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Abstract

Sugiharto, S. (2021). Combined use of probiotics and other active ingredients in broiler production during free 
antibiotic period - an update review. Bulg. J. Agric. Sci., 27 (4), 667–676

Probiotics has gaining a great attention from broiler producers during the post-antibiotic era. The application of such 
bioactive substance is actually expected to safely substitute the use of antibiotic growth promoters in broiler production. Yet, 
their efficacy as in-feed antibiotic substitute for broiler chickens is erratic. The combined use of probiotics and other active 
compounds, such as prebiotics, phytobiotics, enzymes and organic acids, is subjected to improve the potential of probiotic in 
promoting the growth and wellbeing of broiler chickens. The synergistic or complementary effect between probiotics and other 
active ingredient would be greatly beneficial for the production and health of broilers more than either supplement adminis-
trated on its own. This review aimed to update the use of probiotics simultaneously with other active compounds in broiler 
production. The possible synergistic effect between probiotics and its counterpart on broiler production is also investigated in 
this present review. Overall, some studies reported that the combined administration of probiotics and other active ingredients 
resulted in synergistic or complementary effects, while other studies pointed out no mutual supportive effect between probiot-
ics and its counterpart on broiler production. 
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Introduction

Antibiotic growth promoters for broiler production are 
no longer used in various part of the world. This is due to the 
concerns about the presence of antibiotic residues in broiler 
chicken meat so that it can endanger human health. Indeed, 
the retraction of antibiotic growth promoters from broiler ra-
tions has encouraged the nutritionists to look for the safe and 
natural substitute for antibiotic growth promoters for broiler 
production (Dittoe et al., 2018). The substitute for antibiotic 
growth promoters is inevitability for modern broiler strains 
as the withdrawal of in-feed antibiotics is attributable to the 
increased rate of mortality and morbidity in broiler farms. 
Probiotic is one of the most popular alternatives for in-feed 
antibiotic for broiler production. This is a living microorgan-

ism, which in a certain amount, can improve the balanced 
intestinal microbial ecosystem, immune development and 
hence health and production parameters of host (Sugiharto, 
2016). Other active ingredient that has usually been used in 
broiler production is prebiotics. Prebiotics may be defined as 
the substances that are resistant to the digestive activities of 
host but can be utilized as the substrates for the microorgan-
isms, and thus conferring the beneficial impacts on health and 
production parameters of the host (Markowiak & Śliżewska, 
2018). Phytobiotics or phytochemical compounds represent 
a broad variety of plant-derived compounds including herbs, 
essential oils and oleoresins (Gheisar & Kim, 2018). Fol-
lowing the withdrawal of in-feed antibiotics, phytobiotics 
has gained more attention to maintain the health status and 
growth potential of broilers. In general, phytobiotics can be 
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introduced to the diets of broilers by stimulating the immune 
response, balancing the intestinal microbial ecosystem, im-
proving feed characteristics, promoting the production effi-
ciency and enhancing the quality of broiler meats (Sugiharto, 
2016; Gheisar & Kim, 2018). Enzyme is another bioactive 
ingredient that is usually supplemented into diets to maxi-
mize the growth rate of broilers. The enzyme supplementa-
tion is attributed to the improvement in nutrient digestibility 
and utilization, and hence the growth capacity of broilers 
(Singh et al., 2019). Organic acid, which is an organic sub-
stance with acidic characteristic, is other active compound 
that is promising to replace in-feed antibiotics in broiler hus-
bandry. Dittoe et al. (2018) revealed that organic acid can 
alter the pH of gastrointestinal tract and thereby improving 
the microbial composition and morphology of the gastroin-
testinal tract of broilers. The latter condition could therefore 
improve the immune defense and digestive and absorptive 
capacities of the intestine of broilers (Sugiharto, 2016; Dit-
toe et al., 2018). 

During the post-antibiotic era, probiotics have widely 
been used in broiler production. Yet, various reports showed 
that the efficacy of probiotics in altering the role of in-feed 
antibiotics is inconsistent. Hussein et al. (2020a) reported the 
positive effect of Bacillus-based probiotic on the weight of 
broilers at day 35 of age. Also, Machado et al. (2020) ob-
served that the probiotic (not specified) treatment increased 
the growth performance of broilers as compared to control. 
In contrast to these above studies, Bai et al. (2013) document-
ed that dietary supplementation of probiotic (Saccharomyces 
cerevisiae and Limosilactobacillus fermentum) did not ex-
ert any substantial impact on the final body weight of broil-
ers. Likewise, Olnood et al. (2015) observed no influence 
of Lactobacillus-based probiotic on broiler growth. Sever-
al arguments may explain the inconsistent data on growth 
of broilers due to probiotic administration. Blajman et al. 
(2014) suggested that variations in weight gain of broilers 
with dietary administration of probiotic could be attributable 
to the disparities in species/strains of probiotic microorgan-
isms, level or number of colonies of probiotic microorgan-
ism, routes of delivery (either through feed or water) and 
duration of the broiler experiment. Also, the composition of 
feeds and the conditions of experiment (e.g., hygiene level, 
stress and ages and strains of broilers) may assign the impact 
of probiotics on the production performance and wellbeing 
of broilers. 

Improving the effectiveness of probiotics as the alterna-
tive to antibiotic growth promoters is beneficial for the sus-
tainable broiler production during the post-antibiotic period. 
Recently, there has been a growing interest in combining 
of probiotics and other functional ingredients to further im-

prove the efficacy of probiotics in promoting the productive 
and health performance of broilers more than either additive 
applied on its own (Sugiharto, 2016; Rodjan et al., 2018; 
Sugiharto et al., 2019). It is expected that the combined ap-
plication of probiotics and other active compounds can exert 
a synergistic or complementary effect to each other (Boli-
var et al., 2018), and thus further improve the efficacy of 
probiotics as the substitute to antibiotic growth promoters 
for broilers. The current review aimed to update the infor-
mation regarding the use of probiotics simultaneously with 
other active compounds in broiler production. The review 
also investigated the possible synergistic or complementa-
ry impact of probiotics and its counterpart on production of 
broiler chickens.

Combined Use of Probiotics and Prebiotics in 
Broiler Production

Probiotics as well as prebiotics have widely been used 
in broiler production to maintain the maximum growth and 
health of poultry during post-antibiotic era. Apart from its 
beneficial impacts, the application of probiotics or prebiotics 
separately has frequently been reported to be inconsistent in 
supporting the growth and health performances of broilers 
(Sugiharto, 2016; Markowiak & Śliżewska, 2018). The sur-
vival and stability of probiotics in the gut are the key factors 
determining the effectiveness of probiotics in exerting posi-
tive influences on broilers. While, the efficacy of prebiotics 
on broiler production and wellbeing greatly depend on the 
compound specificity, doses and time of administration of 
prebiotics (Markowiak & Śliżewska, 2018). Indeed, prebi-
otics can provide energy and nutrients for probiotic micro-
organisms particularly in the intestine of broilers. For this 
reason, the simultaneously use of probiotics and prebiotics 
could be directed to promote the survival and stability of 
probiotics in the gastrointestinal tract of broilers (Markowi-
ak & Śliżewska, 2018). In general, the combined application 
of probiotics and prebiotics is called as synbiotics. 

The use of synbiotics (a mixture of probiotics and pre-
biotics) in broiler production has been reported by several 
authors. Tayeri et al. (2018) revealed that dietary inclusion 
of synbiotics produced better growth rate, feed conversion 
and carcass characteristic of broiler chickens relative to ad-
ministration of probiotics (mixture of Lactiplantibacillus 
plantarum subsp. plantarum, Lactobacillus acidophilus, 
Lactobacillus delbrueckii subsp. bulgaricus, Lacticasei-
bacillus rhamnosus, Enterococcus faecium, Aspergillus 
oryzae, Bifidobacterium bifidum, Streptococcus salivarius 
subsp. Hermophilus and Candida pintolopesii) or prebiotics 
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(polysaccharides derived from Astragalus membranaceus) 
alone. Dietary administration of synbiotics also generated 
more superior immune system of broiler than that of indi-
vidual administration of probiotic or prebiotics (Tayeri et 
al., 2018). In agreement, Kamel & Mohamed (2016) report-
ed that dietary supplementation of synbiotics (Baymix® 
GrobigTM + Cel-Max dryTM) resulted in more superi-
or final body weight and feed efficiency of Ross broilers 
than that of probiotics (Baymix® GrobigTM) or prebiotics 
(Cel-Max dryTM) alone. The eminent growth performance 
was also reported by Abdel-Hafeez et al. (2017) in synbi-
otics (half amount of probiotics and prebiotics) fed broilers 
when compared with that of fed probiotics (Bacillus li-
cheniformis and Bacillus subtilis) or prebiotics (phosphor-
ylated mannan-oligosaccharides isolated from the cell wall 
of Saccharomyces cerevisiae) alone. Likewise, Kırkpınar 
et al. (2018) noticed that combination of probiotics (Strep-
tococcus salivarius subsp. thermophilus, Lactobacillus 
acidophilus, Lactobacillus delbrueckii subsp. bulgaricus, 
Lactiplantibacillus plantarum subsp. plantarum, Lactica-
seibacillus rhamnosus, Enterococcus faecium, Bifidobac-
terium bifidum, Asperigillus oryzae and Candida pintolop-
pesii) and prebiotics (Aspergillus meal) resulted in better 
live weight gain in broiler chickens relative to single ad-
ministration of probiotics or prebiotics. Dizaji et al. (2012) 
also documented that dietary supplementation of synbiot-
ics resulted in greater weight of broiler at 42 days of age 
as compared to that of probiotics supplementation. Higher 
body weight was also shown by Das et al. (2016) when 
feeding commercial synbiotics (Nutriferm + Protexin) to 
broiler chickens when compared with feeding commercial 
probiotics (Protexin). Moreover, Al-Sultan et al. (2016) 
reported that dietary synbiotics (blend of Enterococcus 
faecium and oligosaccharides) supplementation resulted in 
more superior live weight at day 42 relative particularly 
to commercial prebiotic (mannan-oligosaccharides) sup-
plementation. Compared to the individual administration 
of commercial probiotic (Saccharomyces cerevisiae-based 
probiotics) or prebiotic (mannan-oligosaccharides), feed-
ing synbiotics (Saccharomyces cerevisiae and mannan-oli-
gosaccharides) showed more improved feed conversion 
ratio of broilers in the study of Abdel-Raheem et al. (2012).  
Wang et al. (2016) further reported that dietary inclusion of 
probiotic (Bacillus subtilis) in combination with prebiotic 
(mannan-oligosaccharides and β-glucans) delivered high-
er final body weight and feed efficiency compared to the 
use of prebiotic alone. Moreover, Sohail et al. (2013) doc-
umented that the combination of probiotic mixture (Lacti-
plantibacillus plantarum subsp. plantarum, Lactobacillus 
delbrueckii subsp. bulgaricus, Lactobacillus acidophilus, 

Lacticaseibacillus rhamnosus, Streptococcus thermoph-
ilus, Bifidobacterium bifidum, Enterococcus faecium, As-
pergillus oryzae and Candida pintolopesii) and prebiotic 
(mannan-oligosaccharide) resulted in greater weight gain 
as compared to the supplementation of probiotic or prebi-
otic separately to broilers exposed to heat stress at 42 days 
of age. 

The synergistic improvement in digestive and absorptive 
capacity of broilers by probiotic and prebiotic is most likely 
be attributed to the further improved nutrient utilization and 
hence growth rate of broilers. Beski & Al-Sardary (2015) 
reported that dietary use of synbiotics (blends of Lactoba-
cillus acidophilus, Bifidobacterium, Bacillus subtilis and 
Saccharomyces cervisiae and fructooligosaccharide derived 
from Jerusalem artichoke) resulted in higher villus height 
of ileum of broilers when compared with that of probiotics 
(Lactobacillus acidophilus, Bacillus subtilis, Bifidobacteri-
um and Saccharomyces cervisiae) alone. Also, Al-Baadani 
et al. (2016) showed that synbiotics treatment increased 
jejunal villus height and surface area of broiler challenged 
with Clostridium perfringens when compared with that of 
probiotics (Bacillus subtilis) or prebiotics (mannan-oligo-
saccharides and β-1, 3 glucanes and derived from the cell 
membrane of Saccharomyces cerevisiae) individually.  The 
latter condition may then contribute to the increased absorp-
tive capacity of chickens. This inference was supported by 
Al-Sultan et al. (2016) showing the synergistic positive ef-
fect of probiotic (Enterococcus faecium) and prebiotics on 
villus height, crypt depth, villus height to crypt depth ratio 
along the small intestinal segments of broilers relative to 
probiotic or prebiotic alone. In agreement, Çalık et al. (2017) 
reported synergistic effect between probiotic Paenibacillus 
xylanexedens and prebiotic lactulose in enhancing the villus 
height of broilers, relative to treatment with probiotic alone. 
The synergistic effect of probiotic and prebiotic in improv-
ing the intestinal microbial ecosystem may also contribute to 
the further promotion of health status and thus growth rate of 
broilers. In this case, the synergistic positive effect of probi-
otic (Enterococcus faecium) and prebiotics on total bacteria 
and lactose fermenter bacteria along the intestine of broiler 
relative to probiotic or prebiotic alone was demonstrated by 
Al-Sultan et al. (2016). The further improvement on immune 
properties of broilers may also be associated with the im-
proved health of chickens, as Ghasemi & Taherpour (2013) 
reported that synbiotics (combination of Enterococcus fae-
cium NCIMB 10415 and oligosaccharides extracted from 
chicory root) treatment resulted in better immune response 
(serum anti- sheep red blood cell [SRBC] antibody titers) of 
broilers at 41 days of age, when compared with individual 
probiotic (Enterococcus faecium NCIMB 10415) or prebiot-
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ic (oligosaccharides extracted from chicory root) treatment. 
Beyond of the above beneficial effects, the mixture of 

probiotic and prebiotic may not always result in complemen-
tary effect on growth and health of broilers. In their report, 
Ghasemi & Taherpour (2013) did not show any further im-
provement to probiotic or prebiotic effect on productive pa-
rameters and intestinal histology of broiler chickens when 
these active components were combined. Also, Çalık et al. 
(2017) reported no synergistic effect of probiotic Paeniba-
cillus xylanexedens either with prebiotic inulin or prebiotic 
lactulose in term of growth performance of broilers. Mo-
hammed et al. (2016) also did not see any synergistic influ-
ence of probiotic and herbal-based prebiotics on the growth 
achievement of broilers. Moreover, Mookiah et al. (2014) 
did not see any synergistic impact between probiotics and 
prebiotics in growth rate and intestinal ecology of broilers. 
The absent synergistic impact between probiotic (Lactoba-
cillus acidophilus, Pediococcus acidilactici, Lacticaseiba-
cillus casei, Bacillus subtilis and Saccharomyces boulardii) 
and probiotic (mannan-oligosaccharide) was also reported 
by Saiyed et al. (2015) on growth performance of broilers. 
In addition, Murate et al. (2015) found that synbiotics (85% 
of the probiotic + 15% of the prebiotic) did not affect Sal-
monella enterica serovar Enteritidis infection in broilers as 
compared to probiotics (Lactobacillus acidophilus, Lactica-
seibacillus casei, Bacillus subtilis, Bifidobacterium longum 
and Enterococcus faecium) or prebiotics (fructooligosac-
charide, inulin, mannan-oligosaccharide and oligosaccha-
ride) alone. Indeed, Abdel-Raheem et al. (2012) showed that 
feeding synbiotics (combination of Saccharomyces cerevi-
siae and mannan-oligosaccharides) decreased the numbers 
of Lactobacilli in duodenum of broilers as compared to pre-
biotic (mannan-oligosaccharides) administration alone. The 
inconsistent results regarding the combined use of probiotics 
and prebiotics could not be definitely explained. However, 
there are some sources of variations that can elucidate the 
above conditions, including the types, species and strains 
of microbes used as probiotics, the types of prebiotics, the 
doses of probiotics and prebiotics, the breeds or strains of 
broilers and other experimental conditions. In their study, 
Çalık et al. (2017) clarified that the disparity in outcomes 
can be due to the various prebiotics used in combination with 
probiotics. In such case, they pointed out that combination of 
Paenibacillus xylanexedens and lactulose resulted in higher 
villus height of broilers relative to the combination of Paeni-
bacillus xylanexedens and prebiotic inulin or Paenibacillus 
xylanexedens alone. With regard to the effect of breeds and 
strains of broilers, Kamel & Mohamed (2016) documented 
that the effect of synbiotics on growth performance varied 
between Cobb and Ross broilers.       

Combined Use of Probiotics and Phytobiotics 
in Broiler Production

Probiotics and also phytobiotics have been explored as 
the alternative for antibiotic growth promoters in broiler 
production for decades. Yet, the data regarding the effect 
of probiotics as well as phytobiotics seem to be variable, as 
some studies reported the positive while the other studies 
reported no effect (Sugiharto, 2016; Duskaev et al., 2018). 
Data obtained from the in vitro study (Prakasita et al., 2019) 
showed that herbal extract (i.e., red ginger [Zingiber offi-
cinale var. Rubrum], wild ginger [Curcuma xanthorrhiza] 
and turmeric [Curcuma domestica] possessed promot-
ing effect on the growth of Lactobacillus acidophilus and 
Levilactobacillus brevis. Owing to this fact, the possible 
synergistic effect between probiotics and phytobiotics is 
therefore interesting to be further investigated (Ren et al., 
2019). Indeed, the application of phytobiotics could be ex-
pected to further improve the growth- and health-promoting 
effect of probiotic in vivo. Ferdous et al. (2019) have re-
cently reported that the combined use of commercial pro-
biotics (Bio-Top®) and phytobiotics (Galibiotic®) resulted 
in better final body weight as compared especially to the 
use of phytobiotics (Galibiotic®) alone. Elkhouly et al. 
(2016) also revealed that combination of probiotic (Pedi-
ococcus acidilactici, Acetobacter aceti, Pediococcus pen-
tosaceus and Bacillus amyloliquefaciens) and phytobiotics 
(Orego-stim® containing a- pinene, sabinene, camphene, 
B-pinene, Myrecene, aphellandrene, Limonene, a-ter-
pinene, 1.8 cineole, B-Ocimene, Trpinolene, 1-Octn-3-o 
1, trans-Sabinene hydrate, Linalool, Cis-sabinene hydrate, 
terpinrn-4ol, a-Terpineol, borneol, BBisabolene, carvacrol, 
y-terpinrnr, p- cymene and thymol) produced more superior 
growth performance than that of probiotic or phytobiotic 
alone to broilers infected with Eimeria spp. It is very likely 
that the use of probiotics in combination with phytobiot-
ics further improves the gut ecology and thereby digestive 
functions of broiler intestine. This inference is supported 
by Ren et al. (2019) documenting the synergistic effect be-
tween probiotic (Ligilactobacillus salivarius and Ligilacto-
bacillus agilis) and commercial phytobiotics (not specified) 
in improving the intestinal microbiota population of broil-
ers. The latter report is actually supported by Prakasita et 
al. (2019) as mentioned above (regarding the stimulating 
effect of herbs on probiotic growth). In other studies, the 
combination of probiotic and phytobiotics further improved 
immune status (Elkhouly et al., 2016; Dong et al., 2019), 
which may then be attributed to the more allocation of en-
ergy for growth instead of for maintenance and recovery.  
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Different from the above studies, Hussein et al. (2020a) 
found no complementary effect of live probiotics (CloStat, 
Bacillus subtilis) and phytobiotics (Sangrovit Extra, san-
guinarine and protopine) on the growth and carcass traits of 
broilers. In other study, Hussein et al. (2020b) also reported 
no symbiotic effect between probiotics (CloStat, Bacillus 
subtilis) and phytobiotics (Sangrovit Extra, sanguinarine and 
protopine) on the feed intake, final body weight and feed 
conversion ratio as well as intestinal histomorphometric 
traits of broilers challenged with Clostridium perfringens. In 
line with this, Alfaig et al. (2013) noticed no further influ-
ence on the carcass traits of broilers upon the use of com-
bined probiotic Bacillus subtilis PB6 and thyme essential oil 
(Thymus vulgaris L.) compared to the single use of such pro-
biotics and phytobiotics. In agreement, Duskaev et al. (2018) 
found no synergistic effect between probiotic (Lactobacillus 
acidophilus and Bifidobacterium Adolescentis) and phyto-
biotic (extract of Quercus cortex) on growth performance, 
immunity and health of broiler chickens. Dong et al. (2019) 
further reported that the use of probiotic (Enterococcus fae-
calis) in combination with phytobiotic (Camellia oleifera 
seed extract) did not exert synergistic impact on the growth 
rate of broilers challenged with Escherichia coli K88. It is 
very possible that variations in species, strains and doses of 
probiotics as well as the differences in types, sources and 
levels of phytochemical compounds may explain the diver-
gent results regarding the use of probiotics simultaneously 
with phytobiotics on broiler chickens. 

Combined Use of Probiotics and Enzymes in 
Broiler Production

Probiotic has been attributed to the improvement of gut 
microbial ecosystem and morphology, and, thus, intestinal 
digestive and absorptive functions of broilers. To maximize 
the digestive functions of the intestine, exogenous enzymes 
have commonly been incorporated to broiler feed (Sugiharto, 
2016). Recently, there has been a great interest to combine 
probiotics and enzymes to exert further benefits than pro-
biotics or enzymes alone. Earlier study by Momtazan et al. 
(2011) documented that a combination of probiotics (mixture 
of Lactobacillus acidophilus, Lacticaseibacillus casei, Bi-
fidobacterium bifidum, Enterococcus faecium) and enzyme 
complex (β-glucanase, α-amylase, cellulase, protease and 
lipase) improved the performance of broiler more than either 
supplement used on its own. In addition, Rahman et al. (2013) 
revealed that a combination of probiotics (Microguard®) and 
enzymes (Achmezyme®) produced better final body weight 
of broiler compared to single administration of probiotic or 

enzyme. Ali et al. (2018) also documented that a combina-
tion of probiotic (Companilactobacillus farciminis CNCM 
MA67/4R) and enzyme (endo-1, 4-β-xylanase, α-amylase 
and protease) resulted in higher final body weight compared 
to single administration of probiotic and enzyme. The further 
improvement in digestibility and nutrient utilization seems 
to be attributable to the enhanced growth rate of broiler treat-
ed with mixtures of probiotics and enzymes. In such case, 
Singh et al. (2019) found that the blends of probiotics (Ba-
cillus sp.) and multi-enzymes (amylase, xylanase and prote-
ase) improved the nutrient utilization in broilers to a greater 
extent than by the single use of the additives. Moreover, the 
improved health status could also be attributed to the further 
improvement in growth performance of broilers treated with 
a mixture of probiotic and enzymes. Hosseini et al. (2017) 
documented that a mixtures of Bacillus-based probiotic and 
enzyme (carbohydrase) improved cellular immunity as indi-
cated by the higher response or reaction to dinitrochloroben-
zene and phytohemagglutinin after stimulation for 24 hours 
and the increased antibody titers toward Newcastle disease 
virus as well as the increased relative weight of lymphoid 
organs (spleen). Interesting finding was reported by Singh 
et al. (2019), in which Probiotic and multi-enzyme supple-
mentation would be complementary to each other in nutri-
tionally balanced feeds, and their combination would have a 
more pronounced influence on high-fiber diets than low-fi-
ber diets. On this basis, the combination of probiotics and 
enzyme seems to be more beneficial when the poultry are 
fed low-quality diets. 

Unlike the above-mentioned studies, a number of stud-
ies have documented the lack of synergistic effect between 
probiotics and enzyme on growth of poultry. Agboola et al. 
(2015a) reported no synergistic effect of probiotics (Saccha-
romyces cerevisiae and Lactobacillus sporogenes) and en-
zyme (carbohydrase) on the growth rate of broiler chickens 
compared to individual treatment with probiotic or enzyme 
alone. Likewise, Hosseini et al. (2017) did not find any syn-
ergistic effect of Bacillus-based probiotic and enzyme (car-
bohydrase) on gain of weight and feed efficiency of broiler 
strain. Wealleans et al. (2017) also reported that a combina-
tion of multi-strain Bacillus probiotic and multi-enzyme (xy-
lanase, amylase and protease) could not further improve the 
growth performance and feed efficiency of broiler chickens 
when compared with the individual treatment using probi-
otic or multi-enzymes. Also, Kırkpınar et al. (2018) report-
ed that the blends of probiotics (Lactobacillus delbrueckii 
subsp. bulgaricus, Streptococcus salivarius sub sp. thermo-
philus, Lactobacillus acidophilus, Lacticaseibacillus rham-
nosus, Lactiplantibacillus plantarum subsp. plantarum, Bi-
fidobacterium bifidum, Candida pintoloppesii, Enterococcus 
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faecium and Asperigillus oryzae) and commercial enzyme 
complex (protease, cellulose, amylase, xylanase, endo-1,3; 
1,4-beta glucanase, lipase and -glucosidase, phytase) had 
no complementary impact on the growth rate of broilers. In 
contrast to the expectation, the combination of probiotics 
and enzyme exerted an antagonistic effect on the produc-
tion of chickens in the study of Machado et al. (2020). They 
noticed that the combination of commercial probiotic (not 
specified) and xylanase resulted in lower weight gain than 
that of probiotic administration alone, and was not different 
from that of xylanase alone or control. The latter investigator 
also reported no significant different among the treatments 
with regards to carcass weight of broilers. Indeed the combi-
nation of commercial probiotic (not specified) and xylanase 
resulted in greater relative weight of abdominal fat pad as 
compared to probiotic or xylanase alone. Taken together, 
further investigation on using a combination of probiotics 
and enzymes needs to be explored especially with regard to 
which probiotics species/strains used as well as the types and 
doses of enzymes supplemented. In addition, the quality and 
compositions of feed/ration should be considered when ap-
plying the mixture of probiotics and enzymes as the dietary 
supplement, as it may affect the efficacy of additive as in-
feed antibiotics alternative for broilers (Singh et al., 2019). 

Combined Use of Probiotics and Organic Acids 
in Broiler Production

The synergistic activity of probiotics and acidifier-based 
organic acids against bacterial pathogens has been shown 
by an in vitro experiment. Bolivar et al. (2018) documented 
that the antibacterial activities of probiotic Lactiplantibacil-
lus plantarum subsp. plantarum was more prominent when 
combined with organic acids (propionate, glutamate, succi-
nate, butyrate, formate, fumarate, citrate and acetate) against 
Aeromonas hydrophila, Vibrio alginolyticus, Pseudomonas 
aeruginosa, Escherichia coli and Streptococcus agalactiae 
compared to that of probiotics alone. It has been suggest-
ed that the drop in lactic acid bacterial pH (due to organic 
acid administration) may raise the contents of undissociated 
organic salts (toxic form), which in turn increases the bac-
tericidal effectiveness of the probiotic bacteria (Sugiharto, 
2016). Likewise, the application of organic acids, which is 
propionic acid, can be beneficial for the bacteria themselves 
as organic acid may create more favorable conditions for the 
lactic acid bacteria (Kung et al., 2004). In accordance with the 
above in vitro study, there has a recent trend in combining of 
probiotics and organic acid-based acidifiers to maximize the 
growth-and health-promoting effects of these feed additives 

on poultry (Sugiharto, 2016).  Study in broiler chickens by 
Masud et al. (2016) confirmed that dietary administration of 
a combination of probiotics (Bacillus licheniformis and Ba-
cillus subtilis) and organic acid (acetic acid, propionic acid, 
formic acid, lactic acidm sorbic acid and phosphoric acid) 
resulted in higher live weight and improved feed efficiency 
compared to the single application of probiotics or organic 
acids to broiler chickens. Compared to the individual use of 
the feed additive, the supplementation of blends of probiot-
ics and acidifiers also improved the growth rate and nutrient 
use of broilers (Jadhao et al., 2019). Moreover, Saleem et 
al. (2018) confirmed that compared to single administration, 
the combined use of probiotics (hydrolyzed yeast mixture) 
and organic acid blend yielded in better growth and feed ef-
ficiency in broiler chickens and thus more beneficial. In line 
with modern broiler strains, a recent investigation on the In-
donesian indigenous crossbred chickens showed that dietary 
inclusion of the mixture of Bacillus subtilis and butyric acid 
produced greater final body weight and weight gain relative 
to that of administrated with butyric acid alone or control 
(Widiastuti et al., 2019). 

The latter investigators also found that carcass percent-
age (% live weight) was higher in the Indonesian indigenous 
crossbred chickens treated with the combination of Bacillus 
subtilis and butyric acid when compared with those of bu-
tyric acid alone or control. Other study by Sugiharto et al. 
(2019) also documented that live weight of the Indonesian 
indigenous crossbred chickens was greater when they were 
treated with the blend of Saccharomyces cerevisiae and for-
mic acid when compared with those of treated with individ-
ual formic acid or Saccharomyces cerevisiae and control at 8 
weeks of age. The improved feed conversion ratio was also 
observed in chicks provided with the blend of formic acid 
and Saccharomyces cerevisiae, relative to control and single 
administration of formic acid or Saccharomyces cerevisiae 
(Sugiharto et al., 2019). Although had no substantial impact 
on the growth rate of broiler, Rodjan et al. (2018) reported 
that feeding a mixture of probiotic and organic acid resulted 
in higher duodenal villi height and crypt depth than the birds 
fed on organic acid alone. This suggests that the blends of 
probiotic and organic acid were superior in improving the 
absorptive capacity of the chickens. The latter condition 
may ameliorate the nutrient utilization and thus growth of 
poultry. In accordance, El-Din et al. (2018) reported that 
a combined administration of commercial probiotic (Bio-
plus®) and organic acid (citric acid salt) accounted to the 
higher ash retention and digestibility of fat and nitrogen free 
extract in broiler chickens. The better feed intake in poultry 
received a combination of probiotic and organic acid may 
also be attributed to the better growth of poultry compared to 
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the single use of probiotic or organic acid (Widiastuti et al., 
2019). It is also proposed that the synergistic antibacterial 
activity between probiotic and organic acid (Bolivar et al., 
2018; Rodjan et al., 2018) may contribute to the better health 
status of poultry. 

Different from the above reports, Gunal et al. (2006) 
showed no influence of the combined use of probiotics (the 
mixture of Lactiplantibacillus plantarum subsp. plantarum, 
Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. 
bulgaricus, Lacticaseibacillus rhamnosus, Streptococcus 
thermophilus, Bifidobacterium bifidum, Aspergillus orizea, 
Enterococcus faecium and Candida pintolepesii) and organic 
acids (blend of formic acid salts and propionic) on weight 
gain, feed consumption and feed efficiency relative to single 
use of probiotic or organic acids on broiler diets during the 
rearing of 42 days. Barbieri et al. (2015) also reported no 
significant effect of the mixture of Bacillus amyloliquefa-
ciens and acetic, lactic and butyric acids on growth, intesti-
nal histology and bacterial populations of broilers infected 
with Eimeria spp.  Moreover, Dousa et al. (2016) did not find 
any difference among probiotic (Bacillus subtilis), organic 
acids (fumaric acid, citric acid, lactic acid, D-L malic acid 
and orthophosphoric acid) and the blend of probiotic and or-
ganic acid on growth, feed consumption and feed efficiency 
of broilers reared until day 42. Allahdo et al. (2018) showed 
no effect of combined use of probiotics (Pediococcus acidi-
lactici MA 18/5M) and vinegar (containing 5% acetic acid) 
on the growth, immune and intestinal health of broilers, 
relative to treatment with probiotic or organic acid alone. 
The combined use of probiotics (Pediococcus acidilactici, 
Limosilactobacillus reuteri, Enterococcus faecium and Bi-
fidobacterium animalis) and organic acids (formic acid) also 
showed no essential effect on weight gain and feed conver-
sion of broilers challenged with Campylobacter coli in the 
investigation of Mortada et al. (2020). Jadhao et al. (2020) 
further pointed out that dietary administration of blends of 
probiotic (Saccharomyces cerevisiae) and organic acids 
(calcium propionate, sodium formate , fumaric acid, sorbic 
acid and citric acid) had no substantial impact on dressing 
percentage, giblet, edible meat percentage, boneless breast 
meat percentage and boneless leg meat percentage of broiler 
chickens. Elhassan et al. (2019) observe the absent syner-
gistic or mutual support between probiotic Bacillus subtilis 
and organic acids (fumaric acid, citric acid, D-L malic acid, 
orthophosphoric acid and lactic acid) on gut morphology of 
broilers. Indeed, Agboola et al. (2015b) found that combin-
ing of probiotic (Lactobacillus sporogenes and Saccharomy-
ces cerevisiae) and organic acids (ammonium formate, for-
mic acid, ammonium propionate and propionic acid) resulted 
in compromised growth performance of broiler relative to 

administration of organic acid alone. Several explanations 
may be indicated for the inconsistent impact on the growth 
and health of poultry fed a mixtures of probiotic and organ-
ic acid (in comparison to the administration of probiotic or 
organic acid alone), including variations in species or forms, 
as well as doses of probiotic and organic acid, broiler breeds 
or strains, ration composition and experimental conditions. 
In respect particularly to the dose of organic acid used, El-
Din et al. (2018) noticed the higher ash retention and nitro-
gen free extract digestibility in broiler supplemented with a 
combination of 0.05% commercial probiotic (Bioplus®) and 
0.25% citric acid salt as compared to the mixture of 0.05% 
Bioplus® and 0.5% citric acid salt. The too acid condition in 
the gastrointestinal tract of broiler due to high amount of cit-
ric acid salt seems to exert acidic stress which may therefore 
compromise the nutrient digestibility and retention in broiler 
chickens (Nourmohammadi & Khosravinia, 2015).  

Conclusions 

Some reports show that the combined use of probiot-
ics and other active ingredients resulted in synergistic or 
complementary effects, while other studies pointed out no 
mutual supportive effect between probiotics and its counter-
part on broiler production. The variations in the species or 
strains of probiotic microorganisms, types and levels of the 
counterpart active compounds, quality and composition of 
feed provided to chicks, strains of broilers and experimental 
conditions may be accounted to the divergent effect between 
probiotics and other counterpart active ingredients on broiler 
production.
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