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Abstract

The need to adopt natural herbal plants as feed additives in poultry production has received attention among poultry
nutrition and production experts in recent years. Herbal plants have few or no side effects, unlike synthetic additives.
The aim of the research was to examine the effect of fermented Moringa oleifera leaf aqueous extract (FMLAE) on growth
performance and broiler carcass characteristics. A total of 240 healthy day-old-chick broilers with homogeneous
average body weight were randomly divided into 4 treatments and 6 replications with 10 heads per cage in a completely
randomized design. Fermented Moringa leaf aqueous extract (FMLAE) treatment was given through drinking water at
levels: 0% as control (A); 2% (B), 4% (C), and 6% (D), respectively. The results showed that FMLAE supplementation
in drinking water had a significant increase (P<0.05) in body weight gain, carcass weight, carcass percentage, feed
consumption and feed efficiency. It can be concluded that the addition of 2-6% fermented Moringa leaf aqueous extract
(FMLAE) to the drinking water of broilers aged 0-4 weeks significantly increases growth, carcass and feed efficiency.
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1. Introduction

Recently, the use of synthetic feed additives in poultry farming, especially broilers, has become a big concern, both for
animal nutritionists and the end user, namely humans. The ban on the use of antibiotics as growth promoters, due to
the negative and dangerous effects on livestock and humans who consume these products and their by-products,
requires the search for alternative natural feed ingredients in animal diets [1].

Phytogenic feed additives in poultry production have been studied extensively for their impact on health, gut histology
and gastrointestinal function, as well as their implications for growth and food safety of poultry products. This plant-
based herbal feed, which contains bioactive compounds, can improve the digestive tract health of poultry [2] and has
attracted a lot of interest from researchers, because of its possible use as an alternative to antibiotics as a growth
promoter [1].

Medicinal plants are widely used in the development of herbal supplements because of their high profit margins, safety,
cost-effectiveness, environmental friendliness and easy availability. This medicinal plant has a rich source of
phytochemicals, such as flavonoids, phenolics, tannins and other compounds. This plant may provide beneficial effects,
such as inhibiting radical scavenging activity, known as an antioxidant [3].

Individual plant extracts contain complex mixtures of bioactive compounds and various combinations of plant extracts,
possibly providing interacting effects on antioxidant activity in the broiler gastrointestinal tract [3]. The interaction
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between herbs and probiotic microbes in the chicken's digestive tract can provide a synergistic impact between herbal
phytochemicals and probiotics. This event is caused by the gut microbial community playing an important role in the
overall health and digestion of broiler chickens [4]. This is proven by the research of [5] that adding fermented liquid
feed to the ration can increase the levels of acetic acid, propionic acid and butyric acid in pig manure and improve broiler
performance [6]. Probiotic fermented feed has been widely used in poultry production [7,8].

Generally, during the fermentation process, various anti-nutritional factors in animal feed are reduced, and the
nutritional quality and bioavailability of nutrients are increased, along with the increase in beneficial metabolites,
enzymes and probiotics, such as Lactobacillus and Bacillus [4]. The bacterial strains used to initiate fermentation can
promote the degradation of complex carbohydrates, consisting of cellulose and hemicellulose, into short chain organic
acids, thereby causing a lower pH, and can also create an anaerobic microecological environment in the intestine
[9,10,11]. The probiotic activity of these fermented feeds has the potential to not only improve production performance
but also modulate gastrointestinal ecology and metabolic behavior [4]. Supplementation of fermented feed products
significantly increases the villus height (VH) of the jejunum and the ratio of villus height to crypt depth (VH/CD) of the
ileum, which has an impact on increasing the absorption area, resulting in increased feed efficiency [10].

The aim of the research was to examine the effect of fermented Moringa leaf aqueous extract on growth performance
and broiler carcass characteristics.

2. Material and methods

The research was carried out at the Research Station of the Faculty of Animal Husbandry, Udayana University on Jl. Raya
Sesetan, Denpasar. The broiler used is the day-old-chick broiler strain CP 707 produced by PT. Charoen Pokphand
Indonesia, Sidoarjo, East Java, Indonesia with homogeneous body weight. The cages used were colony cages which are
made of wire and steel frames. The dimensions of each cage plot were: length 220 cm, width 150 cm and height 50 cm.
Each cage contains 10 day-old-chick broilers with homogeneous body weight.

2.1. Experimental design

A total of 24 cages, each holding 10 chickens, were used for the experiment. Each cage was used as an experimental
unit. The trial of providing drinking water had four treatments and six replications in total. Each group of chickens was
randomly given fermented Moringa leaf aqueous extract (0, 2, 4, and 6 cc/100 cc of drinking water). Feed and water
were provided ad libitum. All chickens were exposed to light for 24 hours per day during the growth and finishing
phases.

2.2. Moringa oleifera Leaves Fermentation Process

Mature Moringa leaves harvested by hand from a Moringa plantation in Penebel Village, Tabanan, Bali, Indonesia. These
leaves were harvested with minimal plant disturbance, allowing shoots to regrow. The leaf stalks were removed, then
the leaves were cut into pieces measuring 1 to 3 cm using a shredder. The chopped leaves were fermented with yeast
culture (Saccharomyces spp.) and molasses to increase the fermentation rate. Saccharomyces spp. was inoculated on
Moringa leaves with a concentration of 2.9x107cfu/g. Molasses was added at a rate of 5 g/100 g. Next, put it in a plastic
bag filled with small holes (facultative anaerobe) and incubate for three days at room temperature (30°C). Then 1 kg of
fermented leaves were taken and put into 1 liter of clean water, then blended and left for 24 hours (cold maceration)
filtered through a satin cloth in duplicate to get the water extract (fermented Moringa leaf aqueous extract was
considered 100%). This water extract was then mixed into the chicken's drinking water according to the treatment
concentration (0, 2, 4, and 6 cc/100 cc of drinking water).

2.3. Observed Variables

The variables observed were initial body weight, final body weight (BW), live weight gain (WG) and feed intake (FI)
which was measured every week. The feed conversion ratio (FCR) was calculated every week, i.e. comparison between
FI and WG. At the end of the study, two chickens were slaughtered in each cage to observe carcass weight and carcass
percentage (carcass weight/slaughter weight).
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3. Results and discussion

3.1. Growth performance

The effect of providing drinking water with different FMLAE inclusion levels on the growth performance of broiler
chickens is shown in Table 1. Total feed intake (FI) during the growth phase was not significantly different (p>0.05) for
chickens fed with FMLAE. Final body weight (BW) and body weight gain (WG) were higher in chickens given drinking
water containing FMLAE compared to chickens given control (drinking water without FMLAE). Body weight gain
increased linearly (p<0.05) with the level of FMLAE inclusion in chicken drinking water. There was no significant
(P>0.05) relationship between FI and drinking water consumption at inclusion level of FMLAE in drinking water of
broiler.

Table 1 Effect of providing drinking water graded with aqueous extract of fermented Moringa leaves on broiler growth
performance

Variable FMLAE inclusion level in drinking water (cc/100 cc) | SEM
0 2 4 6

Initial body weight (g) 57.60a 57.56a 57.55a 57.65a 1.095
Final body weight (g) 1558.55b 1634.05a 1619.50a 1632.50a 22.721
Live weight gains (g/4 weeks) 1500.95b 1576.49a 1561.95a 1574.85a 21.986
Feed intake (g/ekor/4 weeks) 2598.80a 2630.60a 2601.90a 2637.95a 42.927
Drinking water (ml/ekor/4 weeks) | 7843.34a 7816.45a 7804.73a 7824.51a 51.083
Feed Conversion Ratio(FI/WG) 1.73b 1.67a 1.67a 1.68a 0.013

Note: The different superscript within the same row are significantlly different (p<0.05); SEM= Standard Error of the Treament Means

The lowest FCR value or highest feed efficiency was in chickens given drinking water containing 2 and 4% FMLAE and
the lowest feed efficiency was in the control (drinking water without FMLAE). At the final stage, feed efficiency was
highest (p<0.05) in chickens given drinking water with FMLAE 2-4% (6cc/100cc drinking water). The FCR value
decreased linearly (p<0.05) with the level of FMLAE inclusion in broiler drinking water.

3.2. Carcass characteristics.

The effect of providing drinking water with different FMLAE inclusion levels on the carcass characteristic of broiler is
shown in Table 2. Slaughter weight and carcass weight were higher in chickens given drinking water containing FMLAE
compared to chickens given control (drinking water without FMLAE). Slaughter weight and carcass weight linearly
(p<0.05) with the level of FMLAE inclusion in broiler drinking water. There was no significant (P>0.05) in drumstick
and thick at inclusion level of FMLAE in drinking water of broiler.

Table 2 Characteristics of broiler carcasses given aqueous extract of fermented Moringa leaves in drinking water from

0-4 weeks of age

FMLAE inclusion level in drinking water (cc/100 cc)

Variable 0 2 4 6 SEM
Slaughter weight (g) 1524.6b 1641.8a 1640.6a 1641.2a 35.182
Carcass weight (g) 1083.4b 1173.8a 1172.4a 1172.2a 27.075
Carcass percentage (%) 71.04b 71.50a 71.46a 71.42a 0.059
Percentage of breast (% carcass weight) | 40.93b 41.65a 41.67a 41.63a 0.194
Drumstick(% carcass weight) 14.42a 14.55a 14.51a 14.49a 0.058
Thigh (% carcass weight) 13.15a 12.87a 13.02a 12.99a 0.051

Note: The different superscript within the same row are significantlly different (p<0.05);

SEM= Standard Error of the Treament Means
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Inclusion of FMLAE in broiler drinking water significantly (P<0.05) increased breast weight and broiler carcass
percentage. Breast meat increases linearly with increasing FMLAE concentration in drinking water.

The results of the research found that the inclusion of 2-6% water extract of Moringa leaves fermented by tape yeast
(Saccharomyces spp.) in the drinking water of broilers from 0-4 weeks of age could increase the final body weight and
weight gain of broilers. This increase is due to Moringa leaves containing phytochemical compounds, such as saponins,
flavonoids and tannins and several other phenolic compounds which have antimicrobial activity, for example saponins
have been proven to have antimicrobial properties [12], and can increase WG and feed efficiency [13].

Supplementation of phytogenic compounds containing phytochemical compounds in drinking water can cause
improvements in growth, stimulate digestion, nutrient utilization, immune response, antimicrobial pathogens, and
reduce gas emissions in poultry feces [14,15]. The concept of phytogenic feed additives refers to natural medicinal
products of herbal origin used in poultry nutrition to improve poultry performance and health [16].

Generally, phytogenic feed additives are used to improve the overall health of poultry, aid the digestive process and help
detoxify the body [17]. However, phytogenic additives can also have much more specific effects, namely inhibiting the
development of pathogenic microorganisms, regulating the composition and abundance of the gastrointestinal
microbiome, promoting the regeneration of intestinal epithelium and villi, as well as exerting antioxidant, immune
stimulating, anti-inflammatory, antimicrobial and neuroprotective effects[18. The phytochemical compounds contained
in Moringa leaves are: saponins, flavonoids and tannins [19], and contain beta-carotene, which is the active substance
color to improve carcass and yolk color [20,21]. In broiler chickens, herbal leaf supplementation causes increased body
weight gain, nutrient digestibility, and reduces NHs gas emissions [22,23]. Fermented products will also be able to
increase the vitamin content that broilers really need to stimulate weight gain and broiler weight gain.

According to [24], during the fermentation process, the biosynthesis of vitamins, essential amino acids and protein
occurs which can increase the nutritional content, resulting in an increase in the quality and digestibility of protein.
Apart from that, according to [25], the enzyme activity produced by micro-organisms during the fermentation process
causes chemical changes in the organic substrate. Probiotics in the chicken's digestive tract can increase nutrient
digestibility, so that growth and feed efficiency can be optimal. As reported by [11] that supplementation with probiotic
Saccharomyces spp. into the ration significantly increases egg production, egg mass, shell thickness, Mg and Ca content
in egg shells.

Feed consumption (FI) in this study did not show any significant differences. There is no difference in FI because the
metabolizable energy content of the rations is the same. Chickens consume food to meet their energy needs. Providing
fermented Moringa leaf water extract in drinking water has not had a significant effect on FI. Research by [26] reported
that feed consumption decreased significantly in chickens given herbal supplements compared to chickens not given
herbal supplements. These results are similar to those reported by [11,27] that the addition of fermentation products
by tape yeast (Saccharomyces spp.) in feed has no effect on feed consumption in ducks. Siti and Bidura [28] reported
that giving herbal leaves to poultry significantly increased feed consumption. The results of this study are the same as
those reported by [29] that the use of herbal leaves in feed has no effect on feed intake.

Feed efficiency in broiler groups B, C, and D was better than the control (group A). As with other herbal leaves, Moringa
leaves contain high levels of beta-carotene. Beta-carotene or pro-vitamin A in Moringa leaves is converted into vitamin
A which plays a role in epithelial cell differentiation and maintaining digestive organs, thus affecting digestibility and
feed efficiency. Increasing feed efficiency and feed digestibility can influence protein synthesis and calcium intake, which
can influence the high and low levels of protein mass and calcium mass in meat [30]. Restiayanti et al. [13] reported
that giving herbal extracts to broilers can significantly increase body weight gain and feed efficiency.The increase in
feed efficiency in treatments B, C, and D cannot be separated from the role of the yeast Saccharomyces spp.
Saccharomyces spp. used in the fermentation process of Moringa leaves can act as a probiotic in the chicken's digestive
tract, thereby increasing enzymatic activity and absorption of food substances [27,31]. This result is proven in research
[11] which reports that the use of probiotics in feed can increase the digestibility of dry matter and organic feed, as well
as improve the nutritional quality of feed.

Slaughter weight, carcass weight, carcass percentage, breast percentage of broiler carcasses increased with the
provision of fermented Moringa leaf aqueous extract in broiler drinking water from 0-4 weeks of age. Carcass
percentage is an important variable in determining the performance of the broiler carcass produced. The higher the
carcass percentage value, the more economic value of poultry farming. Slaughter weight has a significant effect on
carcass weight and carcass parts consisting of meat, bones and fat [32]. The difference in carcass percentage obtained
is greatly influenced by age at slaughter, strain and quality of feed provided. Wahyono et al. [33] reported that
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differences in breed and slaughter weight resulted in differences in carcass weight. However, differences in strain and
slaughter weight did not affect the carcass percentage. Moringa leaf water extract contains phytochemical compounds
which can reduce the number of pathogenic bacteria in the intestine, resulting in optimal nutrient absorption for the
body and synthesis of meat (breast meat). Supplementation with Moringa leaf herbal extract will improve the
morphology of the small intestine using different mechanisms [34], so that nutrient absorption can be optimal.

Moringa leaves contain secondary plant compounds, such as condensed tannins, which may inhibit their use in poultry
[35,36], so their administration in feed needs to be combined with probiotic microbes. Probiotics as feed additives have
been reported to improve nutrient digestibility, growth performance, ceacal microflora balance, plasma
immunoglobulins, and chicken immunity [37]. This is proven by research by [38] which combines phytogenic additives
with probiotics in feed, significantly increases nutritional intake, feed efficiency, quail health, and reduces production
costs.

4., Conclusion

From the research results it can be concluded that FMLAE can be a nutritional supplement for chicken. Inclusion levels
of 2-4cc/100cc of drinking water can be used in broiler chickens during the growth phase. Our findings also showed
that the inclusion of FMLAE in chicken drinking water had no effect on feed consumption. Future research on the profile
of phytochemical compounds in FMLAE is needed to assess its ability to suppress pathogenic bacteria in the broiler
intestine.
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