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Research Article

EFFECT OF DIETARY SUPPLEMENTATION OF ARJUNA (TERMINALIA ARJUNA)
BARK AND SAHJAN (MORINGA OLEIFERA) LEAF POWDER ON THE GROWTH

PERFORMANCE, CARCASS QUALITY AND MEAT COMPOSITION OF UTTARA CHICKEN

INTRODUCTION
Antibiotics are the most cost-effective method for 

maintaining feed efficiency and health in monogastric 
animals, such as chickens [1]. Human practices are 
dynamic and subject to change based on changing 
conditions and usage. The intentional use of herbs 
and plant products in modern poultry farming is a 
remarkable development. The need for alternatives to 
synthetic drugs has intensified due to concerns about 
their deleterious impact on poultry and consumer 
health, as well as rising costs associated with their use 
in chicken production. This served as the foundation for 
the European Union’s decision to ban certain antibiotic 
growth enhancers. Herbs such as moringa, black cumin 
seed, pawpaw seed, neem, green tea, lavender, garlic, 
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and essential oils have been used as natural alternatives 
to antibiotics and as growth enhancers in poultry. These 
plants serve as antiviral, anticocidiosis, antiparasite, 
and immunomodulatory medicines, in addition to 
being antibiotic and growth promoter alternatives [2]. 
There’s a lot of evidence pointing to the idea that they 
could really help out the beneficial gut microflora while 
keeping harmful bacteria like clostridia, colibacteria, 
and salmonellae in check [3, 4, 5, 6, 7, 8]. Herbs and 
spices contain active compounds with antibacterial, 
immunomodulatory, and antioxidant properties that 
can benefit animals. This means they might play a 
significant role in boosting the productivity and overall 
health of animals, as well as improving the quality of 
the products [9]. 
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Majority of people in India (60%) lives in area 
where rice or wheat is the main crop and protein intake 
is quite poor. So, it is important to ensure healthy 
growth and promote sound health for preventing protein 
deficiency. Also, backyard poultry with improved 
chicken varieties or native breeds has gained popularity 
as potential source of protein and also generating 
supplemental income to rural and tribal people of 
India. Their products are more expensive than those 
made from commercial fowl and are more preferred 
by peoples. So, locally available medicinal plant can 
be added in the diet of backyard poultry. Therefore, 
medicinal plant could be used in the diet of both 
commercial and backyard poultry. Terminalia arjuna 
is a perennial, evergreen, and deciduous tree in the 
Combretaceae family. It may grow up to 30 m tall and 
has approximately 200 species found worldwide [10, 
11]. According to reports, the plants contain a number 
of minerals and phytocomponents with potential medical 
uses, including glycosides, flavonoids, triterpenoids, 
alkaloids, tannins, polysteroids, saponins, and phenolic 
compounds [12, 13]. It has been noted that leaves and 
stem bark have the following properties: cytotoxic, 
hepato-protective, osteogenic, hypoglycemic, analgesic, 
anti-inflammatory, antioxidant, antibacterial, anti-
mutagenic, cardioprotective, antiviral, gastroprotective, 
immune-stimulatory, antifungal, anti-atherosclerotic, 
anti-cancer, anti-dabetic, and osteogenic [14]. Moringa 
oleifera is a common cultivated plant from the genus 
Moringa (family Moringaceae) in the order Brassicales. 
The most nutrient-dense portion of M. oleifera is its 
leaves, which are a major source of protein, manganese, 
vitamin K, vitamin B complex, vitamin C, pro-vitamin 
A as beta-carotene, and other essential nutrients [16]. 
The leaves of Moringa oleifera are high in lipids, 
proteins, vitamins, and minerals and have antibacterial 
properties [15,17]. Low levels of polyphenols found 
in Moringa oleifera leaf extracts may have an impact 
on blood lipid metabolism [16, 18]. Poultry can be 
fed Moringa oleifera as a dietary supplement and as a 
source of micronutrients [19, 20].

Although indigenous chickens are resistant to disease 
but chickens tend to grow more slowly and have lower 
feed efficiency compared to commercial chickens. 
Supplementing the diet with nutrient-rich plants such as 
Arjuna and Moringa can increase growth rates, improve 
the feed conversion ratio and increase overall yield 
without affecting disease resistance. Also, many rural 
and smallholder farmers rely on indigenous chickens 
for their livelihood. The performance of these chickens 
can be improved in a cost-effective and locally sourced 

manner. In this regard, the current study is conducted 
on indigenous chickens to assess the effects of dietary 
supplementation with Arjuna bark and Moringa oleifera 
leaf powder on growth performance, carcass quality, and 
meat composition of Uttara chickens.

MATERIALS AND METHODS
Experimental birds
Following sexing, 72 female day-old Uttara chicks 

were maintained at the College of Veterinary & Animal 
Sciences’ Instructional Poultry Farm in Pantnagar. All 
of the birds were weighed individually before being 
randomly assigned to six treatment groups having three 
replicates with four chicks each. 

Housing and management
All of the birds in the experiment were housed in a 

deep litter system for 20 weeks. Fresh and dried wheat 
straw were utilised as bedding  material. The day-old 
chicks were wing banded individually for identification 
and weighed individually before allocating to different 
dietary treatments. Adequate light for 24 hours and 
ventilation were provided during brooding phase. 
Every day, the weighed quantity of feed was given, and 
there was always clean, fresh drinking water available. 
Individual bird body weights and leftover feed were 
measured once a week, replicate-wise.

Collection of Arjuna (Terminalia arjuna) bark and 
Sahjan (Moringa oleifera) leaf 

Arjuna bark and Sahjan leaves were collected from 
the surrounding areas of Pantnagar. Arjuna bark was 
shade dried to avoid nutrient loss and grounded to 
powder by an electric grinding machine at Department of 
Agronomy, College of Agriculture, G.B. Pant University 
of Agriculture and Technology, Pantnagar. Sahjan leaves 
was also shade dried and grounded to powder by an 
electric grinding machine at Department of Animal 
Nutrition, College of Veterinary and Animal Sciences, 
G.B. Pant University of Agriculture and Technology, 
Pantnagar. Various levels of powdered Arjuna bark and 
Sahjan leaf were added to the feed of chicken.

Experimental diets
Standard chicken diets were prepared for chick 

(0-8 weeks) and grower (9-20 weeks) by mixing the 
ingredients to meet the nutrient requirements of layer 
chicken as per recommendations of BIS (2007) [21]. 
Proximate composition of experimental feed, Arjuna 
bark and Sahjan leaf was analyzed using AOAC (2005) 
procedure [22].
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Experimental design
The birds were given different diets: T0 was the 

control diet, T1 included the basal diet along with 1% 
Arjuna bark powder and 1% Sahjan leaf powder, T2 
had the basal diet with 1% Arjuna and 2% Sahjan, T3 
featured the basal diet with 1% Arjuna and 3% Sahjan, 
T4 consisted of the basal diet with 1% Arjuna and 4% 
Sahjan, and finally, T5 was the basal diet with 1% 
Arjuna and 5% Sahjan.

Growth performance parameters
Average body weight (g), feed intake (g) and feed 

conversion ratio (FCR) were recorded from 0 to 20 
weeks of age.

Carcass quality traits
Two birds from each treatment group (12 total) were 

selected at 20 weeks of age for slaughter in order to 
examine a number of slaughter characteristics, including 
pre-slaughter fasting shrinkage in live weight (%), 
dressing (%), eviscerated yield (%), giblet (%), edible 
yield (%), development of digestive and lymphoid 
organs. Further, percent yield of cut-of-parts (thighs, 
drumsticks, breast, back, neck and wing) were also 
determined. The length and weight of each digestive 
organ (proventriculus, small intestine, large intestine, 
and caecum) and weight of lymphoid organs (spleen, 
thymus, bursa) were also measured independently.

Chemical composition of feed, supplements, 
breast (pectoralis major) and thigh (ilio tibialis) 
muscle

Samples of feed, breast (pectoralis major) and thigh 
(ilio tibialis) muscles were processed and examined for 
moisture, total ash, crude protein, crude fibre, crude fat, 
NFE, calcium and phosphorous of chick, grower feeds, 
Arjuna bark and Sahjan leaf powder were determined 
[21]. Chemical composition of thigh and breast muscles 
such as moisture, total ash, crude protein, crude fat, 
calcium and phosphorous were also determined after 
slaughter of birds.

RESULTS AND DISCUSSION
Chemical composition of feed and supplement
Prepared ration has been presented in Table 1. 

Proximate composition of chicken diets fed to chicks, 
growers and layer feed has been presented in Table 2. 
The feed was adequate in all nutrients as per nutritional 
requirements [22]. Chemical composition of Arjuna bark 
and Sahjan leaf powder is presented in Table 3.

Body weight
The average body weight (g) of Uttara chicken 

among various treatment groups from 0 to 20 weeks 
of age has been tabulated in Table 4. The findings 
showed that, from 8 to 20 weeks of age, the average 
body weight of Uttara chicken was considerably higher 
(p<0.01) in the T3 group as compared to T0, T4 and 
T5 groups. The body weight (g) of the T3 group was 
11.03% greater than that of the T0 (control) group at 20 
weeks of age. During 0–4 weeks, there was no notable 
difference in the body weight of the birds among the 
different treatment groups.

Current findings are supported by a number of 
other investigations. Mikhail et al. (2020) reported 
that birds fed Moringa oleifera leaf meal (MOLM) 
significantly (p<0.05) acquired higher weight than those 

Table 1. Proportion of ingredients (%) of basal diets of 
chick and grower feed.



49

Effect of dietary supplementation of Arjuna (Terminalia arjuna) bark and Sahjan ...

fed the control diet [23]. The heaviest body weight 
was demonstrated by birds fed on a (5% MOLM) diet. 
Daramola (2019) observed that birds fed a control 
feed and a feed containing mixture of 0.2% MOLM 
and 0.2% bitter leaf meal (BLM) gained more weight 
(p<0.05) than birds fed diets containing 0.2% BLM 
and 0.2% MOLM alone [24]. Sogut and Mohammad 
(2018) determined that birds fed on 1% Moringa 
(Moringa oleifera) leaves powder (MLP) and 1% 
mixture of Moringa, Sumac, and Thyme leaves powder 
had higher (p<0.05) live body weight compared to the 
control group [25]. Jimoh et al. (2022) revealed that 
under heat stress, birds that were provided supplements 
of moringa and mistletoe performed better than birds 
that weren’t supplemented, while birds that were fed 
mistletoe had the best survival rate overall [26]. Abu 
Hafsa et al. (2019) found the chicks given 0.5% and 1% 
MOL had higher final body weight (FBW) [27]. Arif 
et al. (2019) discovered that increasing the dietary level 
of herbal mixture in feed containing equal proportion 
of black cumin, Moringa oleifera, and chicory seeds 
was resulted in a gradual but significant gain in body 
weight [28]. Ansari (2017) found that supplementing 
the ration with 1% arjun powder increased the average 
weekly body weight significantly [29]. In the study 
by Mousa et al. (2017), supplements significantly 
increased body weight, however the control group had 
the lowest mean value of the treatments [30]. The group 
fed 0.75% Moringa oleifera plus 0.75% Cichorium 

intybus gained more weight (2393±80 g) than the 
other groups (2180±48, 2020.5±97, and 1893±54 g) 
for groups Cichorium intybus, Moringa oleifera, and 
control). Result revealed that T

3 group was found best 
performance in weekly and biweekly body weight in 
both type of indigenous chicken. This might be due 
to the property of M. oleifera levels when added at 3 
percent level with 1 percent T. arjuna resulted better than 
the inclusion of higher percentage.it is believed that M. 
oleifera improves the absorption of different vitamins, 
minerals and other micro-nutrients. Inclusion of M. 
oleifera more than 3 percent in dietary supplementation 
is not suggested as per findings during the study.

Feed intake
The average feed intake (g) of Uttara chicken among 

various treatment groups from 0 to 20 weeks of age 
has been tabulated in Table 5. Result showed that there 
was no significant difference in average feed intake of 
chicken aged 0 to 20 weeks.

No remarkable difference in average feed intake of 
chicken from 0 to 20 weeks of age. There are few studies 
which are in agreement with present findings. Verma et 
al. (2022) found that antibiotic supplement group, the 
group receiving an aqueous extract of 1.5% Moringa 
oleifera leaf  powder exhibited no difference in feed 
intake [31]. Gadzirayi et al. (2012) evaluated the effects 
of adding MOLM as a protein source to soya bean meals 
in fowl and observed no notable differences in broiler 

Table 2. Chemical composition of basal feed given to birds during different phases of growth.

Table 3. Chemical composition (%) of Arjuna (Terminalia arjuna) bark and Sahjan (Moringa oleifera) leaf powder.
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feed intake [32]. According to Cui et al. (2018), MOL 
incorporation in the diet had not a linear or quadratic 
influence on the average daily feed consumption (p> 
0.05) [33]. Nkukwana et al. (2014) revealed that during 
time interval of 0 to 35 days, there was no significant 
variation in feed intake across groups [34].

Feed conversion ratio (FCR)
The feed conversion ratio of Uttara chicken among 

various treatment groups from 0 to 20 weeks of age 
has been tabulated in Table 6. T3 treatment groups had 
significant (p<0.01) feed conversion ratio as compared 
to T0, T4 and T5 group at 8 to 20 weeks of age. 

At 20 weeks of age, T3 had significantly better 
(p<0.01) FCR than T0 group. At 8-20 weeks of age, 
T3 treatment groups showed significantly higher 
feed conversion ratios (p<0.01) than T0, T4 and T5 
groups. There are few researches that accord with our 
findings. Wafai et al. (2020) found remarkable (P<0.05) 
improvement in feed conversion ratio for birds given 

MOLM-based ration compared to the control group 
[35]. This could be ascribed to birds fed MOLM-based 
diets properly using the nutrients they consumed. Abu 
Hafsa et al. (2019) investigated that the broiler fed 
the 1% MOL diet shown improved feed conversion 
ratio (FCR) (p<0.05) [27]. Daramola (2019) reported 
that broilers fed on control diets and diets with 0.2% 
of a mixture of bitter leaf meal and MOLM (1:1) had 
feed conversion ratios that were better at 1.91 and 
2.03, respectively [24]. Kumar et al. (2018) observed 
that group which received 5% MOLM into the diet of 
Vanaraja birds in a tropical environment had a lower 
feed conversion ratio (p<0.05), indicating improved 
production efficiency [36]. When compared to the 
control group, Arif et al. (2019) found that increasing 
the dietary level of phytogenic feed mixture containing 
equal ratios of black cumin, Moringa oleifera, and 
chicory seeds led to improvement in the feed conversion 
ratio [37]. Swain et al. (2017) discovered a significant 
(p<0.05) improvement in feed conversion ratio (FCR) in 

Table 4. Average body weight (g) of Uttara chicken.

Table 5. Feed intake (g) of Uttara chicken.

Means with various superscripts within a row exhibit significant differences (p<0.05).
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Vanaraja layers fed a diet supplemented with MOLM @ 
0.5 kg per 100 Kg of basal diet compared to the control 
[38]. Results of present study revealed that inclusion 
of M. oleifera leaf powder at 3% level showed pattern 

results in all aspects of FCR in indigenous chicken this 
might be due to the reason that M. oleifera along with 
Arjuna improves the gut microflora of the bird as well 
as better absorption of feeds given to the birds.

Table 6. Feed conversion ratio of Uttara chicken.

Means with various superscripts within a column exhibit significant differences (p<0.05).

Table 7. Carcass yield of Uttara chicken at 20 weeks of age (% live weight).

Means with various superscripts within a column exhibit significant differences (p<0.05).; NS: Not significant.

Table 8. Development of digestive organs of Uttara chicken at 20 weeks of age.

NS: Not significant.
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Carcass quality traits
Carcass yield of Uttara chicken has been presented 

in Table 7. Result indicated that T3 had significantly 
higher (p<0.05) dressing (%), eviscerated yield (%) and 
edible yield (%) in contrast to T0, T4, T5 in chicken. The 
study found no notable differences in shrinkage or the 
percentage yield of the heart and liver. Additionally, 
there were no significant variations in the development 
of the digestive and lymphoid organs (Table 8 and 9). 

The findings of the current study align with only 
a few previous investigations. For instance, Alshukri 
et al. (2018) found that birds fed diets enriched with 
1% Moringa oleifera leaf meal exhibited significantly 
higher carcass weights and dressing yields, along with 
increased total edible portions, compared to the control 
and other treatment groups (p≤0.05) [39]. However, 
the addition of Moringa oleifera leaf meal did not 
significantly affect the relative weights of the liver and 
heart. Similarly, Alabi et al. (2017) noted that aqueous 
extracts of Moringa oleifera leaves had a significant 
impact (p<0.05) on the dressing percentage of broiler 

chickens [40]. Our result also supported by Aderinola 
et al. (2013) who investigated how broiler  chicken 
responded to Moringa oleifera leaf meal [41]. These 
outcomes are in line with the rising growth rates that led 
to higher slaughter weights. El Tazi (2014) found that 
chickens that were given diets enriched with Moringa 
oleifera leaf meal showed significantly higher average 
weights for both hot and cold eviscerated carcass, as 
well as a better dressing percentage, when compared 
to the control group [42]. These observations support 
the hypothesis that higher growth rates led to bigger 
slaughter weights. Hayse and Marion (1973) found 
similar results, showing that bigger birds at slaughter 
will have higher dressing (%) and eviscerated output 
than lighter chickens [43]. According to Karthivashan 
et al. (2015), feeds given with 0, 0.5, 1.0, and 1.5% 
extarcts of Moringa oleifera leaf meal produced 
significantly higher dressing percentages than control 
feed, with 1.0% Moringa oleifera leaf meal showing 
the highest dressing percentages among the treatments 
[44]. However, there was no effect on proportion of 

Table 9. Development of lymphoid organs of Uttara chicken at 20 weeks of age.

Table 10. Cut up parts of Uttara chicken at 20 weeks of age (%) of dressed weight.

NS: Not significant.
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internal organs. Additionally, according to Onunkwo 
and George (2015), adding Moringa oleifera leaf meal 
to broiler diets had no impact on the proportion of the 
bird’s organs [45].

T3 had significantly higher (p<0.05) gizzard (%) 
than T0, T4 and T5 groups. There are few researches 
which are in agreement with our results. Abu Hafsa 
et al. (2019) reported that the addition of MOL to 
experiment feed  had no effect on the relative weights 
of the heart and liver, while the gizzard relative weight 
(p<0.05) increased in broilers fed diets supplemented 
with 1% and 5% MOL [27]. According to Mulaudzi et 
al. (2022), pre-treating dietary MOLP with a mixture 
of exogenous fibrolytic enzymes resulted in a quadratic 
response in the size of the gizzards, which initially 
increased and subsequently decreased [46]. According 
to theory, birds’ gizzards and intestines change in size 
as a coping mechanism in response to high-fiber diets 

[47]. Consuming high-fibre feed, according to Musa et 
al. (2006), causes gizzard expansion, which improves 
the muscle grinding of feed particles and increases 
nutritional digestibility [48].

Result related to yield of cut-up-parts indicated that 
T3 groups had significantly higher (p<0.05) breast and 
thigh (%) than T0, T4 and T5 groups. However, there 
was no significant difference in back, neck, wings, 
drumstick (%) among various treatment groups (Table 
10). The result was complementary with many other 
studies. Onunkwo and George (2015) found that the 
maximum value of thigh was reported at 10.0% addition 
of Moringa oleifera leaf meal [45]. The findings are 
consistent with those of Ologhobo et al. (2014), who 
noted that birds fed diets containing Moringa oleifera 
leaf meal had greater mean values of slaughter weights 
than those fed the control diet, which had the lowest 
mean value [49]. El Tazi et al. (2014) reported that the 

Table 11. Chemical composition of breast muscle (pectoralis major) of Uttara chicken.

Means with various superscripts within a column exhibit significant differences (p<0.05); NS: Not significant.

Table 12. Chemical composition of thigh muscle (ilio tibialis) of Uttara chicken.

Means with various superscripts within a column exhibit significant differences (p<0.05); NS: Not significant.
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chicken given feed which composed of MOLM produced 
significantly (p<0.05) larger percentage of breast [42]. 
Melesse et al. (2013) discovered that chickens raised 
on diets with 110 g/kg and 140 g/kg MLM (Moringa 
stenopetala leaf meal) in place of the roasted soybean 
had greater value (p<0.01) of breast yield [50]. Chickens 
fed 80 g/kg, 110 g/kg, and 140 g/kg MLM diets had 
higher thigh weight  (p<0.01) than chickens given the 
control diet. In contrast, Alshukri et al. (2018) found that 
the relative weights of the thighs, back, wing and neck 
were not significantly changed by the dietary addition 
of Moringa oleifera leaf meal [39].

Chemical composition of meat
Result related to the composition of breast and 

thigh muscle indicated that T3 had significantly higher 
(p<0.05) moisture (%) as seen in T0, T4 and T5 groups in 
both thigh and breast muscles (Table 11 and 12). The CP 
(%) was significantly higher (p<0.01) in T3 than T0, T4 
and T5 groups in both thigh and breast muscles. The ether 
extract (%) was significantly lower (p<0.05) in T3 than 
T0, T4 and T5 groups in both thigh and breast muscles. 

Results in present study are according to several 
previous studies. Meena et al. (2022) found that with 
regard to graded amounts of dietary Arjuna bark powder, 
CP content of L. rohita fed Arjuna bark powder @10g per 
kg of feed exhibited significantly higher (P<0.05) values 
than control [51]. The ash content of L. rohita did not 
significantly change in response to Arjuna bark powder 
when given in diet. Tesfaye et al. (2013) determined that 
when Moringa oleifera leaf meal (MOLM) was used in 
place of soybean meal, the thigh muscle had a higher 
CP content for 15% MOLM than for 5 and 20% MOLM 
[52]. Kumar et al. (2018) found that the fat content of the 
chicken decreased significantly (p<0.05) with increased 
MOLM supplementation [36]. The fat content appeared 
to be decreasing as the meat’s moisture level increased. 
The negative correlation between carcass moisture and 
fat content has been supported by Mendes et al. (1995) 
[53]. Selim et al. (2021) reported that dietary MOL 
supplementation significantly increased (p<0.05) the 
crude protein content of the meat but decreased (p<0.05) 
the relative content of ether extract in the rabbit meat 
[54].

CONCLUSION
Based on the current study, it can be concluded that 

adding 1% powdered Arjuna bark and 3% powdered 
Sahjan leaf to the diet significantly improved growth 
performance of chicken in terms of body weight 
and feed conversion ratio. Supplementing the diet 

with 1% powdered Arjuna bark and 3% powdered 
Sahjan leaf produced significantly higher dressing, 
eviscerated yield, edible yield, gizzard, breast and 
thigh (%). In both the thigh and breast muscles, 
dietary supplementation with 1% powdered Arjuna 
bark and 3% powdered Sahjan leaf led to significantly 
higher moisture and CP (%) and significantly lower 
ether extract (%). Therefore, it may be concluded 
from current study that adding 1% powdered Arjuna 
bark and 3% powdered Sahjan leaf to chickens can 
increase their growth performance, carcass quality, 
and the composition of their breast and thigh meat. 
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