
Introduction

The poultry industry

The poultry industry is a rapidly growing industry, partic-
ularly in developing countries (Bahri et al., 2019). Based on
statistics, there is over 23 billion poultry around the world
(Mottet and Tempio, 2017). Thus, there is approximately three
poultry for each person, which are five times more than five
decades ago (FAOSTAT, 2016). This growth has led to an in-
crease in meat and egg production (Barbut, 2016). In 2016,
the global poultry meat production was 116 million metric
tons and increased to 120.5 million metric tons in 2017 and
122.5 million tons in 2018, representing a 1.6% increase from
2017 to 2018 (Bahri et al., 2019). Comparatively, the human
population is now growing at a rate of 1.4% yearly, and it is
expected to reach 9.7 billion by 2050 (Barbut, 2016; Jenkins et
al., 2020). As a result, poultry meat consumption has also in-
creased significantly compared to the last few decades (Mot-

tet and Tempio, 2017). Factors such as decreased in produc-
tion costs compared to other red meat sources, availability of
sophisticated technology to ease primary and secondary pro-
cessing, inexpensive protein sources with high value of nutri-
tion, as well as having a healthier composition due to its
low-fat content have led to the growth of poultry meat pro-
duction and consumption (Barbut, 2016). Moreover, urbani-
sation also leads to the rise in people’s income, hence surging
the demand for meat. Another important factor is the genetic
and rigorous breeding selecting of broiler hybrids (Barbut,
2016). In the 1900s, a broiler chicken took around four months
to reach a kilogram of body weight, with a feed conversion
ratio (FCR) of 5.0, whereas currently it only takes less than 50
days to reach the bodyweight of 2.6 kg with a FCR of 1.9
(Boyd, 2001). This advancement has also contributed by the
improvement of the husbandry practices and the use of phar-
maceutical drugs such as antibiotics, which reduce the mor-
tality rate to 4% as compared to 20% observed in the 1900s.
As a result, all these have assisted the poultry industry to be
more cost-effective and inexpensive compared to other meat
industries. Although antibiotics have tremendously improved
the poultry industry, it also causes certain issues to the birds
and ultimately affecting public health (Barbut, 2016).*Corresponding author: Eric Lim Teik Chung
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Could Phytobiotics replace Antibiotics as Feed Additives to Stimulate
Production Performance and Health Status in Poultry? An Overview
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In the poultry industry, using antibiotics as growth promoters has been found to significantly increase
feed conversion efficiency and growth performance. Nevertheless, excessive use of antibiotics in the
poultry production cycle may also lead to antimicrobial resistance in both poultry and humans. With
regard to food safety reasons, most developed countries have banned the use of antibiotics in all animal
feeds. Consequently, it may be necessary to explore other preventive alternatives for disease prevention
and to stimulate fast growth rate in poultry. The interest in using phytobiotics as an alternative feed ad-
ditive in poultry diets has increased following its natural, residue-free, and less toxic properties in con-
trast to synthetic antibiotics. Therefore, this review shed the light on the influences of using phytobiotics
as a feed additive in commercial poultry diets and the results on the production performances and
health status. Phytobiotics like cinnamon, cumin, oregano, clove, thyme, rosemary, sage, green tea,
garlic, fenugreek, pepper, ginger, and other plant mixtures were found to consist of growth-promoting
properties that enhance digestibility, stimulate feed intake, and improve growth in poultry. The carry-
over effect leads to improved carcass characteristics and meat quality as value-added products. Addi-
tionally, various studies have also reported that some plant extracts from thyme, turmeric, lemon, green
tea, cinnamon, cumin, wild mushroom, and garlic have antimicrobial effects as well as immunomodu-
latory function when they are complemented in poultry diets. In summary, phytobiotics can be used
effectively to replace antibiotics as feed additives in enhancing production and health performances of
poultry for food security while preventing antibiotic resistance.
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Antibiotics usage in poultry feed  

Antibiotics were discovered during the 1920s and have
been used successfully in the poultry industry (Gadde et al.,
2017). Antibiotics are used in veterinary medicine for treating
and preventing diseases. On the other hand, they are also
widely used in small amounts in poultry diets for growth pro-
motion to enhance feed efficiency and disease prevention (Gi-
amarellos-Bourboulis and Scaglione, 2010). In the poultry
industry, using antibiotics as growth promoters has signifi-
cantly increase feed conversion efficiency and growth per-
formance by 3 to 5% respectively (Dahiya et al., 2006).
However, excessive usage of the substance as a growth pro-
moter may cause drug toxicity as well as the development of
antibiotic-resistant pathogenic bacteria (Gheisar and Kim,
2018). Numerous studies have approved that there is a rela-
tion in the use of antibiotics at sub dose concentration leading
to the development of antimicrobial resistance amongst the
gut microflora in poultry (Medeiros et al., 2011; Cosby et al.,
2015). The prevalence of these superbugs had been rising due
to the misuse of antibiotics which have affected the human
consumers (Giamarellos-Bourboulis and Scaglione, 2010;
World Health Organization, 2012). Additionally, mixed opin-
ions had suggested that antibiotic resistance genes could
transfer from animals to humans (M'ikanatha et al., 2010). 

For that reason, the use of in-feed antibiotics has been
banned in developed countries due to their harmful effects on
human health (Gheisar and Kim, 2018). For example, in 2006,
the European Union banned the use of antibiotics as growth
promoters on precautionary grounds, especially in egg and
meat-producing animals (Windisch et al., 2008). In addition,
the United States (FDA) halted the manufacturing of animal
drugs to stop the use of in-feed antibiotics for growth pro-
motion. Instead, it is solely used for treatment (FAO, 2014). In
2015, the state of California strictly banned the use of med-
ically significant antimicrobials in animal diets either for
growth enhancement or preventing diseases (Gheisar and
Kim, 2018). Similarly, the Malaysia Animal Feed Act 2009 has
stated that antibiotics (group A) and maximum residue limits
for the allowed antibiotics (group B) are banned. In 2014, the
Department of Veterinary Services in Malaysia has published
a guideline on organic chicken production, which specified
that no antibiotics or medicinal substances are allowed to be
used in the diets to stimulate growth or production. Support-
ing this, the Malaysian government has banned the practice
of colistin in animal feed in 2019. Colistin is widely used in the
poultry sector as a growth promoter. This particular antibiotic
is the last line of defence for severe infection and is a common
life-saving last resort medicine especially when patients are
infected by superbugs (Kempf et al., 2016).

Despite the value of antibiotics in growth promoters and
disease prevention, there have been several attempts to re-
place with better alternatives namely prebiotics, probiotics,
toxin binders, phytobiotics, enzymes, oligosaccharides, synbi-
otics, organic minerals, organic acids, and other feed additives
(Hashemi and Davoodi, 2011). These alternatives can enhance
performance effectively and have little therapeutic use in vet-
erinary medicine. They also do not lead to deleterious distur-
bances of the gut normal flora, not absorbed from the gut into
tissue that may be edible, and do not cause drug resistance
at actual use level (Alghirani et al., 2021). Furthermore, they
do not cause a rise in environmental pollution, and they are
not toxic to the birds or human beings (Yadav et al., 2016). 

Phytobiotics 

Approximately 50,000 out of 422,000 types of flowering
plants are used for medicinal purposes around the world (El

Aziz et al., 2019). For centuries, humans have used plant prod-
ucts to naturally treat ailments with the use of spices and
herbs. Additionally, plant products are also used as additives
in animals feed in the early cultures (Hashemi and Davoodi,
2011). In the last few decades, the interest of using phytobi-
otics or plant extract products in veterinary medicine as an al-
ternative to synthetic antibiotics in poultry diets has increased
(Vidanarachchi et al., 2005). These biological products have
been proven to be natural, residue-free, less toxic, and are
supposed to be ideal growth promoters in animal diets com-
pared to synthetic antibiotics (Hashemi and Davoodi, 2011).
The therapeutic activity of a medicinal plant is stringently de-
pending on its chemical compounds like secondary metabo-
lites, which are a particularly large group of compounds (Wink,
2012; Stefanović and Comic, 2012). 

Phytobiotics are divided into four subgroups namely herbs
which include flowering, non-persistent and non-woody
plants; botanicals such as bark, root, and leaves; oleoresins
based on non-aqueous solvents, and essential oils which pro-
duced from hydro purified from plant combinations (Windisch
and Kroismayr, 2007). Even though there are various cate-
gories of plant families, the chemical compounds can be char-
acterised into several main groups such as saponins, essential
alkaloids, tannins, acids and oils, which have their own effec-
tive method of extraction (Chung et al., 2018; Muniandy et al.,
2020). These chemical compounds have been used widely in
many African and Asian countries. Following their promising
results, the usage of herbs and spices as feed additives has
been practiced in other parts of the world such as Germany,
UK, Italy, France, Spain, Belgium, and Netherlands (Polasa and
Nirmala, 2003).

Phytobiotics have a complex combination of bioactive
components due to the presence of their organic chemical
compounds along with some anonymous influences of other
bio-active composites (Fallah et al., 2013). Owing to this fea-
ture, phytobiotics may be used for several purposes in animals
including improving the digestibility and feed intake, thus
leading to improve growth performance (Windisch and Kro-
ismayr, 2007). Natural plant extracts also play a substantial role
in animals’ health in terms of its antimicrobial activity, immune
stimulant, antioxidant, gut microflora manipulation, nutrige-
nomics effect, anti-stress properties, digestibility enhancer,
cholesterol-lowering effect, as well as they are considered as
environmentally friendly pesticide and insecticide (Fallah et al.,
2013; Gopi et al., 2014; Dhama et al., 2014; Karangiya et al.,
2016). Therefore, this review will comprehensively discuss the
application of phytobiotics as a feed supplementation in com-
mercial poultry diets and the effects on the growth perform-
ance, carcass traits, meat quality, antimicrobials activities, and
immune enhancement. 

The effect of phytobiotics on feed intake and
growth performance of poultry

Growth-promoting effect

Plant extracts were found to comprise growth-promoting
properties that helps enhance the secretion of digestive en-
zymes, develops palatability and flavour of feed, stimulates
feed intake, and improves antimicrobial activity, which can im-
prove the gut function in poultry (Jang et al., 2004; Czech et
al., 2009). A variation of spices and herbs such as marjoram,
oregano, garlic, rosemary, yarrow, black cumin ginger, green
tea, and coriander are used in poultry diets due to their po-
tential as an alternative poultry feed additive to replace an-
tibiotics (Gadde et al., 2017). Additionally, herbs like nishyinda,
black pepper, and cinnamon have been reported to have sim-
ilar growth–stimulating properties. It has been demonstrated
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that a mixture of polyherbal extracts consisting of nishyinda
(Vitex negundo) leaves, black pepper (Piper nigrum) and cin-
namon (Cinnamomum verum) at 1% or 1 ml/L in drinking
water was found to promote the growth performance in broil-
ers without exhibiting any negative impacts (Molla et. al.,
2012). A similar trend was reported by Sang-Oh et al. (2013),
who asserted that adding 3, 5, and 7% of black cinnamon
powder improved growth performance as compared to broil-
ers without any supplementation. 

Supporting this, Singh et al. (2014) recommended that
0.5% of cinnamon powder can be added to broilers’ dietary
feed, thus acting as a natural alternative instead of using an-
tibiotic growth promoters. Simultaneously, the addition of 4
g/kg dried ground Scrophularia striata and Ferulago angulate
leaves, 1% of black cumin seeds, 0.35 to 0.7% of fermented
Ginkgo biloba leaves, and 7.5 g/kg Euphorbia hirta leave in
broiler diets were found to have similar effects (Hashemi et al.,
2009; Khalaji et al., 2011; Cao et al., 2012; Rostami et al., 2015).
Moreover, Madhupriya et al. (2018) stated that essential oils
from oregano (50 to 300 mg/kg), clove (100 to 600 mg/kg),
thyme (100 mg/kg), rosemary (500 mg/kg), and sage (500
mg/kg) were also used as growth promoters owing to their
odour and flavour. All these were attributed by the presence
of active ingredients which contained antibacterial and antivi-
ral activity against a wide range of pathogens, improving gut
microbiota and nutrient digestibility, antioxidant property
contributing to reducing oxidative stress, as well as im-
munomodulation effect which will ultimately stimulate the
growth performance (Singh et al., 2014; Madhupriya et al.,
2018).

Feed intake

Generally, there is an improvement observed in the feed
intake of poultry supplemented with natural additives like
spices and herbs (Windisch et al., 2008). As studied by
Kirkpınar et al. (2011), an enhancement on the feed intake was
observed in broilers fed with 100 and 200 mg/kg of thyme es-
sential oil as well as 300, 500, and 700 mg/kg of oregano es-
sential oil mixed into the diet. Essential oils are found to
promote feed intake and performance of poultry by increasing
the flavour and palatability of the diets (Windisch et al., 2008;
Grashorn, 2010). Similar results were obtained by Ulfah (2006),
who observed an improvement in the daily feed intake of
broilers through the supplementation of 18 mg/kg of cinna-
mon, thyme, eucalyptus, and oregano essential oils. These re-
sults were in agreement with Ertas et al. (2005), who also
reported that the broilers feed intake improved tremendously
after three weeks of supplementation with anise, clove, and
oregano essential oils at the rate of 200 and 400 mg/kg in the
diets. The active components such as thymol, carvacrol, ane-
tole and eugenol may lead to the appetizing effect towards
the respective essential oil mixture, thus leading to the in-
crease in feed intake (Yitbarek, 2015). For example, carvacrol
at 0.2 g/kg have shown to increase the feed intake in broiler
chickens (Lee et al., 2003). 

On the contrary, a diet supplemented with 100 mg/kg of
CRINA® Poultry containing thymol does not show any impact
on feed intake (Lee et al., 2003). Similarly, Jang et al. (2007)
obtained the same results when CRINA® Poultry was fed at
the rate of 25 or 50 mg/kg. Confirming this, Cross et al. (2007)
observed that feed intake of broilers decreases by 10% when
supplemented with thyme essential oil at the level of 1 g/kg.
According to Yitbarek (2015), thymol has the ability to en-
hance digestion and balance the gut microbial ecosystem
which can improve growth performance, but this was not ob-
served in few studies mentioned earlier. For that reason, it is
clear that feed intake of poultry can be improved by supple-
menting certain phytobiotics in accurate levels but should not

be a sole indicator to determine the growth performance. Al-
though these active compounds are mostly accepted in the
European Union to be used in livestock feed, it is important
to identify the composites that may have side effects and also
to understand the suitable dosage to be used effectively
(Anadón et al., 2019).

Body weight gain

The body weight gain of poultry can be improved tremen-
dously through the application of phytobiotics which are sim-
ilar to those of antibiotic growth promoters (El-Ghany and
Ismail, 2014). Gheisar et al. (2015a) found that, a diet contain-
ing 0.075% of a phytobiotics blend increases the body weight
gain of broiler chickens about 3.9% and also increased the
feed consumption ratio about 3.4%. This was consistent to a
current study by Rashid et al. (2019), who described that
adding a mixture blend of 3% w/v peppermint, green tea,
black cumin, cinnamon, and garlic in chicken diets did not
show any significance towards feed intake (P >0.05) but
showed significant increase in the body weight (P <0.05) in
contrast to the antibiotic treatment chickens. Besides, Jamroz
and Kamel (2002), also observed an improvement in daily
weight gain of 8.1% and FCR of 7.7% after feeding broilers
with diets complemented with 300 mg/kg of a plant extract
comprising carvacrol, capsaicin, and cinnamaldehyde. In ad-
dition, the treatment of broiler birds with dry fruit powder of
Emblica officinalis and dry leaves of Ocimum sanctum mixture
at 3 g/kg feed for 2 weeks also showed an increase in the
broilers’ body weight (Mode et al., 2009). When applied indi-
vidually in poultry diets, both Lewis et al. (2003) and El-Latif
et al. (2013) reported that the body weight gain of broilers in-
creased significantly when supplemented with 1.64 g/kg of
garlic oil and 100 mg/kg of garlic essential oil, respectively. In
a different study, garlic essential oil was shown to increase the
body weight and feed intake of ducks by 2.6% and 3.5%, re-
spectively (Gheisar et al., 2015b). Furthermore, the use of rose-
mary powder at 500 mg/kg in poultry feed has shown to
increase the body weight gain of chickens (Spernakova et al.,
2007). Additionally, Biavatti et al. (2003) stated that Alternan-
thera brasiliana extracts supplemented at 180 ml / 200 kg in
feed could help enhance broiler chickens’ weight and per-
formance in between the rearing age of 14 to 21 days. Okitoi
et al. (2007) posited that hydrophyllic extracts from fresh
green tea liquid at 0.1 or 0.2 g/kg in broilers’ diet improved
the body weight gain, feed efficiency, plus carcass traits. Like-
wise, using thyme essential oil in Japanese quail diets pro-
moted cumulative feed intake, body weight, and feed
conversion (Awuah, 1995). The active thyme oil acts to main-
tain the significance of microbial flora content in gut, and as
a digestibility enhancer that stimulates the secretion of en-
dogenous digestive enzymes, then consequently improves the
growth performance in poultry. On top of that, the addition
of thyme essential oil at 0.15 ml/L in broilers’ diet has shown
a higher weight gain (Roller et al., 2004). 

Nonetheless, there were no significant effects on the body
weight gain and FCR of Cobb broilers fed with 50 and 100
mg/kg of oregano essential oil added as an antibiotic replace-
ment to a wheat-corn-soybean diet (Lee et al., 2004). In ac-
cordance to previous studies the inclusion of black cumin
(Nigella sativa L.) at 0.7, 1.4, 2.1, and 2.8%, or oregano powder
at 0.15 and 0.3 g/kg as antibiotic alternative in broiler diets
also did not yield any positive result on the growth perform-
ance of those broilers (Windisch et al., 2008; Karimi et al., 2010;
Al-Mufarrej, 2014). 

Digestibility

Phytobiotics have been shown to benefit chicken’s gas-
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trointestinal enzymatic activity which improve nutrient di-
gestibility (Jang et al., 2004). Supplementation of plant extracts
also have promising biological effects on the digestibility by
decreasing pathogenic bacteria in diverse fragments of diges-
tive tract as well as increasing villus height in different parts
of the small intestine; essentially in the duodenum (Ganguly,
2013). Henceforth, using phytobiotics in feed may alter the
morphological changes in chicken’s intestinal tissues, which
may be beneficial to the digestive tract by increasing the villi
length and reducing crypt depth in the jejunum and colon
(Joshi, 2001; Murali et al., 2012). This is supported by Hernan-
dez et al. (2004), who reported that essential oils from
oregano, cinnamon, and pepper compounds can improve the
digestibility of nutrients in chicken. Madhupriya et al. (2018)
also reported that the addition of 125 mg/kg essential oil ex-
tracted from oregano leaves, anise seeds, and citrus peel could
improve the apparent ileal fat digestibility of broiler Cobb. In
addition, there are minimum influences of phytogenic feed ex-
tracts on the ecosystem and also towards the activity of caecal
microbial flora of poultry which is related to a reduction in mi-
crobial activity in the gastrointestinal gut (Platel and Srini-
vasan, 2004; Windisch and Kroismayr, 2007). Commercial
poultry product like CRINA® Poultry containing 29% active
ingredients (thymol) could enhance the secretion of endoge-
nous digestive enzymes and balance the gut microbial ecosys-
tem, which in turn, improve the growth performance (Yitbarek,
2015). Besides, Narimani-Rad et al. (2011) indicated that
adding a mixture of 5 g/kg peppermint, 5 g/kg Ziziphora, and
10 g/kg oregano in diets of broilers improve FCR, which is at-
tributable to the higher crude protein digestibility. 

In brief, the efficacy of phytobiotics as feed supplements
and their effect on the growth performance may also be in-
fluenced by other biological factors (plant species, harvest
conditions, and growing location), manufacturing (stabiliza-
tion and extraction/distillation), and storage environments
(temperature, humidity, light, time, and oxygen tension)
(Huyghebaert et al., 2011). Based on previous studies (Table 1
and Table 2), it can be posited that plant extracts can be used
as a natural alternative to increase poultry growth perform-
ance, digestibility, feed intake, and body weight gain provided
they are used in the correct concentration. If they are not used
in an optimum quantity, no benefits will be yielded, but it may
affect the final poultry performance as well as incurring a
higher cost of production (Chung et al., 2019). Moreover, few
works have concluded that better results were obtained by
using a mixture of phytobiotics in poultry diets, which have
different mechanisms of action that might complement each
other. 

The effect of phytobiotics on carcass characteris-
tics and meat quality of poultry

Carcass characteristics

Phytobiotics could be utilised to enhance the value of
poultry product by enhancing carcass microbial hygiene and
carcass traits due to their antimicrobial and antioxidant char-
acteristics (Aksit et al., 2006). Using phytogenic compounds
like essential oils from herbs and spices in food animals could
contribute positively to the microbiological quality and food
safety during storage either in a raw or cooked form (Soltan
et al., 2008). Stanaćev and Puvača (2011) posited that the di-
etary intake of phytogenic feed additives plays a significant
role in food safety by decreasing pathogens in the gut, thus
promoting a healthy gut environment, and also reducing car-
cass contamination during slaughter. For instance, comple-
menting essential oil extracted from rosemary plant at 10 g/kg
has demonstrated a progressive improvement towards carcass
hygiene of turkey breast during refrigerated storage (Govaris
et al., 2007). In addition, oregano was also shown to have an-
timicrobial activity on broiler carcass, whereas addition of 0.1%
oregano essential oil at 15 g/kg into the Ross 308 broiler chick-
ens diet can reduce the entire viable bacteria or specific
pathogens like Salmonella on chicken carcasses (Aksit et al.,
2006). Besides, supplementing plant extracts to poultry diet
was reported to improve the breast muscle percentage of the
eviscerated carcass by 1.2% (Stanaćev and Puvača, 2011). Few
researchers have stated that both black pepper and fenugreek
had different effects on the carcass characteristics of broilers
when supplemented at different concentrations in the diets.
The group fed with 0.5% of black pepper seeds showed a
heavier evisceration percentage due to the enhancement ef-
fect of the digestive tract, while the group fed with 10 g/kg of
fenugreek seed powder exhibited a lower abdominal fat con-
tent in broilers’ meat because of the anti-cholesterimic influ-
ence (Weerasingha and Atapattu, 2013; Abou-Elkhair et al.,
2014). Furthermore, the addition of 0.5, 1, and 1.5% of ginger
powder into broiler diets help improved the thigh and breast
muscle yield. (Prabakar et al., 2016). The same study also con-
cluded the abdominal fat of broilers were decreased signifi-
cantly when supplemented with 1.5% of ginger powder. 

On the contrary, supplementing some phytobiotics in
broilers diet like anise seeds did not show any enhancement
towards the carcass dressing percentage (Jamroz et al., 2005;
Soltan et al., 2008). Similarly, Hassan et al. (2016), also ob-
served that supplementation of Moringa oleifera leaves into
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Table 1. The effect of phytobiotics on feed intake and digestibility of poultry

Plants Plant compounds Feed intake References
Thyme 100 and 200 mg/kg of essential oil Increase feed intake of broilers Kirkpınar et al. (2011)

1 g/kg of essential oil Decrease feed intake Cross et al. (2007)
Oregano 300, 500 and 700 mg/kg of essential oil Increase feed intake of broilers Kirkpınar et al. (2011)
Cinnamon, thyme, eucalyptus, 
and oregano 18 mg/kg of essential oil for each Increase daily feed intake of broilers Ulfah (2006)

Anise, clove, and oregano 200 and 400 mg/kg of essential oil Improve feed intake of broilers Ertas et al. (2005)
Carvacrol 0.2 g/kg of essential oil Increase the feed intake Lee et al. (2003)

CRINA® Poultry 25 or 50 mg/kg containing thymol 
essential oil No effect on broilers Jang et al. (2007)

Plants Plant compounds Digestibility References

Oregano, anise, and citrus 125 mg/kg of essential oil Improve apparent ileal fat 
digestibility of broiler Cobb Madhupriya et al. (2018)

CRINA® Poultry 29% of thymol essential oil Enhance secretion of digestive enzymes 
and balance gut microbial ecosystem Yitbarek (2015)

Peppermint, Ziziphora and oregano Mixture of 5 g/kg peppermint, 5 g/kg 
Ziziphora, and 10 g/kg oregano

Increase crude protein digestibility
and improve FCR of broilers

Narimani-Rad et al.
(2011)
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broilers diet up to 0.3% had no significant effect on the carcass
relative weight, breast, thigh, gizzard, liver, heart, and abdom-
inal fat. Even though several studies approved the positive im-
pacts of phytobiotics on carcass traits, researchers are still
unable to conclude the probable efficiency of phytobiotics
feed towards carcass hygiene enhancement (Gheisar and Kim,
2018). 

Antioxidant effects

Phytobiotics could be applied during heat stress condi-
tions due to their antioxidant activity (Wei and Shibamoto,
2007; Chung et al., 2020a). Spices and herbs namely oregano
and thyme contain a great amount of thymol, carvacrol, and
monoterpenes that have a positive effect on certain antioxi-
dant enzymes such as superoxide dismutase and glutathione
peroxidase that help to control the lipid metabolism in animals
whereas, other varieties of plants such as mint, sage, and rose-
mary have direct antioxidant properties (Filazi and Yurdakok-
Dikmen, 2019). Their antioxidant properties may be
contributed by the concentration of phenolic substances (hy-
drolysable tannins, phenolic terpenes proanthocyanidins,
flavonoids, and phenolic acids) and the presence of certain vi-
tamins (A, C, and E) (Suganya et al., 2016). Plants that are rich
in flavonoids like green tea and other Chinese herbs naturally
have antioxidant properties, thus they can also be used in
poultry feed to protect lipids from rapid oxidation (Wei and
Shibamoto, 2007). The same effect was reported by Suganya
et al. (2016), who discovered that both onion and garlic inhibit
the oxidation of low-density lipoproteins. Khan et al. (2014)
revealed that 2 and 3 g/kg garlic powder complemented in
broiler diets could significantly reduce the serum triglycerides,
cholesterol, and low-density lipoprotein while increasing the
high-density lipoprotein. Supporting this, adding garlic and
rosemary essential oils to poultry’s diet act as an antioxidant
factor which has a positive influence on the glutathione redox
system in the liver (Khan, 2014). In addition, Hashemipour et
al. (2013) stated that supplementing thymol at 0.06, 0.1, and
0.2 g/kg into poultry diets will help slow down the antioxidant
effect. According to Botsoglou et al. (2002), adding oregano
extracts into chicken diets significantly increased the levels of
α-tocopherol in blood serum and body tissues. Similarly, the
same researcher observed a strong antioxidant effect in the
broiler tissues after supplementing 50 to 100 mg/kg of

oregano to the broilers’ diet. Therefore, these researchers had
recommended that various plant products like oregano,
thyme, mint, sage, rosemary, green tea, onion, and garlic can
be used in poultry diet to optimise lipid profile and ultimately
produce healthier broiler meat.

Meat quality

Likewise, phytobiotics may be used to improve the pro-
tection value of processed meats and also decreases the mus-
cle drip loss during the process of thawing of cold freeze
products (Windisch et al., 2008). As a result, several studies
have concluded that certain plant-based extracts can develop
oxidative stability on the product derived from poultry
(Karangiya et al., 2016). It can be utilised to improve the sta-
bility of chicken egg and meat products (Janz et al., 2007). In
a study by Kirkpınar et al. (2011), supplementing garlic, pep-
per, and fenugreek powder at 10 g/kg in the broilers’ diet
could decrease the tyrosine and thiobarbit uric acid reactive
substances in broiler meat. This is because those plants pos-
sess antioxidant activities that inhibits the synthesis of fatty
acid in the liver and lipid oxidation (Kırkpınar et al., 2011). In
addition, sage extracts, oregano, garlic powder, and rosemary
powder have also shown positive effect on meat quality due
to their antioxidant properties which defer lipid oxidation
(Stanaćev et al., 2011a). Supporting this, supplementing rose-
mary powder at 0.5 g/kg help delay lipid oxidation in broiler
chicken meat in comparison to the control diet (Spernakova
et al., 2007). Al–Hajo (2008) has also summarised that the
quality and sensory properties of minced poultry meat patties
could be enhanced by using 0.05, 0.10, and 0.15% of rosemary
powder owing to the antioxidant properties. The moisture
content, pH, and water holding capacity were improved sig-
nificantly. Apart from the growth promoter, Sang-Oh et al.
(2013) also reported that 3, 5, and 7% of black cinnamon pow-
der was beneficial to enhance the meat quality of broilers.
Moreover, Achillea millefolium, Levisticum officinale, and Hy-
pericum peforatum were used to enhance meat sensory char-
acteristics besides their use as antibiotics (Cuppett and Hall,
1998). 

Referring to previous studies, there are different effects of
phytobiotics on the carcass characteristics and meat quality in
poultry (Table 3). In general, it can be summarised that these
plant-derived compounds could be utilised effectively to im-
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Plants Plant compounds Carcass traits References
Rosemary 10 g/kg of essential oil Improve breast muscle hygiene of turkey Govaris et al. (2007)

Oregano 0.1% of essential oil added into 
15 g/kg of feed Reduce Salmonella pathogen on chicken carcass Aksit et al. (2006)

Black pepper 0.5% of seeds Produce heavier evisceration percentage Abou-Elkhair et al. (2014)
Fenugreek 10 g/kg of seed powder Lower abdominal fat content Weerasingha and Atapattu (2013)

Ginger 0.5, 1, and 1.5% of powder Improve thigh and breast muscle yield, plus 
decreased abdominal fat content at 1.5% level Prabakar et al., (2016)

Plants Plant compounds Antioxidant effects References

Garlic 2 and 3 g/kg of powder
Reduce serum triglycerides, cholesterol, and
low-density lipoprotein, while increase 
high-density lipoprotein

Khan et al. (2014)

Thyme 0.06, 0.1, and 0.2 g/kg of thymol Slow down the antioxidant effect in feed Hashemipour et al. (2013)

Oregano 50 to 100 mg/kg of extract Increase the levels of α-tocopherol in blood
serum and tissues of chickens Botsoglou et al. (2002)

Plants Plant compounds Meat quality References
Garlic, pepper, 
and fenugreek 10 g/kg of powder Decrease the tyrosine and thiobarbit uric acid

reactive substances in broiler meat Kırkpınar et al., (2011)

Rosemary 0.5 g/kg of powder Delay lipid oxidation in broiler chicken meat Spernakova et al. (2007)

0.05%, 0.10, and 0.15% of powder Increase moisture content, pH, and WHC 
of minced poultry meat patties Al–Hajo (2008)

Black Cinnamon   3, 5, and 7% of powder Improve meat quality of broiler Sang-Oh et al. (2013)

Table 3. The effect of phytobiotics on carcass characteristics and meat quality of poultry
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prove carcass characteristics as well as carcass hygiene to en-
hance the shelf life of those meat products. Besides having
antioxidant properties, plant-based additives were found to
improve meat quality by improving the muscle drip loss, pH,
water holding capacity, decreasing serum cholesterol, triglyc-
erides, and low-density lipoprotein, as well as increasing high-
density lipoprotein. Therefore, the effect of the potential use
of plant-derived phytobiotic on the carcass traits, meat quality,
and food safety warrant further investigation.

The effect of phytobiotics as antimicrobials in
poultry

Numerous studies have reported that some plants have
antimicrobial effects when they are supplemented in the poul-
try diet. According to Anadón et al. (2019), active plant ex-
tracts include allium, astragalus, carvacrol, extracted soybean
oil, curcuma, echinacea, capsicum, origanum, and achy have
antimicrobial activities which are considered to be natural and
safe due to their plant-derived origin. The antimicrobial activ-
ity of phytobiotics does not just kill pathogens, but also influ-
ence the key events in the pathogenic development (Liu and
Pop, 2009). For example, those plant extracts could prevent
the critical pathogenic events of toxin production and coloni-
sation by diarrheal pathogens (Beceiro et al., 2013). These are
achieved in the gut via moderating the cellular membrane of
pathogens that causes membrane interruption, raising the hy-
drophobicity of the pathogenic species that might affect the
surface features of pathogenic cells by influencing the viru-
lence characters of the microbes, motivating favourable bac-
terial growth like bifidobacteria and lactobacilli in the gut, as
well as acting as an immunostimulatory material or defending
the intestinal tissue against pathogenic attack (Windisch and
Kroismayr, 2007). Fallah et al. (2013) further stated that phy-
tobiotics play major roles against bacterial, viruses, protozoa,
and fungus.

Phenolic substances like phenylpropane, carvacrol, geran-
iol, thymol, citronellal, and limonene are active extracts that
comprise antimicrobial properties (Yang et al., 2015). These
herbs have the ability to disrupt pathogenesis which can be
used against certain Gram-negative (Escherichia coli or Sal-
monella spp.) and Gram-positive (Streptococcus spp. or
Staphylococcus spp.) bacteria by changing the fatty acid com-

position of the cell membranes, therefore, affecting the hy-
drophobicity causing ion leakage (Conner, 1993; Suganya et
al., 2016). The antimicrobial ability of these phytobiotics is
based on the plant’s physicochemical compound and the ef-
fect on certain bacterial strains (Sari et al., 2006). An in vitro
study by Bhaisare et al. (2016) has examined the effectiveness
of essential oils against S. typhi, Pasteurella multocida, E. coli,
and S. aureus via the disc diffusion method. The result indi-
cated that the mixture of 10 µl per disc of thyme oil has a sim-
ilar inhibition zone against all types of bacteria as compared
to the standard antibiotics, whereas cumin and fennel oils only
showed inhibition towards P. multocida and E. coli. 

Currently, plant-based compounds are widely utilised as
an alternative to antibiotic growth promoters in poultry diets,
due to their ability against certain bacterial infections (Khaksar
et al., 2012; Dhama et al., 2015; Karangiya et al., 2016). For in-
stance, carvacrol and thymol demonstrated antimicrobial ac-
tivity particularly against Gram-negative bacteria (E. coli and
S. typhimuruim) by penetrating the cell wall and damaging the
cells by binding to the amine and hydroxylamine groups (Abd
El-Hack et al., 2016). Following this, Arsi et al. (2014) found out
that the supplementation of 0.5% thymol reduced the number
of campylobacter in broiler chicken. Cerisuelo et al. (2014) ob-
served that the addition of 50 mg/kg of thymol and cin-
namaldehyde essential oil mixture in the broiler chicks’ diet
would decrease the number of Salmonella. Furthermore, Cor-
duk et al. (2008) and Eleiwa et al. (2011) recommended the
use of Orego-stim® as a prophylactic agent against E. coli in-
fection in poultry. The key ingredients of the product, 2.42%
thymol, 81.89% carvacrol, and mixture of other essential oils
from Origanum vulgare spp. are known for their potent anti-
septic properties were proven to reduce the number of
pathogens such as E. coli in the gut, while increasing the num-
ber of beneficial bacteria like Lactobacillus in chickens. In meat
products, Lu and Wu (2012) noted that the mixture of 0.2
mg/mL thymol and 2 mg/mL acetic acid could act as a natural
alternative to chlorine-based washing solution to decrease
Salmonella contamination on the chicken breast meat. Simi-
larly, Murali et al. (2012) suggested that chicken breast fillets
treated with 5 ml of turmeric, lemon, and green tea extracts
combination were able to kill all C. jejuni and S. enteritidis
within 12 hours of incubation, meanwhile using only single ex-
tracts were not effective in the same study. 
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Plants Plant compounds Antimicrobials References

Cumin and fennel 10 µl per disc of cumin and fennel 
essential oil

Inhibit the growth of P. multocida 
and E. coli via the disc diffusion method Bhaisare et al. (2016)

Thyme and other plant mixture 10 µl per disc of thyme essential oil
Inhibit the growth of S. typhi,
P. multocida, E. coli, and S. aureus 
via the disc diffusion method

Bhaisare et al. (2016)

0.5% of thymol Reduce the number of campylobacter
in broiler chicken Arsi et al. (2014)

50 mg/kg of thymol and cinnamaldehyde
mixture Decrease the number of Salmonella Cerisuelo et al. (2014)

0.2 mg/mL thymol and 2 mg/mL acetic 
acid mixture

Decrease Salmonella contamination 
on the chicken breast meat Lu and Wu (2012)

75 g/kg of vanillin and thymol essential
oils mixture

Encourage the growth of Lactobacillus
population in broilers Gheisar et al. (2015a)

Orego-stim®
2.42% thymol, 81.89% carvacrol, and 
mixture of other essential oils from 
Origanum vulgare spp. 

Reduce the number of E. coli in the gut, 
while increasing the number of Lactobacillus
in chickens’ gut 

Corduk et al., 2008;
Eleiwa et al. (2011)

Turmeric, lemon and green tea 5 ml of extracts combination Effective against C. jejuni and S. enteritidis Murali et al. (2012)

Cinnamon 0.24 mg/ml of thymol and 0.33 mg/ml of
cinnamaldehyde extracts Inhibit the growth of C. perfringens Timbermont et al. (2010)

Table 4. The effect of phytobiotics as antimicrobials in poultry
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On the other hand, Murali et al. (2012) indicated that cer-
tain plant compounds are also effective against Gram-positive
bacteria while encouraging the proliferation of beneficial gut
bacteria. In another in vitro study, plant extracts like thymol
and cinnamaldehyde have shown effective results in con-
straining the growth of Clostridium perfringens at minimum
inhibitory concentrations (MICs) of 0.24 and 0.33 mg/ml re-
spectively which could lead to the growth of beneficial bacte-
ria in the gut (Timbermont et al., 2010). This is consistent to
Gheisar et al. (2015a), who confirmed that adding 75 g/kg of
essential oils such as vanillin and thymol to the broiler’s feed
can encourage the growth of Lactobacillus population. In an-
other study, supplementing thymol by 100 mg/kg in the diet
can reduce the incidence of infectious diarrhoea and mortality
rate in newly weaned pigs indicating a healthier gut environ-
ment (Li et al., 2012). Alternatively, cinnamon oil can limit and
control the growth and colonisation of several bacterial intes-
tines by unsealing and disrupting their cell membrane, which
eventually leads to the disintegration of the cells (Mehdipour
and Afsharmanesh, 2018). Reis et al. (2018) asserted that cin-
namaldehyde from cinnamon oil can be used to balance the
microbial population in poultry to enhance their intestinal
health since they can selectively inhibit the growth and im-
provement of commensal and pathogenic intestinal bacteria.
On top of that, cinnamon oil also possesses the capability of
enterocytes which decrease the oxidative damage to the in-
testinal epithelium (Krauze et al., 2019). In addition, Rusdi et
al. (2019) also posited that coconut husk extracts could in-
crease the growth of L. acidophilus bacteria as they have the
potential to be a useful phytobiotics in the poultry industry.
The effects of phytobiotics which have been used as antimi-
crobials in poultry industry are summarised in Table 4. Overall,
with the application of plant-based products, it will create an
opportunity to avoid the usage of artificial chemicals as pro-
phylactic in the livestock and food industry.

The effect of phytobiotics on immunity of poultry

Besides production performance and antimicrobial activ-
ity, plant products have been widely used as an immune en-
hancer in the poultry industry to prevent disease outbreak

provided that they are supplemented at the optimum percent-
age. Generally, Vitamin C, carotenoids, and flavonoids are the
most significant compounds in herbs and spices for the im-
mune system owing to their ability to improve the activity of
macrophages, lymphocytes, and NK cells, which increase
phagocytosis and motivate interferon synthesis. For example,
eucalyptus oil from the leaves of the eucalyptus has the ability
to stimulate the immune system in poultry by affecting the
phagocytic capacity of monocyte-derived macrophages (Ser-
afino et al., 2008). The addition of 1 to 1.4% of black cumin
seed would enhance the immune responsiveness in broiler
chickens (Al-Mufarrej, 2014). In addition, supplementing Gan-
oderma lucidum, a wild mushroom powder at 2 g/kg was able
to enhance the immune response of chickens during vaccina-
tion (Ogbe et al., 2008). The compounds extracted from G. lu-
cidum can motivate and activate dendritic cells, which function
to present antigens to the T-cells (Wang et al., 2002). Further-
more, it has been demonstrated that garlic powder in chicken
diets could enhance the immunity of broiler birds (Khan et al.,
2014). In this study, garlic powder supplemented at 3 g/kg in
the broiler diets for 42 days’ study trial demonstrated a higher
antibody titer against Newcastle disease, Infectious bronchitis,
and Infectious bursal diseases, as opposed to the other
groups, supplemented with a lower level of garlic powder.
Confirming to the study, El-Latif et al. (2013) also indicated
that supplementing 100 mg/kg of garlic essential oil was able
to stimulate innate immunity by increasing phagocytic capac-
ity of heterophils in broilers. 

On top of that, phytobiotics are also shown to increase hu-
moral immunity through the production of immunoglobulins
(Ig) (Kong et al., 2006; Khaligh et al., 2011). This is because,
certain plant extracts can stimulate T-cell which results in in-
terferon (IFN)-ɣ secretion and also enhance the function of
antigen-presenting cells that lead to the stimulation of the im-
mune response (Chung et al., 2020b; Wang et al., 2002). For
instance, angelan compound isolated from Angelica gigas
could increase the T-cell population for antibody production.
Zhang et al. (2002) reported the same results by isolating pro-
teoglycan (GLIS) from the fruiting bodies of G. lucidum, which
induces B-cell activation. Besides, Astragalus membranaceus
could be used as an immune enhancer and modulator to im-
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Plants Plant compounds Immune responses References

Black cumin 1 to 1.4% of seed Enhance the immune responsiveness
in broiler chickens Al-Mufarrej (2014)

Wild mushroom (G. lucidum) 2 g/kg of powder Enhance the immune response of
chickens during vaccination Ogbe et al. (2008)

Garlic 3 g/kg of powder Demonstrate a higher antibody titer
against ND, IB, and IBD Khan et al. (2014)

100 mg/kg of essential oil Increase phagocytic capacity of
heterophils in broilers El-Latif et al. (2013)

A. membranaceus 2 g/kg of polysaccharide Increase serum IgG, IgM, and 
IgA in broilers Wu (2018)

300 mg/kg of root powder Increase the serum total protein, 
A/G ratio, albumin, and IgG El-Shafei et al. (2013)

100, 200 and 300 mg/kg 
of root powder

Increase the immune organs 
weight and IgG level Farag and Alagawany (2019)

Fructo-oligosaccharide 4.0 g/kg
Enhance the growth of Bifidobacterium
and Lactobacillus spp. while inhibiting 
E. coli in the small intestinal and cecal digesta

Xu et al. (2003)

0.50% Enhance intestinal histomorphology,
IgY cytokines, and mRNA in the ileum of broilers Shang et al. (2015)

0.75% Decrease in the level of S. typhimurium
present in the ceca Bailey (1991)

Table 5. The effect of phytobiotics on immunity of poultry
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prove the innate immunity or specific immunity (both humoral
and cell-mediated immunity) in broiler chickens (Mitsch et al.,
2004; Zhang et al., 2013). Referring to Wu (2018), 2 g/kg of
polysaccharide from A. membranaceus was able to increase
serum IgG, IgM, and IgA in broilers. Similar trends were re-
ported by El-Shafei et al. (2013) and Farag and Alagawany
(2019) who stated that 100, 200, and 300 mg/kg of A. mem-
branaceus root powder supplementation could increase the
immune organs weight and the level of IgG significantly. 

In another study, Prabakar et al. (2016) proved that dietary
fructo-oligosaccharide could alter the intestinal microflora en-
vironment and cause it to regulate the secretion of IgA in
murine Payer’s patches cell. This is supported by Xu et al.
(2003) who investigated the effect of fructo-oligosaccharide
on intestinal microflora by adding different concentrations of
the extract in broiler chick diet. The results revealed that the
concentration at 4.0 g/kg enhanced the growth of Bifidobac-
terium and Lactobacillus spp. while inhibiting E. coli in the
small intestinal and cecal digesta. On the other hand, Shang
et al. (2015) have proven the effectiveness of dietary fructo-
oligosaccharide supplementation on the growth performance,
intestinal morphology, and immune responses in broiler chick-
ens challenged with S. enteritidis lipopolysaccharides. In their
study, the addition of 0.5% fructo-oligosaccharide in broiler
diets was able to enhance crypt depth, villus height, and total
mucosa thickness in the ileum; reduced heterophil but stimu-
lated monocyte count and specific IgY; as well as increased
the expression of interleukin (IL)-1ß, IL-10, IFN-γ, and mRNA
in the ileum of broilers despite being injected with 2 mg/kg
of immunogen intraperitoneally. Correspondingly, birds that
were treated with 0.75% fructo-oligosaccharide had a fourfold
decreased in the level of S. typhimurium present in the ceca
(Bailey et al., 1991). According to Chotikatum et al. (2009), the
supplementation of fructo-oligosaccharide in the chicken’s
diet could lead to a shift in the intestinal gut microflora, and
under some environments may lead to decreased susceptibil-
ity to Salmonella colonisation.

In summary, the effects of different phytobiotics on the
immune response of poultry are presented in Table 5. Many
studies have proven the effectiveness of plant-based com-
pounds in stimulating the immunity of commercial birds. Gen-
erally, those compounds were able to enhance overall
immunity during vaccination, stimulate the production of spe-
cific Ig, and influence intestinal microflora environment. Nev-
ertheless, the use of specific plant extract to stimulate
immunity against specific diseases is still unclear. For that rea-
son, further investigation such as disease challenge in poultry
treated with plant extracts could shed light on the effective-
ness of those phytobiotics in replacing antibiotics. 

Conclusion

There are significant reasons to seek alternative feed ad-
ditives to replace synthetic antibiotics in poultry diets to pre-
vent the incident of antibiotic resistance or the development
of superbugs. Based on the information discussed in this re-
view paper, it is clear that phytobiotics or plant extracts would
offer a better solution to solve these issues as they are proven
to have beneficial properties on growth performance, carcass
and meat quality, plus immune responses of the poultry. Al-
though phytobiotics are considered as better alternatives, sev-
eral issues such as the optimum dosages, complex
composition, stability, weather conditions, harvesting time, ex-
traction method, storage conditions, antagonistic effects, anti-
nutritional factors, as well as microbial contamination requires
further investigation. Understanding from these studies
should be able to convince the industry to utilise phytobiotics
confidently as alternative feed additives instead of using an-

tibiotics for disease prevention and growth promotion. This
will also ultimately improve the food safety of poultry prod-
ucts for the consumers. 

Acknowledgement

The authors would like to thank the Ministry of Higher Ed-
ucation for providing funds for some of the studies conducted
in this review. The research was funded by the Fundamental
Research Grant Scheme (FRGS). FRGS reference code:
FRGS/1/2020/WAB04/UPM/02/1. FRGS project code: 07-01-
20-2256FR.

Conflict of interest

All authors declare no competing interests.

References

Abd El-Ghany, W.A., Ismail, M., 2014. Tackling experimental colisepti-
caemia in broiler chickens using phytobiotic essential oils and
antibiotic alone or in combination. Iran J. Vet. Res. 15, 110-
115.

Abou-Elkhair, R., Ahmed, H.A., Selim, S., 2014. Effects of black pepper
(Piper nigrum), turmeric powder (Curcuma longa) and corian-
der seeds (Coriandrum sativum) and their combinations as
feed additives on growth performance, carcass traits, some
blood parameters and humoral immune response of broiler
chickens. Asian Austral. J. Anim. 27, 847.

Aksit, M., Goksoy, E., Kok, F., Ozdemir, D., Ozdogan, M., 2006. The im-
pacts of organic acid and essential oil supplementations to
diets on the microbiological quality of chicken carcasses. Arch
Geflugelkd. 70,168–173.

Al–Hajo, N.A., 2008. Improve quality and sensory properties for
minced poultry meat patties by using powder of Rosmary
(Rosmarinus officinolis). Anbar. J. Agric. Sci. 6, 247-253.

Al-Mufarrej, S.I., 2014. Immune-responsiveness and performance of
broiler chickens fed black cumin (Nigella sativa L.) powder. J.
Saudi Soc. Agric. Sci. 13, 75-80.

Alghirani, M.M., Chung, E.L.T., Sabri, D.S.M., Tahir, M.N.J.M., Kassim,
N.A., Kamalludin, M.H., Nayan, N., Jesse, F.F.A., Sazali, A.Q., Loh,
T.C., 2021. Can Yucca schidigera be used to enhance the
growth performance, nutrient digestibility, gut histomorphol-
ogy, cecal microflora, carcass characteristic, and meat quality
of commercial broilers raised under tropical conditions? Ani-
mals 11, 2276.

Anadón, A., Ares, I., Martínez-Larrañaga, M.R., Martínez, M.A., 2019.
Nutraceuticals used as antibacterial alternatives in animal
health and disease. Nutraceuticals Vet. Med. 315-343. 

Arsi, K., Donoghue, A.M., Venkitanarayanan, K., Kollanoor-Johny, A.,
Fanatico, A.C., Blore, P.J., Donoghue, D.J., 2014. The efficacy of
the natural plant extracts, thymol and carvacrol against
Campylobacter colonization in broiler chickens. J Food Safety
34, 321-325.

Awuah, R.T., 1995. Possible utilization of plant products in grain stor-
age. In Proceedings of the workshop on mycotoxins in food
in Africa (p. 32).

Bahri, S., Ariffin, A., Mohtar, S., 2019. Critical review on food security
in Malaysia for broiler industry. Int. J. Acad. 9, 869-876.

Bailey, J.S., Blankenship, L.C., Cox, N.A., 1991. Effect of fructooligosac-
charide on Salmonella colonization of the chicken intestine.
Poult. Sci. 70, 2433-2438.

Barbut, S., 2016. Poultry products processing: an industry guide. CRC
press.

Beceiro, A., Tomás, M., Bou, G., 2013. Antimicrobial resistance and vir-
ulence: a successful or deleterious association in the bacterial
world? Clin. Microbial. Rev. 26, 185-230.

Bhaisare, D.B., Thyagarajan, D., Churchil, R.R., Punniamurthy, N., 2016.
In-vitro antimicrobial efficacy of certian herbal seeds essential
oils against important poultry microbes. Indian J. Anim. Res.
50, 561-564.

Biavatti, M.W., Bellaver, M.H., Volpato, L., Costa, C., Bellaver, C., 2003.
Preliminary studies of alternative feed additives for broilers:
Alternanthera brasiliana extract, propolis extract and linseed

Mohamed M. Alghirani et al. /Journal of Advanced Veterinary Research 11 (4) (2021) 254-265

262



oil. Braz. J. Poult. Sci. 5, 147-151.
Botsoglou, N.A., Florou-Paneri, P., Christaki, E., Fletouris, D.J., Spais, A.B.,

2002. Effect of dietary oregano essential oil on performance
of chickens and on iron-induced lipid oxidation of breast,
thigh and abdominal fat tissues. Br. Poult. Sci. 43, 223-230.

Boyd, W., 2001. Making meat: Science, technology, and American
poultry production. Technol. Cult. 42, 631-664.

Cao, F.L., Zhang, X.H., Yu, W.W., Zhao, L.G., Wang, T., 2012. Effect of
feeding fermented Ginkgo biloba leaves on growth perform-
ance, meat quality, and lipid metabolism in broilers. Poult. Sci.
91, 1210-1221.

Cerisuelo, A., Marín, C., Sanchez-Vizcaino, F., Gómez, E.A., De La
Fuente, J.M., Durán, R., Fernández, C., 2014. The impact of a
specific blend of essential oil components and sodium bu-
tyrate in feed on growth performance and Salmonella counts
in experimentally challenged broilers. Poult. Sci. 93, 599-606.

Chotikatum, S., Kramomthong, I., Angkanaporn, K., 2009. Effects of
medium chain fatty acids, organic acids and fructo-oligosac-
charide on cecal Salmonella enteritidis colonization and intes-
tinal parameters of broilers. Thai J. Vet. Med. 39, 245-258.

Chung, E.L.T., Kamalludin, M.H., Jesse, F.F.A., Reduan, M.F.H., Ling, L.W.,
Mahzan, N.M., Henipah, N.N.M.M.A., Loh, T.C., Idrus, Z., 2020b.
Health performance and blood profile changes in commercial
broilers supplemented with dietary monocalcium phosphate.
Comp. Clin. Path. 29, 573-579. 

Chung, E.L.T., Kamalludin, M.H., Jesse, F.F.A., Reduan, M.F.R., Loh, T.C.,
Idrus, Z., 2019. Effect of monocalcium phosphate supplemen-
tation on the growth performance, carcass characteristic, gut
histomorphology, meat and bone quality of broiler chickens.
J. Trop. Agric. Sci. 42, 1237-1250.

Chung, E.L.T., Nayan, N., Kamalludin, M.H., Alghirani, M.M., Jesse, F.F.A.,
Kassim, N.A., Azizi, A., Reduan, M.F.H., Loh, T.C., 2020a. The ef-
fects of alkaline and rainwater on the production and health
performance of commercial broilers under tropical conditions.
Thai J. Vet. Med. 50, 53-61.

Chung, E.L.T., Predith, M., Nobilly, F., Samsudin, A.A., Jesse, F.F.A., Loh,
T.C., 2018. Can treatment of Brachiaria decumbens (signal
grass) improve its utilisation in the diet in small ruminants? a
review. Trop. Anim. Health Pro. 50, 1727-1732. 

Conner, D.E., 1993. Naturally occurring compounds. In: Antimicrobial
in Foods (edited by P. Davidson and A.L. Branen). pp. 441–468.
New York: Marcel Dekker.

Corduk, M., Ceylan, N., Dede, N., Tel, O.Y., 2008. Effects of novel feed
additives on performance, carcass traits and E. coli, aerobic
bacteria and yeast counts in broilers. Arch Geflugelkd, 72, 61-
67.

Cosby, D.E., Cox, N.A., Harrison, M.A., Wilson, J.L., Buhr, R.J., Fedorka-
Cray, P.J., 2015. Salmonella and antimicrobial resistance in
broilers: A review. J Appl. Poultry Res. 24, 408-426. 

Cross, D.E., McDevitt, R.M., Hillman, K., Acamovic, T., 2007. The effect
of herbs and their associated essential oils on performance,
dietary digestibility and gut microflora in chickens from 7 to
28 days of age. Br. Poult. Sci. 48, 496-506.

Cuppett, S.L., Hall, C.A., 1998. Antioxidant activity of the Labiatae. Adv.
Nutr. 42, 245-272.

Czech, A., Kowalczuk, E., Grela, E.R., 2009. The effect of a herbal extract
used in pig fattening on the animals' performance and blood
components. Mariae Curie Sklodowska Sect. EE Zootech. 27,
25-33.

Dahiya, J.P., Wilkie, D.C., Van Kessel, A.G., Drew, M.D., 2006. Potential
strategies for controlling necrotic enteritis in broiler chickens
in post-antibiotic era. Anim. Feed Sci. Tech. 129, 60-88.

Dhama, K., Latheef, S.K., Mani, S., Samad, H.A., Karthik, K., Tiwari, R.,
Laudadio, V., 2015. Multiple beneficial applications and modes
of action of herbs in poultry health and production-A review.
Int. J. Pharmacol. 11, 152-176.

Dhama, K., Tiwari, R., Chakraborty, S., Saminathan, M., Kumar, A.,
Karthik, K., Rahal, A., 2014. Evidence based antibacterial po-
tentials of medicinal plants and herbs countering bacterial
pathogens especially in the era of emerging drug resistance:
An integrated update. Int. J. Pharmacol. 10, 1-43.

El Aziz, M.M.A., Ashour, A.S., Melad, A.S.G., 2019. A review on saponins
from medicinal plants: chemistry, isolation, and determination.
J. Nanomedicine Res. 8, 6-12.

Eleiwa, N.Z.H., El-Sayed, E.M., Nazim, A.A., 2011. Prophylactic and ther-
apeutic evaluation of the phytobiotic (Orego-stim)® in
chicken experimentally infected with E. coli.  J. Am. Sci. 7, 91-

102.
El-Latif, A.S.A., Saleh, N.S., Allam, T.S., Ghazy, E.W., 2013. The effects of

rosemary (Rosemarinus afficinalis) and garlic (Allium sativum)
essential oils on performance, hematological, biochemical and
immunological parameters of broiler chickens. Br. J. Poult. Sci.
2, 16-24.

El-Shafei, A.A., Al-Gamal, M.A., Abdelrahman, A.S., Arafa, M.M., 2013.
Influence of different levels of astragalus root powder in
broiler chick diets on the physiological and biochemical
changes. Res. J. Appl. Sci. 9, 2104-2118.

Ertas, O.N., Guler, T., Çiftçi, M., DalkIlIç, B., Simsek, U.G., 2005. The effect
of an essential oil mix derived from oregano, clove and anise
on broiler performance. Int. J. Poult. Sci. 4, 879-884.

Abd El-Hack, E.M., Alagawany, M., Ragab Farag, M., Tiwari, R., Karthik,
K., Dhama, K., Adel, M., 2016. Beneficial impacts of thymol es-
sential oil on health and production of animals, fish and poul-
try: a review. J. Essent. Oil Res. 28, 365-382.

Fallah, R., Kiani, A., Azarfar, A., 2013. A review of the role of five kinds
of alternatives to in-feed antibiotics in broiler production. J.
Vet. Med. Anim. Health. 5, 317-321. 

FAO (Food and Agriculture Organization of the United Nations), 2014.
Decision tools for family poultry development. 

FAOSTAT, 2016. FAO statistical database, accessed in July 2016.
Farag, M.R., Alagawany, M., 2019. The role of Astragalus mem-

branaceus as immunomodulator in poultry. World Poultry Sci.
J. 75, 43-54.

Filazi, A., Yurdakok-Dikmen, B., 2019. Nutraceuticals in poultry health
and disease. Nutraceuticals Vet. Med. 661-672.

Gadde, U., Kim, W.H., Oh, S.T., Lillehoj, H.S., 2017. Alternatives to an-
tibiotics for maximizing growth performance and feed effi-
ciency in poultry: a review. Anim. Health Res. Rev. 18, 26-45. 

Ganguly, S., 2013. Phytogenic growth promoter as replacers for an-
tibiotic growth promoter in poultry birds. Adv. Pharmacoepi-
demiol. Drug Saf. 2, 119. 

Giamarellos-Bourboulis, E.J., Scaglione, F., 2010. International Journal
of Antimicrobial Agents. Presentations from the 4th European
Conference on Bloodstream Infections Introduction. Int. J. An-
timicrob. Agents. 36, S1.

Gopi, M., Karthik, K., Manjunathachar, H.V., Tamilmahan, P., Kesavan,
M., Dashprakash, M., Purushothaman, M.R., 2014. Essential oils
as a feed additive in poultry nutrition. Adv. Anim. Vet. Sci. 2,
1-7.

Govaris, A., Florou-Paneri, P., Botsoglou, E., Giannenas, I., Amvrosiadis,
I., Botsoglou, N. 2007. The inhibitory potential of feed supple-
mentation with rosemary and/or α-tocopheryl acetate on mi-
crobial growth and lipid oxidation of turkey breast during
refrigerated storage. LWT-Food Sci. Technol. 40, 331-337.

Grashorn, M.A., 2010. Use of phytobiotics in broiler nutrition–an al-
ternative to in-feed antibiotics. J. Anim. Feed Sci. 19, 338-347.

Hashemi, S.R., Davoodi, H., 2011. Herbal plants and their derivatives
as growth and health promoters in animal nutrition. Vet. Res.
Commun. 35, 169-180.

Hashemi, S.R., Zulkifli, I., Hair-Bejo, M., Karami, M., Soleimani, A.F.,
2009. The effects of Euphorbia hirta and acidifier supplemen-
tation on growth performance and antioxidant activity in
broiler chickens. In Proceedings of the 21st Veterinary Associ-
ation Malaysia (VAM) Congress (Vol. 79).

Hashemipour, H., Kermanshahi, H., Golian, A., Veldkamp, T., 2013. Ef-
fect of thymol and carvacrol feed supplementation on per-
formance, antioxidant enzyme activities, fatty acid
composition, digestive enzyme activities, and immune re-
sponse in broiler chickens. Poult. Sci. 92, 2059-2069.

Hassan, H.M.A., El-Moniary, M.M., Hamouda, Y., El-Daly, E.F., Youssef,
A.W., Abd El-Azeem, N.A., 2016. Effect of different levels of
Moringa oleifera leaves meal on productive performance, car-
cass characteristics and some blood parameters of broiler
chicks reared under heat stress conditions. Asian J. Anim. Vet.
Adv. 11, 60-66.

Hernandez, F., Madrid, J., Garcia, V., Orengo, J., Megias, M.D., 2004. In-
fluence of two plant extracts on broilers performance, di-
gestibility, and digestive organ size. Poult. Sci. 83, 169-174.

Huyghebaert, G., Ducatelle, R., Van Immerseel, F., 2011. An update on
alternatives to antimicrobial growth promoters for broilers.
Vet.  J. 187, 182-188.

Jamroz, D., Kamel, C., 2002. Plant extracts enhance broiler perform-
ance. In non-ruminant nutrition: Antimicrobial agents and
plant extracts on immunity, health and performance. J. Anim.

Mohamed M. Alghirani et al. /Journal of Advanced Veterinary Research 11 (4) (2021) 254-265

263



Sci. 80, 41-46. 
Jamroz, D., Wiliczkiewicz, A., Wertelecki, T., Orda, J., Skorupińska, J.,

2005. Use of active substances of plant origin in chicken diets
based on maize and locally grown cereals. Br. Poult. Sci. 46,
485-493. 

Jang, I.S., Ko, Y.H., Yang, H.Y., Ha J.S., Kim, J.Y., Kang, S.Y., Yoo, D.H., Nam,
D.S., kim, D.H., Lee, C.Y., 2004. Influence of essential oil com-
ponents on growth performance and the functional activity of
the pancreas and small intestine in broiler chickens. Asian Aus-
tral. J. Anim. 17, 394–400.

Jang, I.S., Ko, Y.H., Kang, S.Y., Lee, C.Y., 2007. Effect of a commercial es-
sential oil on growth performance, digestive enzyme activity
and intestinal microflora population in broiler chickens. Anim.
Feed Sci. Technol. 134, 304-315.

Janz, J.A.M., Morel, P.C.H., Wilkinson, B.H.P., Purchas, R.W., 2007. Pre-
liminary investigation of the effects of low-level dietary inclu-
sion of fragrant essential oils and oleoresins on pig
performance and pork quality. Meat Sci. 75, 350-355.

Jenkins, D.G., Haberl, H., Erb, K.H., Nevai, A.L., 2020. Global human
“predation” on plant growth and biomass. Glob. Ecol. Bio-
geogr. 29, 1052-1064.

Joshi, M.M., 2001. The future role of pesticides in US Agriculture, com-
mittee on the future role of pesticides in US Agriculture, board
of agriculture and natural resources and board on environ-
mental studies and toxicology, commission on life sciences. J.
Agric. Sci. 137, 373-375.

Karangiya, V.K., Savsani, H.H., Patil, S.S., Garg, D.D., Murthy, K.S., Rib-
adiya, N.K., Vekariya, S.J., 2016. Effect of dietary supplementa-
tion of garlic, ginger and their combination on feed intake,
growth performance and economics in commercial broilers.
Vet. World 9, 245. 

Karimi, A., Yan, F., Coto, C., Park, J.H., Min, Y., Lu, C., Waldroup, P.W.,
2010. Effects of level and source of oregano leaf in starter diets
for broiler chicks. J. Appl. Poult. Res. 19, 137-145. 

Kempf, I., Jouy, E., Chauvin, C., 2016. Colistin use and colistin resistance
in bacteria from animals. Int. J. Antimicrob. Agents 48, 598-
606.

Khaksar, V., Van Krimpen, M., Hashemipour, H., Pilevar, M., 2012. Effects
of thyme essential oil on performance, some blood parame-
ters and ileal microflora of Japanese quail.  J. Poult. Sci. 49,
106-110.

Khalaji, S., Zaghari, M., Hatami, K.H., Hedari-Dastjerdi, S., Lotfi, L.,
Nazarian, H., 2011. Black cumin seeds, Artemisia leaves
(Artemisia sieberi), and Camellia L. plant extract as phytogenic
products in broiler diets and their effects on performance,
blood constituents, immunity, and cecal microbial population.
Poult. Sci. 90, 2500-2510.

Khaligh, F., Sadeghi, G., Karimi, A., Vaziry, A., 2011. Evaluation of dif-
ferent medicinal plants blends in diets for broiler chickens. J.
Med. Plant Res. 5, 1971-1977.

Khan, S., Sultan, A., Chand, N., Qureshi, M.S., Tanweer, A.J., Akhtar, A.,
Khan, H., 2014. Garlic (Allium sativum) modulated serum cho-
lesterol level, improved immune status and carcass yield of
broilers. Pakistan J. Sci. 66, 171.

Khan, S.H., 2014. The use of green tea (Camellia sinensis) as a phyto-
genic substance in poultry diets. Onderstepoort J. Vet. Res. 81,
01-08.

Kirkpınar, F., Ünlü, H.B., Özdemir, G., 2011. Effects of oregano and garlic
essential oils on performance, carcass, organ and blood char-
acteristics and intestinal microflora of broilers. Livest. Sci. 137,
219-225.

Kong, X.F., Hu, Y.L., Yin, Y.L., Wu, G.Y., Rui, R., Wang, D.Y., Yang, C.B.,
2006. Chinese herbal ingredients are effective immune stimu-
lators for chickens infected with the Newcastle disease virus.
Poult. Sci. 85, 2169-2175.

Krauze, M., Abramowicz, K., Ognik, K., 2019. The effect of addition of
probiotic bacteria (Bacillus subtilis or Enterococcus faecium)
or phytobiotic containing cinnamon oil to drinking water on
the heath and performance of broiler chickens. Ann. Anim. Sci.
20, 191-205. 

Lee, K.W., Everts, H., Kappert, H.J., Yeom, K.H., Beynen, A.C., 2003. Di-
etary carvacrol lowers body weight gain but improves feed
conversion in female broiler chickens. J. Appl. Poult. Res. 12,
394-399.

Lee, K.W.H. Evert’s, H., Beynen, A.C., 2004. Essential oils in broiler nu-
trition. Int. J. Poult. Sci. 3, 738-752.

Lewis, M.R., Rose, S.P., Mackenzie, A.M., Tucker, L.A., 2003. Effects of

dietary inclusion of plant extracts on the growth performance
of male broiler chickens. Br. Poult. Sci. 44, 43-44. 

Li, S.Y., Ru, Y.J., Liu, M., Xu, B., Péron, A., Shi, X.G., 2012. The effect of
essential oils on performance, immunity and gut microbial
population in weaner pigs. Livest. Sci. 145, 119-123.

Li, P.F., Piao, X.S., Ru, Y.J., Han, X., Xue, L.F., Zhang, H.Y., 2012. Effects of
adding essential oil to the diet of weaned pigs on perform-
ance, nutrient utilization, immune response and intestinal
health. Asian Austral. J. Anim. 25, 1617–1626. 

Liu, B., Pop, M., 2009. ARDB—Antibiotic Resistance Genes Database.
Nucleic Acids Res. 37, D443–D447.

Lu, Y., Wu, C., 2012. Reductions of Salmonella enterica on chicken
breast by thymol, acetic acid, sodium dodecyl sulfate or hy-
drogen peroxide combinations as compared to chlorine wash.
Int. J. Food Microbial. 152, 31-34.

Madhupriya, V., Shamsudeen, P., Manohar, G.R., Senthilkumar, S.,
Soundarapandiyan, V., Moorthy, M., 2018. Phyto Feed Addi-
tives in Poultry Nutrition: A Review. Int. J. Sci Environ. Technol.
7, 815-22.

Medeiros, M.A.N., Oliveira, D.C.N.D., Rodrigues, D.D.P., Freitas, D.R.C.D.,
2011. Prevalence and antimicrobial resistance of Salmonella
in chicken carcasses at retail in 15 Brazilian cities. Pan. Am. J.
Public Health 30, 555-560.

Mehdipour, Z., Afsharmanesh, M., 2018. Evaluation of synbiotic and
cinnamon (Cinnamomum verum) as antibiotic growth pro-
moter substitutions on growth performance, intestinal micro-
bial populations and blood parameters in Japanese quail. J.
Livest. Sci. Technol. 6, 1-8.

M'ikanatha, N.M., Sandt, C.H., Localio, A.R., Tewari, D., Rankin, S.C.,
Whichard, J.M., Chiller, T.M., 2010. Multidrug-resistant Salmo-
nella isolates from retail chicken meat compared with human
clinical isolates. Foodborne Pathog. Dis.7, 929-934. 

Mitsch, P., Zitterl-Eglseer, K., Kohler, B., Gabler, C., Losa, R., Zimpernik,
I., 2004. The effect of two different blends of essential oil com-
ponents on the proliferation of Clostridium perfringens in the
intestines of broiler chickens. Poult. Sci. 83, 669–675.

Mode, S.G., Funde, S.T., Waghmare, S.P., Kolte, A.Y., 2009. Effect of
herbal immunodulator on body weight gain in immunosup-
pressed broiler birds. Vet. World 2, 269. 

Gheisar, M.M., Kim, I.H., 2018. Phytobiotics in poultry and swine nu-
trition–a review. Ital. J. Anim. Sci. 17, 92-99. 

Gheisar, M.M., Hosseindoust, A., Kim, I.H., 2015a. Evaluating the effect
of microencapsulated blends of organic acids and essential
oils in broiler chickens diet. J. Appl. Poult. Res. 24, 511–519. 

Gheisar, M.M., Im, Y.M., Lee, H.H., Choi, Y.I., Kim, I.H., 2015b. Inclusion
of phytogenic blends in different nutrient density diets of
meat-type ducks. Poult. Sci. 94, 2952–2958.

Molla, M.R., Rahman, M.M., Akter, F., Mostofa, M., 2012. Effects of
Nishyinda, black pepper and cinnamon extract as growth pro-
moter in broilers. Bangladesh vet. 29, 69-77.

Mottet, A., Tempio, G., 2017. Global poultry production: current state
and future outlook and challenges. World Poultry Sci. J. 73,
245-256.

Muniandy, K.V., Chung, E.L.T., Jaapar, M.S., Hamdan, M.H.M., Salleh, A.,
Jesse, F.F.A., 2020. Filling the gap of Brachiaria decumbens (sig-
nal grass) research on clinico-pathology and haemato-bio-
chemistry in small ruminants: a review. Toxicon 174, 26-31.

Murali, N., Kumar-Phillips, G.S., Rath, N.C., Marcy, J., Slavik, M.F., 2012.
Effect of marinating chicken meat with lemon, green tea and
turmeric against foodborne bacterial pathogens. Int. J. Poult.
Sci. 11, 326.

Narimani-Rad, M., Nobakht, A., Shahryar, H.A., Kamani, J., Lotfi, A.,
2011. Influence of dietary supplemented medicinal plants mix-
ture (Ziziphora, Oregano and Peppermint) on performance
and carcass characterization of broiler chickens. J. Med. Plant
Res. 5, 5626-5629.

Ogbe, A.O., Mgbojikwe, L.O., Owoade, A.A., Atawodi, S.E., Abdu, P.A.,
2008. The effect of a wild mushroom (Ganoderma lucidum)
supplementation of feed on the immune response of pullet
chickens to infectious bursal disease vaccine. Elec. J. Env.
Agricult. Food Chem 7, 2844-2855.

Okitoi, L.O., Ondwasy, H.O., Siamba, D.N., Nkurumah, D., 2007. Tradi-
tional herbal preparations for indigenous poultry health man-
agement in Western Kenya. Livest. Res. Rural. 19, 72. 

Platel, K., Srinivasan, K., 2004. Digestive stimulant action of spices: a
myth or reality? Indian J. Med. Res. 119, 167. 

Polasa, K., Nirmala, K., 2003. Ginger: its role in xenobiotic metabolism.

Mohamed M. Alghirani et al. /Journal of Advanced Veterinary Research 11 (4) (2021) 254-265

264



ICMR Bull. 33, 57-62.
Prabakar, G., Gopi, M., Karthik, K., Shanmuganathan, S., Kirubakaran,

A., Pavulraj, S., 2016. Phytobiotics: could the greens inflate the
poultry production. Asian J. Anim. Vet. Adv. 11, 383-392.

Rashid, Z., Mirani, Z.A., Zehra, S., Gilani, S.M.H., Chishti, A.A., Azhar, A.,
Galani, S., 2019.  Dietary inclusion of phytogenic feed additives
(PFA) as alternative to in-feed antibiotics modulating gut mi-
crobial dynamics in broiler chicken. Biologia 65, 1-9. 

Reis, J.H., Gebert, R.R., Barreta, M., Baldissera, M.D., dos Santos, I.D.,
Wagner, R., Mendes, R.E., 2018. Effects of phytogenic feed ad-
ditive based on thymol, carvacrol and cinnamic aldehyde on
body weight, blood parameters and environmental bacteria
in broilers chickens. Microb. Pathog. 125, 168-176. 

Roller, M., Rechkemmer, G., Watzl, B., 2004. Prebiotic inulin enriched
with oligofructose in combination with the probiotics Lacto-
bacillus rhamnosus and Bifidobacterium lactis modulates in-
testinal immune functions in rats.  Nutr. J. 134, 153-156. 

Rostami, F., Ghasemi, H.A., Taherpour, K., 2015. Effect of Scrophularia
striata and Ferulago angulata, as alternatives to virginiamycin,
on growth performance, intestinal microbial population, im-
mune response, and blood constituents of broiler chickens.
Poult. Sci. 94, 2202-2209.

Rusdi, R., Hasanuddin, A., Arief, R., 2019. In vitro evaluation of coconut
husk potential as phytobiotics for poultry. Int. J. Sci. 18, 109-
115.

Sang-Oh, P., Chae-Min, R., Byung-Sung, P., Jong, H., 2013. The meat
quality and growth performance in broiler chickens fed diet
with cinnamon powder. J. Environ. Biol. 34, 127- 133.

Sari, M., Biondi, D.M., Kaâbeche, M., Mandalari, G., D'Arrigo, M., Bisig-
nano, G., Ruberto, G., 2006. Chemical composition, antimicro-
bial and antioxidant activities of the essential oil of several
populations of Algerian Origanum glandulosum. Desf. Flavour
Frag. J. 21, 890-898.

Serafino, A., Vallebona, P.S., Andreola, F., Zonfrillo, M., Mercuri, L., Fed-
erici, M., Pierimarchi, P., 2008. Stimulatory effect of Eucalyptus
essential oil on innate cell-mediated immune response. BMC
Immunol. 9, 17.

Shang, Y., Regassa, A., Kim, J.H., Kim, W.K., 2015. The effect of dietary
fructooligosaccharide supplementation on growth perform-
ance, intestinal morphology, and immune responses in broiler
chickens challenged with Salmonella enteritidis lipopolysac-
charides. Poult Sci. 94, 2887-2897.

Singh, J., Sethi, A.P.S., Sikka, S.S., Chatli, M.K., Kumar, P., 2014. Effect of
cinnamon (Cinnamomum cassia) powder as a phytobiotic
growth promoter in commercial broiler chickens. Anim. Nutr.
Feed Technol. 14, 471-479.

Soltan, M.A., Shewita, R.S., El-Katcha, M.I., 2008. Effect of dietary anise
seeds supplementation on growth performance, immune re-
sponse, carcass traits and some blood parameters of broiler
chickens. Int. J. Poult. Sci. 7, 1078-1088.

Spernakova, D., Mate, D., Rozanska, H., Kovac, G., 2007. Effects of di-
etary rosemary extract and alpha-tocopherol on the perform-
ance of chickens, meat quality, and lipid oxidation in meat
stored under chilling conditions.  B. Vet. I. Pulawy. 51.

Stanaćev, V., Puvača, N., 2011. Selenium in poultry nutrition and its ef-
fect on meat quality. World Poultry Sci.  J. 67.

Stefanović, O., Comic, L., 2012. Synergistic antibacterial interaction be-
tween Melissa officinalis extracts and antibiotics. J. Appl.
Pharm. Sci. 2, 1-5.

Suganya, T., Senthilkumar, S., Deepa, K., Muralidharan, J., Gomathi, G.,
Gobiraju, S., 2016. Herbal feed additives in poultry. Int. J. Sci.
Environ. Tech. 5, 1137-1145.

Timbermont, L., Lanckriet, A., Dewulf, J., Nollet, N., Schwarzer, K., Hae-
sebrouck, F., Van Immerseel, F., 2010. Control of Clostridium
perfringens-induced necrotic enteritis in broilers by target-re-
leased butyric acid, fatty acids and essential oils. Avian Pathol.
39, 117-121.

Ulfah, M., 2006. Essential oils as multi-function feed additive (MFA) to
improve broilers performance, metabolism, dung consistency
and efficiency of production. J. Agr. Rural Dev. Trop. 88, 50-55.

Vidanarachchi, J.K., Mikkelsen, L.L., Sims, I., Iji, P.A., Choct, M., 2005.
Phytobiotics: alternatives to antibiotic growth promoters in
monogastric animal feeds. Rec. Adv. Anim. Nutr. Austral. 15,
131-144.

Wang, Y.Y., Khoo, K.H., Chen, S.T., Lin, C.C., Wong, C.H., Lin, C.H., 2002.
Studies on the immuno-modulating and antitumor activities
of Ganoderma lucidum (Reishi) polysaccharides: functional
and proteomic analyses of a fucose-containing glycoprotein
fraction responsible for the activities. Bioorg. Med. Chem. 10,
1057-1062.

Weerasingha, A.S., Atapattu, N.S.B.M., 2013. Effects of Fenugreek
(Trigonella foenum-graecum L.) seed powder on growth per-
formance, visceral organ weight, serum cholesterol levels and
the nitrogen retention of broiler chicken. Trop. Agric. Res. 24,
289–295. 

Wei, A., Shibamoto, T., 2007. Antioxidant activities and volatile con-
stituents of various essential oils. J. Agric. Food Chem. 55,
1737-1742.

Windisch, W., Kroismayr, A., 2007. Natural phytobiotics for health of
young piglets and poultry: mechanisms and application. Int.
J. Dairy Sci. 90, 643-643. 

Windisch, W., Schedle, K., Plitzner, C., Kroismayr, A., 2008. Use of phy-
togenic products as feed additives for swine and poultry. J.
Anim. Sci. 86, E140-E148. 

Wink, M., 2012. Secondary metabolites from plants inhibiting ABC
transporters and reversing resistance of cancer cells and mi-
crobes to cytotoxic and antimicrobial agents. Front. Microbial.
3, 130.

World Health Organization, 2012. The evolving threat of antimicrobial
resistance: options for action. Geneva: W. H. O.

Wu, S., 2018. Effect of dietary Astragalus membranaceus polysaccha-
ride on the growth performance and immunity of juvenile
broilers. Poult. Sci. 97, 3489-3493.

Xu, Z.R., Hu, C.H., Xia, M.S., Zhan, X.A., Wang, M.Q., 2003. Effects of
dietary fructooligosaccharide on digestive enzyme activities,
intestinal microflora and morphology of male broilers. Poult.
Sci. 82, 1030-1036.

Yadav, A.S., Kolluri, G., Gopi, M., Karthik, K., Singh, Y., 2016. Exploring
alternatives to antibiotics as health promoting agents in poul-
try-A review. J. Exp. Biol. Agric. Sci. 4, 368-383. 

Yang, C, Kabir-Chowdhury, M.A., Hou, Y., Gong, J., 2015. Phytogenic
compounds as alternatives to in-feed antibiotics: potentials
and challenges in application. Pathog. 4, 137–156.

Yitbarek, M.B., 2015. Phytogenics as feed additives in poultry produc-
tion: a review. Int. J. Extensive Res. 3, 49-60.

Zhang, G.G., Yang, Z.B., Wang, Y., Yang, W.R., 2013. Effects of Astragalus
membranaceus root processed to diffeent particle sizes on
growth performance, antioxidant status, and serum metabo-
lites of broiler chickens. Poult. Sci. 92, 178-183.

Zhang, J., Tang, Q., Zimmerman-Kordmann, M., Reutter, W., Fan, H.,
2002. Activation of B lymphocytes by GLIS, a bioactive proteo-
glycan from Ganoderma lucidum. Life Sci. 71, 623-638.

Mohamed M. Alghirani et al. /Journal of Advanced Veterinary Research 11 (4) (2021) 254-265

265


