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Abstract

The intestinal microbe population has a considerable impact on the physiological state of poultry.
Nutritional intervention can be used to enhance the equilibrium of the gut microbiota in chickens, leading to
good physiological effects. Various nutritional interventions have been implemented, including feed additives,
vitamins, and fermented and functional feeds. While numerous studies have shown the efficacy of nutritional
strategies, others have noted the variability of these interventions on poultry’s physiological state. Various
factors can influence the effectiveness of nutritional interventions on the physiological conditions of poultry,
such as the types of feed additives or active components, duration and method of administration, feed
composition, environmental conditions during rearing, quality of day-old-chick, type and age of poultry,
hygiene, infection, stress, and other related variables. Feed additives, when combined with nutritional
components or other active chemicals, can have synergistic and complementary effects. These impacts could
improve the effectiveness and reliability of the nutritional interventions on physiological parameters and
poultry productivity. Furthermore, combinations can include feed additives or active components like
probiotics and acidifiers, probiotics and enzymes, phytobiotics and enzymes, and plant-based materials and
chitosan. The combinations show synergistic and complementary benefits, improving physiological conditions
in chickens more than using feed additives or active substances alone. Overall, nutritional intervention can be
used to improve the microbial balance in poultry intestines and boost their physiological state. Moreover,
integrating feed additives with other active components might enhance the physiological circumstances of
chickens due to the synergistic effect produced by their combination.
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INTRODUCTION

The vyearly demand for food sources
containing animal protein keeps rising, aligning
with population growth and expanding public
awareness. Poultry products e.g. meat and eggs
are an inexpensive source of animal protein with
excellent nutritional value. Farmers and the
poultry industry have raised the population of
chicks due to the rising demand for chicken
products. Data from Statistics Indonesia revealed
that the overall poultry population in 2022
exceeded 3 billion birds, most of which were
broiler chickens (3,114,027,615 birds) (BPS,
2022). Additionally, this population included
various types of poultry, such as free-range
chickens (308,601,685 birds), laying hens
(379,279,968 birds), ducks (56,728,470 birds),

turkeys, quail, and other avian species (BPS,
2022). Apart from increasing population,
enhancing poultry productivity remains crucial in
meeting the rising demand for poultry products.
Productivity enhancement will encourage poultry
farming towards greater efficiency, ensuring the
sustained poultry industry.

Productivity theoretically signifies the
aggregation of diverse physiological processes
within a bird’s body. A favorable correlation is
present between the bird’s physiological state,
productivity, and health in this situation.
Maximizing chicken productivity requires
optimizing the physiological conditions and
processes within the bird’s body (Sugiharto et al.,
2021%). Optimization is a process to achieve
conditions that provide maximum results from a
function. Optimizing physiological conditions
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can be interpreted as an attempt to ensure that the
bird’s body remains in a state of homeostasis in
various environmental conditions including stress
conditions such as heat stress and high stocking
density-induced stress. Homeostasis is essential
for good bodily function and to enhance poultry
productivity (Sugiharto et al., 2021%). Recent
studies have shown a connection between gut
bacteria and physiological characteristics. Borda-
Molina et al. (2018) and Aruwa et al. (2021) state
that the microbial community in this scenario
significantly influences the immune system’s
regulation, organ development, and metabolic
processes in the bird’s body. Chicken producers
utilized antibiotic growth promoters (AGP)
extensively in the past to control the population of
harmful microorganisms in the intestines. Since
January 2018, the Government of the Republic of
Indonesia has completely banned the use of AGP
in feed, in accordance with Minister of
Agriculture Regulation No. 14/2017 on the
Classification of Animal Medicines. This
prohibition jeopardizes physiological condition
and efficiency of poultry (Ogboko, 2011; Ismail
et al., 2013) and enhances the number of harmful
microorganisms in the intestines (Shah et al.,
2022).

Economically, the AGP ban has significantly
reduced the efficiency of poultry farming related
to less efficient feed conversion, retarded growth,
high morbidity and mortality rates, and increased
medical costs. Researchers and poultry
nutritionists have made various efforts to
overcome the problems that rise after the AGP
ban. Nutritional interventions are a method for
optimizing physiological conditions in poultry.
Common nutritional interventions in poultry
include the usage of feed additives such as
probiotics, synbiotics, enzymes, prebiotics,
phytobiotics, antioxidants, organic acids and
vitamins, as well as fermented and functional feed
(Sugiharto, 2016; Gadde et al., 2017; Sugiharto
and Ranjitkar, 2019). Previous studies reported
that nutritional interventions could provide direct
benefits to the microbial balance in the intestine
(Sugiharto, 2016; Sugiharto and Ranjitkar, 2019)
as well as indirectly contribute to the
physiological condition, health and productivity

of poultry (Borda-Molina et al., 2018; Aruwa et
al., 2018; Aruwa et al., 2018; Aruwa et al., 2018;
al., 2021).

Although many studies report the
effectiveness of nutritional interventions, a few
studies also report the inconsistency of nutritional
interventions on the physiological condition of
birds (Cheong, 2014; Sugiharto, 2016; Anadon et
al., 2019). Numerous factors have been
documented to impact the consistency of
nutritional interventions on the physiological
condition of birds. These factors include the type
of feed additives or alternatives to AGP utilized,
duration of administration, levels in the feed,
method of administration via drinking water or
feed, environmental conditions at the time of
delivery, feed composition, quality of day-old-
chick (DOC), type and age of poultry, cage
hygiene, and presence of infection or stress, etc.
(Sugiharto, 2016; Gadde et al., 2017). Based on
these inconsistencies, intensive research is still
required to identify an alternative replacement for
AGP that not only consistently optimizes the
physiological conditions of poultry but also
proves cost-effective, easily storable, and field-
applicable. Furthermore, the alternative should
prevent harmful consumer residues while
ensuring the poultry sector's long-term
sustainability.

Several researchers are attempting to address
the inconsistency of nutritional interventions in
poultry by combining a number of feed additives
with other nutritional components in an effort to
achieve a breakthrough. This blend is expected to
have synergistic and complementary impacts that
can enhance the efficacy and consistency of
dietary interventions on physiological conditions
and poultry productivity (Masud et al., 2016;
Sapsuha et al., 2021; Singh et al., 2020;
Sugiharto, 2021%). It is, however, important to
carefully consider the type of feed additives, their
levels in the ration, the composition and nutrient
content of the feed, chicken factors, and
environmental conditions when combining
products for optimal consistency and
effectiveness (Sapsuha et al., 2021; Sugiharto,
2021%).
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MATERIALS AND METHODS

Using the following criteria, we performed a
literature search to prepare the review,
concentrating on nutritional interventions to
enhance the physiological state of poultry
(broiler, hen, and quail): (1) English-language
peer-reviewed journal articles were included; (2)
books and chapters in an edited book were
included with selections made; and (3) human
studies were included with selections made to
corroborate and bolster the data on poultry.
Probiotics, prebiotics, acidifiers, enzymes,
phytobiotics,  vitamins, fermented feeds,
physiological status, and poultry were among the
search terms used in the literature. We used
several scientific portals, such as Elsevier
ScienceDirect, EBSCO E-journal, Proquest
Research Library, Cambridge University Press E-
journal, SpringerLink E-journal, and Google
Scholar, to gather the relevant articles.

RESULTS AND DISCUSSION

Probiotics, Prebiotics and Synbiotics to
Optimize the Physiological Conditions of
Poultry

Probiotics are a type of feed additives for
poultry that consist of live microorganisms. In a
particular population (minimum 1 x 10° CFU per
gram or per mL), probiotics can positively
influence the host’s health and physiological
condition (Sugiharto, 2016). Various types of
probiotics have been developed and applied for
poultry, and the most common are probiotics
based on lactic acid bacteria (LAB), yeast and
Bacillus strain (Isroli et al., 2017; Sugiharto et al.,
2018? Sugiharto et al., 2018"; Sugiharto et al.,
2018¢; Sugiharto et al., 2019%, Mangisah et al.,
2021; Astuti et al., 2022; Sugiharto et al., 20229).
Several researchers have also begun to develop
fungus-based probiotics for poultry (Sugiharto et
al., 2015; Sugiharto et al., 2018%). Although the
precise mechanism by which probiotic bacteria
and yeast improve poultry physiological
condition is still being researched, several
probable actions are believed to contribute to their
positive impact on avian physiological condition,

health, and production. These mechanisms
include the following: (1) Preserving the balance
of beneficial bacteria in the intestine through
competitive exclusion activities (pathogenic
bacteria compete with beneficial bacteria for
nutrients in the intestinal mucosa) and antagonism
(pathogenic bacteria are inhibited from growing
by producing ‘toxins’ like lactic acid); (2)
Promoting intestinal integrity and maturation; and
(3) Regulating the immune system and reducing
inflammation; (4) Enhancing metabolic processes
through the production of less ammonia and more
digestive enzyme activity; (5) Boosting feed
consumption and digestion (due to an
improvement in the microbial balance in the gut);
and (6) Stimulating the immune system and
neutralizing enterotoxins. Probiotics derived from
fungi typically function similarly to those derived
from bacteria or yeast in terms of their mode of
action. Fungal probiotics have antimicrobial
activity and can modulate intestinal microbiota,
stimulate digestive enzyme activity, and reduce
cholesterol  concentrations in the poultry
(Sugiharto, 2019; Agustono et al., 2024).

The poultry digestive organs cannot digest
prebiotics but are very useful for the life of
beneficial bacteria in the digestive tract.
Prebiotics are often identified as a food source for
commensal bacteria, such as bifidobacteria and
lactobacilli in the intestine. In this scenario,
prebiotics offer more incredible benefits than
probiotics as they stimulate the growth of good
bacteria well adapted to the poultry gut
environment  (Sugiharto, 2016). Currently,
prebiotics that is widely used for poultry include
fructo-oligosaccharides (FOS), inulin, galacto-
oligosaccharides (GOS), and mannan
oligosaccharides (MOS). Previously, it was
reported that the exact mechanism by which
prebiotics influence the physiological condition
of the host remains uncertain Sugiharto (2016)
and Ricke (2018). Prebiotics’ ability to boost the
amount of LAB in the gut, however, is thought to
support competitive exclusion efforts against
pathogens from the poultry digestive system.
Reducing the number of pathogenic microbes in
the chicken gut can also be accomplished by
increasing the production of short-chain fatty
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acids (SCFA) by giving prebiotics, which raises
intestinal acidity (Fikri et al., 2024). Additionally,
prebiotics have been shown to boost immunity,
which will help the chicken fight off invasive
pathogens. Prebiotics' potential to boost immune
response may include direct interactions between
prebiotics and immune cells in the intestine.
Prebiotics may also influence the development of
immune cells and intestinal tissue indirectly by
boosting the number of advantageous
microorganisms in the intestines. In this context,
prebiotics function similarly to probiotics to
safeguard chicken intestinal health (Sugiharto,
2016).

Prebiotics and probiotics are frequently used
in combination to boost the effectiveness in
enhancing the physiological parameters, health,
and productivity of poultry. Previous research has
shown that synbiotics (a blend of inulin extracted
from Dioscorea esculenta L. and the probiotic L.
plantarum) enhance broiler growth rate, protein
digestibility, and gut ecology (Setyaningrum et
al., 2019). Another work conducted by Sunu et al.
(2021) reported that the use of synbiotics derived
from garlic extract and the probiotic
Lactobacillus acidophilus can improve the blood
profile and antioxidant status of broilers.
Additionally, in comparison to the control group,
this combination enhanced the small intestine's
microbial population and morphology, which
enhanced the growth performance of broilers.

Generally, the mechanism by which
synbiotics enhance the physiological condition of
poultry involves a synergistic combination of the
two active components of probiotics and
prebiotics (Sugiharto, 2016). In particular, when
compared with the use of probiotics and
prebiotics individually, synbiotics have been
reported to show better results. From
physiological parameters, Abdel-Fattah and
Fararh (2009) reported that the administration of
synbiotics can further increase the levels of total
protein, albumin, and globulin when compared to
the administration of probiotics or prebiotics
alone. It is thought that prebiotics and probiotics
have complementary and synergistic effects that
can further boost the efficacy of synbiotics in
enhancing the physiological state of chickens.

Regarding the efficacy of synbiotics in
maintaining the physiological condition of
poultry, the administration of synbiotics increased
the number of erythrocytes, hemoglobin
concentration, total protein concentration in
plasma, number of leukocytes and reduced the
ratio of heterophils to lymphocytes (Mangisah et
al., 2022). Generally, an increase in erythrocyte
and hemoglobin values is associated with an
increase in the rate of energy metabolism and
poultry growth (Astuti et al., 2022). The rise in
overall plasma protein levels in this study
suggests enhanced digestibility and utilisation of
nutrients, particularly protein derived from diet.
Enhanced protein digestion and absorption are
facilitated by improvements in ecology and
intestinal function with the injection of synbiotics
(Sugiharto, 2016). Furthermore, Mangisah et al.
(2022) reported that synbiotics can lessen the
potential adverse effects of stress in chickens.
This was demonstrated by a reduced ratio of
heterophils to lymphocytes (H/L) in broiler
chickens provided with synbiotics. The low
potential for stress improves the immune function
of chickens given synbiotics, as seen from the
increase in the number of leukocytes and the
relative weight of the bursa of Fabricius and
thymus in chickens. Regarding the ability of
synbiotics to prevent stress in chickens, Mounir et
al. (2022) reported that synbiotics have a high
polyphenol content to improve antioxidant status
and prevent oxidative stress conditions in the
host. However, it should be remembered that the
polyphenol content in synbiotics varies greatly
depending on the probiotic microbes and types of
prebiotics used as synbiotics.

Organic Acids to Optimize the Physiological
Condition of Poultry

Amino acids and fatty acids with the R-
COOH structure are examples of carboxylic
acids, which make up organic acids. Poultry
farmers now frequently employ organic acids as
an alternative to AGP following Indonesia's ban
on its use in livestock production. Propionic acid,
formic acid, citric acid, and acetic acid are
common organic acids substituted for AGP in
poultry farming. Organic acids have been
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identified as antimicrobial agents for poultry in
the majority of literature. According to Khan et al.
(2022), it has to do with the capacity of organic
acids to reduce intestinal pH in order to prevent
the growth of pathogenic bacteria, the majority of
which are less tolerant of an acidic pH. Apart
from improving growth and nutrient digestibility,
organic acids have also been reported to improve
intestinal integrity and morphology, immune
response, and physiological conditions of poultry
(Sugiharto, 2016; Khan et al., 2022).

Isroli et al. (2020) investigated the effect of
organic acids as feed additives, specifically
formic acid, butyric acid, or a combination of the

two, on broiler chicken growth rate,
haematological indices, and intestinal
morphometrics. From a  physiological

perspective, using organic acids (formic acid,
butyric acid, or a combination) has been
associated with decreased platelet counts in
broiler chicken blood (Isroli et al., 2020).

The administration of organic acids,
especially butyrate, was reported to increase the
albumin concentration in the serum of broiler
chickens. Supplementation of butyric acid can
improve nutrient digestibility, especially protein,
thereby increasing the concentration of albumin
(Imran et al., 2018). Leeson et al. (2005) further
explained that butyric acid can improve intestinal
morphology, enhancing protein absorption. The
results mentioned above were further confirmed
by Isroli et al. (2020), who reported an increase in
villi height in broiler chickens that received
butyric acid.

Phytobiotics to Optimize the Physiological
Condition of Poultry

Medicinal plants have been used for
therapeutic purposes against a variety of diseases
since the dawn of human civilization. It is among
the earliest known methods of providing
healthcare to humans. Apart from human
application, herbal ingredients, known as
phytobiotics, are also commonly used for poultry.
Besides stimulating appetite and the secretion of
endogenous enzymes, phytobiotics exhibit
antimicrobial, coccidiostatic, and anthelmintic
activities in poultry (Sugiharto, 2021°). Along

with traditional home production, many modern
pharmaceutical industries in Indonesia are
currently active in manufacturing and marketing
phytobiotics for livestock, particularly poultry
(Medion, 2019). Indeed, herbal ingredients as
feed additives are trendy for use in poultry
following the ban on AGP in Indonesia.
Previously, it was stated that phytobiotics can
improve the hematological profile by increasing
hemoglobin and hematocrit values, as well as
mean corpuscular volume (MCV), thereby
maximizing the growth capacity in poultry
(Sugiharto, 2021°). In addition, phytobiotics
contain various phenolic components to improve
antioxidant status and reduce the deleterious
impact of stress on poultry (Sugiharto, 2016;
Sugiharto, 2021%).

Stress can cause oxidative damage and
physiological abnormalities in poultry. A study
was done to investigate the impact of
encapsulated Cosmos caudatus leaf extract on the
health and antioxidant levels of broilers grown in
stressful crowded pens. The study demonstrated
that encapsulated C. caudatus leaf extract
increased the concentration of superoxide
dismutase (SOD) enzyme in chicken serum
(Agusetyaningsih et al., 2022). These results
confirm the capacity of phytobiotics to improve
the antioxidant status of birds, especially under
stress  circumstances.  Moreover, phenolic
components in phytobiotics have a dominant role
in enhancing the antioxidant status of poultry
(Sugiharto, 2021°). Another study further
reported the positive impacts of C. caudatus leaf
extract on the immune function of broiler. They
specifically showed that C. caudatus leaf extract
could protect the bursa of Fabricius of broiler
chickens from stress-induced damage. In this
case, the flavonoids in C. caudatus leaves can
prevent damage to cells and lymphoid tissue due
to excessive production of free radicals when
chickens experience stress. Also, herbal products
can increase chicken immunity by promoting the
lymphocyte cells proliferation in poultry immune
organs that experience immunosuppression due to
oxidative stress (Agusetyaningsih et al., 2022).
Additionally, supplementation of acidified
turmeric flour (using Averrhoa bilimbi L. filtrate
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as a source of acid) could improve the antioxidant
capacity of the broiler by enhancing the SOD and
CAT enzyme activities, and decreasing the MDA
(Sugiharto, 2021%).

Fermented Feed to Optimize the Physiological
Conditions of Poultry

Fermentation is a simple technique
commonly used to improve the chemical
composition and functional value of poultry feed
stuffs (Sugiharto and Ranjitkar, 2019). Moreover,
fermentation can enhance the antioxidant
potential of feed ingredients (Sugiharto et al.,
2019). Fermentation can also elevate the amount
of LAB, lactic acid, and other acids in poultry
feed ingredients (Sugiharto and Ranjitkar, 2019).
Generally, fermentation can be grouped into
solid-state (SSF) and submerged fermentation
(SmF). In comparison to SmF, SSF is more
widely applied in chicken feed production
because SSF results in products with more favour
characteristics (Sugiharto et al., 2019°).

Based on the content of various active
components in fermented feed ingredients,
Sugiharto et al. (2017?) carried out a nutritional
intervention using fermented feed ingredients
(fermented cassava pulp using filamentous
fungus Acremonium charticola) to optimize the
physiological conditions of broilers. The data
showed that feeding fermented feed increases the
production of SCFA, especially butyric acid, in
the cecum, thereby potentially improving
ecosystem conditions and poultry gut health. The
high content of LAB in fermented feed
ingredients has been reported to increase the
counts of anaerobic bacteria, which are
responsible for the production of propionic and
butyric acids in the caecum of broiler chickens
(Sugiharto et al., 2017%; Sugiharto and Ranjitkar,
2019). Providing fermented feed can also prevent
chickens from infections, especially viruses,
which is indicated by a lower percentage of
lymphocytes in the blood and globulins in the
serum. In this case, the active components in
fermented feed ingredients especially LAB,
organic acids and antioxidants are responsible for
improving the immune response to minimize the
invasion of pathogens, especially viruses, which

enter the body of broiler chickens (Sugiharto and
Ranjitkar, 2019).

In another study, Sugiharto et al. (2017°)
reported that using fermented ingredients (A.
charticola-fermented cassava pulp) improved the
antioxidant status of broiler chickens. In this case,
fermented feed can prevent oxidative stress in the
body of chickens so that the level of 2,2-diphenyl-
1-picrylhydrazyl (DPPH; % inhibition) is lower in
the group of chickens given fermented cassava
pulp when compared with the control group. The
antioxidant capacity of the fungus A. charticola
(Sugiharto et al., 2016%), which is used to ferment
cassava pulp, is very likely to be able to reduce
oxidative stress in chickens (Sugiharto et al.,
2017°; Sugiharto et al., 2019?;, Sugiharto et al.,
2019 which is characterized by a low DPPH
percentage inhibition in broiler chickens. Of note,
antioxidant activity will increase in response to
the elevated production of free radicals which
cause oxidative stress in broiler chickens
(Sugiharto et al., 2017°). Other studies reporting
the beneficial effects of fermented feeds on the
physiological conditions of some poultry species
are presented in Table 1.

Collectively, this study acts as a fundamental
reference to encourage farmers to ferment feed
ingredients, especially unconventional feed
ingredients obtained from agricultural industry
byproducts and include them in poultry rations.
These components not only provide nutrition but
may also exhibit a good influence on the
physiological status of chickens.

Functional Feed to Optimize the Physiological
Condition of Poultry

Functional feed refers to feed or ingredients
that offer extra health advantages for livestock
besides providing basic nutritional requirements.
Apart from carbohydrates, fats, proteins,
vitamins, and minerals, functional feed
ingredients generally contain several active
components, including terpenoids, flavonoids,
capsaicinoids, carotenoids, lignin, chlorophyll,
stilbene, phenolic acids, fiber, polysaccharides
sterols, and others (Sugiharto et al., 2018°). These
active components can be naturally contained in
feed ingredients or formed due to specific
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processes, for example, fermentation. Using
functional feed ingredients has been proven to
increase chicken farmers’ profits. Farmers can
reduce their dependency on feed additives or

supplements by incorporating these ingredients
into the diet while promoting physiological
conditions, health, and poultry production.

Table 1. Effects of fermented feed on poultry physiological conditions

Fermentation

Poultry

Feedstuffs starter Phyisological effects species References
Four parts corn mixed  Lactobacillus Improved immune function Laying  Zhu et al.
with 3 parts cottonseed plantarum and antioxidant capacity hens (2020)
meal and 3 parts (CICC20765)
rapeseed meal and L.
acidophilus
(CICC6006)
63.61% corn, 25.49% L. plantarum, Improved immune organ Broiler ~ Zhuetal.
soybean meal, 3.44%  Bacillus subtilis  development and chickens (2023)
corn gluten meal, and composition of the cecal
3.44% corn dried Saccharomyces  microbiota
distillers grains soluble cerevisiae
and 4.02% wheat bran
Pearl millet grains Not mentioned Improved weight of bursa ~ Broiler ~ Olasehinde
of Fabricius and duodenum  chickens and
villus width Aderemi
(2023)
Not mentioned Yeast culture Reduced the severity of Nicobari Nidamanuri
necrosis of villi in the chickens etal.
jejunum, improved (2022)
antioxidant status
(decreased
malondialdehyde) and
lower plasma cholesterol
Rapeseed meal Not mentioned Increase duodenal villus Broiler  Wuetal.
height, superoxide chickens (2022)
dismutase and total
antioxidant capacity, while
decreasing
malondialdehyde in serum
Soybean meal L. plantarum Improved gut microbiota, Japanese Jazi et al.
(PTCC1058), B.  small intestinal quails (2018)
subtilis morphology, and serum
(PTCC1156) lipid profile
and Aspergillus
oryzae
(PTCC5163)
Medicago sativa (plus  Not mentioned Improved immunity, Geese Lietal.
soybean and distillers antioxidant status and ileum (2022)

dried grains with
solubles)

morphology

Previously, fermented dried cassava was
used as a functional feed ingredient to examine
the impact of dried cassava on the profile of blood

in Dbroilers. The results documented

that

decrease in the

fermented, dried cassava in feed can alleviate
stress conditions in broilers, as evidenced by a
ratio of heterophils and
lymphocytes (H/L ratio) in the blood of broilers
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(Abdurrahman et al., 2022; Chandra et al., 2022;
Faigoh et al., 2023). The antioxidant capability of
fermented dried cassava has been suggested to
boost antioxidant status, potentially alleviating
stress conditions in chickens. Moreover,
fermented dried cassava also significantly
reduced the triglyceride concentration in the
blood of broilers (Sugiharto et al., 2015). This can
be explained by the probiotic and antioxidant
potential of the fungus that grows on fermented
dried cassava. Additionally, it is suggested that
the probiotic and antioxidant activities can
potentially reduce fat accumulation in broilers
(Sugiharto et al., 2016°). Probiotics may have a
hypolipidemic effect in broilers by reducing
cholesterol synthesis or by increasing cholesterol
breakdown and excretion. Also, probiotics can
lower blood cholesterol by deconjugating bile
salts (Jafarpour et al., 2019). With regard
particularly to antioxidants, antioxidants lower
the percentage of abdominal fat in chickens by
increasing the activity of hormone-sensitive
lipase (HSL) in the fat and suppressing the
activities of lipoprotein lipase (LPL) in the fat,
malate dehydrogenase (MDH), and glucose-6-
phosphate dehydrogenase (G-6-PDH) (lipogenic
enzymes) in the liver (Fouad and El-Senousey,
2014; Lokapirnasari et al., 2022).

Another work demonstrated that using
fermented banana peel as a functional feed stuff
and an energy source can reduce uric acid
concentration in broiler chickens' serum. Because
uric acid is the byproduct of protein catabolism,
broiler chickens fed fermented banana peels
exhibit lower levels of protein degradation as
evidenced by their lower serum uric acid
concentrations. Moreover, fermented banana peel
improves protein deposition potential and
heightens ileal villi in broiler chickens. This
increased villi  height improves nutrient
absorption capacity in the gut (Sugiharto et al.,
2020).

The functional feed contains various active
components that can act as antibacterials,
antioxidants, and immunomodulators (Sugiharto
et al., 2018°). Functional feed ingredients may
improve gut ecology by enhancing microbial
balance in the gut. This may have contributed to

the increased height of intestinal villi observed in
treated chickens compared to control chickens. It
is hoped that this study will inspire poultry
farmers to use unconventional feed ingredients as
functional feed ingredients, as has been done with
banana peels.

Enzymes to Optimize the Physiological
Condition of Poultry

Enzymes are proteins that function as
catalysts, influencing biological reaction rates in
the body without altering themselves.
Endogenous enzymes are enzymes that originate
naturally within the body of each animal. For
example, endogenous enzymes are digestive
enzymes produced by the pancreas, stomach and
small intestine of poultry (Sugiharto et al., 2021%).
Although, endogenous enzymes produced
naturally may not meet the body’s biochemical
requirements. In these conditions, exogenous
enzymes are needed to increase the physiological
activities in the bird’s body. Various exogenous
enzymes have been applied to poultry feed,
including xylanase, p-glucanase, amylase,
protease, a-galactosidase, lipase, and phytase to
improve digestive activity. The applications of
exogenous enzymes is essential in chickens,
considering that poultry feed ingredients mainly
consist of maize and soybean meal, which contain
anti-nutritional components for instance, protease
inhibitors and non-starch polysaccharides which
can inhibit the digestion and absorption in the
poultry digestive tract. In this case, exogenous
enzymes are expected to compensate for
endogenous enzyme deficiencies by assisting in
the chemical digestion of feed materials or
hydrolyzing specific anti-nutritional components
contained in the feed (Sugiharto, 2016).

Apart from playing a role in the digestive
process, using exogenous enzymes has been
noticed to modify the intestinal microorganisms,
improve gut morphology, and increase the
immune response of birds (Sugiharto, 2016). As
part of a nutritional intervention, the inclusion of
enzymes in feed has been reported to improve the
blood protein profile of chickens. Javaid et al.
(2022) documented that the use of commercial
multienzymes and multienzymes produced by B.
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subtilis KT004404 could reduce the levels of uric
acid. Conversely, it raises the levels of albumin,
globulin, and total protein in the blood of broiler
chickens. According to the researcher, adding
exogenous multienzymes to feed can boost the
anabolism of proteins. Purines are created in
poultry by excess amino nitrogen (Pratama et al.,
2021; Lovela et al., 2023). Purines are broken
down by the body into uric acid, which is then
eliminated. Exogenous enzymes have the ability
to boost protein anabolism and inhibit
overabundance of amino nitrogen (Javaid et al.,
2022).

In broilers, the inclusion of exogenous
enzymes in the feed resulted in higher
hemoglobin levels, leukocyte counts, and mean
corpuscular hemoglobin (MCH) and
concentrations. Additionally, Sugiharto et al.
(2023?) found that the use of multienzymes in the
feed positively lowers the concentrations of uric
acid in the serum of broiler chickens. It is well

known that multienzymes improve broiler
nutrition  digestibility ~ (Sugiharto,  2016),
increasing nutrient availability for growth-

promoting energy metabolism. Given how
hemoglobin supports the metabolic processes of
poultry, this could indicate that there is a greater
supply of oxygen available to cells, which could
support the metabolic processes of chicken cells
(Wardiana et al ., 2021; Utomo et al., 2022).

In terms of the positive influence of
multienzymes on increasing the number of
leukocytes, multienzymes can support the
development of the bursa of Fabricius and
increase the production of leukocytes. On the
other hand, exogenous enzymes can also increase
the availability of nutrients needed for the
production of immune cells by poultry. Using
exogenous enzymes can reduce uric acid
concentration in broiler’ serum (Javaid et al.,
2022; Sugiharto et al., 2023%). This condition
shows the positive influence of exogenous
enzymes on increasing protein anabolism and
reducing muscle proteolysis. The efficacy of
exogenous enzymes used as a feed additive is
considered to be very beneficial for poultry
farmers. This could be helpful to improve the feed

digestibility, physiological condition, and health
of poultry.

Inconsistency of Nutritive Interventions on the
Physiological Condition of Poultry

As described above, various studies
highlight the positive impact of nutritional
interventions on the physiological condition of
birds. However, some studies have reported the
inconsistency of nutritional interventions on the
physiological condition of birds (Cheong, 2014;
Sugiharto, 2016; Anaddn et al., 2019). Prior
studies have demonstrated that adding formic acid
and Saccharomyces cerevisiae, or both, to broiler
chicken feed improved feed efficiency and
growth performance. In order to maximize the
advantages of giving formic acid or S. cerevisiae
to broilers individually in the post-antibiotic era,
a combination of the two was therefore necessary
(Sugiharto et al., 2019). Several conditions have
been noted to affect the effectiveness of
nutritional interventions on the physiological
condition of birds, including the type of feed
additives or alternatives to AGP used, duration of
administration, levels in the feed, method of
administration, environmental conditions, feed
composition, quality of day-old chicks used, type
and age of birds, hygiene, presence of infection or
stress, etc. (Sugiharto, 2016; Gadde et al., 2017).
Each type of feed additive has a specific capacity
and mechanism to influence the physiological
condition of birds. Several additives such as
prebiotics, probiotics, synbiotics, and organic
acids directly influence the ecological and
microbiological conditions of the poultry
digestive tract and indirectly impact the
haematological condition and antioxidant status
of poultry. Other feed additives, such as
phytobiotics contain very high phenolic
components, so they directly impact the
antioxidant status and immune system of birds,
especially under stress conditions (Sugiharto,
2016). Environmental conditions during rearing
are a crucial factor in influencing the
effectiveness of nutritional interventions on the
physiological condition of birds. Environmental
stress can certainly increase the production of
catabolic adrenal hormones. Immunosuppression

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; eISSN 2581-012X | 396



Jurnal Medik Veteriner

Sugiharto Sugiharto, et al

is also frequently found in birds experiencing
environmental stress. This will hinder nutritive
intervention activities, especially the use of
enzymes, which are expected to increase the rate
of energy metabolism and biosynthesis processes
in the bird’s body (Sugiharto, 2020%).

In terms of dosage, certain feed additives,
particularly those based on phytobiotics, may, if
added in excess, have a detrimental impact on the
physiological status of birds. When encapsulated
C. caudatus leaf extract was used at a dose of 1.5
o/kg feed, Agustianinsih et al. (2022) discovered
that this may result in haemolytic anaemia, which
could impair broiler chickens’ health and
physiological state. Furthermore, using lower
doses of encapsulated C. caudatus leaf extract
improves the chickens’ ability to combat free
radicals. Nevertheless, high dosages of
encapsulated C. caudatus leaf extract may
demonstrate pro-oxidant characteristics, which
could cause oxidative damage to the bird’s body.
The types of poultry used in research are also very
likely to provide different physiological
responses to nutritional interventions. In contrast
to the use of formic acid and S. cerevisiae as feed
additives in broiler chickens which gave positive
results, Sugiharto et al. (2019°) did not find a
positive response to the use of these two feed
additives in the Indonesian crossbred chickens.
Differences in  physiological  responses,
nutritional needs, tolerance to stress, immune
system and organ development between broiler
chickens and Indonesian crossbred chickens or
other types of poultry are very likely to influence
the capacity and effectiveness of nutritional
interventions to optimize the physiological
condition of birds.

So far, nutritional interventions to optimize
the physiological condition of poultry are still
inconsistent. Therefore, extensive research is still
needed to find nutritional intervention methods
that consistently improve the physiological
condition of poultry, affordable, easy to apply in
the field, and safe for consumers of poultry
products. This will encourage the sustainability of
poultry farming in the future.

Combination of Feed Additives with Other
Nutrition Components to Optimize the
Physiological Condition of Poultry

The inconsistency of nutritional
interventions to improve the physiological
condition of poultry is the main obstacle to
implementing this method at the farmer level or
in the modern poultry farming industry after the
AGP ban. Several researchers and poultry
nutritionists are trying to make breakthroughs by
combining several feed additives with other
nutritional components or active ingredients to
overcome this condition. These researchers
believe that the combination of several feed
additives or active ingredients will create
synergistic and/or complementary impact so that
they can further increase the effectiveness and
consistency of nutritional interventions on
physiological conditions and poultry productivity
(Masud et al., 2016; Sapsuha et al., 2021; Singh
et al, 2020; Sugiharto, 2021%). From the
productivity aspect, Masud et al. (2016) revealed
that using blends of probiotics and acidifiers
resulted in higher body weights in broiler
chickens compared to control chickens or
chickens given probiotics or acidifiers
individually. From an economic perspective,
Singh et al. (2020) showed that the combined use
of phytobiotics and enzymes can reduce
production costs and increase profits for broiler
chicken  producers compared to using
phytobiotics or enzymes alone.

From a physiological aspect point of view,
the use of a combination of probiotics (a mixture
of Streptococcus thermophilus, L. plantarum,
Streptococcus feacium, Lactobacillus johnsonii,
L. acidophilus, Lactobacillus bulgaricus,
Bifidobacterium bifidum, Candida pentolopsy
and Aspergillus ourozai) and phytase enzyme is
documented to improve the cholesterol profile,
liver condition and antioxidant status of broilers
(Derakhshan et al., 2023). They further explained
that the synergist between probiotics and enzymes
is responsible for better chicken physiological
responses. Other researchers combined probiotics
(a mixture of L. fermentum P2, L. acidophilus
LAPS5, L. casei L21 and Pediococcus acidophilus
LS) and herbs (Gardeniae fructus) for broilers
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(Chang et al.,, 2019). They suggested that
combining probiotics and phytobiotics could
further increase SCFA production and improve
the small intestinal morphology of chickens when
compared with chickens given probiotics or
herbal products alone. Another study reported
that the phytobiotics (papaya seed sprouts) and
chitosan were beneficial in improving nutrient
bioavailability, immune responses, intestinal
morphology, and meat quality of broilers at
grower phase (Sugiharto et al., 2022).
Numerous nutritional components or feed
additives are combined to produce a synergistic
impact. It’s important to note that fermentation
might increase an ingredient's concentration of
active or useful ingredients (Sugiharto,
2019; Sugiharto and Ranjitkar, 2019). Previous
research evaluated the effects of supplementation
of Lactobacillus casei-fermented mixture of red
rice and aromatic ginger (FERMIX) on
performance, complete blood counts, gut
bacterial counts, and morphological indices of
broilers. The results revealed that dietary
FERMIX improved broiler immune
competencies, notably at 0.5%, as indicated by
greater spleen weight. FERMIX at 0.5% of diets
also improved physiological conditions as
demonstrated by increased plasma total protein,
hemoglobin, packed cell volume, and erythrocyte
levels. By enhancing the duodenal VH/CD,
decreasing the depth of the jejunal crypt, and
lowering the counts of lactose-negative
Enterobacteriaceae, the dietary intervention also
enhanced intestinal health (Astuti et al., 2022).
The effect of blends of functional feed
ingredients and feed additives on the
physiological responses of birds has also been
studied by Sugiharto et al. (2023%). The data
exhibited that the combination of unripe banana
flour (as a functional feed ingredient) and
multienzymes led to higher values of
haemoglobin, MCH, MCHC, and the ratio of
villus height and duodenal crypt depth compared
to those measured in chickens fed unripe banana
flour alone. The combined use of raw banana
flour and multienzyme also resulted in higher
leukocyte and LAB counts and lower uric acid
levels in the serum and duodenal crypt depth of

broilers compared to controls (Agustono et al.,
2019). This result is interesting because the
administration of unripe banana flour alone did
not significantly impact the abovementioned
parameters. It shows the complementary effect of
multienzymes on unripe banana flour, especially
on improving the immune response, intestinal
microbial balance, protein metabolism, and
intestinal morphology of broilers.

The study conducted by Sugiharto et al.
(2023%) indicated that the effects of combining
unripe banana flour with multienzyme differed
from those of combining unripe banana flour with
probiotics on a number of parameters, including
the depth of duodenal crypts, leukocyte count,
uric acid concentration, and haemoglobin
concentration. Probiotics did not exhibit a
complementary effect to unripe banana flour as
multienzymes based on the previously mentioned
parameters. In comparison to chickens that
received unripe banana flour alone, those that
received a combination of unripe banana flour and
probiotics showed no differences in haemoglobin
concentration, leukocyte count, uric acid
concentration, or duodenal crypt depth. The
absence of synergistic and complementary effects
was also reported by Sugiharto et al. (2019°),
when combining formic acid and S. cerevisiae
probiotics. The findings showed no difference
between the combined use of formic acid and S.
cerevisiae compared with the use of formic acid
or S. cerevisiae individually in terms of SOD and
MDA concentrations, immune response and
serum biochemistry in Indonesian crossbred
chickens. Based on the existing conditions
mentioned above. Previous research provides the
opinion that the consistency and effectiveness of
the combination of feed additives to optimize the
physiological condition of poultry is greatly
influenced by the type of feed additives
combined, the level in the ration, the composition
and nutrient content of the feed, chicken factors
and environmental conditions at the time of the
study (Sugiharto, 2021?; Sapsuha et al., 2021).
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The Future of Combinations of Feed Additives
with Other Nutrition Components for
Optimizing the Physiological Condition of
Poultry Post AGP Ban

The efficacy of nutritional interventions in
improving the physiological condition of poultry
is highly dependent on the feed additives or active
ingredients used in combination (Sugiharto,
2021%; Sapsuha et al., 2021). Currently, many
researchers are paying great attention to finding
the right combination of feed additives to create
maximum synergistic and complementary effects
to improve the physiological condition of poultry.
The combined impact of chestnut extract and
guebracho tannins has been evaluated, and results
showed that it improves intestinal conditions and
growth performance of broiler chickens
(Redondo et al., 2022). A study also reported that
a combination of citric acid and Spirulina
platensis has beneficial effects on the
physiological condition of broiler chickens
(Ismita et al.,, 2022). The combined use of
Spirulina platensis and Saccharomyces cerevisiae
on Indonesian crossbred chickens (ICC) was
reported. The results revealed that dietary
supplementation of blend of S. platensis and S.
cerevisiae more improved growth performance
and bacterial population of the ICC (Sugiharto et
al., 2022%). The antibacterial properties of S.
platensis and S. cerevisiae appear to be
complementary, which may have a greater impact
on lowering the numbers of harmful bacteria in
the intestines of chickens. Intestinal functions of
the ICC were further enhanced by the latter state.
Moreover, compared to individual application,
the mixture of neem leaf flour (Azadirachta
indica) and cinnamon oil (Cinnamomum
zeylanicum) more improved the productivity of
broiler chickens (Nath et al., 2023). In such case,
both neem leaf and cinnamon oil posses digestive
stimulatory  agents, which  synergistically
improved the digestive process and nutrient
utilisation of the chickens. Almeida et al. (2021)
applied a combination of a-monolaurin mono-,
di- and triglyceride butyric acid and lysolecithin
as an alternative replacement for AGP. The
findings revealed the improvement in antioxidant
status (reduced levels of reactive oxygen species

and thiobarbituric acid reactive substances
[TBARS]) and productivity of broiler chickens.
Additionally, Santos et al. (2019) reported the
beneficial effects of the combination of medium-
chain fatty acids (MCFA), organic acids, and
polyphenols as a nutritional intervention method
for broiler chickens. They revealed that the
combination of MCFA, organic acids and
polyphenols was effective in alleviating the
negative effects of heat stress on the intestinal
morphology of broiler chickens. Likewise, the
feed additive combination was capable of
ameliorating the  oxidative  stress and
inflammation in the broiler intestine during heat
stress (Santos et al., 2019).

Apart from the studies above, there are still
many studies carried out by researchers to
formulate the right combination of feed additives
and other active ingredients in order to optimize
the physiological conditions of poultry. Among
these researchers are Giannenas et al. (2014%)
which combines benzoic acid and essential oils.
They reported that the combined product was
more superior in improving the growth of turkey
poults and intestinal integrity and gut microbiota.
Other study by Giannenas et al. (2014°) combined
benzoic acid, essential oils and protease enzymes,
and found that the feed additive blend was more
effective in improving weight gain, feed
conversion ratio, villus height, LAB counts, and
reduced coliform counts. Moreover, Nahak et al.
(2021) combined probiotics and phytobiotics, and
reported more beneficial effect of the combined
additive on broiler weight gain and feed
conversion as compared to control. Wang et al.
(2021) also  combined  probiotics and
phytobiotics. The latter investigators found that
the blend of probiotics and phytobiotics
strengthened the immune system, modified
intestinal  flora, and improved growth
performance in chicks infected with S. pullorum.
Swaggerty et al.  (2022)  combined
microencapsulation of organic acids and herbal
products, and showed the protective effects of the
blend on the clinical signs of necrotic enteritis
(due to Clostridium perfringens) through specific
signaling pathways in broilers. Furthermore,
Ebeid et al. (2021) combined probiotics and
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organic acids, and demonstrated that the additive
blend improved humoral- and cell-mediated
immune response and reduced E. coli and
Salmonella counts in the gut. Currently, the
search for the ideal combination of feed additives
and other active components for poultry is being
conducted not just by researchers at universities
and research organizations but also by poultry
nutritionists employed by private enterprises.

CONCLUSION

Nutritional intervention is a method that can
be used to improve the balance of microbes in the
intestine so that it positively impacts the
physiological condition of poultry after the ban on
AGP for livestock. Combining feed additives
with nutritional components or other active
ingredients is an effective nutritional intervention
method after the AGP ban because it can further
optimize the physiological conditions of birds due
to the synergistic and complementary effects
created by combining these ingredients.

ACKNOWLEDGEMENTS

This study received no funding from public
agencies.

AUTHORS’ CONTRIBUTIONS

SS: conceptualization and drafted the article,
and MAR: revised the manuscript. All authors
have read, reviewed, and approved the final
manuscript.

COMPETING INTERESTS

The authors declare that they have no
competing interests.

REFERENCES

Abdel-Fattah, F. A., & Fararh, K. M. (2009).
Effect of dietary supplementation of
probiotic, prebiotic and synbiotic on
performance, carcass characteristics, blood
picture and some biochemical parameters in

broiler chickens. Benha Veterinary Medical
Journal, 20, 9-23.

Abdurrahman, F., Soeharsono, S., &
Soepranianondo, K. (2022). Study of
Performance Index and Business Analysis
on Chicken Infected by Escherichia coli with
Probiotic Provision of Lactic Acid Bacteria.
Jurnal Medik Veteriner, 5(1), 74-80.

Agusetyaningsih, I., Widiastuti, E., Wahyuni, H.
l., Yudiarti, T., Murwani, R., Sartono, T. A.,
& Sugiharto, S. (2022). Effect of
encapsulated Cosmos caudatus leaf extract
on the physiological conditions, immune
competency, and antioxidative status of
broilers at high stocking density. Annals of
Animal Science, 22, 653-662.

Agustono, B., Abidah Alfirdausy, S., Warsito, S.
H., Yunita, M. N., Lokapirnasari, W. P.,
Purnama, M. T. E., Chhetri, S., Windria, S.,
& Rahman, M. A. (2024). Influence of
Mauritia flexuosa L. on Broiler Carcass
Mass and Digestive Organs Temperature-
Exposed Body Mass. Indian Veterinary
Journal, 101(2), 10-14.

Agustono, B., Al Arif, M. A., Yunita, M. N.,
Purnama, M. T. E., & Ulkhaq, F. (2019).
Bioactivity of digestive enzymes and
histological descriptions of jejunum of
broilers supplemented with sunflower seed
flour (Helianthus Annuus L). Indian
Veterinary Journal, 96(8), 12-15.

Almeida, A. B., Araljo, D. N., Strapazzon, J. V.,
Rita, C., Dilda, A., Balen, G., Deolindo, G.
L., Nesi, D., Furlan, V. J. M., Pelisser, G.,
Mendes, R. E., Fracasso, M., Wagner, R.,
Boiago, M. M., & Silva, A. S. D. (2021). Use
of blend based on an emulsifier, monolaurin,
and glycerides of butyric acid in the diet of
broilers: impacts on intestinal health,
performance, and meat. Anais da Academia
Brasileira de Ciéncias, 93, €20210687.

Anadon, A., Ares, I., Martinez-Larrafiaga, M. R.,
& Martinez, M. A. (2019). Nutraceuticals
used as antibacterial alternatives in animal
health and disease. in Nutraceuticals in
Veterinary Medicine. (R. Gupta, A.
Srivastava, R. Lall, eds). Springer, Cham.
Switzerland. pp: 315-343.

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; eISSN 2581-012X | 400



Jurnal Medik Veteriner

Sugiharto Sugiharto, et al

Aruwa, C. E., Pillay, C., Nyaga, M. M., & Sabiu,
S. (2021). Poultry gut health — microbiome
functions, environmental impacts,
microbiome engineering and advancements
in characterization technologies. Journal of
Animal Science and Biotechnology, 12, 119.

Astuti, F. D., Sugiharto, S., Yudiarti, T.,
Widiastuti, E., Wahyuni, H. 1., & Ayasan, T.
(2022).  Growth  performance, blood
variables, intestinal bacterial content, and
morphological measurements of broilers
supplemented with Lactobacillus casei-
fermented mixture of red rice and aromatic
ginger. Veterinary World, 15, 818-826.

Borda-Molina, D., Seifert, J., & Camarinha-Silva,
A. (2018). Current perspectives of the
chicken gastrointestinal tract and its
microbiome. Computational and Structural
Biotechnology Journal, 16, 131-139.

BPS (Badan Pusat Statistik). (2022). Populasi
Ayam Ras Pedaging menurut Provinsi
(Ekor), 2020-2022.
https://www.bps.go.id/indicator/24/478/1/po
pulasi-ayam-ras-pedaging-menurut-
provinsi.html. Accessed on 20 June 2023.

Chandra, E. H., Lokapirnasari, W. P., Hidanah,
S., Al-Arif, M. A., Yuniarti, W. M., &
Lugman, E. M. (2022). Probiotic Potential of
Lactic Acid Bacteria on Feed Efficiency,
Weight and Carcass Percentage in Ducks.
Jurnal Medik Veteriner, 5(1), 69-73.

Chang, C. H., Teng, P. Y., Lee, T. T., & Yu, B.
(2019). Effects of multi-strain probiotics
combined with Gardeniae fructus on
intestinal microbiota, metabolites, and
morphology in broilers. Journal of Poultry
Science, 56, 32—43.

Cheong, C. H. (2014). Probiotics and field
experiences in poultry. International Poultry
Production, 22, 11-13.

Derakhshan, M., Ghasemian, S. O., & Gholami-
Ahangaran, M. (2023). The effects of
probiotic and phytase on  growth
performance, biochemical parameters and
antioxidant capacity in broiler chickens.
Veterinary Medicine and Science, 9, 860—
866.

Ebeid, T., Al-Homidan, 1., Fathi, M., Al-Jamaan,
R., Mostafa, M., Abou-Emera, O., Abd ElI-
Razik, M., & Alkhalaf, A. (2021). Impact of
probiotics and/or organic acids
supplementation on growth performance,
microbiota, antioxidative status, and immune
response of broilers. Italian Journal of
Animal Science, 20, 2263-2273.

Faigoh, B. E., Lamid, M., Damayanti, R.,
Chusniati, S., Al Arif, M. A., Warsito, S. H.,
Lestari, T. D., Raharjo, H. M., Rehman, S.,
& Hussain, M. A. (2023). Effect of Probiotic
Administration of Bacillus subtilis and
Bacillus coagulans Isolate on Growth
Performance in Broiler Chicken. Jurnal
Medik Veteriner, 6(3), 410-417.

Fikri, F., Purnomo, A., Chhetri, S., Purnama, M.
T. E., & Caligkan, H. (2024). Effects of black
soldier fly (Hermetia illucens) larvae meal
on production performance, egg quality, and
physiological properties in laying hens: A
meta-analysis. Veterinary World, 17(8),
1904-1913.

Fouad, A. M., & El-Senousey, H. K. (2014).
Nutritional factors affecting abdominal fat
deposition in poultry: a review. Asian-
Australasian Journal of Animal Sciences,
27(7), 1057.

Gadde, U., Kim, W. H,, Oh, S. T., & Lillehoj, H.
S. (2017). Alternatives to antibiotics for
maximizing growth performance and feed
efficiency in poultry: a review. Animal
Health Research Review, 18, 26-45.

Giannenas, . A, Papaneophytou, C. P., Tsalie, E.,
Pappas, |., Triantafillou, E., Tontis, D., &
Kontopidis, G. A. (2014%. Dietary
supplementation of benzoic acid and
essential oil compounds affects buffering
capacity of the feeds, performance of turkey
poults and their antioxidant status, pH in the
digestive tract, intestinal microbiota and
morphology. Asian-Australasian Journal of
Animal Sciences, 27, 225-236.

Giannenas, I. A., Papaneophytou, C. P., Tsalie,
E., Triantafillou, E., Tontis, D. &
Kontopidis, G. A. (2014°). The effects of
benzoic acid and essential oil compounds in
combination  with  protease on the

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; elSSN 2581-012X | 401


https://www.bps.go.id/indicator/24/478/1/populasi-ayam-ras-pedaging-menurut-provinsi.html
https://www.bps.go.id/indicator/24/478/1/populasi-ayam-ras-pedaging-menurut-provinsi.html
https://www.bps.go.id/indicator/24/478/1/populasi-ayam-ras-pedaging-menurut-provinsi.html

Jurnal Medik Veteriner

Sugiharto Sugiharto, et al

performance of chickens. Journal of Animal
and Feed Sciences, 23, 73-81.

Imran, M., Ahmed, S., Ditta, Y. A., Mehmood, S.,
Rasool, Z., & Zia, M. W. (2018). Effects of
microencapsulated butyric acid
supplementation on growth performance and
ileal digestibility of protein, gut health and
immunity in broilers. Indian Journal of
Animal Research, 52, 1618-1622.

Ismail, I. B., Al-Busadah, K. A., & El-Bahr, S. M.
(2013). Oxidative stress biomarkers and
biochemical profile in broilers chicken fed
zinc bacitracin and ascorbic acid under hot
climate. American Journal of Biochemistry
and Molecular Biology, 3, 202-214.

Ismita, J., Islam, K. M. S.,; Al-Mamun, M., &
Debi, M. R. (2022). Comparative efficacy of
citric acid, Spirulina platensis, and their
combination as alternatives to an antibiotic
growth promoter on the performances of
broilers. Journal of Advanced Veterinary
and Animal Research, 9, 1-7.

Isroli, 1., Murwani, R., Yudiarti, T., Widiastuti,

E., Wahyuni, H. 1., Sartono, T. A, &
Sugiharto, S. (2020). Body weight,
haematological indices and intestinal

morphometric of broilers provided with diets
containing formic acid, butyric acid or their
blends. Journal of the Indonesian Tropical
Animal Agriculture, 45, 37-46.

Isroli, I., Yudiarti, T., Widiastuti, E., & Sugiharto,
S. (2017). Probiotic Bacillus plus vitamins
and minerals enhanced haemoglobin values
and relative weight of ileum and improved
feed conversion ratio of broilers during
brooding period. Livestock Research for
Rural Development, 29, 11.

Jafarpour, N., Javandel, F., Gamboa, S., Seidavi,
A., Tufarelli, V., Mazzei, D. O. M. E. N. I.
C. O., & Laudadio, V. (2019). Effect of a
multivitamin complex and probiotic blend in
drinking water before and after vaccination
on performance traits, blood biochemistry
and humoral immune response of broilers.
Journal of the Indonesian Tropical Animal
Agriculture, 44, 28-37.

Javaid, A., Younas, F., Ullah, 1., & Yasinzai, M.
(2022). Impact of an indigenously produced

multienzyme complex from Bacillus subtilis
KT004404 on growth and blood parameters
in broiler chicken. PLoS ONE, 17, e0271445.

Jazi, V., Ashayerizadeh, A., Toghyani, M.,
Shabani, A., Tellez, G., & Toghyani, M.
(2018). Fermented soybean meal exhibits
probiotic properties when included in
Japanese quail diet in replacement of
soybean meal. Poultry Science, 97, 2113-
2122.

Khan, R. U., Naz, S., Raziq, F., Qudratullah, Q.,
Khan, N. A., Laudadio, V., Tufarelli, V., &
Ragni, M. (2022). Prospects of organic acids
as safe alternative to antibiotics in broiler
chicken diet. Environmental Science and
Pollution Research, 29, 32594-32604.

Leeson, S., Namkung, H., Antongiovanni, M., &
Lee, E. H. (2005). Effect of butyric acid on
the performance and carcass yield of broiler
chickens. Poultry Science, 84, 1418-1422.

Li, H., Liu, Y., Wei, L., Lin, Q., & Zhang, Z.
(2022). Effects of feeding fermented
Medicago Sativa (plus soybean and DDGS)
on growth performance, blood profiles, gut
health, and carcass characteristics of Lande
(meat) geese. Frontiers in Physiology, 13,
902802.

Lokapirnasari, W. P., Al Arif, M. A., Maslachah,
L., Chandra, E. H., Utomo, G. S. M., &
Yulianto, A. B. (2022). Effect of
Combination of Probiotics and Moringa
oleifera Leaf Extract on Nutrients Intake in
Ducks. Jurnal Medik Veteriner, 5(2), 241-
246.

Lovela, A. R., Lokapirnasari, W. P., Warsito, S.
H., Prasinta, R., Hapsari, T., & Andriani, A.
(2023). The Quality of Japanese Quail Eggs
After Administration of Bifidobacterium sp.
and Guazuma ulmifolia Leaf Extract. Jurnal
Medik Veteriner, 6(1), 132-136.

Mangisah, I., Yunianto, V. D., Sumarsih, S., &
Sugiharto, S. (2021). Supplementation of
garlic powder and Lactobacillus casei to
improve nutrient digestibility, physiological
conditions, and performance of broiler
during starter phase. Journal of the
Indonesian Tropical Animal Agriculture, 46,
336-346.

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; eISSN 2581-012X | 402



Jurnal Medik Veteriner

Sugiharto Sugiharto, et al

Mangisah, I., Yunianto, V. D., Sumarsih, S., &
Sugiharto, S. (2022). Effect of Lactobacillus
casei and garlic powder administration on
broiler performance, immune response and
blood profile. Jurnal limu Ternak dan
Veteriner, 27, 153-159.

Masud, A. A., Ali, M. S., & Ahammad, M. U.
(2016). Combined use of dietary probiotic
and acidifier for the production of antibiotic
free broiler. Research in Agriculture,
Livestock and Fisheries, 3, 127-137.

Medion. (2019). Program kesehatan ayam dengan
herbal.
https://www.medion.co.id/id/program-
kesehatan-ayam-dengan-herbal/.  Accessed
03 June 2023.

Mounir, M., Ibijbijen, A., Farih, K., Rabetafika,
H. N., & Razafindralambo, H. L. (2022).
Synbiotics and their antioxidant properties,
mechanisms, and benefits on human and
animal  health: a narrative review.
Biomolecules, 12, 1443.

Nahak, T. E. M., Wahyuni, A. E. T. H., & Tabbu,
C. R. (2021). Probiotics and herbs
combination in commercial feed additives as
growth promoter in broiler chicken. BIO
Web of Conferences, 33, 04008.

Nath, S., Guru, M. P., Niranjan, P., & Susanta, D.
K. (2023). Effect of neem (Azadirachta
indica) leaves powder and cinnamon
(Cinnamomum zeylanicum) oil on growth
performance of broiler chickens. Indian
Journal of Animal Research, 57, 340-344.

Nidamanuri, A. L., Prince, L. L. L., Mahapatra,
R. K., & Murugesan, S. (2022). Effect on
physiological and production parameters
upon supplementation of fermented yeast
culture to Nicobari chickens during and post
summer. Journal of Animal Physiology and
Animal Nutrition, 106, 284—295.

Ogboko, B. (2011). Lipid profile of broilers fed
zinc bacitracin on plant and animal protein
diets. International Journal of Poultry
Science, 10, 567-573.

Olasehinde, O., & Aderemi, F. (2023). Effect of
fermented pearl millet on performance,
physiological responses, gut morphology,
and caecal microbiotas in broiler chickens.

Online Journal of Animal Feed Research,
13, 224-233.

Pratama, H. S., Lokapirnasari, W. P., Soeharsono,
S., Al-Arif, M. A., Harijani, N., & Hidanah,
S. (2021). Effect of probiotics Bacillus
subtilis on feed efficiency and egg mass of
laying hens. Jurnal Medik Veteriner, 4(1),
37-41.

Redondo, E. A., Redondo, L. M., Bruzzone, O.
A\., Diaz-Carrasco, J. M., Cabral, C., Garces,
V. M., Lifieiro, M. M., & Fernandez-
Miyakawa, M. E. (2022). Effects of a blend
of chestnut and quebracho tannins on gut
health and performance of broiler chickens.
PloS ONE, 17, e0254679.

Ricke, S. C. (2018). Impact of prebiotics on
poultry production and food safety. Yale
Journal of Biology and Medicine, 91, 151—
159.

Santos, R. R., Awati, A., Roubos-van den Hil, P.
J., van Kempen, T. A., Tersteeg-Zijderveld,
M. H., Koolmees, P. A., Smits, C., & Fink-
Gremmels, J. (2019). Effects of a feed
additive blend on broilers challenged with
heat stress. Avian Pathology, 48, 582-601.

Sapsuha, Y., Suprijatna, E., Kismiati, S., &
Sugiharto, S. (2021). Combination of
probiotic and phythobiotic as an alternative
for antibiotic growth promoter for broilers
chickens-a review. Livestock Research for
Rural Development, 33, 49.

Setyaningrum, S., Yunianto, V. D., Sunarti, D., &
Mahfudz, L. D. (2019). The effect of
synbiotic (inulin extracted from gembili
tuber and Lactobacillus plantarum) on
growth performance, intestinal ecology and
haematological indices of broiler chicken.
Livestock Research for Rural Development,
31, 11

Shah, S. H., Sheikh, I. S., Kakar, N., Afzal, S.,
Mehmood, K., & Rehman, H. U. (2022). In
vivo analysis the effect of antibiotic growth
promoters (AGPs), oxytetracycline di-
hydrate and tylosin phosphate on the
intestinal microflora in broiler chicken.
Brazilian Journal of Biology, 84, e258114.

Singh, P., Singh, V. K., Tiwari, D., Gautam, S.,
Singh, V. B., & Vipin. (2020). Effect of

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; elSSN 2581-012X | 403


https://www.medion.co.id/id/program-kesehatan-ayam-dengan-herbal/
https://www.medion.co.id/id/program-kesehatan-ayam-dengan-herbal/

Jurnal Medik Veteriner

Sugiharto Sugiharto, et al

phytobiotic and  exogenous enzyme
supplementation on economic efficiency and
cost of production of broiler chickens.
International Journal of  Current
Microbiology and Applied Sciences, 9,
1852-1860.

Sugiharto, S. (2016). Role of nutraceuticals in gut
health and growth performance of poultry.
Journal of the Saudi Society of Agricultural
Sciences, 15, 99-111.

Sugiharto, S. (2019). A review of filamentous
fungi in broiler production. Annals of
Agricultural Sciences, 64, 1-8.

Sugiharto, S. (2020%). Alleviation of heat stress in
broiler chicken using turmeric (Curcuma
longa) - a short review. Journal of Animal
Behaviour and Biometeorology, 8, 215-222.

Sugiharto, S. (2020°). The potentials of two
underutilized acidic fruits (Averrhoa bilimbi
L. and Phyllanthus acidus L.) as phytobiotics
for broiler chickens. Journal of Advanced
Veterinary Research, 10, 179-185.

Sugiharto, S. (2021%). Combined use of probiotics
and other active ingredients in broiler
production during free antibiotic period - an
update review. Bulgarian Journal of
Agricultural Science, 27, 667-676.

Sugiharto, S. (2021°). Herbal supplements for
sustainable broiler production during post
antibiotic era in Indonesia-an overview.
Livestock Research for Rural Development,
33, 8.

Sugiharto, S., & Ayasan, T. (2023).
Encapsulation as a way to improve the
phytogenic effects of herbal additives in
broilers - an overview. Annals of Animal
Science, 23, 53-68.

Sugiharto, S., & Ranjitkar, S. (2019). Recent
advances in fermented feeds towards
improved broiler chicken performance,
gastrointestinal tract microecology and
immune responses: A review. Animal
Nutrition, 5, 1-10.

Sugiharto, S., & Yudiarti, T. (2022). The effect of
using acidified turmeric on some productive
parameters and intestinal bacterial counts in
broilers at high stocking density pens.

Journal of Advanced Veterinary and Animal
Research, 9, 87-94.

Sugiharto, S., Agusetyaningsih, 1., Widiastuti, E.,
Wahyuni, H. 1., Yudiarti, T., & Sartono, T.
A. (2022°). Germinated papaya seed alone or
in combination with chitosan on growth,
health and meat quality of broilers during
grower period. Veterinary and Animal
Science, 18, 100273.

Sugiharto, S., Agusetyaningsih, 1., Widiastuti, E.,
Wahyuni, H. 1., Yudiarti, T., & Sartono, T.
A. (2023). Growth, health, and carcass traits
of broilers supplemented with Acalypha
australis L. leaf extract, whey protein, or
their combination in the diet. Tropical
Animal Science Journal, 6, 201-210.

Sugiharto, S., Atmaja, B. M., Widiastuti, E., &
Hadiyanto, H. (2022%). Combined use of
Spirulina platensis and Saccharomyces
cerevisiae: implication on growth, blood
profile and intestinal morphology and
bacteria of the Indonesian crossbred
chickens. Biodiversitas Journal, 23, 160-
165.

Sugiharto, S., Isroli, 1., Yudiarti, T., & Widiastuti,
E. (2018?). The effect of supplementation of
multistrain ~ probiotic  preparation in
combination with vitamins and minerals to
the basal diet on the growth performance,
carcass traits, and physiological response of
broilers. Veterinary World, 11, 240-247.

Sugiharto, S., Pratama, A. R., Yudiarti, T.,
Wahyuni, H. I., Widiastuti, E., & Sartono, T.
A. (2023°). Evaluation of Averrhoa bilimbi
fruit filtrate as a carrier of lactic acid bacteria
for poultry. AIP Conference Proceedings,
2683, 020022.

Sugiharto, S., Rahmawati, O. M., Yudiarti, T.,
Widiastuti, E., Wahyuni, H. 1., Sartono, T.
A., Agusetyaningsih, 1., & Ayasan, T.
(2023%). The use of unripe banana flour as a
functional feed ingredient on blood profile,
serum biochemical and intestinal indices of
broilers. The Open Agriculture Journal, 17,
£187433152301020.

Sugiharto, S., Widiastuti, E., & Wahyuni, H. I.
(2021%). Buku Ajar Fisiologi Ternak. Undip
Press, Semarang.

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; eISSN 2581-012X | 404



Jurnal Medik Veteriner

Sugiharto Sugiharto, et al

Sugiharto, S., Yudiarti, T., & Isroli, I. (2015).
Functional properties of filamentous fungi
isolated from the Indonesian fermented dried
cassava, with particular application on
poultry. Mycobiology, 43, 415-422.

Sugiharto, S., Yudiarti, T., & Isroli, 1. (2016%).

Assay of antioxidant potential of two
filamentous fungi isolated from the
Indonesian  fermented dried cassava.

Antioxidants, 5, 6.

Sugiharto, S., Yudiarti, T., & Isroli, I. (2016P).
Performances and haematological profile of
broilers fed fermented dried cassava
(Manihot esculenta Crantz). Tropical
Animal Health and Production, 48, 1337—
1341.

Sugiharto, S., Yudiarti, T, Isroli, I., & Widiastuti,
E. (2018°). The physiological responses to
dietary administration of zinc bacitracin and
Bacillus mixture on low-weight day-old
chicks. Poultry Science Journal, 6, 51-62.

Sugiharto, S., Yudiarti, T, Isroli, I., & Widiastuti,
E. (2018°%). The potential of tropical agro-
industrial byproducts as a functional feed for
poultry. Iranian Journal of Applied Animal
Science, 8, 375-385.

Sugiharto, S., Yudiarti, T., Isroli, 1., Widiastuti,
E., & Putra, F. D. (2017%). Intestinal
microbial ecology and hematological
parameters of broiler fed cassava waste pulp
fermented with Acremonium charticola.
Veterinary World, 10, 324-330.

Sugiharto, S., Yudiarti, T., Isroli, 1., Widiastuti,
E., & Putra, F. D. (2017P). Effects of feeding
cassava pulp fermented with Acremonium
charticola on growth performance, nutrient
digestibility and meat quality of broiler
chicks. South African Journal of Animal
Science, 47, 130-139.

Sugiharto, S., Yudiarti, T., Isroli, 1., Widiastuti,
E., & Wahyuni, H. I. (2018"). The potential
of Bacillus strains isolated from the rumen
content of dairy cows as natural antibacterial
and antioxidant agents for broilers. Journal
of the Indonesian Tropical Animal
Agriculture, 43, 115-123.

Sugiharto, S., Yudiarti, T., Isroli, 1., Widiastuti,
E., Wahyuni, H. I., & Sartono, T. A. (20189).

The effect of fungi-origin probiotic
Chrysonilia crassa in comparison to selected
commercially used feed additives on broiler
chicken performance, intestinal
microbiology, and blood indices. Journal of
Advanced Veterinary and Animal Research,
5, 332-342.

Sugiharto, S., Yudiarti, T., Isroli, I., Widiastuti,
E., Wahyuni, H. ., Sartono, T. A., Al-Baarri,
A. N., & Nurwantoro, N. (2019%). Breast
muscle characteristics of avian pathogenic
Escherichia coli infected broilers fed with
antibiotics or probiotic. Poultry Science
Journal, 7, 131-140.

Sugiharto, S., Yudiarti, T., Isroli, 1., Widiastuti,
E., Wahyuni, H. I., & Sartono, T. A. (2019").
Fermented feed as a potential source of
natural antioxidants for broiler chickens-a
mini review. Agriculturae Conspectus
Scientificus, 84, 313-318.

Sugiharto, S., Yudiarti, T., Isroli, I., Widiastuti,
E., Wahyuni, H. I., & Sartono, T. A. (2019°).
Effect of formic acid, Saccharomyces
cerevisiae or their combination on the
growth performance and serum indices of the
Indonesian indigenous crossbred chickens.
Annals of Agricultural Sciences, 64, 206—
210.

Sugiharto, S., Yudiarti, T., Isroli, I., Widiastuti,
E., Wahyuni, H. ., & Sartono, T. A. (2020).
Growth  performance,  haematological
responses, intestinal microbiology and
carcass traits of broiler chickens fed finisher
diets containing two-stage fermented banana
peel meal. Tropical Animal Health and
Production, 52, 1425-1433.

Sugiharto, S., Yudiarti, T., Widiastuti, E.,
Wahyuni, H. 1., Sartono, T. A., Pratama, A.
R., & Mareta, 1. (2021°). Averrhoa bilimbi
fruit filtrate as the source and growth

medium for lactic acid bacteria. |OP
Conference Series: Earth and
Environmental Science, 803, 012005.

Sunu, P., Sunarti, D., Mahfudz, L. D., &

Yunianto, V. D. (2021). Effect of synbiotic
from Allium sativum and Lactobacillus
acidophilus on hematological indices,
antioxidative status and intestinal ecology of

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; elSSN 2581-012X | 405



Jurnal Medik Veteriner

Sugiharto Sugiharto, et al

broiler chicken. Journal of the Saudi Society
of Agricultural Sciences, 20, 103-110.

Swaggerty, C. L., Byrd II, J. A., Arsenault, R. J.,
Perry, F., Johnson, C. N., Genovese, K. J.,
He, H., Kogut, M. H., Piva, A., & Grilli, E.
(2022). A blend of microencapsulated
organic acids and botanicals reduces necrotic
enteritis via specific signaling pathways in
broilers. Poultry Science, 101, 101753.

Utomo, G. S. M., Hidanah, S., Al Arif, M. A,
Lokapirnasari, W. P., & Yuniarti, W. M.
(2022). Business Analysis of Probiotic
Administration of Lactic Acid Bacteria on
The Performance of Kampung Super
Chicken. Jurnal Medik Veteriner, 5(1), 87—
93.

Wang, Y., Li, J.,, Xie, Y., Zhang, H., Jin, J.,
Xiong, L., & Liu, H. (2021). Effects of a
probiotic-fermented herbal blend on the
growth performance, intestinal flora and
immune function of chicks infected with
Salmonella pullorum. Poultry Science, 100,
101196.

Wardiana, N. I., Lokapirnasari, W. P., Harijani,
N., Al-Arif, M. A., & Ardianto, A. (2021).

Bacillus subtilis probiotics in chicken feed
improve egg quality with differences in shelf
life. Jurnal Medik Veteriner, 4(1), 8-13.

Wu, Z., Chen, J., Ahmed Pirzado, S., Haile, T. H.,

Cai, H., & Liu, G. (2022). The effect of
fermented and raw rapeseed meal on the
growth performance, immune status and
intestinal morphology of broiler chickens.
Journal of Animal Physiology and Animal
Nutrition, 106, 296-307.

Zhu, F., Zhang, B., Li, J., & Zhu, L. (2020).

**k*

Effects of fermented feed on growth
performance, immune response, and
antioxidant capacity in laying hen chicks and
the underlying molecular mechanism
involving nuclear factor-kB. Poultry
Science, 99, 2573-2580.

Zhu, X., Tao, L., Liu, H., & Yang, G. (2023).

Effects of fermented feed on growth
performance, immune organ indices, serum
biochemical parameters, cecal odorous
compound production, and the microbiota
community in broilers. Poultry Science, 102,
102629.

J Med Vet 2024, 7(2):388-406. pISSN 2615-7497; eISSN 2581-012X | 406



