks per replication and investigated as
reported by Jazi et al. [20].

The amount of uncertainty (di) was
calculated, as follows:

di  1  E j
The weights were calculated, as
follows;

Wj 

2.6. The MADM method
The MADM method was calculated as
reported by Meimandipour et al. [15].
Summary, decision matrix based on fuzzy
set membership values for the
production criteria was calculated as
follows;
a ij

nij 

m

a
i 1

2
ij

Normalized weights for selecting the
treatments were calculated and the
probability distribution (Pij) was
calculated as follows;
a ij

Pij 

m

a
i 1

ij

The entropy value (Ei) was calculated,
as follows;
m

E j  k  [ pij ln pij ]

dj
n

d
j 1

j

Setting the decision set (D) was
calculated by multiplying the probability
distribution (Pij) matrix with weighting
matrix based on multiple matrices. In
TOPSIS, all criteria are based on weight
of significance and weighting is based on
the entropy method.
3. Results
The results for mean of parameters
are shown in Table 1. FCR was
considered as negative index, but other
parameters were considered as positive
parameter. As the results show, synbiotic
had highest mean for feed intake, body
weight and lactobacillus, while probiotic
had the highest mean for immune
responses.

i 1

Table 1. The results for mean of parameters
Feed
Body
intake (g) weight (g)
Control
3610.21
1930.21
Probiotic
3921.15
2150.12
Prebiotic
3858.41
2130.51
Synbiotic
3978.12
2210.21
Positive/negative
+
+
Treatments

Decision matrix based on fuzzy set
membership values for the production
criteria are shown in Table 2. In this part,
the data, feed intake for instance, were
grouped:
[3610.21+3921.15+3858.41+3978.12]
The data were then calculated as follows;

FCR
1.88
1.82
1.81
1.79
-

IgG
(log2)
2.12
2.39
2.32
2.26
+

IgM
(log2)
1.89
2.22
2.05
2.05
+

Lactobacillus
(CFU/g)
7.12
7.51
7.43
8.02
+

A=
[(3610.21)2+(3921.15)2+(3858.41)2+(39
78.12)2]
The calculation was continued for
radical, as follows;
√𝑨
The data were divided on √𝑨 as follows;
3610.21/√𝑨
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The data were calculated for all the

parameters and values.

Table 2. Decision matrix based on fuzzy set membership values for the production
criteria
Treatments
Control
Probiotic
Prebiotic
Synbiotic

Feed
Body
IgG
IgM
Lactobacillus
FCR
intake (g) weight (g)
(log2)
(log2)
(CFU/g)
0.469525 0.457854 0.515068 0.465934 0.459854
0.47309
0.509964 0.510017
0.49863 0.525275 0.540146
0.499003
0.501805 0.505366
0.49589 0.50989 0.498783
0.493688
0.517373 0.524271 0.490411 0.496703 0.498783
0.53289

The data were corrected based on
weights. The weights were reported as
0.15 for FCR and 0.1 for other
treatments, as follows;

Feed
intake
in
control
0.469525*0.1=0.0469525
FCR
in
prebiotic
0.49589*0.15=0.74384

group:
group=

Table 3. Correction of the data based on fuzzy set membership values for the production
criteria
Treatments
Control
Probiotic
Prebiotic
Synbiotic

Feed
intake (g)
0.0469525
0.0509964
0.0501805
0.0517373

Body
FCR
IgG (log2)
weight (g)
0.0457854 0.07726 0.0465934
0.0510017 0.074795 0.0525275
0.0505366 0.074384 0.050989
0.0524271 0.073562 0.0496703

Table 4 shows selection of negative
and positive values for the production. In
animal science, more consumption of
feed, higher body weight, lower FCR,
higher antibody titer immune responses
and lactobacillus are desirable. We
selected lowest value for FCR (0.073562)

IgM (log2)
0.0459854
0.0540146
0.0498783
0.0498783

Lactobacillus
(CFU/g)
0.047309
0.0499003
0.0493688
0.053289

as positive ideal and highest values for
other groups, 0.0769525 (feed intake),
0.0457854 (body weight), etc. Highest
value for FCR (0.07726) and lowest
values for other parameters in per
column were considered as negative
ideal.

Table 4. Selection of negative and positive values for the production criteria
Treatments
+

Feed
Body
Lactobacillus
FCR
IgG (log2) IgM (log2)
intake (g) weight (g)
(CFU/g)
0.0469525 0.0457854 0.07726 0.0465934 0.0459854
0.047309
0.0517373 0.0524271 0.073562 0.0525275 0.0540146
0.053289

The amounts of uncertainty for the
production criteria for positive and
negative ideal were calculated (Table 5),
as follows;
Negative ideal in prebiotic group;
Negative
ideal:
A=
(0.05018050.0469525)2+(0.05053660.0457854)2+(0.074384-

0.07726)2+(0.0509890.0465934)2+(0.04987830.0459854)2+(0.0493688-0.047309)2
The calculation was continued for
radical, as follows;
√𝑨
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Table 5. The amount of uncertainty for the production criteria for positive and negative
ideal
Treatments
Control
Probiotic
Prebiotic
Synbiotic
Normalized weights for selecting the
best the treatment are shown in Table 7.
The data were calculated as follows;
Synbiotic: Negative ideal/(Positive ideal
+ negative ideal)
0.0118/(0.0118+0.005)= 0.702380952.
The results showed that probiotic,
synbiotic, prebiotic and control had
coefficients of 0.762, 0.702, 0.581 and
0.00, respectively. Thus, probiotic,
synbiotic and prebiotic had first to third
orders.
4. Discussion
The present study investigated the
effects of probiotic, prebiotic and
synbiotic on growth performance and
immune responses of broiler chicks
affected by HS by the MADM method. The
results
showed
that
dietary
supplementation of synbiotic had higher
values for means for some parameters,
but dietary supplementation of probiotic
had higher efficiency compared with
synbiotic group. In the MADM analysis,
all the parameters are to be investigated
and decided based on several factors. The
results show that adding probiotic into
diet has highest efficiency for decreasing
negative effects of the HS on growth
performance and immune responses. The
results show that dietary inclusion of
probiotic could have highest coefficient
(0.762) and it had a difference with
synbiotic (0.702).
HS has negative effects on immune
responses and growth performance by
decreasing feed intake and insufficient
absorption nutrients for production of
antibody and also lower population for

0
0.0125
0.0089
0.0118

+
0.0147
.0039
0.0064
0.005

lactic acid bacteria [11]. The results
showed that the broiler chicks in control
group consumed lesser feed and had
lower growth and immunity. They also
had lower population for lactic acid
bacteria. Dietary supplementation of
probiotic had the highest coefficient and
desirable for growth, immunity and lactic
acid bacteria compared with control
group. The results of the effects of
probiotic and synbiotics on growth
performance are similar to those
reported by previous studies [11, 12, 2024]. The positive effects of probiotics on
growth performance of broiler chicks
might be attributed to its positive effects
for improving immunity performance
(23). Under stress condition, animals
consume more food for improving
immunity. Seemingly, supplementation of
probiotic
and
synbiotic
improve
immunity and the improvement of
immunity decrease food consumption for
immune responses. Other reason for
improvement of growth performance by
probiotic and synbiotic might be
attributed to their effects on intestinal
microbiota. Probiotics and synbiotics
increase beneficial bacteria population,
as shown for lactic acid bacteria.
Beneficial bacteria increase nutrient
retention
and
digestive
enzymes
required
for
improving
growth
performance [25].
Similar results for the effects of
probiotics and synbiotics on immunity
responses have been previously reported
[20, 22, 26, 27]. The efficiency of
probiotics and synbiotics for improving
immune responses is related to their
185 | P a g e
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effects for improving intestinal epithelial
cells [28] and preventing pathogen
colonization under stress condition [29].
The broiler chicks in synbiotic had
positive ideal
values
for
some
parameters, but it had lower values for
immune
responses
compared
to
probiotic group. The results show that
probiotics are more efficient under HS
condition, but dietary supplementation of
prebiotic decreased its efficiency for
immune response compared with
probiotic group. Studies have reported
the efficiency of synbiotics for improving
immune
responses
and
growth
performance by the modulation in
microbial system [14], as observed in the
current study.

Both authors designed the study and
first author conducted and analyzed the
data.

5. Conclusions
The MADM analysis is a suitable tool
to
investigate
data
on
several
parameters. In the current study, the
MADM investigated different parameters
and the results showed that probiotic is
more efficient under HS condition for
improving growth performance and
immune
responses.
Dietary
supplementation
of
probiotics
is
suggested for improving growth and
immunity under HS condition. We also
recommend experts to apply MADM for
selecting the best additives in the poultry
industry.
Conflict of interest
None.
Consent for publications
Both authors read and approved
manuscript.
Availability of data and material
All the data are given.
Authors' contributions

Funding
All the costs were supported by first
author.
Ethics approval
participate

and

consent

to

All the efforts were conducted to
minimize pain in the animals and the
study was conducted based on Ethical
Committee of Islamic Azad University,
Qaemshahr Branch (No.14062).
References
1. Siddiqui SH, Kang D, Park J. (2020).
Chronic heat stress regulates the
relation between heat shock protein
and immunity in broiler small
intestine. Scientific Reports, 10:
18872).
https://doi.org/10.1038/s41598-02075885-x.
2. Lara LJ, Rostagno MH. (2013). Impact
of heat stress on poultry production.
Animals,
3:
356–369.
https://doi.org/10.3390/ani3020356.
3. Alhenaky
A,
Abdelqader
A,
Abuajamieh M, Al-Fataftah AR. (2017).
The effect of heat stress on intestinal
integrity and Salmonella invasion in
broiler birds. Journal of Thermal
Biology,
70:9–14.
https://doi.org/10.1016/j.jtherbio.20
17.10.015
4. Awad EA, Idrus Z, Soleimani Farjam A,
Bello AU, Jahromi MF. (2018). Growth
performance, duodenal morphology
and the caecal microbial population in
female broiler chickens fed glycinefortified low protein diets under heat
stress conditions. British Poultry
Science,
59:340-8.
http://dx.doi.org/10.1080/00071668.
2018.1440377.

186 | P a g e

Babakhani and Rostamian

Int. J. Adv. Biol. Biomed. Res. 2021, 9(2):181-189

5. Awad EA, Najaa M, Zulaikha ZA,
Zulkifli I, and Soleimani A. (2020).
Effects of heat stress on growth
performance, selected physiological
and immunological parameters, caecal
microflora, and meat quality in two
broiler
strains.
Asian-Australian
Journal of Animal Science, 5:778-787.
http://dx.doi.org/10.5713/ajas.19.02
08
6. Pearce SC, Mani V, Boddicker RL.
(2013). Heat stress reduces intestinal
barrier integrity and favors intestinal
glucose transport in growing pigs.
PloS
One,
8:e70215.
10.1371/journal.pone.0070215.
7. FAO/WHO. (2001). Health and
nutritional
probiotics
in
food
including powder milk with live lactic
acid bacteria. Joint FAO/WHO expert
consultation. Cordoba, Argentina, 1 - 4
October 2001.
8. Keikhaie K R, Fazeli-Nasab B, Jahantigh H
R,
Hassanshahian
M.
(2018).
Antibacterial Activity of Ethyl Acetate
and Methanol Extracts of Securigera
securidaca,
Withania
sominefra,
Rosmarinus officinalis and Aloe vera
Plants against Important Human
Pathogens.
Journal
of
Medical
Bacteriology, 7(1-2): 13-21.
9. Fazeli-Nasab B, Sayyed R. (2019). Plant
Growth-Promoting Rhizobacteria and
Salinity Stress: A Journey into the Soil
Plant Growth Promoting Rhizobacteria
for Sustainable Stress Management (pp.
21-34):
Springer.
https://doi.org/10.1007/978-981-136536-2_2
10.
Al-Khalaifa H, Al-Nasser A, AlSurayee T, Al-Kandari S, Al-Enzi N, AlSharrah T, Ragheb G, Al-Qalaf S,
Mohammed A. (2019). Effect of dietary
probiotics and prebiotics on the
performance of broiler chickens.
Poultry
Science,
0:1–15.
http://dx.doi.org/10.3382/ps/pez282

11.
Lee K-W, Kim DK., Lillehoj HS,
Jang SI, Lee S-H. (2015). Immune
modulation by Bacillus subtilis-based
direct-fed microbials in commercial
broiler chickens. Animal Feed Science
and
Technology,
200:76–85.
https://doi.org/10.1016/j.anifeedsci.2
014.12.006.
12.
Lee KW, Lee H, Lillehoj G, Li S.
(2010). Effects of direct-fed microbials
on
growth
performance,
gut
morphometry,
and
immune
characteristics in broiler chickens.
Poultry
Science,
89:203–216.
https://doi.org/10.3382/ps.200900418.
13.
Hume ME. (2011). Historic
perspective: Prebiotics, probiotics,
and other alternatives to antibiotics.
Poultry Science, 90: 2663–2669.
http://dx.doi.org/10.3382/ps.201001030.
14.
Mookiah S, Sieo C, Ramasamy K,
Abdullah N, Ho YW. (2014). Effects of
dietary prebiotics, probiotic and
synbiotics on performance, caecal
bacterial populations and caecal
fermentation concentrations of broiler
chickens. Journal of the Science of Food
and
Agriculture,
94:
341–348.
https://doi.org/10.1002/jsfa.6365.
15.
Meimandipour A, Hosseini SA,
Lotfolahian H, Hosseini SJ, Hosseini
SH, Sadeghipanah H.
(2012).
Multiattribute decision-making: use of
scoring methods to compare the
performance of laying hen fed with
different levels of yeast. Italian Journal
of Animal Science, 11:e15, 82-86.
https://doi.org/10.4081/ijas.2012.e1
5.
16.
Aviagen. Ross 308 broiler. (2019).
Nutrition specification. Newbridge,
Midlothian, Scotland, UK: Ross
Breeders
Limited.
https://en.aviagen.com/brands/ross/
products/ross-308. Accessed 14 June
2019.

187 | P a g e

Babakhani and Rostamian

Int. J. Adv. Biol. Biomed. Res. 2021, 9(2):181-189

17.
AOAC. (2019). Official methods of
analysis. Washington DC: Association
of
Official
Analytical
Chemist.
https://www.aoac.org/officialmethods-of-analysis-21st-edition2019/. Accessed 14 January 2019
18.
Akbari M, Torki M. (2014). Effects
of dietary chromium picolinate and
peppermint essential oil on growth
performance and blood biochemical
parameters of broiler chicks reared
under
heat
stress
conditions.
International
Journal
of
Biometeorology,
58:1383–1391.
https://doi.org/10.1007/s00484-0130740-1
19.
Ghazi SH, Habibian M, Moeini MM,
Abdolmohammadi AR. (2012). Effects
of different levels of organic and
inorganic chromium on growth
performance and immunocompetence
of broilers under heat stress.
Biological Trace Element Research,
146:309–317.
http://dx.doi.org/10.1007/s12011011-9260-1.
20.
Jazi
V,
Mohebodini
H,
Ashayerizadeh
A,
Shabani
A,
Barekatain R. (2019). Fermented
soybean meal ameliorates Salmonella
Typhimurium infection in young
broiler chicks. Poultry Science,
98:5648-5660.
https://doi.org/10.3382/ps/pez338.
21.
Giansanti F, Giardi MF, Botti D.
(2006). Avian cytokines-An overview.
Current Pharm Design, 12: 3083–3099.
https://dx.doi.org/10.2174/1381612
06777947542
22.
Jazi V, Foroozandeh AD, Toghyani
M, Dastar B, Rezaie Koochaksaraie R,
Toghyani M. (2018). Effects of
Pediococcus acidilactici, mannanoligosaccharide, butyric acid and their
combination on growth performance
and intestinal health in young broiler
chickens challenged with Salmonella
Typhimurium.
Poultry
Science,

97:2034–2043.
http://dx.doi.org/10.3382/ps/pey035
23.
Kalia S, Bharti VK, Gogoi D, Giri A,
Kumar B. (2017). Studies on the
growth performance of different
broiler strains at high altitude and
evaluation of probiotic effect on their
survivability. Scientific Reports, 7:
46074.
https://dx.doi.org/10.1038/srep4607
4
24.
Chen F, Gao SS, Zhu LQ, Qin SY,
Qiu HL. (2018). Effects of dietary
Lactobacillus
rhamnosus
CF
supplementation on growth, meat
quality, and microenvironment in
specific
pathogen-free
chickens.
Poultry
Science,
97:
118–123.
https://dx.doi.org/10.3382/ps/pex26
1.
25.
He T, Long S, Mahfuz S, Wu D,
Wang X, Wei X, Piao X. (2019). Effects
of probiotics as antibiotics substitutes
on growth performance, serum
biochemical parameters, intestinal
morphology, and barrier function of
broilers.
Animals,
9:
985-991.
https://dx.doi.org/10.3390/ani91109
85
26.
Mora LZ, Nuño K, Vázquez-Paulino
O, Avalos H, Castro-Rosas J, GómezAldapa C, Angulo C , Ascencio F,
Villarruel-López A. (2019). Effect of a
synbiotic mix on intestinal structural
changes, and Salmonella Typhimurium
and
Clostridium
perfringens
colonization in broiler chicks. Animals,
9:
777-785.
https://dx.doi.org/10.3390/ani91007
77.
27.
Fatahi MM, Ebeid TA, Al-Homidan
I, Soliman NK, Abou-Emera OK.
(2017).
Influence
of
probiotic
supplementation on immune response
in broilers raised under hot climate.
British Poultry Science, 58: 512–516.
https://dx.doi.org/10.1080/0007166
8.2017.1332405
188 | P a g e

Babakhani and Rostamian

Int. J. Adv. Biol. Biomed. Res. 2021, 9(2):181-189

28.
Gheisari AA, Kholeghipour B.
(2006). Effect of dietary inclusion of
live yeast (Saccharomyces cerevisiae)
on growth performance, immune
responses and blood parameters of
broiler chickens. In Proceedings of the
XII European Poultry Conference,
Verona,
Italy,
9
November.
www.cabi.org>WPSA-italy-2006

29.
Burkholder KM, Thompson KL,
Einstein ME, Applegate TJ, Patterson
JA. (2008). Influence of stressors on
normal
intestinal
microbiota,
intestinal
morphology,
and
susceptibility to Salmonella Enteritidis
colonization in broilers. Poultry
Science,
87:
1734–1741.
https://dx.doi.org/10.3382/ps.200800107

How to cite this article: Ebrahim Babakhani, Reza Rostamian. The Effects of Probiotic,
Prebiotic and Synbiotic on Growth Performance and Immune Responses of Broiler Chicks
Challenged with Heat Stress By Multiattribute Decision-Making Method. International
Journal of Advanced Biological and Biomedical Research, 2021, 9(2), 181-189. Link:
http://www.ijabbr.com/article_243168.html

189 | P a g e

