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INTRODUCTION 

The awareness of the world community on the 
need for healthy broiler meat has increased recently. 
Trends in the use of conventional antibiotic growth 
promoters (AGPs) in broiler diets have become obsolete 
due to their negative effects to generate resistant patho-
genic bacteria and their residual presence in broiler 
products (Bahar & Ren, 2013; Leeson & Summers, 2009). 
Accordingly, there is a need to substitute AGP with 
other compounds, particularly those that originated 
or are derived from nature like antimicrobial peptides 
(Gadde et al., 2017; Xiao et al., 2015; Wang et al., 2016). 
Antimicrobial peptide (AMP) is composed of 4 to 99 
amino acids (mostly cationic) that can act as an anti-
fungal, antiviral, antibacterial (i.e., bacteriocidic and 
bacteriostatic), immunomodulatory, anticancer, antitu-
mor, and antioxidant agent (Bahar & Ren, 2013; Ikeda, 
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ABSTRACT

This study used a meta-analysis to systematically assess the effect of antimicrobial peptide (AMP) 
addition on the number of bacteria, immune responses, and antioxidant activity of broilers. The data-
base was compiled from 29 post evaluation articles that were found in search engines consisted of 36 
experiments and 111 data. The mixed model method was used to assess the effect of AMP, with AMP 
addition level as a fixed effect and experiment as a random effect. The fixed effect was tested for linear 
and quadratic models. The quadratic model was retained when significant at p<0.05 but turned into its 
corresponding linear model when insignificant. In the starter phase, AMP addition decreased the num-
ber of bacteria in the ileum (coliform and total aerobic bacteria (TAB); (p<0.05), the caecum (Clostridium 
spp., Escherichia coli, coliform, and lactic acid bacteria (LAB); p<0.05), and excreta (Clostridium spp.; 
p<0.1). Similarly, the number of bacteria also declined in the ileum (Escherichia coli, p<0.05; TAB, p<0.1), 
the caecum (LAB; p<0.1), and excreta (Clostridium spp.; p<0.05) of broilers in the finisher phase. There 
were significant improvements in immune response and antioxidant activity in starter broiler, as indi-
cated by the titer of Newcastle disease (ND) antibody, bursal index, spleen index, and thymus index 
(p<0.05) due to AMP addition. Variables of immunoglobulin M (IgM), cluster of differentiation 4 (CD4), 
ND antibody titer, bursal index, spleen index, and thymus index were also significantly increased 
(p<0.05) while superoxide dismutase activity (SOD activity) tended to increase (p<0.1) in finisher broiler 
following the AMP addition. In short, AMP addition is able to suppress the number of pathogenic bac-
teria and increase the immune response and antioxidant activity of broilers.

Keywords: antimicrobial peptide; gut bacteria; immune response; meta-analysis; antioxidant activity

2001; Li et al., 2012; Park & Yoe, 2017a; Park & Yoe, 
2017b; Wu et al., 2018; Yi et al., 2014; Zhao et al., 2013). 
AMP substances can be isolated from animal tissues 
(e.g., lactoferrin, colostrum, swine antibacterial peptide, 
and lysozyme), recombinant product (e.g., cecropin 
AD-asparagine and microcin J25), plants (e.g., thionine 
and potamic), insects (e.g., defensin-like peptides and 
diptericin), microbes (e.g., gramicidin and nisin), and 
amphibians (e.g., magainin) (Bahar & Ren, 2013; Ikeda, 
2001; Kim et al., 2005; Li et al., 2017; Park & Yoe, 2017b; 
Wang et al., 2020; Zhao et al., 2013). The use of AMP as 
an alternative to substitute conventional AGPs has ad-
vantages such as high stability against digestive enzyme 
degradation, i.e., cysteine-rich peptide (Silva et al., 2000). 
Also, it tends not to cause resistance effects (due to the 
β-sheet structure) and has a broad spectrum against 
various types of pathogens (Bradshaw, 2003; Yi et al., 
2014).
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Based on in vitro studies, the AMP substance, such 
a defensin, can inhibit gram-positive bacteria (e.g., 
Bacillus subtilis and Staphylococcus aureus), Escherichia 
coli, and other types of fungi (Li et al., 2012; Wang et 
al., 2016). In addition, in vitro studies also reported the 
reduction of oxidative stress as the effect of AMP ad-
dition (Ikeda, 2001, Wang et al., 2019). Furthermore, 
in vivo study reported the success of AMP to increase 
productivity through the improvement of the immune 
response and small intestine ecosystem in the broiler 
(Choi et al., 2013a; Choi et al., 2013b; Wang et al., 2020). 
The addition of AMP also shows a positive response to 
antibody titer (Bai et al., 2019). Also, Gong et al. (2016) 
report that lysozyme administration in broilers had no 
effect on aerobic bacteria, coliforms, and Clostridium per-
fringens. Therefore, this study was conducted to assess 
the effects of AMP addition on the number of bacteria, 
immune responses, and antioxidant activity of broiler 
by integrating data from previously published reports.

MATERIALS AND METHODS

Database Development
	
A database was developed based on kinds of 

literature that reported effects of AMP addition on the 
number of bacteria, immune responses, and antioxidant 
activity of broiler. The kinds of literature were found 
in Science Direct and Google Scholar, by using various 
keywords such as “antimicrobial peptide”, “bacterial 
number”, “immune response”, “antioxidant activities” 
and or “broiler”. A total of 43 journal articles with 
digital object identifiers were found. After title and 
abstract suitability evaluation, 29 articles were entered 
into the database. The evaluation criteria used were: (1) 
the article was published in English, (2) the AMP level 
was determined, and (3) the in vivo experiment used 
a fast-growing broiler. If an article consisted of two or 
more experiments, the experiments were individually 
encoded. In total, there were 36 experiments used for 
meta-analysis that comprised of 111 data points, as 
depicted in Table 1. This meta-analysis study followed 
the preferred reporting items for systematic review and 
meta-analysis protocols (PRISMA-P) (Shamseer et al., 
2015).

The addition levels of AMP were varied, in a range 
of 0 (control) to 600 mg kg-1 of diet. The used AMP was 
derived from animal tissue purification (e.g., swine 
antibacterial peptides, lactoferrin, and bee venom), 
recombinant products (i.e., microcin J25, AMP-A3, 
and AMP-P5), and plant-based protein extraction (i.e., 
bioactive peptides from canola, sesame, and soybean). 
Broilers were maintained in two phases: starter (ranged 
between 1-21 days) and finisher (ranged between 22-42 
days). Broiler strains used in the meta-analysis were var-
ied, namely Arbor Acres, Cobb 500, Lingnan, Lohmann, 
Hubbard, and ROSS 308.

The assessed variables were the number of bacteria 
(e.g. Clostridium spp., Escherichia coli, coliform, lactic acid 
bacteria (LAB), and total aerobic bacteria (TAB)), im-
mune responses (e.g., immunoglobulin A (IgA), immu-
noglobulin M (IgM), cluster of differentiation 3 (CD3), 

cluster of differentiation 4 (CD4), antibody titer, bursal 
index, spleen index, and thymus index), and antioxidant 
activity (e.g., total superoxide dismutase (TSOD), total 
antioxidant activity (TAA), and superoxide dismutase 
activity (SOD activity)). Data on growth performance, 
carcass characteristics, and small intestinal morphology 
were excluded since they were presented in a separate 
paper and submitted elsewhere (Sholikin et al., 2020).

Data Analysis
	
Data analysis was performed in R software version 

3.6.3 with additional packages such as “nlme” and “ti-
dyverse” (Bates et al., 2015; Pinheiro et al., 2020; R Core 
Team, 2020). Linear mixed models (LMM) methodology 
was performed for the present meta-analysis. The ad-
dition level of AMP was fixed effects, while the experi-
ment was random effects (Gałecki & Burzykowski, 2013; 
Sauvant et al., 2008; St-Pierre, 2001). The mathematical 
model follows the following equation.
Yij= b0 + b1Levelij + Experimenti + ExperimentiLevelij + eij (1)

Yij= b0 + b1Levelij + b2Level2
ij + Experimenti + ExperimentiLevelij + eij	

(2)

where (1) linear mixed model of the 1st order 1, (2) 
linear mixed model of the 2nd order, Yij was dependent 
variable, β0 was overall intercept across all studies 
(fixed effect), β1 was linear regression coefficient of 
Y on Level (fixed effect), β2 was quadratic regression 
coefficient of Y on Level (fixed effect), Levelij was 
value of the continuous predictor variable (AMP addi-
tion level), Experimenti was random effect of study i, 
ExperimentiLevelij was random effect of study i on the 
regression coefficient of Y on Level in study i, eij was 
the unexplained residual error. The p-value, root mean 
square error (RMSE), and Akaike information criterion 
(AIC) were used to evaluate the suitability of statistical 
models (Gałecki & Burzykowski, 2013; Chai et al., 2014). 
If the p-value was less than or equal to 0.05, the result 
was significant. In addition, there was a tendency to be 
significant if only the p-value ranged between 0.05 and 
0.1.

RESULTS

The effects of the AMP addition level on the num-
ber of bacteria are shown in Table 2. In the ileum, the 
number of bacteria (coliform and TAB) linearly declined 
(p<0.05) with the increasing AMP level in the starter 
broiler. Similarly, Escherichia coli population linearly 
decreased (p<0.05) due to the AMP addition for the fin-
isher broiler, while the TAB tended to decrease linearly 
(p<0.1). In the caecum of the starter broiler, there was a 
linear decrease of bacterial numbers, such as Clostridium 
spp., coliform, Escherichia coli, and LAB (p<0.05) follow-
ing the AMP addition. Meanwhile, the TAB tended to 
have a linear increase in finisher broiler (p<0.1). In the 
excreta of the starter broiler, the number of Clostridium 
spp. tended to decline linearly (p<0.1). The other bacte-
ria species in the small intestine were not affected by the 
AMP addition.
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The AMP addition possessed a linear pattern on 
immune response (p<0.05) and antioxidant activity 
(p<0.1) of the broiler (Table 3). In the starter phase, AMP 
addition linearly increased (p<0.05) ND antibody titers 
and lymphoid organs (i.e., bursal index, spleen index, 
and thymus index). Similarly, immunoglobulin and 
complement (IgM; CD4), ND antibody titer, and the 
spleen organs of the finisher broiler increased in a linear 
pattern due to AMP addition (p<0.05; Table 3), whereas 
IgA and CD3 were not affected. The effect of AMP ad-
dition tended (p<0.1) to linearly elevate SOD activity, 
while TAA was not influenced in finisher broiler. The 
addition of AMP did not affect TSOD in the starter 
broiler.

A previous study by Sholikin et al. (2020) showed 
that optimal AMP levels based on feed conversion ratio 
variables were 337, 359, and 371 mg kg-1 in the starter, 
finisher, and total phases, respectively. The reduction of 
total Clostridium spp. was following equation (3). This 
was reduced by 8.85% or from 7.24 to 6.60 log10 cfu g-1. 
The normal rate of Clostridium spp. ranged from 7.15 up 
to 7.27 log10 cfu g-1 at the ileum of broiler starter (Choi 
et al., 2013b; Chowdhury et al., 2018). Based on equation 
(4), IgM increased to about 49.33% from 0.58 to 0.87 g 
L-1. The IgM under normal conditions by Ma et al. (2019) 
is 0.50 g L-1. Based on equation (5), SOD activity in-
creased from 9.35 up to 21.92% inhibition. Karimzadeh 
et al. (2017b) reported that normal broiler SOD activity 
was 11.40% inhibition.

YClostridiumspp.=7.24 - 0.00191Xlevel; (p = 0.007)	 (3)

YIgM=0.58 + 0.000797Xlevel; (p = 0.037)		  (4)

YSODactivity= 9.35 + 0.0351Xlevel; (p = 0.01)		  (5)

where (3) Clostridium spp. regression equation based 
on Table 2 row 10, (4) IgM regression equation based 
on Table 3 row 2, (5) SOD activity regression equation 
based on Table 3 row 17, Y was dependent variable 
(variable), and X was independent variable (level of 
AMP).  

DISCUSSION

Effect of AMP Addition on Bacteria Population in The 
Small Intestine of Broiler

In general, AMP addition is able to reduce the 
number of pathogenic bacteria in the small intestine of 
broiler both in starter and finisher phases. Pathogenic 
bacteria in the small intestine may cause a variety of 
negative effects, especially tissue damage and also the 
production of toxic compounds. The accumulation of 
toxic compounds leads to the emergence of various 
types of metabolic diseases and may reduce growth 
performance, nutrient digestibility, and immune re-
sponse. With regard to the effect of AMP on pathogenic 
bacteria, the present finding highlights the reduction 
of the number of Clostridium spp. Clostridium spp. is a 
gram-positive bacterium that causes botulism (Chalk et 
al., 2019; Johnson, 2019). The percentage of Clostridium 
spp. found in the ileum and the caecum of broiler were 

9.69% and 39.26% of total bacteria, respectively (Lu 
et al., 2003). Choi et al. (2013a) reported the decline of 
Clostridium spp. in the excreta due to AMP-A3 addition 
(starter and finisher phase). The decline of Clostridium 
spp. is possibly due to the ability of AMP in the form 
of cecropin-A-maganin-2 (CAMA) to inhibit or even 
kill gram-positive bacteria (Vizioli et al., 2000). CAMA 
is composed of an amphipathic terminal base in CA 
and N-terminal (hydrophobic region) base in MA that 
both terminals were effective in damaging bacterial cell 
membranes (Park & Yoe, 2017a; Xiao et al., 2015; Yue et 
al., 2020; Zhang et al., 2017).

Escherichia coli and TAB are categorized as coliform 
group bacteria (Malcolm, 1938). Coliform possesses 
several characteristics, such as gram negative, lactose 
base energy source, and aerobic or anaerobic faculta-
tive (Malcolm, 1938). Bacteria in this group were able to 
produce various types of toxic such as indole, skatole, 
and thionine that may trigger cancer and cause diarrhea 
(Anabrees et al., 2013; Girard & Bee, 2020). The present 
study confirms the reduction of coliform bacteria num-
bers like Escherichia coli in the ileum and caecum due 
to AMP addition. This finding was in accordance with 
previous studies that showed the reduction of coliform 
bacteria in the ileum after the addition of AMP-P3, 
lysozyme, and sesame meal bioactive peptide (Choi et 
al., 2013b; Gong et al., 2017; Salavati et al., 2019). Some 
types of AMP, such as cecropin (isolated from Hermetia 
illucens) and lysozyme were also effective in inhibiting 
gram negative bacteria like Escherichia coli (Pellegrini 
et al., 1992; Park & Yoe, 2017a). Lysozyme was able to 
hydrolyze cell walls of both gram-positive and gram-
negative bacteria that are composed of peptidoglycan 
(Ragland & Criss, 2017). The number of TAB decreased 
in the small intestine and also feces due to the addition 
of AMP in the form of AMP-A3, AMP-P5, cecropin, and 
recombinant plectacin (Choi et al., 2013b; 2013a; Ma et 
al., 2019; Wen & He, 2012). 

In contrast to the present finding, Salavati et al. 
(2019) reported increased LAB number due to lysozyme. 
Those different findings might be related to the diversity 
of interactions of AMP against various types of LAB. 
For instance, lysozyme was reported to have inhibitory 
activity against several types of LAB like Lactobacillus 
brevis (Tribst et al., 2008). Lüders et al. (2003) reported 
that LAB such as Lactobacillus curvatus LTH1174 and 
Pediococcus acidilactici LMG 2351 were capable of pro-
ducing AMPs Curvacin A and Pediocin PA-1.

The reduction of Clostridium perfringens population 
for about 10.9% increased the population of LAB in 
the ileum for about 2.3% (Askelson et al., 2018). Based 
on 16S rDNA sequences, the number of Lactobacillus 
spp. in the ileum of the broiler was around 67% of 
total bacteria (Lu et al., 2003). Lactobacillus spp. could 
adhere to the small intestine walls and also capable of 
producing organic acids such as short chain fatty acids 
(e.g., butyric, propionic, and acetic) and also lactic acid 
(Rowland et al., 2018). These organic acids reduce pH in 
the small intestine and provide energy available for epi-
thelial cells (Krajmalnik-Brown et al., 2012; Shang et al., 
2018). Energy availability increases cell metabolism so 
that small intestinal morphology could be maintained. 
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In addition, LAB and Bacillus subtilis were reported to 
increase gene expression from mucin that was useful 
for maintaining mucosa thickness (Aliakbarpour et al., 
2012).

Effect of AMP Addition on Immune Response and 
Antioxidant Activity of Broiler

	
Generally, AMP addition positively affects the 

broiler immune response such as immunoglobulin, 
complement, ND antibody titer, and lymphoid organs. 
Immunoglobulin is the product of B cells (humoral im-
munity) used to fight antigens (Schat et al., 2013). IgA 
serves an important role in mucosal immunity (in parts 
of body’s secretory organs, respiratory tract, digestive 
tract, and skin surface) to prevent the attachment of bac-
teria and viruses to the mucous membrane (Bonner et 
al., 2009; Fagarasan & Honjo, 2003; Macpherson & Slack, 
2007; Schat et al., 2013). Meanwhile, IgM has a role as a 
binder of bacteria that attached to the mucosa (Jazayeri 
et al., 2019; Murguia-Favela et al., 2017; Sharma, 2017). 
Complement is a part of cellular immunity and has an 
important role in T lymphocytes. The function of CD3 
is to activate cytotoxic T cells and T helper cells, while 
CD4 is a receptor of T helper cells that act as a marker 
(communicating with antigen-presenting cells) (Schat 
et al., 2013). Similar to the finding of Bai et al. (2019), 
the lymphoid organ index was reported to increase 
in this study. The thymus is the site of differentiation 
of T lymphocytes, while the bursa of fabricius is a site 
of maturation of B lymphocytes (Schat et al., 2013). In 
line with the improvement of serum immunoglobulin 
and complement variables, broilers challenged by the 
Newcastle disease virus and given AMP could increase 
their antibody titers in both starter and finisher phases. 
Similar findings by Bai et al. (2019) who used cecropin 
and seaweed powder to increase antibody titers. The 
increase of IgM, CD4 cell, the lymphoid organ index, 
and antibody titer have a positive effect on the immune 
status of broilers. AMP increased innate and adaptive 
immunity by improving proinflammatory and anti-in-
flammatory modulation, chemotaxis activity, and direct 
effects on adaptive immunity (Wang et al., 2016). AMP 
increased the number of T cells and their proliferation 
products in blood peripherals and also increased IgG, 
IgM, and IgA in pigs (Ren et al., 2015; Yuan et al., 2015).

Antioxidant activity of broiler could be assessed 
based on its SOD activity status. A similar result to the 
present finding, Karimzadeh et al. (2017b) reported the 
increase of SOD activity in broilers at 42 days by AMP 
addition in the form of recombinant plectacin. SOD is an 
enzyme for neutralizing the activity of free radicals such 
as peroxide and super peroxide (Corpas et al., 2006). The 
proline or arginine-rich AMP (PR-39) proved to inhibit 
the activity of nicotinamide adenine dinucleotide phos-
phate oxidase (NADPH oxidase) from polymorpho-
nuclear leukocytes by blocking the assembly of these 
enzymes (Ikeda, 2001). The NADPH oxidase itself is the 
main source of super peroxide. The ability of AMP to 
suppress free radicals was reported through two main 
mechanisms, i.e., increasing SOD activity and catalyz-
ing enzymes, and damaging the integrity of NADPH 

oxidase that is influenced by the activity of N-terminal 
groups and carboxylic acid groups (Ikeda, 2001; Xiao et 
al., 2015).

CONCLUSION 

The present meta-analysis revealed the effect of 
AMP addition in the form of the decline, not only the 
number of Clostridium spp. at the caecum and excreta in 
starter broiler but also the number of Escherichia coli at 
the ileum in finisher broiler and at the caecum in starter 
broiler. Moreover, the number of coliforms at the ileum 
and the caecum in the starter broiler and TAB at the il-
eum in the starter and finisher broiler were decreased as 
the effect of the addition of AMP. The immune response 
and antioxidant activity of the broiler could also be im-
proved as indicated by the positive responses of serum 
immunoglobulin M and cluster of differentiation 4, anti-
body titer, index of lymphoid organs, and SOD activity.
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