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Abstract | The study compared growth-promoting and anti-lipogenic characteristics of three phytogenic feed addi-
tives (PFA) in the diet of broilers. A total of 250 day-old Cobb broiler chicks were randomly assigned to five dietary
treatments with five replicates of 10 birds each in a completely randomized design. Five experimental diets at starting
and finishing phases were formulated. Diet 1 was the control with no PFA, diets 2, 3, 4, 5 contained PFA (garlic,
turmeric, moringa) at 20gkg™ diet and blend of the three (at 1:1:1) respectively. Feed intake and body weight gained
were determined on weekly basis. There were significant (P<0.05) changes in body weight gain, feed intake, and feed
conversion ratio. Bodyweight gained increased by 16.3 - 22% from Tumeric to moringa. Protein digestibility increased
by 5% and 3% in birds fed garlic and the blend respectively while about 4% increase in fat digestibility was observed
in birds with PFAs. The PFAs exhibited varied positive influence (P<0.05) on carcass yield, but no difference (P>0.05)
was observed in the organ weights of the chickens. The fat deposition was substantially reduced (P<0.05) in birds with
PFAs. The blood triglycerides, cholesterol, and low-density lipoprotein (LDL) were lower (P<0.05) in groups fed with
PFAs. All the PFAs significantly increased the HDL above the value obtained in control. No mortality was recorded
throughout the experimentation period. It was concluded that the three PFAs and their mixture used in this study
improved the performance, nutrient utilization, and carcass traits of broilers. The overall benefits accrued in birds fed
with the blend of the PFAs. While garlic showed a higher anti-lipogenic tendency, moringa had a greater influence on
the feed intake and growth of the experimental birds.
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INTRODUCTION

Production of sustainable animal protein in the absence
of synthetic antibiotics in many developing world re-
quire more research effort to explore local growth-promot-
ing feed additives of natural sources. Although scientific

evidence has indicated that synthetic growth-promoting
antibiotics could still be used rationally in animal feed-
ing (Phillips et al., 2004; Cervantes, 2015) yet, the market
tendencies and the constant negative publicity against it
indicate that great majority of the poultry industry should
embrace synthetic antibiotic-free production (Brewer and
Rojas, 2008).
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'The use of probiotics, acidifiers, and phytogenic have been
suggested by different authors to improve feed efficiency,
productive performance, and immune response of farm an-
imals. The direct-fed microbial, probiotics produced from
selected beneficial microbes such as Lactobacilli, Streptococ-
ci, and Bacillus species have been considered as potential al-
ternative to antibiotics and are well-known for their enzy-
matic role which promotes nutrient digestibility and total
gut health (Chaucheyras-Durand and Durand, 2010). The
adequacy of these organisms to successfully replace syn-
thetic antibiotics in poultry feed is still a work in progress.

Phytogenic additives have combinations of many bioactive
compounds that are natural and had found application in
traditional medicine. These bioactive substances such as
alkaloids, glycosides, phenolics (tannins), and terpenoids,
etc. found in herbs, botanicals, spices, and their deriva-
tive products are often called phytogenics. Some of them
have nutritional value or might even be anti-nutritional
(Hashemi and Davoodi, 2011). The activity of these phy-
togenic compounds have been reported to stimulate feed
intake in animals, stabilize microbiota in the gastrointes-
tinal tract, enhance host mucosa immunity, and improve
resistance to disease organism (Kumar et al., 2014; Madej
and Bednarczyk, 2015; Asgari et al., 2016). Different
plants and their extracts as feed additives or supplements
have been used in poultry production with varied impacts
on growth and immune response in animals (Mahanta et
al., 2017; Mahfuz et al., 2018; Movahhedkhah et al., 2019).
Phytogenic feed additives have gained increased interest
because of the exhibited improvement traits conferred on
the animal and production of residue free products. There
is a volume of data on the nutritional attributes of many of
these individual additives. However, there are fewer reports
on the comparative nutritional characteristics of many of
these natural feed additives. In this study, the growth-pro-
moting and anti-lipogenic characteristics of three phyto-
genic feed additives will be assessed and compared in broil-
ers chickens.

MATERIALS AND METHOD

EXPERIMENTAL SITE AND DURATION

The experiment was approved by the Committee for
Animal Experimentation in the Department of Animal
Sciences, Obafemi Awolowo University (OAU) Ile-Ife,
Nigeria. The research was conducted at the Poultry Unit,
Teaching and Research Farm, OAU and the experiment
lasted for eight weeks between August and October 2019.

SAMPLE COLLECTION AND PREPARATION
Garlic powder was obtained by peeling oft the garlic cloves
from the bulb, chopped with an electric blender, and dried

in an oven at 70°C until the cloves can break into two.

It was then ground to powder. Turmeric powder was pro-
duced by boiling the turmeric rhizomes for 45 minutes,
skin peeled oft, sliced, and dried in an oven at 70°C for four
hours, and then ground into powder. Moringa powder was
obtained from the harvested leaves, which were sorted and
air-dried for 5 days, before milling into powder. The milled

samples were kept in plastic containers for further use.

BirDS MANAGEMENT

Two hundred and fifty (COBB-500) one-day-old broilers
chicks obtained from a reputable hatchery were fed a com-
mercial starter feed (23% crude protein and 3175kcal/kg
ME) for the first one week. Charcoal pot heating system
were used during brooding. The light was provided 22 h a
day throughout the first week. At the end of the first week,
they were divided into five treatment groups of 5 replicates
each with 10 chicks per replicate. Five experimental diets
at starting and finishing phases were formulated (Table 1).
Diet 1 is the control diet with no additive, diets 2, 3, 4, 5
contained garlic, turmeric, moringa leaf powder, and the
blend of the three (in equal ratio) and added at 20gkg™ diet
respectively. The feeding trial lasted 42 days.

At the end of the 6™ week, four representative birds with
bodyweight close to the group average were selected and
fed 200mg chromic oxide (Cr,QO,) per kg diet for digesti-
bility trial. A feeding period of 5 days was applied to ensure

stabilized excretion in the ileum.

DAtA COLLECTION AND ANALYSIS

Data on feed intake and body weight were taken weekly.
Bodyweight gain and FCR were calculated. Following the
sacrifice by cervical dislocation, the sampling of the ile-
al segment of the intestine was standardized by taking a
sample 30 mm before the ileocecal junction and 30 mm
after Meckel’s diverticulum, to circumvent contamination
in the caecum and jejunum. Contents from the ileum were
collected by gentle finger-stripping directly into a labeled
specimen jar per replicate. Samples were held on the ice
during collection and taken to the laboratory, homoge-
nized and oven-dried (60° C) for 48 hr. It was later ground
(0.5mm screen) and stored at -4°C in airtight labeled bags
for further analysis. Samples were analyzed for proximate
contents according to the methodology of AOAC (2011);
gross energy was determined by bomb calorimeter. Marker
retrieval in digesta was determined as the total amount of
chromium excreted relative to the total amount consumed.
The apparent ileal digestibility coefficients of dry matter,
crude protein, ether extract, and digestible energy of difter-
ent diets fed were isolated using the following calculations:
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Ileal Digestible Energy (kcal/kg of diet) = GEdiet - [GE  x (Marker, /Marker . )]
Apparent nutrient digestibility = Nutrient in feed = Nutrient in ileum
marker in feed marker in ileum

Nutrient in feed

Marker in feed
Source: Scott and Boldaji 1997; Khieu et al., 2002
Table 1: Gross composition of experimental diets
Control Additives
Ingredient Starter Finisher Starter Finisher
Maize 56.00 58.00 56.00 58.00
Soybean meal 15.00 10.00 15.00 10.00
Groundnut Cake 16.00 17.50 16.00 17.50
Palm kernel cake 4.50 8.00 2.50 6.00
*Others 8.50 6.50 8.50 6.50
*Additive 0.00 0.00 2.00 2.00
Calculated analysis
ME(Kcal/Kg) 3027 2985 3012+14.2 2974+20.5
Crude Protein (%) 23.01 20.27 23.20£0.15 20.52+0.23
Ether extract (%) 5.30 5.45 5.30+0.74 5.45+0.35
Crude fibre (%) 3.50 3.75 350135  3.75:0.61
Determined Analysis,(%) for finished diets ~ Control Garlic Moringa Turmeric Mixture
Dry matter 8.50 7.95 8.90 9.00 8.70
Crude Protein 21.3 21.0 21.7 20.9 21.3
Ether extract 4.53 4.25 4.5 4.78 4.51
Crude fibre 5.80 6.00 6.10 5.75 5.80
Ash 7.18 6.80 7.10 7.35 7.15
NFE 52.7 54.0 51.7 52.2 52.5
*Others:

6.50: Fish meal =2.0; Bone meal =2.5; Oyster shell=1.0; *"Premix=0.2; Lysine=0.3, Methionine=0.3; Salt=0.2

8.50: Fish meal =4.0; Bone meal =2.5; Oyster shell=1.0; Premix=0.2; Lysine=0.3, Methionine=0.3; Salt=0.2

**Vitamin and mineral premix contain the following per kg diet. Vitamins A 10,000 IU, D3 3000 IU, E 8.0 IU, K 2.0 mg, B6 1.2 mg
and B12 0.12 pg; niacin 1.0 mg; pantothenic acid 7.0 mg; folic acid 0.6 mg; choline chloride 500 mg; Minerals: Fe 60 mg,Mn 80mg,
Mg100 mg, Cu 8.0 mg, Zn 50 mg, Co 0.45 pg, I 2.0 mg, Se 0.1 mg.
*Additives used include garlic, moringa, turmeric, and the blend of the three (equal ratio) at 2% each.
Note: Added additive in each diet was accounted for by reducing palm kernel cake in the diets by 2%.

Table 2: Performance traits of broiler chickens fed three phytogenic feed additives

Diets
Parameters T1 T2 T3 T4 T5
Control  Garlic Moringa Turmeric Mixture SEM P-value

Initial body weight (g) 151.4 152.5  150.3 151.8 151.5 0.27  0.099
Final body weight (g) 2478° 30100  3131* 2932¢ 3054 74.61 0.014
Av. Total body weight gain (g) 2326° 2858  2981¢ 2780° 2902° 74.71 0.014
Avy. daily feed intake (g) 104.0¢ 117.9* 119.8 112.7 119.3*  1.59  0.008
Feed conversion ratio 212 1.8¢ 1.9be 2.0® 1.8¢ 0.03  0.008
Mortality 0 0 0 0 0

abc

means with different superscripts across the row are significantly (P<0.05) different, SEM-standard of mean
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Table 3: Ilea digestibility of broilers fed three natural feed additives

Item Control Garlic
Chromium, g 0.72 0.81
Dry Matter, % 66.56 69.70
Crude protein, % 75.99° 80.98*
Ether extract, % 84.07° 88.04
Ileal DE, kcal/kg 75.04 79.77

abc

means with different superscripts across the row are significantly (P<0.05) different, SEM; standard of mean

Table 4: Carcass and organ characteristics of broiler chicken fed diets with three phytogenic additives

T1
Parameters,% Control
Live weight(g) 2478P
Carcass weight(g) 1776P
Dressing 71.70
Breast 32.24
Back 19.91
Wing 10.11
Thigh 14.30P
Drumstick 12.30P
Abdominal fat 2.72¢
Liver 2.23
Gizzard 2.31
Heart 0.48

abc

means with different superscripts across the row are significantly (P<0.05) different, SEM; standard of mean

Table 5: Blood lipid of broiler fed three lesser use dietary feed supplements

Parameters (mg/dl) ’(I;(l)ntrol
Triglyceride 39.96°
Cholesterol 95.22¢
low density lipoprotein 28.80*
high density lipoprotein 37.70¢

Turmeric Moringa Mixture SEM P-value
0.73 0.75 0.78 0.057 0.070
70.23 68.05 68.55 4.611 0.059
77.47° 78.52® 78.95® 4.709 0.024
85.95%® 87.01® 87.86* 1.589 0.030
77.67 80.50 76.34 15.90 0.700
T2 T3 T4 T5
Garlic Moringa Turmeric Mixture SEM P value
3010? 31312 29328 3054 7461 0.014
2198 22252 2067° 21522 53.18 0.017
73.00 71.97 71.47 71.50 0.289  0.054
32.10 31.98 32.68 32.80 0.5559 0.4474
19.06 20.27 20.60 18.86 0.6160 0.0525
11.22 10.27 10.26 11.17 0.1890 0.1383
15.86® 16.38* 15.92® 15.63*  0.3202 0.0380
13.59* 14.25° 14.272 14.00* 0.5583 0.0220
1.71° 1.88P 1.83> 1.74> 0.571 0.042
1.95 2.22 2.18 1.96 0.074  0.061
1.95 2.22 1.94 2.10 0.067 0.057
0.48 0.46 0.41 0.49 0.013  0.287
T2 T3 T4 T5
Garlic Moringa Turmeric Mixture SEM P-value
35.46® 34.20® 36.72%® 33.40° 2.320 0.021
81.72>  90.36* 92.16* 78.78¢ 3.010 0.030
20.70> 26.08* 20.52° 20.28° 1.610 0.046
46.54> 57.06* 48.60° 52.74® 2.800 0.046

*bemeans with different superscripts across the row are significantly (P<0.05) different, SEM; standard of mean

Birds were de-feathered using hot water and eviscerated.
Weights of the carcass, prime cuts, dressing percentage,
abdominal fat, liver, heart, and gizzard were recorded and
calculated as the percent of carcass weight.

L1PIDS ANALYSIS

Blood samples of each replicate were collected in an EDTA
bottle and a lipid profile test was carried out in the labo-
ratory to analyze for triglyceride, cholesterol, high-density
lipoprotein (HDL), and low-density lipoprotein (LDL).
Randox Diagnostic Kits was used. The plasma total choles-

terol was measured according to the procedure described
by (Richmond, 1973).

STATISTICAL ANALYSIS

Data were analyzed with the GLM procedure of SAS
(version 9.2, SAS Institute Inc., Cary, NC), while Dun-
can’s multiple test option of the package was used to sep-
arate the means.

RESULTS

PERFORMANCE OF BROILER CHICKENS FED THREE
PHYTOGENIC FEED ADDITIVES

Table 2 shows the performance indices of broiler chickens
fed diets containing garlic, turmeric, moringa, or their mix-
ture). The final body weights stretched from 2477.5¢g in the
control diet to 3131g in the birds fed diet with moringa.
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'The final body weights of the group of birds fed garlic, tur-
meric, moringa, and the blend were significantly (P<0.05)
higher than those on the control diet but similar (P>0.05)
within the groups fed with the additives. The body weight
gain and feed intake of the birds across the treatments fol-
lowed a similar pattern. There were 18.6%, 22%, 16.3%, and
19.8% increase in weight gain of birds relative to control
on garlic, moringa, turmeric, and the mixture respectively.
'The feed conversion ratios of the birds on garlic, moringa,
and the blend were superior (P<0.05) in this study with

about 13.5% improvement over the control

ILEA DIGESTIBILITY OF BROILER CHICKEN FED THREE
PHYTOGENIC FEED ADDITIVES

Chromium concentrations in the diets were 213 + 5.8 mg
per kg diet. Chromium concentration in the digesta and
the respective digestibility coeflicients were as indicated in
Table 3. Nutrients were better digested (P<0.05) in birds
ted diets with additives. There were 5% and 3% increase in
protein digestibility in birds placed on garlic and the blend
over the control while up to 4% increase in fat digestibility
was generally observed in birds with additive. Although
there was a linear increase in DM and energy digestibility
of birds placed on additive enriched diets, the values were
not significantly different (P>0.05) from the control.

CARCASS EVALUATION OF BROILERS FED THREE
NATURAL FEED ADDITIVES

The results of carcass and organ characteristics are pre-
sented in Table 4. Live and carcass weight of birds fed the
different phyto-additives recorded significantly higher val-
ues (P<0.05) than the control. The dressing percentage of
the birds ranged from 70.47 to 73.00% with no difference
among birds in different groups. It appeared that birds on
phytogenic additive have heavier (P<0.05) thighs com-
pared to the control group. Dietary Phyto-additives also
had a significant (P<0.05) positive influence on the drum-
sticks of the birds which had heavier weight compared
with birds fed control diet. Similarly, the use of the addi-
tives in this study led to a significant (P<0.05) reduction in
the abdominal fat of the birds. The organs’ weights were
not significantly (P>0.05) different across the treatments.

BLOOD LIPID OF BROILER FED THREE PHYTOGENIC
FEED ADDITIVES

Results of blood lipids are as indicated in Table 5. The tri-
glycerides, cholesterol, and low-density lipoprotein appear
to be lower (P<0.05) in groups fed with additives except
for Moringa whose LDL was comparable with control. All
three additives significantly increased the HDL compo-
nent of the blood above the value obtained in control.

DISCUSSION

PERFORMANCE OF BROILER CHICKEN FED THREE
PHYTOGENIC FEED ADDITIVES

Bodyweight of birds fed diets containing phyto-additives
significant improved. This was positively correlated with
the level of feed consumption. It appears that the additives
contained appetite-stimulating factors that enhanced feed
consumption. Higher feed intake was more pronounced in
moringa treatment. Similarly, higher nutrient digestibility
of birds on PFAs could explain the reason for the better
feed conversion ratio (FCR) observed (Table 3). The high-
er feed intake and digestibility observed with PFA may not
be unconnected with their bio-active compounds which
possibly exert their effect on speeding up digestion, stim-
ulating the enzymatic system of the birds, and improving
the gut health. It may be speculated that flavonol glyco-
sides, that is, quercetin and kaempferol, which are predom-
inant in moringa leaf meal, as well as the alkaloid moring-
inine may have influenced the higher voluntary feed intake
as earlier indicated by Mbikay (2012) together with the
presence of antioxidant (Ogbunugafor et al., 2011). Mo-
ringa is also known as a rich source of vitamins and amino
acids that reportedly boost the immune systems of ani-
mals (Olugbemi et al., 2010) and perhaps contributed to
the improved body weight gained. Although turmeric also
appears to positively influenced bodyweight, however, the
FCR did not differ from the control group. Turmeric at
the rate of 5 g kg™ was reported to significantly increase
the bodyweight of broiler chickens compared to the birds
on the control diet (Durrani et al., 2006; Raghdad and
Al-Jaleel 2012; Mondal et al., 2015). Early reports have
claimed that good antioxidant activity in turmeric has the
potential to stimulate the pancreatic enzymatic system
of birds (Adegoke et al., 2018). The report of Wang et al.
(2016) with dietary supplementation of 100-300 mg/kg of
turmeric rhizome extract, however, indicated no significant

effect on the bodyweight of broilers.

'The FCR in birds placed on garlic was preferable to others.
'The allicin, a popular bioactive compound is known to in-
hibit the growth of pathogenic bacteria by interfering with
bacterial cell metabolism (Ghosh et al., 2010; Makwana et
al., 2018). Consequently, when the load of these bacteria
in the intestine is low, birds tend to absorb more nutrients
leading to improvement in weight gain as observed in this
study. Other studies have shown mixed responses in body
weight gain with garlic supplementation. While Suriya et
al. (2012) opined that garlic supplementation significantly
improved body weight gain of broiler chickens, conclusion
of Aji et al. (2011) revealed no significant effect on both
feed intake body weight gain.

May 2022 | Volume 10 | Issue 5 | Page 1003

@ =] .
ot Links
OResearchers



OPENaACCESS

Advances in Animal and Veterinary Sciences

ILEA DIGESTIBILITY OF BROILER CHICKENS FED THREE
PHYTOGENIC FEED ADDITIVE AND THEIR MIXTURE
Some herbs are known to produce appetite- and diges-
tion-stimulating effects (Jamroz et al., 2005). The im-
provements in nutrient digestibility observed with birds on
additive enriched diets, may be as a result of such effects.
'This improvement in nutrient digestibility could be linked
to the improved FCR earlier indicated. Hence, improve-
ment of the ileal digestibility of nutrients and FCR could
be as a result of the digestion-stimulating effect of the PFA
which conceivably improved gut activities by improvement
of digestive enzymes such as trypsin and lipase and ab-
sorption surface area in the intestine.

'The specific aid of curcumin in turmeric has been implicat-
ed to improve the enzymatic system of birds and resulting
in better digestion, increased nutrients absorption, and in-
creased weight gain (Durrani et al., 2006). Ramakrishna
et al. (2003) in their report showed that garlic activates
the digestive process through enhanced pancreatic enzyme
activity which improves absorption of nutrients and ulti-
mately the growth of the animal. It should be noted that
beyond nutrient digestibility, the extent of improvement
in growth performance observed may probably extend to
other factors such as related to gut health (e.g. gut micro-
flora, gut maintenance, mucus production, and host im-
mune function) and general health that take up part of the
energy and nutrients that the host would otherwise use for
production purposes (Montagne et al., 2004; Koutsos and
Arias, 2006).

CARCASS EVALUATION OF BROILERS FED THREE
PHYTOGENIC FEED SUPPLEMENTS

'The improved feed conversion on birds fed PFA-base diets
is a direct reason for better carcass and some prime cuts
recorded. This study is in line with the works of Durrani
et al. (2006) who recorded higher dressing percentage, as
well as higher breast and thigh weights in broilers, fed a
diet containing 5 g/kg of a natural PFA. The degree of the
reduction in the abdominal fat ranged between 31-52%
with garlic achieving the highest reduction followed by
the mixture and the lowest value obtained in moringa. This
observation appears to be one of the high points on the
benefits of these phytogenic additives because accretion of
fat in the abdominal area of broilers is regarded as waste in
the poultry as implied loss in value and reduced consumer
acceptability. Therefore, the use of garlic, turmeric, morin-
ga, and their blend in the broiler’s diet has the potential to
curtail this type of waste. The decrease in abdominal fat
caused by these phytoadditives is traceable to the influ-
ence of their respective bioactive compound on adipocytes
(Sugiharto et al., 2011). The reduction in abdominal fat
and increased carcass percentage of birds fed phytoaddi-
tive-supplemented diet also agreed with the earlier report

of Wang et al. (2016). The authors stated that at 2.5 and
5% garlic supplementation in broiler diets significantly
(P<0.05) decreased the abdominal fat content of the birds.
Rajput et al. (2013) reported that the addition of curcum-
in (150- 200 mg/kg of feed) significantly reduced the ab-
dominal fat ratio, as compared with the control group. In
summary, the use of these three additives or their blend in
broilers’ diet is capable of enhancing broiler carcass yield
and producing lean meat which is consumers’ preference.

BLOOD LIPID OF BROILER FED THREE PHYTOGENIC
FEED ADDITIVES

The findings showed that the diets supplemented with
garlic, turmeric, moringa, and their mixture successfully
reduced the triglyceride (T'G) levels in the blood compare
to the control. The degree of fat deposition in the exper-
imental birds appears to be related to the content of TG
and low-density lipoprotein (LDL) in the blood. LDL is
known to be involved in modulating the transport of cho-
lesterol from the liver to other tissues (Koolman and Roe-
hm 2005). Consequently, a lower serum cholesterol level
is expected with a lower level of LDL as observed in this

study.

Previous works have shown that garlic and turmeric have
hypocholesterolemic properties that reduce blood choles-
terol levels (Sarker et al., 2017). Curcuminoids present in
garlic and turmeric were responsible for the suppression of
triglycerol synthesis. However, this comparative study has
shown that moringa is more beneficial in terms of improv-
ing the HDL content in chicken. Flavonoids and saponins
present in moringa have been implicated to increase the
HDL levels and lower LDL levels in hypercholesterolemic
rats (Mehta et al., 2003). Cholesterol reduction by these
bioactive compounds is achieved probably by deterring
cholesterol micellar solubility as demonstrated earlier by
Chiévez-Santoscoy et al. (2013) through the activities of
key enzymes (Zhao et al., 2013).

Similarly, in birds, fat is mainly synthesized in the liver, and
the contents of TG and cholesterol are the key indices that
influence its metabolism. Xie et al. (2018) have identified
quercitrin, isoquercitrin, crysin-7-glucoside, and quercitrin
in moringa as the main components that exert synergis-
tic effects to inhibit adipogenesis. Related investigations
in humans and mice have also indicated that dietary sup-
plements of moringa leaf meal could decrease obesity and
regulate lipid metabolism mainly by reducing the level of
TG and cholesterol in the serum or liver (Almatrafi et al.,
2017). The lower total cholesterol (T'C) and LDL levels in
birds successfully attained with the feeding of the blend of
additives further indicative of the positive synergetic effect
of various bioactive compounds in the selected additives
used in this study.
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CONCLUSION

The study has shown that the continuous feeding of the
three natural phytogenic additives at 20gkg'diet or their
mixture was suitable to improved feed conversion ratio and
carcass yield of the experimental birds by stimulating feed
consumption and digestion. Similarly, the three additives
were able to depress the cholesterol and fat deposition in
broiler chickens at varying proportions thereby exerting a
superior quality on the carcass of the birds than control.
It was noted that while garlic showed a higher anti-lipo-
genic tendency, moringa displayed superior influence on
feed intake, the blend of the three additives appear to
have a greater overall influence on the experimental birds.
Extracts from these potential natural feed additives with
proper blending in feed or water of birds are recommended
for further study as this could offer a closer alternative to
synthetic growth-promoting antibiotics.
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