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Abstract. Ninety-six growing New Zealand rabbit bucks (male) and does (female) were randomly assigned to four treatment diets for a period of ninety (90)
days. The treatments which contained 0% (T1) control, 5% (T2), 10% (T3) and 15% (T4) raw garlic flour meal were fed to the rabbits in a completely randomized
design (CRD) to determine the growth performance, haematology and serum chemistry of the rabbits. The results on growth performance in both sexes
showed significant differences (p<0.05) among the treatment groups except for final body weights. T4 recorded the best values in weight gain, feed intake and
feed conversion ratio (FCR) for both sexes. Results of hematological parameters (haemoglobin - Hb, Packed Cell Volume - PCV, Red Blood Cell - RBC, White
Blood Cell –WBC, Mean Cell Volume - MCV, Mean Cell Haemoglobin - MCH and Mean Corpuscular Haemoglobin Concentration - MCHC) showed significant
(p<0.05) difference for all the parameters evaluated except for red blood cells in both sexes. Haemoglobin values for both sexes were higher and better for the
treatment groups in comparison with the control. For the serum chemistry (Total serum protein, Albumin, Globulin, Urea, Creatinine and Cholesterol) all the
parameters showed significant (p<0.05) difference among the parameters examined except albumin for both sexes. However, globulin was also similar
(p>0.05) for the male rabbits. Significant (p<0.05) reduction in blood cholesterol was recorded in rabbits fed the treatment diets. The study indicated that raw
garlic floor could effectively be added to rabbit ration to improve the quality of the feed and the physiological condition of the animals.
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Introduction
The need for mini livestock production such as rabbits to meet
the shortfall in animal protein supply among the developing
countries like Nigeria cannot be overemphasized. Rabbit production
has gained considerable interest recently in Nigeria possibly due to
high price of the conventional sources of meat (cattle, goat and
chicken) and its short generation interval. Earlier reports by Jiwuba
et al. (2016a, b) noted the significant roles of rabbits in solving the
animal protein inadequacy in developing countries. Rabbits are
early maturing and can be bred at five to seven months of age.
Rabbits are efficient converters of feed to meat and can utilize up to
thirty percent crude fibre as against six percent by most poultry
species. The meat from rabbit is rich in protein, minerals and low in
unsaturated fatty acids. In spite of all these potentials, rabbit
production has not achieved prominence as a cheap source of
animal protein. A number of factors, such as poor feeding, disease
condition, poor ejaculation and poor fertility rate tend to hinder their
production. In an earlier study by Ihekwumere (2004), he made
attempt to increase rabbit population through administration of
pergonal. This fertility drug may be costly and scarce and that has
prompted intensified search for a cheap and readily available local
materials that could enhance the growth, health condition and
general wellbeing of this animal.
Phytobiotics are substances arising from medicinal plants or
spices which have positive effect on growth, physiological and
general wellbeing of the livestock and poultry. Phytobiotic agents
have been reported to influence consumption, conversion of feed,
digestibility and body weight gain in livestock (Ertas et al., 2005)
positively. The active components of the agents are chemical
* e-mail: jiwubapc@gmail.com or jiwubapc@yahoo.com
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compounds present in the entire plant or some parts of the plant that
confer therapeutic activity or beneficial effects to the animals when
consumed. The positive effects of these herbs are due to the
presence of essential oils, fatty acids, alkaloids, flavonoids, fats,
minerals, fibres, vitamins, protein and carbohydrates. Garlic (Allium
sativum), turmeric (Curcuma longa), thyme (Thymus vulgaris L.)
aloe vera, onion (Allium sepa), ginger (Zingiber officinale, Rosc.),
moringa (Moringa oleifera) are some of the major phytobiotic agents
which have been extensively reported in livestock or poultry feeds
for enhanced animal performances (Sunder et al., 2013). Garlic
(Allium stivum) belongs to the group of herbaceous bulbous plant in
the family Alleaceae. Garlic flour in the diets of growing rabbits has
been reported (Ortsergen et al., 2008) to enhance growth and feed
utilization. To date, little research has been conducted on the effect
of Garlic (Allium sativum), as feed component of rabbits on their
growth and blood characteristics. Therefore, the thrust of the study
was to evaluate the effect of raw garlic flour meal on growth
performance, haematology and serum chemistry of male and female
rabbits.

Materials and methods
Study area
The study was carried out at Abia State University Teaching and
Research Farm, Umudike. Umudike is located at latitude 05o28'
North and longitude 07o31' East and lies 122m above sea level.
Umudike lies within the tropical rainforest zone, characterized by
average annual rainfall of 2.177mm in 148-155 rain days. Average
ambient temperature was 25.5 o C with minimum, maximum
temperatures of 22oC and 29oC, respectively, and relative humidity
ranged from 76-87%.

Processing of experimental material
Fresh garlic bulbs used for this experiment were sourced from
National Root Crop Research Institute (NRCRI), Umudike, Ikwuano
Local Government Area, Abia State, Nigeria. The garlic bulbs were
winnowed, split into cloves and macerated into smaller pieces using
sharp kitchen knife. The sliced garlic was air-dried for five days to
prevent volatilization of garlic bioactive constituents. The air dried
garlic cloves were ground using hammer mill and thereafter, was airdried again for three (3) days. The air dried samples were milled into
fine particle sizes using laboratory milling machines and the milled
samples sieved with 2mm test sieve to produce dried garlic flour for
the experimental diets at 0.0% (T1), 5.0% (T2), 10.0% (T3) and 15.0%
(T4) garlic flour meal as presented in Table 1.

Blood Cell (RBC), White Blood Cell (WBC) Mean Cell Volume
(MCV), Mean Cell Haemoglobin (MCH), and Mean Corpuscular
Haemoglobin Concentration (MCHC). The remaining 3.5ml of blood
samples were allowed to coagulate and used for biochemical
evaluation (Total serum protein, Albumin, Globulin, Urea, Creatinine
and Cholesterol).
Statistics
The results were analyzed with the general linear model (GLM)
procedures of Special Package for Social Sciences (SPSS 17.0).

Results

Table 1. Composition of experimental diets

Ingredients, %

T1

T2

T3

T4

Garlic flour
Maize
Wheat offal
Palm kernel meal
Soya bean
Fish meal
Bone meal
Salt
Vit. Premix
Methionine
Lysine

0.0
47.0
10.0
19.0
18.0
3.00
2.00
0.25
0.25
0.25
0.25

5.0
47.0
10.0
14.0
18.0
3.00
2.00
0.25
0.25
0.25
0.25

10.0
47.0
10.0
9.00
18.0
3.00
2.00
0.25
0.25
0.25
0.25

15.0
47.0
10.0
4.00
18.0
3.00
2.00
0.25
0.25
0.25
0.25

Total

100.0

100.0

100.0

100.0

Animal management
Ninety-six (96) pubertal New Zealand male and female rabbits
comprising forty-eight (48) bucks and forty-eight (48) does, aged
between 5-8 months were used to evaluate the growth performance,
haematology and serum biochemistry of both male and female
rabbits. Apparently healthy rabbits were sourced from reliable farms
and research institutes around the experimental environment.
Routine management procedures in intensive rabbit production
were maintained to ensure disease control and comfort of the
experimental animals. Feed and water were provided ad libitum. The
rabbits were divided into four (4) treatment groups of twenty-four
rabbits in each group. Each treatment group was further replicated
six times with eight rabbits per replicate in a completely randomized
design (CRD). The rabbits were weighed at the beginning of the trial
and subsequently weekly throughout the study which lasted for 90
days. Feed given and refusals were adequately recorded. Other
growth performance parameters (Initial male body weight, Final
male body weight, Body weight gain, Feed intake and Feed
conversion ratio) were calculated accordingly.
At the end of the 90 days feeding trial, four rabbits of both sexes
were randomly selected from each replicate. Seven (7) ml of blood
samples were collected through ear marginal vein for
haematological and serum biochemical studies; 3.5ml out of the
blood was decanted into sterilized glass containing ethylene
diammine tetra acetic acid (EDTA) for haematological assay to
determine haemoglobin (Hb), Packed Cell Volume (PCV), Red

The growth performance of male and female rabbits fed garlic
flour meal is presented in Table 2. There were significant (p<0.05)
differences for all the parameters measured for both the male and
female rabbits. For the male rabbits, feed intake tended to increase
(p<0.05) with increasing levels of garlic flour meal. T1 and T2 showed
no significant (p>0.05) difference between each other, but differed
(p<0.05) from T3 and T4 which also showed no significant (p>0.05)
difference from each other. Final body weight and body weight gain
differed (p<0.05) significantly, however T3 and T4 showed similarity
(p>0.05) to each other, but differed significantly (p<0.05) from the
other treatments. Feed conversion ratio failed to follow a particular
trend for the male rabbits across the treatment groups. However, T1
and T3 were statistically similar (p>0.05), but differed significantly
(p<0.05) from T2 and T4 which also showed no significant difference
(p>0.05) from each other. For the female rabbits, the final body
weight, failed to follow a particular trend across the treatment
groups. However, T1 and T3 were statistically similar (p>0.05), but
differed significantly (p<0.05) from T2 and T4 which also showed no
significant difference (p>0.05) from each other. T1 and T3 showed no
significant difference (p>0.05) from each other, but significantly
differed (p<0.05) from T2 and T4, which in turn also differed (p<0.05)
from each other for body weight gain. T2 and T4 showed no significant
difference (p>0.05) from each other, but significantly differed
(p<0.05) from T1 and T3, which differed (p<0.05) from each other for
feed intake. The feed conversion ratio differed (p<0.05) across the
treatment groups.
The haematological indices of male and female rabbits fed
garlic flour meal are presented in Table 3. For the male, packed cell
volume showed no significant difference (p>0.05) for T1, T3 and T4,
but differed (p<0.05) from T2. Haemoglobin (Hb) showed no
significant difference (p>0.05) for T3 and T4, but nevertheless differed
(p<0.05) from T1 and T2. Red blood cell showed no significant
difference (p>0.05) for both the male and female rabbits. Rabbits on
diet T1 had significantly higher (p<0.05) mean cell volume than those
on diet T3 and T4, but similar to those on diet T2. Rabbits in T4
produced significantly (p<0.05) higher mean cell haemoglobin
(MCH), which differed significantly (p<0.05) from those in T1, T2 and
T3. Rabbits on diet T4 had significantly (p<0.05) lower mean cell
haemoglobin concentration compared to rabbits on T1,T2and T3 diets.
For the female rabbits, rabbits on diet T1 and T2 had significantly
higher (p<0.05) PCV than those on diet T4, but similar (p>0.05) to
those on diet T3. Rabbits on diet T1 had significantly lower (p<0.05)
Hb than those on diets T2 and T4, but similar (p>0.05) to those on diet
T3. Rabbits on diet T2 had significantly higher (p<0.05) MCV value
than those on diets T3 and T4, but similar (p>0.05) to those on diet T1.
Rabbits on diet T4 had significantly higher (p<0.05) MCH value than
those on the other diets. Rabbits in T3 and T4 produced significantly
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Table 2. Effects of garlic flour on growth performance of male and female rabbits

Parameter

Dietary levels
T1

T2

T3

T4

SEM

610.0a8
1480.0c8
870.0c8
4850.8b8
5.58a8

607.1b
1600.0b
992.9b
4956.3b
4.99b

611.2a
1620.0a
1008.8a
5284.2a
5.23a

609.5a8
1650.0a8
1040a8
5080.4a8
4.86b8

0.00
14.9
14.9
8.58
0.09

651.4b3
1502.4b3
851.1c3
4450.1c3
5.23b3

649.24
1620.4a4
971.2b4
4800.0a4
4.94c3

650.94b
1480.1b4
829.1c4
4510.4b4
5.44a3

649.66a
1730.8a6
1081.2a6
4821.7a6
4.56d3

0.00
9.46
11.1
14.9
0.04

Male
Initial male body weight (g)
Final male body weight (g)
Body weight gain (g)
Feed intake (g)
Feed conversion ratio
Female
Initial female body weight (g)
Final female body weight (g)
Body weight gain (g)
Feed intake (g)
Feed conversion ratio

*abcd means with different superscript within the same row differ significantly (p<0.05)
**raw garlic flour meal in diet, %: 0% (T1) control, 5% (T2), 10% (T3) and 15% (T4)

Table 3. Effects of garlic flour meal on haematology of male and female rabbits

Parameter

Dietary levels
T1

T2

T3

T4

SEM

37.25a
11.05c
5.02a
67.10a
19.18b
34.10b

33.15bb
13.20ab
5.45bb
58.35b
19.35b
34.09b

37.20a
12.20b
4.48b
55.21b
19.25b
34.64a

38.15a
12.05b
4.36
53.35b
22.21a
33.75c

2.36
0.35
0.26
2.05
0.74
0.00

37.60ab
10.50cb
5.20ab
57.20ab
20.45bb
34.15bc

36.24a
12.35b
6.40b
58.14a
20.65b
33.80c

35.14ab
11.25bc
5.25bc
56.35bc
20.35b
35.35ab

33.45b
13.05a
5.05a
55.42c
21.75a
35.65a

0.58
0.57
0.31
0.58
0.33
0.45

Male
Packed cell volume (%)
Haemaglobin (g/dl)
RBC (x 106/ul)
MCV (fl)
MCH (pg)
MCHC (g/dl)
Female
Packed cell volume (%)
Haemaglobin (g/dl)
RBC (x 106/ul)
MCV (fl)
MCH (pg)
MCHC (g/dl)

*abc means with different superscript within the same row differ significantly (p<0.05)
**raw garlic flour meal in diet, %: 0% (T1) control, 5% (T2), 10% (T3) and 15% (T4)
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(p<0.05) from those in T1, T2 and T3. Rabbits on diet T4 had
significantly (p<0.05) lower mean cell haemoglobin concentration
compared to rabbits on T1, T2 and T3 diets. For the female rabbits,
rabbits on diet T1 and T2 had significantly higher (p<0.05) PCV than
those on diet T4, but similar (p>0.05) to those on diet T3. Rabbits on
diet T1 had significantly lower (p<0.05) Hb than those on diets T2 and
T4, but similar (p>0.05) to those on diet T3. Rabbits on diet T2 had
significantly higher (p<0.05) MCV value than those on diets T3 and
T4, but similar (p>0.05) to those on diet T1. Rabbits on diet T4 had
significantly higher (p<0.05) MCH value than those on the other
diets. Rabbits in T3 and T4 produced significantly (p<0.05) higher
MCHC, which differed significantly (p<0.05) from those in T1 and T2.
The serological indices of rabbits fed raw garlic flour are
presented in Table 4. For the male rabbits, rabbits on diet T2 had
significantly higher (p<0.05) total protein value than those on diets T3
and T4, but similar (p>0.05) to those on diet T1. Albumin and globulin
were similar (p>0.05) across the treatments for the male rabbits.
Rabbits on diet T1 had T2 showed significantly lower (p< 0.05) urea

concentration than those on diets T3 and T4. Rabbits on diet T1 had
significantly lower (p<0.05) creatinine value than those on diets T2, T3
and T4. Conversely, rabbits on diet T1 had significantly higher
(p<0.05) cholesterol concentration than those in the other treatment
groups. For the female rabbits, rabbits on diet T2 had significantly
higher (p<0.05) total protein value than those on diets T1 and T4, but
similar (p>0.05) to those on diet T3. Albumin was similar (p>0.05)
across the treatments for the female rabbits. Rabbits on diet T1
showed significantly lower (p<0.05) globulin concentration than
those on diets T2, T3 and T4. Rabbits on diet T4 showed significantly
higher (p<0.05) urea concentration than those on diets T1, but similar
(p>0.05) to those on diets T2 and T3. Rabbits on diet T1 showed
significantly lower (p<0.05) creatinine concentration than those on
diets T2, T3 and T4. Similarly, rabbits on diet T1 had significantly higher
(p<0.05) cholesterol concentration than those in the other treatment
groups.

Table 4. Effects of garlic flour meal on serum chemistry of male and female rabbits

Parameter

Dietary levels
T1

T2

T3

T4

SEM

7.51ab
3.20ab
2.15ab
4.25ca
103.0aa
0.75aa

8.21a
3.34b
2.45
4.30bc
111.0b
0.62b

6.35b
3.610
3.050
4.50ab
113.0ab0
0.61b0

5.80c
3.75c
3.14c
4.54a
115.0acc
0.61b

0.43
0.13
0.80
0.07
1.15
1.29

7.75b
3.48d
2.32d
5.21b
103.0b
0.75a

8.35ab
4.25bb
2.89cb
5.38ab
109.0ab
0.60bb

6.35ab
4.45bb
3.11bb
5.38ab
114.0abb
0.60bb

5.51c
4.36a
3.95a
5.45a
117.0aa
0.62b

0.23
0.39
0.80
0.07
3.07
3.28

Male
Total serum protein (g/dl)
Albumin (g/dl)
Globulin (g/dl)
Urea (g/dl)
Creatinine (mg/dl)
Cholesterol (g/l)
Female
Total serum protein (g/dl)
Albumin (g/dl)
Globulin (g/dl)
Urea (g/dl)
Creatinine (mg/dl)
Cholesterol (g/l)

*abcd means with different superscript within the same row differ significantly (p<0.05)
**raw garlic flour meal in diet, %: 0% (T1) control, 5% (T2), 10% (T3) and 15% (T4)
Discussion
The male and female rabbits had similar response to the
experimental diets. Generally, T4 had the highest and best feed
intake. This may be attributed to the flavour (aroma), taste and
palatability of the treatment diets conferred by the garlic powder. In
earlier report (Horton et al., 1991), herbs have been shown to
increase feed palatability which in turn increased intake. This is in
agreement with an earlier report by Schlolant (1983) who opined that
the quantity of feed consumed is largely dependent on the

palatability of the diet. There was observed linear body weight
increase from T1 to T4, across the treatment groups. The result of this
present study is in agreement with the findings of Ortsergu et al.
(2008) who fed garlic supplemented diets to rabbits. Garlic has been
recently used as natural growth promoter, basically due to the
presence of plant metabolite 'allicin' which rapidly decomposes to
several volatile organosulphur compounds with bioactivities.
Similarly, garlic has been reported to have well over 33 sulphur
compounds, many enzymes, 17 amino acids and minerals
especially selenium (Jennifer, 2002); hence the possibilities of
305

improving the body weight gain by these phytochemicals. Recent
reports by Ahmed et al. (2002) and Onu and Aja (2011) stated the
positive effects of garlic powder on feed intake, weight gain and feed
conversion ratio of rabbits. The superior feed efficiency of diet T4
over the other diets is a reflection of the observed higher feed
utilization and indeed higher growth rates of male and female rabbits
fed the respective diet.
The packed cell volume (PCV) tended to decrease with
increasing value of raw garlic flour in the female rabbits, but failed to
follow a particular trend among the male counterparts, however all
fell within the normal physiological range of 33.00 to 50.00% for a
healthy rabbit as established by Burke (1994). This is an indication
that the experimental diets were nourishing and there was absence
of anaemia among the experimental animals. There are
contradicting reports on the effects of garlic on PCV on farm animals.
Linear decrease of PCV was observed from T1 to T4 among the does.
This may be partly due to the interference of raw garlic with copper
absorption which requires feroxidase enzyme, the deficiency of
which blocks iron use, hence, resulting in iron deficiency (anaemia);
a view corroborated by Aiello (1998). Similarly, Augusti (1996)
observed that prolonged feeding of high levels of raw garlic in rats
resulted in anemia. Among the bucks, higher and better PCV values
were reported in this present study. In a study by Onu and Aja (2011)
an increase in PCV of rabbits fed garlic supplemented diets was
found; thus indicating that garlic may contain blood forming factors.
Otunola et al. (2010) reported high iron content (5.29 mg/100 g) in
garlic. This may have supported blood formation among the rabbits.
The Hb values were higher and better for the treatment groups for
both the male and female rabbits, but fell within the normal range of
9.4–17.4g/dl as reported by Fudge (1999). Hb is a reliable indicator
of nutritional status in animals (Jiwuba et al., 2016a). Thus, the high
level of Hb observed in this study for both the male and female
rabbits among the treatment groups may imply that the dietary
proteins of the treatment diets were of higher quality than the control
diet. Otunola et al. (2010) attributed the high crude protein content of
garlic to the presence of active protein metabolites such as allicin,
ajoene and capsaicin. The lower values of MCV in rabbits fed the
treatment diets compared to the control may suggest a decrease in
the number of immature erythrocytes. The higher MCH and MCHC
values observed among the treatment groups may suggest an
increase in erythropoietic activity of the rabbits. However, the
MCHC, MCH and MCV values in this experiment were in
consonance with the normal range reported by Burke (1994) for
rabbits. This is an indication that the rabbits on all the treatments
were not anaemic and that the diets were nourishing and non-toxic.
Total protein was the highest for T2 in both the male and female
rabbits. Jiwuba et al. (2016b) observed a positive relationship
between serum protein and dietary protein intake. However,
abnormal value of serum albumin is usually an indication of an
alteration of normal systematic protein utilization and low dietary
protein intake (Apata, 1990). The total protein and albumin values
obtained in this study for both sexes were within the normal range of
5.5-8.0 g/dl as reported by Banerjee (1998) for serum protein and
2.5-4.5 g/dl for albumin as established by Hillyer (1994). The normal
physiological range reported in this study may indicate nutritional
adequacy of the dietary protein, efficient protein metabolism,
absorption and utilization by the rabbits. There was a linear increase
in serum globulin and thus fell within the normal range (1.5-3.3 g/dl)
reported by Burke (1994) for apparently healthy rabbits. This may
suggest a stabilized immunity of the experimental rabbits since
globulin is serum protein involved in the immune system and good
resistance to disease (Jiwuba et al., 2016b). This perhaps highlights
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the ethno-veterinary properties of raw garlic flour as reported by
Muhammad et al. (2009). Urea and creatinine values were higher
among the rabbits fed the treatment diets than those fed the control
diet. Similar results were obtained by Onu and Aja (2011) in their
experiments with garlic on rabbits. The higher blood urea levels
observed in the present study among the treatment groups may, in
part, be due to higher CP composition of the treatment (T2, T3 and T4)
diets which may influence the urea level. Bush (1991) associated
decrease in blood urea with severe liver disease or protein
malnutrition. Similarly, Benson and Paul-Murphy (1999) linked lower
blood urea levels to impaired liver function and use of anabolic
steroids. Harita et al. (2008) associated lower serum creatinine level
with increased risk of type 2 diabetes. The increased values of
serum creatinine of the test animals relative to those in the control
group could suggest the anti-diabetic property of raw garlic flour. The
anti-diabetic, anti-hypertensive and antioxidant properties of garlic
have been reported in humans and animals (Sasak, 2006; Chen et
al., 2008). The results may also suggest that there was no wasting or
catabolism of muscle tissues and that the animals did not survive at
the expense of body reserve. This was a good indication that dietary
protein was well utilized by rabbits. Prvulovic et al. (2012) however,
observed that creatinine level is in direct correlation with muscle
mass and kidney function in animals. Garlic has been reported (Onu
and Aja, 2011) to decrease the cholesterol level by hindering the
cholesterol biosynthesis enzymes and lowering the cholesterol
absorption in the blood and liver due to the presence of sulphurcontaining bioactive compounds in its homogenates. The results of
this present study are in agreement with the findings of Onu and Aja
(2011) who reported significant effects of garlic powder in reducing
the cholesterol level in animals. Garlic has also been reported
(Oakenfull and Didhu, 1990) to be high in bioactive saponins which
form insoluble complexes with cholesterol and inhibit intestinal
absorption of endogenous and exogenous cholesterol. The key
saponins in garlic also tend to inhibit the key enzymes in the
cholesterol and lipid biosynthetic pathways. The
hypocholesterolemic effects of garlic observed in this study coupled
with earlier reports (Jiwuba et al., 2016b) that rabbit meat is
generally low in fat, cholesterol and sodium makes rabbit meat a
dependable source of animal protein for man.

Conclusion
It could be concluded that addition of Garlic (Allium sativum) in
rabbit diets leads to improvement of rabbit performance as it is able
to improve feed intake, body weight gain, haematology and serum
chemistry. The rabbits were found in good health with no signs of
anaemia and weight loss which revealed the valuable and significant
effects of raw garlic flour in rabbit production. We recommend
research to continue to determine the effect of rabbit products
produced on human health status.
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