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ABSTRACT

This study was designed to investigate the effects of garlic powder as a phyto-additive in broiler
diets as a growth promoter with cholesterolemic properties and to also determine the economic
implications when garlic powder is used in broiler diets. One hundred and ninety-two day old
commercial broilers were used for this experiment and they were randomly allotted to four
treatments and four replicates. Powdered garlic was incorporated into the bird’'s diet at O gKg'l, 2
gKg™, 3 gKg™ and 4 gKg™ additive levels. The performance parameters progressively improved by
increasing dietary garlic powder from 2 gkg™ up to 3 gkg™ but reduced when garlic inclusion level
was increased beyond 3 gKg™. The highest average feed intake of 110.13+2.60 g/bird/day was
obtained for birds on diet with 2 gkg™® garlic supplementation. The highest average weight gain
value of 48.73+2.64 g/bird/day was also obtained for birds on 2gKg™ garlic supplemented diet. The
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optimum feed conversion ratio value of 2.27+0.14 was obtained at 2 gkg™ garlic supplemented diet.
The nitrogen retention values were similar (P>0.05) for all experimental birds. The live weight of
2524.70+59.9 g was the highest for birds on 2 gKg™ 9arlic diet but similar (P>0.05) to the live weight
value of 2468.30+26.0 g obtained for birds on 3 gKg™ garlic supplemented diet. The total cholesterol
was consistently higher (P<0.05) at 3.41+0.13 g/dl for birds on the control diet without any garlic
powder. Other total cholesterol values of 2.43+0.04 g/dl, 2.68+0.16g/dl and 2.69+0.10g/dl obtained
for birds on 2 gKg'l, 3 gKg'1 and 4 gKg'1 garlic supplemented diets, respectively were similar
(P>0.05). The highest average body weight was attained on the 56 day for birds on the 2gKg™ garlic
supplemented diet and the cost benefit (feed/kg of live weight) was lowest for birds on 2 gKg™ garlic
supplemented diet at N243.94 and highest at N290.20 for birds on 4gKg™ garlic supplemented diet.
The best performance, carcass characteristics and the serum constituents of birds was attained by
the group of birds fed with diet containing 2 gKg'l garlic. The inclusion level of garlic at 2 gKg'1 is the
most suitable as it is economically cheaper andhad more nutritional benefits for broiler production.

Keywords: Growth performance; carcass characteristics; heamatology; hypocholesterolemic effect.

1. INTRODUCTION

Garlic (Allium sativum), a specie in the onion
genus, a perennial bulb-forming plant that
belongs to the genus Allium in the family
Liliaceae, has been used for centuries as a
flavouring agent, traditional medicine, and a
functional food to enhance physical and mental
health. One of the main problems encountered in
the broiler industry today is that broilers often
have excessive deposits of body fat. Abdominal
fat is highly correlated with total carcass lipids
and is used as the main criterion reflecting
excess fat deposits in broilers [1]. Furthermore,
fat constitutes the main source of waste in
slaughter houses [2]. Excessive abdominal fat
reduces both feed efficiency during rearing and
lean meat yields after processing.

Poultry with a high abdominal fat content have a
low market value. In terms of marketing,
economic viabilty and the recognition of
consumers’ aversion to excess fatty tissue
deposits direct poultry scientists toward the
development of new methods to reduce broiler
body fat. Fat in a broiler, particularly at the
finisher phase of production (at 43 days of age)
accounted for as much as 10%-15% of its total
carcass weight [3]. According to these figures
there is great potential to make feed more
efficient and to improve the quality of broiler
carcass by further reducing fat deposition. Some
nutrition strategies aiming to reduce costs of
animal production have the potential to decrease
fat accumulation in broiler carcass.

There are ample research evidences indicating
that garlic may have had an effect on lipogenesis
and triglyceride synthesis in chicken livers [4].
Little research has been done to determine that
dietary garlic supplements regulate hepatic lipid

metabolism in chickens. The organosulfur
content of garlic is primarily that of allin
derivatives, which are reported to been the cause
of its low effect on lipids [5].

Although garlic has been used safely in cooking
as a popular condiment or flavoring and used
traditionally for medicinal purposes in humans, it
is commonly known that excessive consumption
of garlic can cause problems. Garlic odour on
human breath and skin [6] and occasional
allergic reactions [7] are recognized. Garlic is not
widely used as human food because it gives a
repulsive odour and the taste is pungent.
However, since monogastric animals are able to
incorporate dietary components directly in their
tissues [8], supplementary garlic for broilers
could mediate in getting the bioactive
compounds in garlic, through broiler meat into
the human food chain, while avoiding the
resentment due to its direct consumption.

However, there is dearth of convincing studies on
qguantity and form of supplementary garlic in
broiler nutrition. This study is therefore aimed at
investigating the effects of garlic powder as an
additive in broiler diets at finisher phase of
growth (26-58 days) using such parameters as
growth performance, carcass characteristics,
haematology, serum chemistry and the economic
implication of broilers chicken fed with garlic
supplemented diet at different inclusion levels.

2. MATERIALS AND METHODS

2.1 Location and Procedure

The experiment was conducted at the Poultry
Section of the Teaching and Research Farm of
Ekiti State University, AdoEkiti, a town in the
southwest Nigeria in the rain forest zone on
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|latitude 7° 40 North of the equator and longitude
5°15 East of Greenwich Meridian with ambient
temperature, 25-37C; relative humidity,70%;
wind, SSW at 1lmph (18km/h); barometric
pressure, 29.68 Hg(F). Garlic, was purchased
from the local market and the garlic powder was
prepared by mincing, sun-drying and grinding the
dried garlic. Grinding was done using a manual
grinding machine until powdery garlic was
obtained. The powdered garlic was then
incorporated in the finisher diets at OgKg'l, 2
gKg™', 3gKg™ and 4gKg™ inclusion levels.

2.2 Experimental Diets

Four diets were formulated for this finisher
phase. There were 4 experimental rations used
as dietary treatments. Diet 1 was the control and
contained no garlic powder. Diets 2, 3 and 4
were formulated to contain 2, 3 and 4gKg' of
garlic powder, respectively as shown in Table 1.

2.3 Experimental Birds

One hundred and ninety-two day old commercial
broilers were randomly allotted to four treatments
and four replicates. Each treatment therefore had
a total of 48 chicks and each replicate in a
treatment had a total of 12 chicks. The chicks
were fed on a standard commercial broiler starter

diet until the 8" day when the experiment
commenced. The birds were fed ad-libitum and
clean water was provided throughout the
experimental duration. The starter diet was
supplied from the 8" to 28th day while the
finisher diet was supplied between the 29th and
56" day (end of trial).

2.4 Haematological Parameters

At the end of the feeding trial, birds were
randomly selected, weighed and sacrificed by
severing the jugular vein and blood allowed to
flow freely into labelled bottles one of which
contain a speck of ethylene-diamine-tetraacetic
acid (EDTA) while the other without EDTA was
processed for serum. The blood samples were
used for the determination of haematological
parameters such as packed cell volume(PCV),
red blood cell count (RBC), haemoglobin
concentration(Hbc), total white blood cell count
(WBC),differential count of white blood cell
(leucocyte, neutrophil, monocyte, basophil and
eosinophil). The packed cell volume(PCV) was
estimated by spinning about 75:1 of each blood
sample in heparinized capillary tubes in an
haematocrit micro centrifuge for 5 minutes while
the total red blood cell (RBC) count was
determined using normal saline as the diluting
fluid.

Table 1. Broiler starter experimental diets with varying levels of garlic powder

Ingredients Broiler starter diets

1 2 3 4

Garlic inclusion levels

Control 2.0 gKg™ 3.0 gKg™ 4.0gKg™
Maize (9% CP) 55.00 55.00 55.00 55.00
Soyabean meal(45.0% CP) 37.60 37.60 37.60 37.60
Fish meal(68%CP) 2.00 2.00 2.00 2.00
Palm oil 1.00 1.00 1.00 1.00
Bone meal 2.50 2.50 2.50 2.50
Oyster shell 0.50 0.50 0.50 0.50
Salt 0.50 0.50 0.50 0.50
DL-methionine 0.20 0.20 0.20 0.20
L-lysine 0.20 0.20 0.20 0.20
Premix’ 0.50 0.50 0.50 0.50
Total 100.00 100.0 100.00 100.00
Calculated:
Crude protein (%) 23.30 23.30 23.30 23.30
ME(kcal/kg) 2937.00 2937.00 2937.00 2937.00
Crude fibre(%) 3.96 3.96 3.96 3.96
Ether extract 4.69 4.69 4.69 4.69

*Contained vitamins A (10,000,000iu); D (2,000,000iu); E (35,000iu);

K (1,900mg); B12 (19mg);Riboflavin (7,000mg); Pyridoxine (3,800mg); Thiamine (2,200mg); D Panthotenic acid
(11,000mg); Nicotinic acid (45,000mg); Folic acid (1,400mg); Biotin (113mg); and trace elements as Cu
(8,000mg); Mn (64,000mg); Zn (40,000mg); Fe (32,000mg); Se (160mg); | (800mg); and other items as Co
(400mg); Choline (475,000mg);Methionine (50,000mg); BHT (5,000mg) and Spiramycin (5,000mg) per 2.5kg
CP: Crude Protein; **ME, metabolizable energy = (0.860+0.629(GE-0.78CF) [16]
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Table 2. Broiler finisher experimental diet with varying levels of garlic powder

Ingredients Broiler finisher diets

1 2 3 4

Garlic inclusion levels

Control 2.0gKg™ 3.0gKg™ 4.0gKg™
Maize (9% CP) 62.00 62.00 62.00 62.00
Soyabean meal(45.0% CP) 30.60 30.60 30.60 30.60
Fish meal(68% CP) 2.00 2.00 2.00 2.00
Palm oil 1.00 1.00 1.00 1.00
Bone meal 2.50 2.50 2.50 2.50
Oyster shell 0.50 0.50 0.50 0.50
Salt 0.50 0.50 0.50 0.50
DL-methionine 0.20 0.20 0.20 0.20
L-lysine 0.20 0.20 0.20 0.20
Premix’ 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00
Calculated:
Crude protein (%) 20.71 20.71 20.71 20.71
ME (kcal/kg) 3007.80 3007.80 3007.80 3007.80
Crude fibre (%) 3.96 3.96 3.96 3.96
Ether extract 4.69 4.69 4.69 4.69

*Contained vitamins A(10,000,000iu); D(2,000,000iu); E(35,000iu);K(1,900mg); B12 (19mg);
Riboflavin(7,000mg); Pyridoxine(3,800mg); Thiamine(2,200mg); D Panthotenic acid(11,000mg); Nicotinic
acid(45,000mg); Folic acid(1,400mg); Biotin (113mg); and trace elements as Cu(8,000mg); Mn(64,000mg);
Zn(40,000mg); Fe(32,000mg); Se(160mg); 12(800mg); and other items as Co(400mg); Choline(475,000mg);
Methionine(50,000mg); BHT(5,000mg) and Spiramycin(5,000mg) per 2.5kg
CP: Crude Protein, ME: Metabolized Energy [16]

The Haemoglobin concentration (Hbc) was
estimated using cyanomethaemoglobin method
as described [9], while the mean corpuscular

haemoglobin  concentration (MCHC), mean
corpuscular volume (MCV), low density
lipoprotein and globulin were calculated.

Biochemical parameters such as total serum
protein, albumin, cholesterol (total cholesterol,
triglycerides, high density lipoprotein, low density
lipoprotein) were estimated. Total serum protein
was determined colorimetrically using the SIGMA
assay kits. The albumin and the globulin were
determined using the described method [10].

2.5 Estimation of Total Cholesterol, High
Density Lipoprotein Cholesterol
(HDLP) and Low Density Lipoprotein
Cholesterol (LDLP)

Total cholesterol in all the samples collected as
measured by cholesterol CHOD-PAP method
which is an enzymatic end point method [11].
High density lipoprotein (HDLP) in the samples
were separated by precipitation through the
procedure adopted [12].

Low density lipoprotein cholesterol (LDLC) in the
samples were determined using the relationship
described [13].

2.6 Carcass and Organ Characteristics

Two birds from each replicate were slaughtered
on the last day of each phase of the experiment.
The carcasses were scalded before defeathering
and the dressed chicks were later eviscerated.
The measurements of the carcass traits: dressed
weights, eviscerated weight, thigh, drumsticks,
shank, back, necks, wing, belly-fat and head
were taken before dissecting out the organs. The
organs measured were the liver, lungs, spleen,
heart and gizzard. All the carcass traits except
the dressed and eviscerated weights were
expressed as percentages of the live weight
while the organs were expressed in g/kg body
weight.

2.7 Determination of Nitrogen Retention
and Apparent Nitrogen Digestibility

Total feaces voided during the last five days
were collected, weighed, and then sun dried to a
constant weight and then preserved while the
corresponding feed consumed was also recorded
for nitrogen studies. The nitrogen contents of the
samples were determined [14]. Nitrogen retained
was calculated as the algebraic difference
between feed nitrogen and faecal nitrogen (on
dry matter basis) for the period. Apparent
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nitrogen  digestibility was computed by
expressing the nitrogen retained as a fraction of
the nitrogen intake multiplied by 100.

2.8 Economics of Production/Cost

Analysis

The market cost of the ingredients at the time of
the study, feed intake, body weight gain, total
revenue/bird and total net returns/birds were
used to calculate the total cost of feed per 100kg
of the diet, cost of feed per kg diet and total cost
of feed consumed per bird. Feeding cost values
were expressed in terms of Nigerian Naira (N)
currency.

2.9 Statistical Analysis

Data were subjected to analysis of variance
(ANOVA) using Minitab Analytical Computer
Package (Minitab Ver. 16) [15] to separate and
compare significant differences among the mean
values where necessary at a level of P<0.05.

3. RESULTS AND DISCUSSION

3.1 Performance Characteristics at
Finisher Phase (28-56 Days)

The performance characteristics of broiler
chicken at 28-56days are on Table 3. The
highest average feed intake (AFIl) of
110.13+2.60g/bird/day was obtained for birds on
diet 2 with 2gKg™ garlic supplementation.
However, this value was similar (P>0.05) to
108.50+2.13g/bird/day obtained for birds on diet
3 of 3gKg™ garlic supplementation. The lowest
feed intake of 104.72+0.73g/bird/day obtained for
birds on diet 4 of 4gKg™ garlic supplementation
was also similar (P>0.05) to
105.8+1.53g/bird/day obtained for the birds on
the control diet without dietary garlic.

The average weight gain (AWG) value of
48.73+2.64g/bird/day obtained for birds on 2
gKg'l garlic supplemented diet was the highest
but also similar (P>0.05) to the values obtained
for birds on ?>gKg'1 garlic supplemented diet. The
lowest AWG of 40.59¢g/bird/day was obtained for
birds on 4gKg™ garlic supplemented diet albeit
similar (P>0.05) to the value of 42.32+1.47g/
bird/day obtained for birds on the control diet
without garlic supplementation.

The feed conversion ratio (FCR) of 2.27+0.14
was the lowest and optimum for birds on 2gKg™
garlic supplemented diet, while the highest value

of 2.60 + 0.28 was obtained for birds on 4gKg™
garlic supplemented diet. However, all FCRs
values were not significantly different (P>0.05).

Similar protein efficiency ratio (PER) results was
obtained for birds on all diets without significant
differences (P>0.05) for all PER values.
However, the highest value of 2.14+0.12 was
obtained for birds on 2gKg™ garlic supplemented
diet and the lowest value of 1.87+0.19 obtained
for birds on 4gKg'1 garlic supplemented diet.

The highest feed intake values consistently
obtained for birds on ZgKg'1 garlic supplemented
diets in this finisher phase-corroborated earlier
study on garlic supplementation in broilers.
Previous studies all reported improved feed
intake up to 3gKg™ garlic supplementation and
subsequent reduction in feed intake thereafter
[17,18,19]. The lowest feed intake values in the
present study were obtained for birds on 4gKg'l
garlic supplemented diet in the finisher phases
which was still in agreement with previous
researchers [17,18,19]. It was also reported that
feed consumption was significantly higher in
broilers fed diets with lower concentration of
garlic at 0.125-0.25% compared with higher
levels of 0.5, 1.0 and 2.0% [20]. It was
summarized that feed intake reduction with garlic
supplementation was probably due to the
associated flavour factor and the need of
chickens to get adapted to the supplement during
the first few weeks of feeding [21].

The average weight gain values of birds on
2gkg' garlic supplemented diets were
significantly higher than other levels of garlic
supplementation except for birds on SgKg'1 garlic
supplemented diets in both starter and finisher
phases. These results were in agreement with
several previous similar studies [22, 23]. They
opined that broiler body weights were improved
when they were fed garlic at 1g/kg in the basal
diet.

The optimum feed conversion ratio value
obtained for birds on 2 gkg™ at the starter phase
of broiler production agreed with previous studies
[23,24]. It has been reported that administration
of 100mg of garlic resulted in improved body
weight gain at 7, 14 and 21 days of treatment in
broiler chicks although there was no change in
FCR [22].

Although the present research study had a
positive affinity for birds on 29Kg'1 garlic
supplemented diet as having the best values for
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feed intake, weight gain and feed conversion
ratio, some previous studies considered these
parameters as controversial [25,26] and could
not trace any effect of garlic supplementation on
the performance of broiler chicks. The wide
range of results instead of the established
beneficial role of garlic as growth promoter has
been attributed to the dose, duration and
processing of the medicinal plants as well as the
experimental conditions [27]. It was earlier
suggested that differences in the results
determined by different authors may be due to
the use of different commercial products of garlic
[28]. The commercial garlic products may be
divided into raw garlic (allicin rich) and processed
garlic (non-allicin rich) which differs in the active
substances contained [27].

Even though the protein efficiency ratio (PER)
values of birds on 2gKg™ garlic supplemented
diets (starter and finisher phases) were higher
but similar statistically with other values,
evidence abound that garlic had beneficial
effects on feed efficiency and growth of broiler
chickens [25]. These beneficial effects were
suggested to be the enhancement of the activity
of pancreatic enzymes and the provision of
conducive environment for better absorption of
nutrients [29].

3.2 Nitrogen Utilization

Nitrogen utilization is shown in Table 4. Nitrogen
intake value at 2.6+0.32gN/chick/day was the
highest for birds on the control diet without garlic
but similar (P>0.05) to the average values of
2.4+0.22gN/ chick/ day obtained for birds on
2gKg™ and 3gKg' garlic supplemented diets.
The Nitrogen retention were similar (P>0.05) for
all experimental birds with an upper range of
2.0+0.25gN/ chick/ day for birds on the control
diet without garlic powder and a minimum range
of 1.60+0.27gN/ chick/ day for birds on the 4gKg"
! garlic supplemented diet.

The apparent nitrogen digestibility (AND) had
similar values (P>0.05) for all experimental birds
with an upper range of 80.00+3.31% for birds on
the 4gKg'1 garlic supplemented diet and a lower
range of 77.70+0.76% for birds on both 2gKg™
and 3gKg™ garlic supplemented diets.

The daily nitrogen intake (NI) values showed
some variations among the treatment diets. Birds
on the control diet without garlic powder had the
highest value, though similar to other birds on
2gKg™ and 3gKg™garlic supplemented diets, but

significantly different to birds on 4 gkg® garlic
supplemented diet. This result implies that garlic
inclusion as a supplement in broiler diets has no
effect on the nitrogen intake up to 3 gKg'1 garlic
powder. The nitrogen intake can therefore be
said to be sufficient at levels not exceeding 3
gKg'l inclusion of garlic powder.

The Nitrogen retention of the birds on
experimental diets was also similar. The
retention of nitrogen correlated positively with
nitrogen intake which implies that the higher the
nitrogen intake, the higher the nitrogen retained
subject to requirement levels since any nitrogen
consumed in excess of requirement would be
degraded and voided in faeces [30]. The
apparent nitrogen digestibility were not
significantly (P>0.05) affected.

3.3 Carcass Characteristics of Broilers
(28-56 Days)

The carcass characteristics Table is presented in
Table 5. The live weight of 2524.70+59.9g was
the highest for birds on 2gKg™ garlic diet but
similar (P>0.05) to the live weight value of
2468.30+26.0g obtained for birds on 3gKg™
garlic supplemented diet. The dressed weight
percentage of 242.25+14.2% was also the
highest value but similar (P>0.05) to dressed
weight value of 232.93+£27.2% obtained for birds
on 3gKg™ garlic supplemented diet. Ditto for
eviscerated weight of 215.00+25.5% obtained for
birds on 2gKg™ garlic diet which was the highest
value but similar (P>0.05) to 200.95+24.0%
obtained for birds on 3gKg™ garlic supplemented
diet. The eviscerated weight of 184.40+33.9%
obtained for birds on 4gKg'l garlic diet was the
lowest value but similar (P>0.05) to
185.50+34.5% obtained for birds on the control
diet without garlic.

The mean values for thighs, drumsticks, backs,
shanks, wings, heads and neck were consistently
higher for birds on 2gKg™ garlic supplemented
diet. The thigh value of 293.0014.259/k% body
weight was the highest for birds on 2gKg™ garlic
diet but similar (P>0.05) to 276.25+3.89g/k

body weight obtained for birds on diet 3 of 3gKg
garlic. The lowest thigh value of 243.7518.139/k%
body weight was obtained for birds on 4gKg’
garlic diet.

The mean weight of drumsticks obtained for birds
on 2gKg™ garlic diet at 150.00+12.73g/kg body
weight was the highest value although similar
(P>0.05) to 145.50+8.49g/kg body weight
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obtained for birds on 3gKg" garlic diet.
Drumstick weight of 106.25+1.06g/kg body
weight obtained for birds on 4gKg™ garlic diet
was the Ilowest but similar (P>0.05) to
107.25+3.18g/kg body weight obtained for birds
on the control diet without garlic. The back
weight and shank weight of birds on ZgKg'l garlic
diet were also the highest at 281.50+19.09 and
52.2548.84g/kg body weight, respectively.
However, these values were similar (P>0.05) to
all back weight and shank values of all
experimental birds.

The mean wing weight of 136.2513.899/k9 body
weight was the highest for birds on 2gKg™ garlic
diet but similar (P>0.05) to 133.00+3.54g/kg
body weight obtained for birds on 3gKg™ garlic
diet. Mean wing weight value of 100.50+2.12g/kg
body weight obtained for birds on 4gKg™ garlic
diet was the lowest but similar (P>0.05) to
104.75+4.60g/kg body weight obtained for birds
on the control diet without garlic. Likewise the
mean values for the dissected heads and necks
of birds on ZgKg'l garlic diets were consistently
higher numerically than other values although
statistically similar (P>0.05).The back fat value of
1.20+0.28g/kg body weight obtained for birds on
ZgKg'1 garlic diet was the lowest albeit similar
(P>0.05) to the other back fat values obtained for
experimental birds.

The highest live weight, dressed weight and
eviscerated weight values for birds on 2gKg™
garlic supplemented diets at this finisher phase
could only suggest a better growth rate of birds
on 2 gkg™ garlic supplemented diets. Birds on 2
gKg™ garlic supplemented diet had higher values
which in most cases were significantly higher
than other values for thighs, drumsticks, wings,
necks, heads, backs and shanks of other birds
on other garlic supplemented diets of 3 gKg'1 and
4 gkg™.

The lowest values for these carcass cuts were
consistently obtained for birds on 4gKg™ garlic
supplemented diets in both starter and finisher
phases of the broiler experiment. The findings of
the current study agreed with a previous work
[31] who found that feed intake and FCR, body
weight and carcass quality (dressing percentage,
breast weight and leg weight) were improved in a
35 day experimental trial, when broilers were
supplemented (at the rate of 10ml/liter of drinking
water) with an aqueous extract of medicinal
plants containing garlic. It was also demonstrated
that garlic powder had a significant effect on
carcass yield when added into broiler feed [32].

However, several previous studies on garlic
supplementation in broiler diets suggested that
garlic supplementation failed to produce positive
effects on carcass yield in term of dressing
percentage [33] and carcass characteristics in
term of percentage of carcass, small intestines,
proventriculus, gizzard, liver and abdominal fat
[34].

3.4 Relative Organ Weight at 28-56 Days

Except for lungs that were significantly higher
(P>0.05) at 18.50+0.71g/kg body weight for birds
on 2gKg™ garlic supplemented diet, all other
organs investigated such as liver, heart, spleen
and gizzard had statistically similar (P>0.05)
values. However, higher numerical values for all
organs investigated were obtained for birds on
2gKg™ garlic supplemented diets. These results
were corroborated by some previous studies
[22,25,33,34,35].

3.5 Haematological Indices of Birds on
Garlic Supplemented Diets (28-56
Days)

Apart from haemoglobin concentration (Hbc),
lymphocytes, neutrophil and mean cell
haemoglobin concentration (MCHC), all other
investigated blood parameters such as packed
cell volume (PCV), red blood cell (RBC), total
white blood cells(TWBC), monocytes, eosinophil,
basophil, mean cell haemoglobin (MCH) and
mean cell volume (MCV) had similar values
(P>0.05) for all experimental birds on the
experimental diets.

The PCV had the highest value of 35.00+£12.73%
for birds on 2gKg™ although similar (P>0.05)
even to the lowest PCV value of 29.00+2.83%
obtained for birds on the control diet without
garlic supplementation.

The Hbc value of 13.72+0.09g/100ml obtained
for the birds on the control diet without garlic was
significantly higher (P<0.05) than other values.
The Hbc values of 8.97+1.78 ¢g/100 ml,
8.15+1.78 g/100 ml and 8.44+1.44 g/100 ml were
similar (P>0.05). The RBC values obtained for all
birds on all experimental diets were similar
(P>0.05) with the highest value of 2.86+0.23 x
10% mm obtained for birds on the 2gKg™ garlic
supplemented diet.

The TWBC values were similar (P>0.05) for all
experimental birds on all diets with a range of
5.50+2.12 x 10% L for birds on the control diet
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without garlic and 5.00+0.12 x 10% L for birds on
the 2gKg™ garlic diet. The neutrophil value of
46.00+0.36% was the highest but similar
(P>0.05) to 39.00+7.07% and 30.00+2.83%
obtained for birds on the control diet without
garlic and the ?>gKg'1 garlic supplemented diet,
respectively. The lymphocytes were highest at
54.004£0.70% for the birds on the control diet

without garlic but similar (P>0.05) to
42.00+2.83% and 52.00+2.83% obtained for
birds on the SgKg'1 and 4gKg'l garlic

supplemented diets, respectively.

The monocytes values were similar (P>0.05) for
all birds on the experimental diets with a highest
range of 11.00+1.41% for birds on the 4gKg™
garlic supplemented diet and a lowest range of
8.00+£2.83% for birds on the control diet without
garlic. The eosinophil values were similar
(P>0.05) for all experimental birds on all diets
with a highest range of 10.00+5.66% for bird s on
the control diet without garlic and a Iowest range
of 6.50+0.71% for birds on 29Kg garlic
supplemented diet.

The basophil values were similar (P>0 05) as
birds on the 2gKg™, 3gKg™ and 4gKg™ had the
same value of 2. OO% Birds on the control diet
without garlic supplementation had the least but
similar (P>0.05) value of 1.00+1.41%. The MCH
values were also similar (P>0.05) with an upper
range of 4.81+0.35pg for birds on the control diet
without garlic and a lower range of 3.35+0.05pg
for birds on 3gKg™ garlic supplemented diet.

The MCHC value of 4.75+0.43% obtained for
birds on the control diet without garlic was the
highest but similar (P>0.05) to 2.70+0. 79% and
285+O 28% obtained for birds on ZgKg and
4gKg™ garlic supplemented diets, respectively.
The MCV values were all similar (P>0.05) for all
birds on the experimental diets with a highest
range of 136.43+10.12 um® for birds on 2gKg™
garlic supplemented diet and a lowest range of
101.32+1.87 um® for birds on the control diet.

Except for some inconsistencies in
haematological parameters investigated at both
starter and finisher phases of the broiler
experiment, most blood parameters had similar
values. Since blood has been singularly identified
as having immune-modulatory effects which can
be used in the assessment of the health status of
the animal, it can be adjudged from the present
result that the non-lymphoid parts of the immune
system such as blood monocytes and tissue
macrophages may not have actively played any

significant role in the immune system of the
experimental birds. This assumption could be
exemplified as most blood parameters on the
garlic supplemented diets had similar values with
the control garlic free diets.

However, the survivability of the experimental
birds may indicate a possible immune
potentiating effect of garlic in the diets containing
garlic powder as supported by previous studies
[36,37,38,39].

3.6 Serum Metabolites of Chickens (28-56
Days)

The total cholesterol was consistently higher
(P>0.05) at 3.41+0.13g/dl for birds on the control
diet without any garlic powder. Other total
cholesterol values of 2.430.049/dl,
2.68+0.16g/dl and 269+O 10g/dI obtalned for
birds on ZgKg, SgKg and 4gKg garlic
supplemented diets, respectively were similar
(P>0.05).

The high density lipoprotein (HDL) had the
highest value of 2.56+0.16g/dl for birds on the
control diet without garlic powder. Other HDL
values of 1.35+0.14g/dl, 1.35+0. O7g/d| and 1 58
0. OSg/dI obtained for birds on ZgKg SgKg and
4gKg™ garlic supplemented diets, respectively
were similar (P>0.05). The Ilow density
lipoprotein (LDL) also had the highest value of
1.83+0.069g/dI for birds on the control diet without
garlic powder. The other LDL values of
0.48+0.11g/dl, 0.5940.01g/dl and O. 72+0 Ogg/dl
were similar SP>0 .05) for birds on 2gKg™, 3gKg™

and 4gKg garlic  supplemented diets,
respectively.

The triglyceride level was also significantly
highest (P<0.05) at 1.34+0.16g/dl for birds on the
control diet without garlic powder. Other
triglyceride levels of 0.30+0.12g/dl, 0.31+0. 1lg/dl
and 0 33+0.11g/dl obtalned for birds on 2gKg™,
3gkg® and 4gKg™ garlic supplemented diets
were similar (P>0.05).

The total serum protein (TSP) had the hlghest
value of 8.30+0.20g/dl for birds on 2gKg garllc
supplemented diet. This value was however
similar ~ (P>0.05) to 8.27+0.18g/dl and
8. 25+0 08g/dl obtained for birds on 3gKg™ and
4gKg™ garlic supplemented diets, respectively.
The lowest significant (P<0.05) TSP value of
7.3840.32g/dl was obtained for birds on the
control diet without garlic powder.
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The albumin level had a lowest range of
3.60+0.91g/dl for birds on the control diet without

garlic powder and the highest range of
4.1740.03g/dl for birds on ZgKg'l garlic
supplemented diet. However, there were

similarities (P>0.05) between the highest albumin
value of 3.60+0.91g/dl for birds on the control
garlic free diet and 3.93+0.08g/dI for birds on the
4gKg™ garlic supplemented diet. The globulin
levels were similar (P>0.05) for all experimental
birds on the garlic free diet, ZgKg'l, 39Kg'l and
4gKg™ garlic supplemented diets at
3.78+0.51g/dl, 4.13+0.20g/dl, 4.20+0.20g/dl and
4.32+0.09¢/dI, respectively.

The total cholesterol (TC) contents were
significantly reduced in serum metabolites of all
birds on the garlic supplemented diets at starter
and finisher phases of this broiler experiment.
The anti-cholesterolemic effects of garlic are well
documented. It has been that varying
supplementary levels of garlic in poultry birds has
decreased egg yolk cholesterol of laying hens
[40,41], reduced plasma cholesterol in broilers
fed garlic at 10,000mg/kg in 35 days treatment
[25] and reduced serum cholesterol
concentration in white Leghorn pullets [42].

There was also significant decrease in the serum
contents of high density lipoprotein (HDL), low
density lipoprotein (LDL). The triglyceride
contents of sera were also lower for birds on the
garlic supplemented diets [23,42,43]. A reduction
of 28-41% in low density lipoprotein (LDL)
cholesterol in an experimental diet containing
3.8% garlic paste had been reported [42].
Reductions in total cholesterol, LDL-cholesterol
and triglycerides had been reported when
broilers were supplemented with 1g/kg garlic
[23]. It was also reported that garlic powder
decreased total cholesterol, triglycerides and low
density lipoprotein [43].

The significant reduction in LDL in all garlic
supplemented diets compared to the levels in
birds of the control group in this present study
can be connected to the possible mechanism of
anti-oxidant and anti-peroxide lowering action of
garlic powder (S-allyl cysteine sulfoxide) on LDL
or the decrease in hepatic production of very low
density lipoprotein (VLDL) also referred to “very
bad” cholesterol. The VLDL serves as the
precursor of LDL in the blood circulation. The
significant decreases in total cholesterol,
triglycerides and LDL in garlic supplemented
diets in the present study were similar to
previous findings [44]. This may be due to the
possible mechanism of hypocholesterolemic and

lipolipidemic action of garlic powder which
depresses the hepatic activities of lipogenic and
cholesterogenic enzymes such as malic enzyme,
fatty acid synthase, glucose-6-phosphatase
dehydrogenase [42,45] and 3-hydroxyl-3-methyl-
glutaryl-CoA (HMG-CoA) reductase [46]. It has
also been reported that polyunsaturated fatty
acids prevent atherosclerosis through the
formation of cholesterol esters (Afzal et al.,
1985). Further findings reported the possibility of
garlic powder facilitating activity of enzymes
which are involved in the conversion of
cholesterol to bilious acids and subsequently
reduce the cholesterol content in the carcass

[47].

The total serum protein (TSP), albumin and
globulin levels were mostly similar among all
dietary treatments in this study except for the
noticeable but not significant higher values
obtained for birds on the garlic supplemented
diets. Significant differences were not expected
among the serum parameters (TSP, albumin and
globulin) examined in this current study since all
diets were ensured to be iso-nitrogenous.
However, the suggested hypolipidic and
hypocholesterolemic potentials of garlic powder
may have engendered some positive metabolic
effects on the nitrogen utilization by birds on the
garlic supplemented diets.

3.7 Economics of Production/Cost

Analysis

The highest average body weight was
2517.30g/bird for birds on the 2gKg™ garlic
supplemented diet followed by 2475.50g/bird,
2341.10g/bird and 2289.70g/bird for birds on
3gKg® garlic supplemented diet, control diet
without garlic and 4gKg'l garlic supplemented
diet, respectively in that order. The total average
feed intake was also highest at 2.64kg for birds
on 2gKg™ garlic supplemented diet and lowest at
2.51kg for birds on 4gKg™ garlic supplemented
diet.

The unit cost of feed expectedly, was highest for
diet 4 with the highest supplementary level of
4gKg'l of garlic powder and lowest for the control
diet without any garlic powder. However, the total
cost of feed consumed (total feed intake x cost of
feed consumed) had N286.44 as the highest cost
for birds on 3gKg™ garlic supplemented diet
followed by N285.45 being the total cost of feed
consumed by birds on 2gKg' garlic
supplemented diet. The birds on the control diet
without garlic powder had the lowest total cost of
feed consumed at N259.00.
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The cost of feed/kg live weight was lowest for
birds on 2gKg™" garlic supplemented diet at
N243.94 and highest at N290.20 for birds on
4gKg'1 garlic supplemented diet. The highest
average body weight was attained at the
termination of the experiment on the 56 day for

birds on the 2gKg™ garlic supplemented diet.
Even though the highest feed intake was also
recorded for birds on the 2gKg' garlic
supplemented diet, the cost of feed per kg live
weight was lowest for the same set of birds on
the ZgKg'1 garlic supplemented diet.

Table 3. Production performance of broiler chicken fed garlic powder from 28-56 days of age
(finisher phase)

Treatments

1 2 3 4
Supplementary Garlic (gKg™)
Parameters 0 (Control) 2.0 3.0 4.0
AFI (g/bird/day) 105.8+1.53" 110.13+2.60% 108.50+2.13% 104.72+0.73°
AWG (g/bird/day 42.32+1.47% 48.73+2.64° 47.38+1.29% 40.59+4.19°
FCR 2.50+0.06 2.27+0.14 2.29+0.11 2.60+0.28
PER 1.93+0.05 2.14+0.12 2.11+0.10 1.87+0.19
Mortality (%) 0.00 0.00 0.00 0.00

Mean * Standard deviation; (a, b, c) Means in the same row with the different superscript are significantly
different at (P>0.05). AFI, average Feed Intake; AWG, average Weight Gain; FCR, Feed Conversion Ratio; PER,
Protein Efficiency Ratio

Table 4. Nitrogen utilization of broilers fed garlic powder from 28-56 days of age (finisher

phase)
Treatments
1 2 3 4
Supplementary Garlic (gKg™)
Parameters 0 (Control) 2.0 3.0 4.0
NI (gN/chick/day) 2.620.32° 2.40.22% 2.40.22%® 2.0£0.25°
NR (gN/chick/day) 2.03+0.25 1.86+0.21 1.86+0.21 1.60+0.27
AND (%) 78.08+1.45 77.50+0.76 77.50+0.76 80.00+3.31

Mean + Standard deviation; (a, b) Means in the same row with the different superscripts are significantly different
at (P>0.05).
NI,Nitrogen Intake; NR, Nitrogen Retention; AND, Apparent Nitrogen Digestibility

Table 5. Carcass trait of broiler chicken fed garlic powder from 28-56 days of age (finisher

phase)
Treatments
1 2 3 4
Supplementary Garlic(gKg™)
Parameters 0 (Control) 2.0 3.0 4.0
Live Weight (9) 2263.90+ 42.2% 2524.70+49.90° 2468.30+ 26.00° 2262.40+34.6%
Dressed Weight (%) 211.90+12.70°  242.25+14.20°  232.93+27.20°  206.86+23.30%

185.50+34.50°
252.50+10.61%
107.25+ 3.18%
249.00+ 33.94

Eviscerated Weight (%)
Thigh (g/kg body wt)
Drumstick (g/kg body 8wt)
Back (g/kg body wt)

215.00+ 25.50°
293.00+4.25"
150.00+12.73°
281.50+19.09

184.40+33.9°
243.7548.13°
106.25+1.06%
233.50+10.61

200.95+24.00%
276.25+3.89%
145.5048.49"
262.50+24.75

Shank (g/kg body wt) 4450+ 9.19 52.25+8.84 45.50+13.44 37.75+2.48
Wing (g/kg body wt) 104.75+4.60°  136.25+3.89°  133.0043.54° 100.50+2.12°
Head (g/kg body wt) 66.50+ 5.00 76.00+7.07 70.50+12.02 62.00+7.07
Neck (g/kg body wt) 108.50+6.36  134.00+7.07 130.50+19.09 113.00£31.11
Back Fat (g/kg body wt))  2.15+0.21 1.200.28 1.25+0.35 1.45£0.35

Mean * Standard deviation; (a, b, c) Means in the same row with the different superscript are significantly
different at (P>0.05)
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Table 6. Relative organ traits (g/kg body weight) of broiler chicken fed garlic powder from
28-56 days of age (finisher phase)

Treatments
1 2 3 4
Supplementary Garlic (gKg™)
Parameters 0 (Control) 2.0 3.0 4.0
Liver 48.00+ 1.41 50.50+12.02 48.00+8.49 47.00+£1.41
Heart 11.50+ 2.12 15.50+0.71 14.00+1.41 10.00+1.41
Spleen 3.50+0.71 4.50+0.71 4.00£0.74 3.00+1.41
Gizzard 39.50+3.54 50.00+1.41 48.00+4.24 38.50+9.19
Lungs 14.00+ 0.91% 18.50+0.71° 16.00+1.41%" 11.50+2.12°
Mean + Standard deviation; (a, b) Means in the same row with the different superscript are significantly different
at (P>0.05)
Table 7. Haematology of broiler chicken fed garlic powder from 28-56 days of age (finisher
phase)
Treatments
1 2 3 4
Supplementary Garlic (gkg™)
Parameters 0 (Control) 2.0 3.0 4.0
PCV (%) 29.00+2.83 35.00+ 12.73 31.50+ 2.12 29.50+2.12
Hbc (g/100ml) 13.72+0.09% 8.97+0.69" 8.15 +1.78° 8.44 +1.44°
RBC (X 103/mm3) 2.86+0.23 2.28+0.74 2.43 +£0.50 2.51+1.03
TWBC (xlOglL) 550+2.12 5.00+0.12 5.25+0.07 5.30+0.14
Neutrophil (%) 39.00+ 7.07%° 46.00+ 0.36" 30.00+2.83"°  26.00+2.83%
Lymphocytes (%) 54.00+ 0.70% 36.00+ 5.66" 42.00+2.83*°  52.00+2.83%
Monocytes (%) 8.00+2.83 10.00+ 2.83 10.00+ 2.83 11.00+1.41
Eosinophil (%) 10.00+5.66 6.50+ 0.71 7.00+1.41 8.00+2.83
Basophil (%) 1.00+1.41 2.00 £0.12 2.00 £0.20 2.00+0.34
MCH (pg) 4.81+0.35 4.20+1.66 3.35+0.05 3.54+0.89
MCHC (%) 4.75+0.43% 2.70+0.79%° 2.57+0.39" 2.85+0.28%°
MCV (um®) 101.32+1.87 136.43+ 10.12 131.47+18.05 126.49+43.58

Mean * Standard deviation; (a, b, c) Means in the same row with the different superscript are significantly
different at (P>0.05). PCV = Packed Cell Volume, Hbc = Haemoglobin Concentration, RBC = Red Blood Cell,
TWBC = Total White Blood Cell, MCH = Mean Cell Haemoglobin, MCHC = Mean Cell Haemoglobin
Concentration, MCV = Mean Cell Volume

Table 8. Serum analyses of broiler chicken fed garlic powder from 28-56 days of age (finisher

phase)
Treatments
1 2 3 4
Supplementary Garlic (gKg™)
Parameters 0 (Control) 2.0 3.0 4.0
Total Cholesterol (mmol/l) 3.41+0.13% 2.43+0.04° 2.68+0.16" 2.69+0.10"
HDL(mmol/l) 2.56+0.16% 1.35+0.14° 1.35+0.07" 1.58+0.32°
LDL (mmol/l) 1.83+0.06° 0.48+0.11° 0.59+0.01° 0.72+0.09"
Triglycerides (mmol/l) 1.34+0.16% 0.30+0.12" 0.31+0.11°  0.33+0.11°
Total Serum Protein (g/dl) 7.38+0.32% 8.30+0.20" 8.27+0.18°  8.25+0.08"
Albumin (g/dl) 3.60+0.09% 4.17+0.03° 4.07+0.02°  3.93+0.08%
Globulin (g/dl) 3.78+0.51 4.13+0.20 4.20+0.20 4.32+ 0.09
Albumin / Globulin 0.95+1.78 1.01+0.15 0.97+0.10 0.91+0.89

Mean + Standard deviation; (a, b) Means in the same row with the different superscript are significantly different
at (P>0.05).
HDL, High Density Lipoprotein; LDL, Low Density Lipoprotein
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Table 9. Economic production of broiler chickens fed supplementary garlic powder at the
finisher phase

Treatments

1 2 3 4
Supplementary Garlic (gKg™)
Parameters 0 2.0 3.0 4.0
Initial Body Weight (g/bird) 1325.40 1347.80 1338.50 1315.50
Final Body Weight (g/bird) 2341.10 2517.30 2475.50 2289.70
Total Weight Gain (g/bird) 1015.70 1169.50 1137.00 974.20
Total feed intake (kg/bird) 2.54 2.64 2.60 251
Unit cost of feed consumed (N/kg) 102 108 110 112
Total Cost of Feed Consumed (N/kg) 259.00 285.45 286.44 281.49
Total Weight Gain (kg/bird) 1.02 1.17 1.14 0.97
Cost of Feed/kg live weight gain (N/kg)  253.92 243.97 251.26 290.20

N, Nigeria Naira currency

The economic implication suggests that the most
profitable or highest total net returns per bird was
obtained for broiler birds fed 2gKg® garlic
supplemented diets. It is surmisable that in spite
of the additional cost of garlic supplementation,
birds on 2gKg™ garlic supplemented diet were
economically raised and would bring better net
returns in the event of a commercial production
of broiler birds on the present experimental
supplemental range of garlic powder.

4. CONCLUSION

Empirical evidence exists to the conclusion that
broiler birds that were fed ZgKg'l garlic
supplemented diets had the best growth
performance, carcass characteristics (the highest
live weight, dressed weight and eviscerated
weight) and the least cholesterol deposition
(serum parameter), though; the haematological
parameters were not significantly affected by
garlic  supplementation in  broiler diets.
Survivability of the broiler could be enhanced by
supplementation in broiler diets. Birds on 29Kg'1
garlic supplemented diets had the best net
returns per bird and ultimately the most profitable
ration in the present study. There is ample
evidence that overdosing of garlic powder in
broiler diet particularly at supplemented inclusion
of 4gkg™ had a diminishing return effect such
that the birds on such diets had the poorest
growth performance, sub-optimal blood
evaluation indices and non-economic production
indices.
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