@N)i !%i J. Ani ms.c)l(?:rod. 2017,_44(4?3: 167 - 176 Nigerian Journal of Animal Production
gerian Society for Animal Production
Effects of garlic (Allium sativum) and vitamin E on blood profile, growth performance
and internal organ characteristics of rabbit bucks
Amaduruonye’, W., Ekuma’, B. O., *Onunkwo’, D. N. and Herbert', U.
'Department of Animal Breeding and Physiology, Michael Okpara University
of Agriculture, Umudike, Abia Sate, Nigeria
*Department of Animal Nutrition and Forage science,College of Animal Science and
' Animal Production,
Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria.

*Corresponding Author's E-mail: donunkwol@gmail.com. 08033388622
Abstract

Sudies have shown that garlic has medicinal, antimicrobial properties, speeds up digestion
and widely used as preservatives, spiceand condiment in many homes. Vitamin Eontheother
hand isa fat soluble vitamin with potent antioxidant properties essential for the stabilization
of biological membranes, protecting cells from oxidative stress and inhibits angiogenesis.
Thus, a study using thirty-six (36) pre-pubertal New Zealand White rabbit bucks was
conducted to investigate the response of garlic and vitamin E supplementation on
haematological indices, serum biochemistry and growth performance. The bucks were
randomly assigned to four dietary treatments and replicated three times in a completely
randomized design (CRD). Each dietary treatment consisted of 9 rabbitsper treatment with 3
rabbits per replicate. Four dietary treatments were formulated to meet the nutrient
requirementsof rabbitssupplemented at 0% garlicand vitamin E(T,), 3%garlic(T,), Vitamin
E (T,), and 3% garlic and Vitamin E (T,) respectively. Data collected on the growth
performance, haematology and serum biochemistry parameters and on the internal organ
characteristics were subjected to analysis of variance (ANOVA). Results showed that
significant increase (P<0.05) were observed infinal body weight, ear length, forelimb, hind-
limb and body length for rabbits fed supplementation of garlic, vitamin E and its
combination, while tail length, head to shoulder significantly decreases. Hematological
parameter s showed significant increasesin red blood cell count for vitamin E group. while T,
was higher on MCHC. White blood cell and its differentials increased significantly on T, T,
and T,.Serumbiochemical characteristicsweresignificantly higher ontotal protein, globulin
andcreatinine; while cholesterol, glucose and ALP reduced significantly on T,, T, and T,.It
could be concluded that combination of garlic and vitamin E improved performance and
blood profileof rabbit buckscompared to whenthey areusedindividually.

K eywor ds: Hematol ogy, Serum biochemistry, Organs, Rabbits, Garlic, Vitamin E

Introduction immune-stimulants.Nutritional  strategies
One of theaimsof animal feed formulation aimed at reducing cost of animal production
is to produce the best quality feed at the have led to high deposition of fatty acidsin
lowest possible cost.The least cost diet blood of animals (Mayo, 1997). Highblood
formulation is considered a target so as to cholesterol and triglycerides are associated
achieve a reduction in cost of animal with increased risk of cardiovascular
production. Varieties of herbs and spices diseases (Ademola et al., 2009).Blood
have been successfullytried in animal profile and growth parameters are
production as growth promoters and significantly affected by such factors as

physiology, nutrition, age, climate,
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environment, hormones, and
drugs/medications (Forlan, 1999;
Ilheukwumere et al., 2002; Addass €t al.,
2012; Traset al., 2000; Xieet al., 2013 and
NseAbasi etal., 2014).

Dueto its comparative efficacy, lesser side
effect, availability and relatively cheap of
plant products, organic and natural
products compared to the synthetically
produced growth promoters, there has been
an increasing interest in the use of plants,
herbs, organic and natural products to
improve the blood profiles and growth
performance in animal production. As a
result, plant products, organic and natural
products are continuously being
scrutinized and explored for their
beneficial properties (Ansa et al., 2017).
Oneof suchproductsisAlliumsativum.
Garlic (Alliumsativum) isamoderately tall
annua herbaceous bulbous plant that
belongsto the family of Amaryllidaceae of
the genus Allium. It has adventitious roots
and condensed, flattened stem with narrow
flat leaves. The bulb consists of many
separate strong flavored cloves which
served as the storage organ for the
plant(Block, 2010;Gafar,et al.,2012).
Phytochemical analysis of garlic reveals
that garlic contains varieties of enzymes,
proteins, B- complex vitamins, minerals,
saponinsflavonoidsand many more (Focke
et al., 1990; Ankri et al., 1999; Jennifer,
2002). Documented evidence has shown
that garlic has been used in human
medicine to treat arthritis, cold, coughs,
diabetes, malaria, diarrhea, cholera,
tuberculosis and to improve the immune
system (Turner, 2004; Sasaki, 2006; Gafar
et al., 2012). Researches have also shown
that consumption of garlic oil can reduce
blood pressure; prevent heart disease,
atherosclerosis, high cholesterol and
cancer (Andregtta et al., 2005). Garlic has
been widely usedin many homes as
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spice,condiments and preservatives due to
its antioxidant, antibiotic and antimicrobid
properties (Aaron et al., 2001; Harris et al .,
2001; Hammami and El May, 2012).
Vitamin E (Tocopherol) on the hand is afat
soluble vitamin with potent antioxidant
properties essential for the stabilization of
biological membranes, protecting cellsfrom
oxidative stress, inhibits angiogenesis, has
anti-inflammatory activity. It has an anti-
ageing property, improve healing process,
memory functions, regulating immune
functions, maintaining endothelial cell
integrity, balancing normal coagulation,
enhancing physiological and
pathophysiological processes. It is a heart
vitamin which has been found to improve
circulation, cleans the arteries, inhibits
cholesterol oxidation and its deposition in
the walls of the arteries thereby prevents
atherosclerosis (Wallert et al., 2014; Mathur
etal., 2015; Botanical, 2016).

If the chemical and biological properties of
garlic, Vitamin E or its combinations are
proved to enhance blood profile and growth
performance of rabbitsin this study without
exhibiting deleterious effects on the
physiological characteristics of rabbits, its
potential asagrowth supplement for animals
will impact positively on animal production.
Therefore, it becomes justifiable to
investigate the physiological effectsof garlic
and Vitamin E on blood profile, internal
organs and growth performanceand on
itsoverall impacts on the physiology of
rabbit bucks.

Materialsand methods

Experimental location

Thisresearch was conducted at the Rabbitry
Unit of the Teaching and Research Farm of
the College of Animal Science and Animal
Production, Michael Okpara University of
Agriculture, Umudike, AbiaState, Nigeria.
Umudikeislocated in AbiaState, Nigeria; at



Amaduruonye, Ekuma, Onunkwo and Herbert

latitude 05°29'North and longitude
07°31'East; and at an altitude of 122 meters
above sea level. It lies within the tropical
rainforest zone of South-EasternNigeria.
The location is characterized byaverage
annual rainfall of 2,177mmin 148-155rain
days. The average ambient temperature is
25.5°C with minimum and maximum
temperature of 22°C and 29°C respectively.
Relative humidity ranged from 57-91%
(NRCRI, 2004).

Collection and preparation of garlic meal
Fresh garlic was purchased from Ubani
market, in Umuahia, Abia State, Nigeria. It

was cleaned and washed in running tap
water to remove adhering debrisand
contaminants. Also, it was peeled and cut
into small sizes, after which they were air
dried under room temperature to a constant
weight. The dry garlic was milled using a
hammer mill to produce garlic meal. The
garlic meal was used in formulating the
experimental diets. Four experimental
rations were formulated containing 0%
(garlicandvitamin E), 3.0% garlic, Vitamin
E alone and 3.0% (garlic and vitamin E);
representing T,, T,, T, and T, respectively.
The compositions of the experimental diets
arepresentedinTable 1.

Table 1: Gross composition and calculated nutrients of experimental diets

Ingredients Control Garlic Vitamin E GarlicandVit E
(Ty) (T2) (T3) (Ta)
Maize 44,94 44.94 4494 4494
Soyabeans 17.31 17.31 17.31 17.31
Rice husk 32.00 32.00 32.00 32.00
Fishmeal 2.00 2.00 2.00 2.00
Bone mea 1.00 1.00 1.00 1.00
Limestone 2.00 2.00 2.00 2.00
Vit/min Premix* 0.25 0.25 0.25 0.25
Salt 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00
Garlic (%) 0.00 3.00 0.00 3.00
Vitamin E (1U/kg) 0.00 0.00 3000.00 3000.00
Calculated Crude Protein (%) 17.00 17.00 17.00 17.00
Calculated Energy (Kcal/kg) 2505.42 2505.42 2505.42 2505.42
Crude fiber (%) 11.36 11.36 11.36 11.36
Lysine (%) 0.514 0.514 0.514 0.514
Methionine (%) 0.199 0.199 0.199 0.199

* Premix composition (per kg of diet): vitamin A, 12,500 | U; vitamin D3, 2500 | U; vitamin E, 50.00mg; vitamin K 3, 2.50mg; vitam in B1,

3.00mg; vitamin B2, 6.00mg; vitamin B6, 6.00mg; niacin, 40mg;

calcium pantothenate, 10mg; biotin, 0.08mg; v itamin B12, 0.25mg; folic

acid, 1.00mg; chlorine chloride,300mg; manganese, 100mg; iron, 50mg; zinc, 45mg; copper, 2.00mg; iodine, 1.55mg; cobalt, 0.25 mg;

selenium, 0.10mg; antioxidant, 200mg.

Experimental animalsand management

Thirty-sixpre-pubertal New Zealand White
rabbit bucks were upurchase from the
Teaching and Research farm of the College
of Animal Science and Animal Production,
Michael Okpara University of agriculture
Umudike and from Bethel Rabbit Farmsin
Umuahia, Abia State, Nigeria Two weeks
pre-experimental period were used to

quarantine, vaccinatetherabbitsagainst ecto
and endo-parasite and to get the rabbits
acclimatized to the experimental
procedures.The rabbits were randomly
assigned to four experimental treatments
and replicated three times with three rabbits
per replicate in a completely randomized
design. The experimental animals were
housed in hutches throughout the
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experimental period. Feed and clean
drinking water were provided ad libitm.
Routine management practices were also
carried out appropriately. The study lasted
for 14 weeks.

Experimental design

The study was a CRD with 4 treatments
consisting of 0% (garlic and vitamin E),
3.0% garlic, Vitamin E alone and 3.0%
(garlicand vitamin E); designated T,, T, T,
and T, respectively. T, served asthecontrol.
The vitamin E was supplemented at
30001U/kg of feed. Nine rabbits were
randomly assigned to each treatment and
replicated 3times. The experimental model
isasfollows:

Yij: U+ Ti+ Qj

Where Y= individual observation on the
rabbit characteristics.

L =overal mean

T,=treatment effect

e;= random error assumed to be
independently, identically and normally
distributed with zero means and constant
variances.

Datacollection and evaluation

Weight determination

Initial and final body weights of the rabbits
weremeasured on arrival totherabbit Farm
and at the end of the experiment,
respectively. Subsequently, body weights
and other growth performance parameter
were taken at weekly interval throughout
the study. All weight measurements were
done using electronic weighing scale
(OHAUS Champ I1). Weight gain was
caculated as the difference between the
final and theinitial weight of therabbits. At
the end of the experiment, rabbits sampled
from each replicate were slaughtered and;
their internal organs were collected,
measured and recorded.

Linear body measurements

These were taken at weekly intervals
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throughout the study using a measuring tape
calibratedin centimeter.

Haematol ogy

Blood samples for hematological
examination were collected from the rabbit
bucks. A 5-ml syringe fitted with a sterile
needle was used to collect about 2 ml of
blood and quickly transferred to
ethylenediaminetetraacetic acid (EDTA)
sample bottles. The EDTA sample bottles
were shaken gently to prevent clotting. The
following hematological indices were
determined: Packed cell volume,
Hemoglobin, Red Blood Cell, White Blood
Cell, Mean Cell Volume, Mean Cdll
Hemoglobin and Mean Cell Hemoglobin
Concentration. Packed cell volume (PCV)
was determined by the micro-hematocrit
method as described by Dacie and Lewis,
(1991). Hemoglobin (Hb) concentration
was determined using a spectrophotometer
through the cyanomethaemogl obin method
asdescribed by Kelly (1979). Red blood cell
(RBC), white blood cell (WBC) counts and
its 'differentialswere determined using
Neubauerhemocytometer method as
described by Jain (1986) and Feldman et al.
(2000). Mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH) and
mean corpuscular hemoglobin
concentration (MCHC) were calculated
according to Jain (1986) and Bain et al.
(2006).

Serumbiochemistry

Two milliliter of blood was collected and
transferred into sample bottleswithout anti-
coagulant. Theblood wasallowedto clot for
30 min, after which it was centrifuged at
3000 revolutions per minutes for 10 minin
order to separate the serum from the clot.
After the centrifugation, the serum was
carefully collected and transferred into a
clean sample bottle and the blood chemistry
tests were performed thereafter. The
following serum chemistry indices were
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determined as described by Kahn, et al.,
(2010): Total protein (g/dl), Albumin (g/dI),
Globulin (g/dl), Blood urea(mg/dl); serum
creatinine (mg/dl); Total bilirubin
(mg/dl),conjugated bilirubin (mg/dl);
Aspartate aminotransferase (AST) (ul);
Alanine amino transferase (ALT) (ul) and
alkaline phosphatase (ul).The blood for
serum cholesteroland glucose were
collected and analyzed
spectrophotometerically and
colorimetrically, respectively as described
by Stockbridge et al.(1989) for cholesterol
and Thomas and Labor (1992) for glucose.
The blood for Hematology and Serum
biochemistry were analyzed at the College
of Veterinary Medicine, Michael Okpara
University of Agriculture, Umudike.
Statistical analysis

Data collected on different parameters
were subjected toANOVA in accordance
with the methods of Steel and Torrie
(1980). Significant means were separated
according to Duncan'sMultiple Range Test

(Duncan, 1955).

Resultsand discussion

Effects of garlic and vitamin E
supplementation on the linear body
measurementsof rabbit bucksare presented
in Table 2. The initial body weight, ear
width and heart girth of therabbitsfed diets
supplemented with garlic, vitamin E and its
combination were statistically similar
(p<0.05) to the control. There were
significant increases (p<0.05) on thelength
of fordimb (16.88 on T,, 16.33 on T, and
16.50 on T,; length of hind limb (27.17 on
T,,26.000nT,and 27.83 on T,); ear length
and body length (37.830on T,, 35.50 0n T,
and 38.08 on T,) of the rabbits fed diets
supplemented with garlic, vitamin E and its
combination, while tail length and head to
shoulder reduced significantly. The body
weight increased significantly (p<0.05) on
T,(2.38kg) and T,(2.38kg) compared to the
control.

Table 2: Linear body measurements of rabbit bucksfed diets supplemented with garlic and vitamin E.

Parameters Control Garlic Vitamin E Garlic andVit SEM
(To) (T2) (Ts) E(T4)
Final Body weight (kg) 2.14° 2.382 2.14° 2.382 0.04
Initial body weight (kg) 1.80 1.80 1.77 1.80 0.03
Ear length (cm) 11.67° 13.082 11.83° 13.252 0.10
Ear width (cm) 5.17 5.04 5.25 5.17 0.02
Length of forelimb (cm) 15.17° 16.882 16.332 16.502 0.09
Length of hind limb (cm) 24.83° 27.17 26.00% 27.832 0.17
Tail length (cm) 12.33? 11.58° 11.33° 10.08° 0.10
Heart girth (cm) 25.58 25.75 25.58 26.58 0.06
Head to shoulder (cm) 6.172 5.09° 5.17° 5.922 0.06
Body length (cm) 33.08° 37.83% 35.50° 38.08% 0.25

@ meanswith different superscripts along rows are significantly different (p<0.05). SEM=standard error of treatment means.

The significant increases observed on the
linear growth parameters of rabbit bucks
fedgarlic and vitamin E supplementation is
an indication that the supplementation of
garlic and vitamin E promote devel opment
of bones especialy the long bones. The
body weight and linear traits contributes
significantly to thelifetime performance of
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the animal. Research on linear body
measurements have been used to evaluate
breed performance, predict weight gain and
to evaluate reproductive performance
(Chinekeet al., 2000).

The effect of dietary supplementation of
garlic and vitamin E on organ weight of
rabbit bucks are presented in Table 3.There



Effects of garlic (Allium sativum) and vitamin E

were significant increases (p<0.05) on the
paired kidney (0.64 in T,, 0.77 in T, and
0.66inT,) andright kidney (0.320onT,, 0.37
onT,and0.330onT,) of therabbitsfed diets
supplemented with garlic, vitamin E and its
combination, while the weight of the lungs
(0550n T, 050 on T, and 045 on T,)

reduced significantly compared to the
control. The body weight significantly
increased in T, (2.38kg) and T, (2.38kg),
while the heart and left kidney increased
significantly in T, and T,. The weight of the
liver increased significantly on T,(3.16) and
reducesonT,(2.29) and T, (2.16).

Table 3: Relative Organ weight of rabbit bucksfed diet supplemented with garlic and vitamin E

Parameter Control  Garlic Vitamin E GarlicandVit E SEM
(Ta) (T (T

Fina Body weight (kg) 2.14° 2.382 2.14° 2.382 0.04
Heart(%) 0.19® 0.19%® 0.222 0.222 0.01
Lungs (%) 0.60? 0.55P 0.500° 0.45° 0.02
Left kidney (%) 0.31° 0.32¢ 0.402 0.33° 0.12
Right kidney (%) 0.28¢ 0.32¢ 0.372 0.33° 0.01
Paired kidney (%) 0.59¢ 0.64> 0.772 0.66° 0.02

Pancreas (%) 0.66 0.69 0.77 0.66 0.02
Liver (%) 2.81° 2.29° 3.162 2.16° 0.15

acd: meanswith different superscripts along rows are significantly different (p<0.05). SEM=standard error of treatment means.

The significant increases on the percentage
organweightsshowedthat garlic, vitamin E
and its combinations did not have
detrimental effect on the organs, but
favours the growth and development of
these interna organs. The increase in live
weight of buckson garlic, vitamin E and its
combination as observed in this study
inferred ahigher rate of nutrient absorption
andutilization.

The result of hematological parameters of
rabbit bucks fed diets supplemented with
garlic and vitamin E are shown in Table
4.The hemoglobin concentrations, packed

cel volume (PCV), mean corpuscular
volume (MCV) and mean corpuscular
hemoglobin (MCH) of the rabbits fed diets
supplemented with garlic, vitamin E and its
combinations were statistically similar
(p>0.05) with the control group. The
hemoglobin concentration and packed cell
volume fall within the normal range (9.3 —
19.3g/dl for haemoglobin and 25.0 - 45.0%
for PCV) as recommendation by Kronfield
and Mediway (1975); Mitruka and
Rawndley (1977) for healthy rabbits. This
indicates that the supplementations do not
have detrimental effect on the synthesis of
thesehematol ogical parameters.

Table4: Hematological parameters of rabbit bucksfed diets supplemented with garlic and vitamin

E.
Par ameter Control Garlic VitaminE  GarlicandVitE SEM
(Ty) (T2) (Ts) (T4)
Hemoglobin (g/dl) 10.17 9.43 12.16 10.62 0.49
PCV (%) 34.33 28.00 36.33 35.50 1.39
RBC (x 109/mm®) 5.72° 4.71° 7.562 5.10° 0.34
MCV (fl) 59.68 59.57 181.80 65.69 3243
MCH (pg) 17.47 20.02 16.22 20.82 0.68
MCHC (%) 29.19¢ 34.39° 33.45® 31.55* 1.15
WBC(x10%mm3) 5.82¢ 6.38° 6.40° 8.472 0.36
Lymphocytes (%) 67.33° 77.00% 73.00° 80.007 224
Neurophils (%) 16.00° 18.66° 16.83° 21.662 1.22
Eosinophil (%) 8.00 5.00 1.66 6.00 1.05
Basophils (%) 0.00 0.66 0.667 1.00 0.19
Monocytes (%) 0.66° 0.66° 2.00° 5.007 0.57

abcd: meanswith different superscripts along rowsare significantly different (p<0.05). SEM=standard error of treatment means.
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There were significant increases (p<0.05)
in erythrocyte counts of bucksonvitamin E
supplementation, whilethose of bucksonT,
and T, arestatistically similar tothecontrol.
These were within the normal range (4.0-
8.0 X100 ml) as recommended by Mitruka
and Rawnsley (1977) for a normal
physiological haematology of healthy
rabbits. This suggests that vitamin E has a
positive effect on erythropoietic cells and
tissues of rabbits. The mean corpuscular
hemoglobin concentration (MCHC) of the
bucks on garlic, vitamin E and its
combinationswere significantly (p<0.05)
higher compared tothecontrol.

There were significant increases (p<0.05)
in the white blood cell (WBC) of bucksin
T, T, T, compared to the control.

Significant increases (p<0.05) were aso
observed on the differential white blood cell
counts (lymphocyte and Neutrophils), while
Eosinophil and Basophil were statistically
similar (p>0.05) to the control. The
monocyte of the bucksin T,was statistically
similar to the control whilethat of T,and T,
were gignificantly higher (p<0.05).This
observation collaborated reports by Suleria
et al. (2013b) onimprovement in WBC and
itsdifferentialsin rabbitsfed agueous garlic
extract. Thisisan indication that the rabbits
were nutritionally stable, physiologically
sound and healthy. From these observations,
it could be inferred that both garlic and
vitamin E stimulates the immune system
and improves the health status of the rabbit
bucks.

Table5: Serum biochemistry parameter s of rabbit bucksfed diets supplemented with garlic and

vitamin E.

Parameters Control Garlic VitaminE  GarlicandVit E SEM

(Ty) (T2) (T3 (T4)

Total protein (g/dl) 7.75° 9.08° 8.73° 10.362 0.29
Globulin (g/dI) 4.25° 5.13 5.18° 5.66° 0.16
Albumin (g/dl) 3.50° 3.95° 3.55° 4,702 0.20
Urea (mg/dl) 28.50 34.50 34.33 28.08 1.74
Creatinine (mg/dl) 0.51° 2.86° 1.74° 1.23° 0.28
Cholesterol (mg/dl) 102.002 96.08° 90.71° 81.74° 5.70
Glucose (mg/dl) 104.662 81.66° 98.00° 95.33° 3.27
Total bilirubin (mg/dl) 0.48 0.39 0.33 0.42 0.36
Conjugated bilirubin (mg/dl) 0.28 0.22 0.14 0.35 0.36
ALT (ul) 29.46° 31.60° 38.632 22.10° 2.47
AST (ul) 35.26 35.56 24.58 24.38 3.95
ALP (ul) 22.122 20.39° 18.07 17.22¢ 0.80

add: meanswith different superscripts along rows are significantly different (p<0.05). SEM=standard error of treatment means.

The result of serum biochemistry of rabbit
bucks fed diets supplemented with garlic
andvitaminEareshowninTableb.

No significant differences (p<0.05) were
observed inserum urea, total bilirubin, and
conjugated bilirubin and on aspartate
aminotransferase (AST) compared withthe
control. Significant increases (p<0.05)
were observedintotal protein, globulin and
creatinine, while serum glucose,
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cholesterol and alkaline phosphatase (ALP)
reduced significantly. Furthermore, the
combination of vitamin E and garlic
significantly increased (p<0.05) serum
abumin. Supplementation of vitamin E
significantly increased (p<0.05) the alanine
aminotransferase, while its combination
with garlic reduces the alanine
aminotransferase (ALT) significantly. From
these observations, it could be deducedthat
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combination of garlic and vitamin E
improved some serum biochemical
parametersof rabbitbucks compared to
whenthey areusedindividually.

The reduction in glucose, cholesterol and
alkaline phosphatase on garlic
supplementation as observed in this studyis
inlinewith thefindingsof theseresearchers
(El-Demerdash et al, 2005 and Suleriaet al,
2013a, b) who reported significant
reduction on serum glucose, cholesterol
and ALP on diabetic rats and rabbits
administered agueous garlic extract
respectively. It could be concluded that
garlic is effective against
hypercholesterolemia and hyperglycemia
and, therefore, could beused to curevarious
lifethreatening disorders.

The increase in total protein, albumin and
its absorption might have been responsible
for theincrease in final body weight of the
rabbit bucks (Table 2). Also, the globulins
are made up of theimmunoglobulin and the
antibodies. Therefore, the significant
increase on globulin must have resulted to
improved immune system and the disease
fighting ability of therabbit bucks.

Conclusion

Having studied the effects of garlic (Allium
sativum) and vitamin E on blood profile,
growth performance and internal organs
characteristics of rabbit bucks, it could be
concluded that combination of garlic and
vitamin Eimproved performance and blood
profile of rabbits bucks compared to when
they areusedindividually.Garlic, vitamin E
and its combination has the ability to boost
the immune system, antibodies production
and disease fighting ability of rabbit bucks
by improving the white blood cells, the
'differentials and serum globulin. Garlicis
effective against hypercholesterolemia and
hyperglycemiaand therefore, could beused
tocurevariouslifethreatening disorders.

174

References

Aaron, T., Fleischauer,A. T.and Arab, L.,
2001. Garlic and Cancer: A Ciritical
Review of the Epidemiologic
Literature. Journal of Nutrition;
131:1032-1040.

Addass, P. A., David, D. L., Edward, A.,
Zira, K. E. and Midau, A. 2012.
Effect of Age, Sex and Management
System on Some Hematological
Parameters of Intensively and
Semi-Intensively Kept Chicken in
Mubi, Adamawa State, Nigeria
Iranian Journal of Applied Animal
Science, 2(3), 277-282.

Ademola, S. G., Farinu, G. O. and
Babatunde, G. M. 2009. Serum
Lipid, Growth and Haematological
Parameters of Broilers Fed Garlic,
Ginger and Their Mixture.
WorldJournal of Agricultural
Sciences, 5(1): 99-104.

Andreatta, A. E., Foco, G., Mabe, G. and

Bottini, S. B. 2005. Extraction of

garlic oil with Quasi-Critical

Solvents. ENPROMA, Argentina.

Pp1-.9.

S. and Mirelman, D. 1999.
Antimicrobial properties of alicin
fromgarlic. Microbesand Infection;
2:125-129.

Ansa, A. A., Mbaleto, C. S. and Oguike,
M. A. 2017. Assessment of the
reproductive impact of Ethiopian
pepper (Xylopiaa ethiopica) on
rabbit bucks. Arch. Zootec. 66
(253): 121-125.

Bain, B.J., Lewis, S. M. and Bates, | . 2006
.Basic Hematological Techniques.
In: Lewis, SM., Bain, B.J. and
Bates, |., Eds., Dacie and Lewis
Practical Hematology, 10th
Eddition, Churchill Livingstone
Elsevier, Philadel phia, 26-54.

Block, E. 2010. Garlic and Other Alliums;

Ankri,



Amaduruonye, Ekuma, Onunkwo and Herbert

The Lore and the Science. Royal
Society of Chemistry. Pp. 190-9.

Botanical, 2016. Vitamin E properties —
Health for your heart. www.
Botanical-online.com.

Chineke, A., Agavivor, B., Ikeobi, C. O.
N.and Ologun,A. G., 2000. Some
factors affecting body weights and
measurements of rabbitsat preand

post weaning ages. Proc.Of the
27th Ann. Conf. NSAP.
Akure.Ppl-4.

Dacie, J. V. and Lewis, S. M. 1991.
Practical haematology, 7th edition,
ELSB with Church Hill Living
stone, England, pp. 37-85.

Duncan, D. B. 1955. Multiple Range and
Multiplef-test. Biometrics11:1-2.

El-Demerdash, F. M., Yousef, M. |., El-
Naga, N. |., 2005. Biochemical
study on the hypoglycemic effects
of onion and garlic in aloxan-
induced diabetic rats. Food and
Chemical Toxicology; 43: 57-63.

Feldman, B. F,, Zinkl, J. G. and Jain, N.
C. 2000. Schalms Veterinary
Haematology. 5th Ed.
Philadelphia, Williams and
Wilkins, pp: 21-100.

Focke, M., Feld, A. and Linchtenthaler,
H. K. 1990.Allicin, a naturaly
occurring antibiotic from garlic,
specifically inhibits acetyl-CoA
synthetase. FEBS Letters; 261(1):
106- 108.

Forlan,R. L., Macari, M., Malheiros, R.
D., Moraes, V. M. B. and
Malheiros, E. B. 1999. Effect of
age and strain on haematology and
blood-biochemical parameters in
broiler chickens. RevistaBrasileira
deCienciaAvicola, 1(2), 117-122.

Gafar, M. K., Itodo, A. U., Warra, A. A.
and Abdullahi, L. 2012.
Extraction and Physicochemical

175

Determination of Garlic (Allium
sativum L) Oil. International
Journal of Food And Nutrition
ScienceVol1No2.

Hammami, |.and El May, M. 2012. Impact
of garlic feeding (alliumsativum) on
malefertility. Andrologia; 1-8.

Harris, J. C., Cottrell, S., Plummer, S. and
Lloyd, D. 2001. Antimicrobial
Properties of Allium
sativum(Garlic).
AppliedMicrobiology and
Biotechnology, 57, 282-286.

| heukwumere, F. C.and Herbert, U. 2002.
Physiological Responses of Broiler
Chickens to Quantitative Water
Restrictions: Hematology and
Serum Biochemistry. International
Journal of Poultry Science, 2(2),
117-119.

Jain, C. N. 1986.Schalm's veterinary
hematology, 4th ed. Lea and
Febiger, Philadelphia, p. 42.

Jennifer, H. 2002. Garlic Supplements
Longwood Herbal Task force.
Retrieved online from
www.ukmi.nhs.uk(medinto/docuen
ts/garlicsuppsemsfina 2.pdf on 19th
March, 2011.

Kahn C. M., Line S. and Merck, C. 2010.
The Merck veterinary manual.
Whitehouse Station, N.J: Merck &
Co.

Kely, W. R. 1979. Veterinary clinical
diagnosis, 2nd edition,
BailliereTindall, London p. 266.

Kronfield, O.W. and M ediway, N. C. 1975.
Blood chemistry.In; Textbook of
Veterinary and clinical pathology
Publ. Williams and Williams Co.
Baltimore, pp.18-96.

Mathur, P, Ding, Z., Saldeen, T. and
Mehta, J. L. 2015. Tocopheral in
the prevention and treatment of
etherosclerosis and related



Effects of garlic (Allium sativum) and vitamin E

cardiovascular diseases. Clinical
cardiology. Sept; 38(9):570-576.

Mayo, J. L. 1997. Dietary influences on
cardiovascular disease and female
cancer risk. Clinical Nutrition.
Insights, 5: 1-4.

Mitruka, B. M. and Rawndey, H. M.

1977. Clinica biochemical and

hematological reference values in

normal experimental animals.

Masson Publ. Co. New York, pp:

102-117.

2004. Agro-meteorological Unit,
National Root Crop Research
Institute Umudike, Umuahia,
Nigeria.

NseAbas, N.,Etim M. E., Williams, U. A.
and Edem, E. A. O. 2014.
Hematological Parameters and
Factors Affecting Their
Values.Agricultural Science
Volume2, Issuel, 37-47.

Sasaki, J. |I. 2006. Bioactive
Phytocompounds and Products
Traditionally Used in Japan. In:
Ahmad, |, Aqil, F. and Owais, M.,
Eds., Modern Phytomedicine:
Turning Medicinal Plantsinto
Drugs, Wiley, Weinheim, 79-96.

Steel, R. D. and Torrie, J. H. 1980.
Principles and Proceedings
of Statistics. A
biochemicalApproach. 2nd Ed.
McGraw-HillBook co. Inc. New
York. USA.

Stockbridge, H., Hardy, R.I. and Glueck,
C.J. 1989. Photometric
determination of cholesterol
(CHOD-PAP method). Ecoline 2S,
Merck KGaA, 64271 Darmstadt,
Germany. Journal of Laboratory
andClinical Medicine 114:142-
151.

Suleria, H. A. R., Butt, M. S., Anjum, F.
M., Ashraf, M., Qayyum, M. M.
N. 2013a. Agueous garlic extract

NRCRI

176

attenuates hypercholesterolemic
and hyperglycemic perspectives,
rabbit experimental modeling.
Journal of Medicinal Plants
Research; 7: 1709-1717.

Suleria, H.A.R.,Butt,M.S.,Anjum,F.M.,
Sultan, S., Khalid, N. 2013b.
Aqueous Garlic Extract; Natura
Remedy to |mprove Hematological,
Rena and Liver Status. Journal of
Nutrition and Food Sciences, 4:
252.

Thomas, L. and Labor, U.,
1992.Enzymatei scherkinetischerco
lorimetrischer test (GOD-PAP),
BioconDiagnostik, Hecke 8, 34516
Vohl/Manenhagen, Germany.
Diagnosepp. 4-169.

Tras, B., Inal, F, Bas, A. L., Altunok, V.,
Elmas, M. and Yazar, E. 2000.
Effects of continuous
supplementations of ascorbic acid,
aspirin, vitamin E and selenium on
some hematological parametersand
serum superoxide dismutaselevel in
broiler chickens. British Poultry
Science, 41(5), 664-666.

Turner, J. 2004. Spices. The History of a
Temptation of Vintage Books .1st
Ed. Pp.16, 2004.

Wallert, M., Schmolz, L., Galli, F,
Birringer, M. and Lorkowski, S.
2014. Regulatory metabolites of
vitamin E and their putative
relevance for atherogenesis. Redox
Biology. 2014 Feb 19; 495-503.

Xie L., Xu,F.,Liu,S.,Ji,Y.,Zhou, Q.,Wu,
Q. and Xie, P. 2013. Age and Sex-
Based Hematological and
Biochemical Parameters for
Macaca fascicularis. PLoS ONE,
8(6): e64892, doi:10.1371/ journal.
pone.0064892.

Received: 10" July, 2017
Accepted: 9" December, 2017



