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ABSRACT

Proximate and phytochemical analysis of ginger, garlic and onion were carried out to determine their
moisture (MC), crude protein (CP), crude fibre (CF), ether extract (EE), ash, nitrogen free extract
(NFE), flavonoid and alkaloid content. Fifty - five male rabbits were allocated to ten experimental diets
including a basal diet with no spices and three each for ginger, garlic and onion at 5g, 10g or 15g/kg
feed to determine the effect of the test species on the growth and haematology of the growing male
rabbit. Feed intake, weight gain, feed conversion ratio and haematological parameters were monitored.
Flavonoid, alkaloid, MC, CP, CF, EE, ash and NFE were significantly different (p<0.05) among the
three spices. Total feed intake (2867.10g - 3575.80g) similar to average weekly and daily feed intakes
were significantly higher (p<0.05) in the control and onion supplemented groups compared to the
others. Weight gain was significantly higher (p<0.05) in group fed garlic at 10 and 15g/kg compared
to those fed lower and medium dosages of ginger (5g/kg feed) and onion (5 - 10g/kg feed). FCR was
significantly lower (p<0.05) between the group fed garlic at 10g/kg compared to other experimental
treatments which were statistically similar. Spice supplementation regardless of level of inclusion had
no effect on the haematological indices of the rabbit bucks. However, RBC was significantly (p<0.05)
lower at the end of the experiment while MCV and MCH were higher. The findings of the study
revealed that the spice supplemented diets especially that of garlic sustained the weight of the rabbit
bucks and were not deleterious to the health of the animals.

Keyword: Spice, Weight Gain, Haematology, Supplemented Diets, Male Rabbit.

INTRODUCTION large litter size, fast growth and its ability to
Rabbit production has the potential to thrive on poor nutrition. However, poor quality
considerably ~ reduce  chronic  protein feed have been identified as a major constraint
malnutrition especially in Sub-Sahara Africa. to viable rabbit industry (Oseni, 2010). In
This is due to the rabbit short production cycle, addition, high temperature which is prevalent
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in the tropics depresses feed consumption
and ultimately weight gain (Okab et al., 2008).
Hence, in order to provide adequate nutrition to
the rabbit for optimal gain, the twin problem of
provision of high-quality feed and its sufficient
consumption by the animal have to be resolved.
Since the use of antibiotics as growth
promoters is being proscribed worldwide,
attention had turned to natural feed additives
which include spices and other plant materials
(Platel and Sirinivasan, 2004). Spices such as
ginger, garlic and onion due to their
phytochemicals such as flavonoids and
alkaloids have inherent capability to improve
feed flavour, palatability and consumption
(Srinivasan, 2016). Their antimicrobial
activities which influence gut microbial
populations have been shown to aid efficient
feed utilisation in poultry nutrition (Puva“ca et
al., 2013). However, information on the effect
of these spices on rabbit nutritional
performance and haematology, especially in
Nigeria, is few and needs further elucidation.
Hence, this work studied the effect of ginger,
garlic and onion dietary supplementation on
growth and haematological parameters of
growing rabbits with a view to improve rabbit
feed intake, weight gain, feed conversion and
its overall welfare.

MATERIALS AND METHODS
The experiment was conducted at the Rabbitary

Unit of the Teaching and Research Farm,
Obafemi Awolowo University, lle — Ife,
Nigeria. The nutritional trial lasted for 8 weeks
in the wet season (May - June). Rabbit bucks
averagely aged 6 months with body weight
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ranging between 0.6kg and 1kg were sourced
from reputable farms. Fresh ginger, garlic and
onion were purchased from a vegetable market
in llorin, Kwara State, Nigeria. The sample of
garlic, ginger and onion were identified and
confirmed with vouchers numbered 17735,
17736 and 17737 respectively at the
Herbarium, Department of Botany, Obafemin
Awolowo University, lle - Ife. The spices were
washed, peeled, sliced into chips and air-dried
for 10 days. The dried chips were ground into
powder by the use of aBinatone grinder. The
powdered test ingredients and the experimental
basal feed which was formulated to meet the
nutritional requirements of grower rabbits
(Table 1) were analysed for proximate
composition using the methods of AOAC
(2002). The powdered spices were
incorporated into the basal feed to form 10
experimental diets. The basal diet’s digestible
energy (DE) was calculated using the formula;
DE = 3330 - 46.80CF (Kcal/kg)

(Lebas and Gidenne, 2000); Where CF = Crude
Fibre. The quantity of flavonoid and alkaloid in
each of the spices were also determined using
the procedures of Zhilen et al. (1999)
(described by Miliauskas et al., 2004) and
Shamsa et al. (2008). Feed intake was
determined daily by subtracting the amount of
left over feed from the amount of feed supplied
to the animals. The weight of each of the bucks
was determined by the use of electronic balance
at weekly interval. On the day the weight was
taken, it was carried out before feeding the
buck in the morning. Feed conversion ratio was
calculated as the ratio of feed intake to weight
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gain. Two millilitres of blood samples were
collected from from the marginal vein of the
experimental animals' ears into ethylene
diamine tetra- acetic acid (EDTA) coated
collecting tubes in week 0 and 8 of the study.
Haematological parameters which include red
blood cell, packed cell volume, haemoglobin
concentration, mean corpuscular haemoglobin,
mean corpuscular haemoglobin concentration,
mean corpuscular volume were determined as
described by Jain (1986). White blood cell
count was determined by the method
described by Ewuola and Egbunike (2008).
Data was analyzed using factorial analysis of
variance. Probability value of 5% was
considered  statistically  significant  after
separation by Duncan Multiple Range Test
using SPSS version 17.0 software.

Table 1: Composition of experimental basal
diet
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Ingredient Quantity (kg)
Maize 37.00
Brewers’ dry grain 21.50

Rice bran 24.50
Groundnut cake 14.00

Bone meal 2.00

Salt 0.20

Vitamin premix 0.30

Lysine 0.30
Methionine 0.20

18

RESULTS
The results of proximate analysis of the spices

are presented in Table 2. Garlic had
significantly lower (p<0.05) MC compared to
ginger and onion that had similar MC. Crude
fibre (CF) was significantly higher (p<0.05) in
ginger than onion and garlic. Crude protein
(CP) was significantly different (p<0.05)
among the spices with ginger having the
highest value followed by onion and garlic
respectively. Ether extract (EE) was
significantly higher (p<0.05) in onion than in
garlic and ginger both of which has statistically
similar values. Ash content ranged from 3.97%
(onion) to 7.09% (ginger) and was significantly
different (p<0.05) among the three spices. The
NFE content was significantly different
(p<0.05) among the spices and ranged from
50.15% in ginger to 74.70% in garlic.
Flavonoid and alkaloid contents were
significantly different (p<0.05) among the three
spices and ranged from 189.73 mgQE/g
(ginger) to 840.00 mgQE/g (onion) for
flavonoid and 16.86 mgAE/g (ginger) to 194.07
mgAE/g (onion) for alkaloid. The proximate
composition of basal experimental diet (Table
3) as revealed by proximate analysis was, MC:
9.94%, CP: 17.09%, CF: 11.38, EE: 3.90%,
Ash: 13.52 and NFE: 44.17%.
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Table 2: Proximate (dry matter) and phytochemical composition of garlic, ginger and onion

Parameter Garlic Ginger Onion
Moisture (%) 9.68 + 0.05 11.73+£0.27¢ 12.31+ 0.36°
Crude protein (%) 5.02 £ 0.44° 26.03 £ 0.017 7.00 + 0.02°
Crude fibre (%) 2.23 £0.08° 3.27£0.07° 1.98 £ 0.01°
Ether extract (%) 1.88 + 0.09° 1.75+0.08° 4.05+0.278
Ash (%) 6.50 +0.05° 7.09 0. 10 3.97 £ 0.06°
NFE (%) 74.70 £ 0.42° 50. 15+ 0.38° 70.69 + 0.68°
Flavonoid* 228.04+6.23° 189.73+6.23? 840.00+6.23°
Alkaloid* 118.18+1.16° 16.86+1.16° 194.07+1.16°

abc Means with different superscripts within the row are significantly different (p<0.05)
Table 3: Proximate analysis of basal experimental diet

Parameter Composition (%)
Moisture 9.94

Crude protein 17.09

Crude fibre 13.38

Ether extract 3.90

Ash 13.52

Nitrogen free extract 4417

Digestible energy (kcal/kg) * 2797.42

* = calculated value
There were significant effects of spices, spices’

levels and their interaction on feed intake
(Table 4). Unlike feed intake, there was no
significant (p>0.05) effect of the interaction of
spices and their level of inclusion on weight
gain (Table 4).

The effect of experimental factors and their
interactions on the haematological indices of
the rabbit bucks is presented in Table 6. Spices
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and their inclusion level had no significant
effect on the haematological parameters of the
bucks. Only the period of the experiment had
significant effect (p<0.05) on red blood cell
(RBC), mean corpuscular volume (MCV) and
mean corpuscular haemoglobin (MCH). RBC
(5.71 - 4.86 x 10/mm?) was depleted at the end
of the experiment while MCV (50.19 - 66.15fl)
and MCH (28.36 - 32.89pg) values increased.
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Table 4: Effects of spices and spice levels on the feed intake, weight gain and feed conversion
ratio of experimental rabbit bucks fed spice — supplemented diets

Factor Parameter

Spice (S) ADFI(g) AWFI(@) TFI(gy ADWG(g) AWWG(g) TWG(g) FCR

Ginger 72.33 607.56 3037.79 8.44 59.06 35433 11.18

Garlic 77.22 648.61 3243.06 11.40 79.78 478.67 7.81

Onion 81.67 686.00 3430.00 8.02 56.16 336.93 13.17

Spice level (SPL)

5g/kg 73.84 620.22 3101.09 7.27 50.91 305.47 12.78

10g/kg 77.61 651.94 3259.69 9.77 68.38 410.27  10.96

15g/kg 79.76 670.02 3350.07 10.81 75.70 45420 8.42
Probability

S 0.02 0.01 0.01 0.03 0.03 0.03 0.11

SPL 0.03 0.03 0.03 0.03 0.03 0.03 0.22

SP*SPL 0.02 0.01 0.01 0.86 0.86 0.86 0.50

ADFI= Average daily feed intake; AWFI= Average weekly feed intake; TFI= Total feed intake;
ADWG-= Average daily weight gain; AWWG= Average weekly weight gain; TWG= Total weight gain;
FCR= Feed conversion ratio; *= interaction
Table 5: Effect of spice supplemented diets on feed intake, weight gain and feed conversion
ratio of experimental rabbit bucks

TREAT TREAT

LEVEL(g/k TFI(g) AWFI(g) ADFI(g) TWG(g) AWWG(g) ADWG FCR
g (
) 9)
Zero spice 0 3575.8¢  715.16° 85149  397.80® 66.30% 0.47® 940
Ginger 5¢ 2891.1*° 578.23* 68.84*  261.80°  43.63% 6232  1592®
10g 3039.9% 607.99% 72.38%  387.00® 64.50% 9.21® 979
15g 3182.2%c  £36.45%c 7577 41420  69.03% 0.86%  7.82%
Garlic 5¢ 2867.1* 573.42° 68.26° 36120 60.20%® 8.60% 0.33%
10g 3389.1¢ 677.82¢ 80.69%  530.80°  88.47P 12.64°  6.66°
15¢ 347299 694.59¢ 82.69%  544.00° 90.67° 12955  7.44%
Onion 5¢ 3545.0¢  709.00° 84.40°  293.40°  48.90% 6.99°  13.07®
10g 3350.0°¢  670.00%¢ 79.76"¢  313.00° 52.17@ 74528 16.41°
15g 3395.0¢ 679.00¢ 80.83%  404.40® 67.40%® 9.63% 10.01%®
SEM 46.11 9.22 1.10 22.60 3.77 054 095

abedMeans with different superscript are significantly different within the column(p<0.05)
TREAT = Treatment; TFI=Total feed intake; AWFI=Average weekly feed intake; ADFI=Average
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daily feed intake; TWG=Total weight gain; AWWG=Average weekly weight gain;

ADWG=Average daily weight gain

Table 6: Effects of spices, spice levels and stage of experiment on the haematological parameters
of experimental rabbit bucks fed spice — supplemented diets

Factor Parameter

RBC PCV Hb MCV MCH MCHC wBC
Period of experiment (PT) (10%mm3) (%)  (g/dl) (fl) (Pg)  (g/dl)  (103/mm?)
Wk 0 571 2754 1541 50.19 28.36 60.60 6.53
Wk 8 4.86 30.76 15.26 66.15 32.89 4994 6.32
Spice (SP)
Ginger 4.76 28.72 15.06 63.63 33.22 5472 6.18
Garlic 5.57 30.19 1594 55.62 29.53 53.88 6.18
Onion 5.52 28.53 15.00 55.26 29.12 5721 6.90
Spice level (SPL)
5g/kg 5.05 28.47 1539 59.41 32.23 5719 6.52
10g/kg 541 28.22 15.17 5454 29.41 5991 641
15g/kg 5.39 30.75 15.44 60.56 30.23 50.72 6.35

Probability

PT 0.03 0.07 0.70 0.02 0.04 0.05 0.78
SP 0.09 065 027 0.36 021 081 0.36
SPL 0.58 038 090 0.62 051 034 0.96
SP*PT 0.49 0.71 057 042 0.18 047 0.29
SPL*PT 0.09 021 023 0.22 023 051 0.96
SP*SPL 0.75 096 090 0.97 0.87 097 0.20
SP*SPL*PT 0.78 099 073 094 0.99 097 0.76

RBC= Red blood cell; PCV= Packed cell volume; Hbc= Haemoglobin concentration; MCV= Mean
corpuscular volume; MCH= Mean corpuscular haemoglobin; MCHC= Mean corpuscular haemoglobin

concentration; Wk= Week; *= interaction.

DISCUSION

Moisture content (MC), crude protein (CP),
crude fibre (CF), ether extract (EE), ash and
nitrogen free extract (NFE) were significantly
different (p<0.05) among the three spices
which was similar to the report of Otunla et al.,
2010. MC in this study ranged from 9.68%
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(garlic) to 12.31% (onion) which was higher
than the reports of Otoikhian et al., 2014,
Otunla et al., 2010 and Nwinuka et al., 2005
while it was lower than the findings of Marina
et al.,, 2005, Odebunmi et al.,2 010 and
Bhattacharjee et al., 2013. Moisture content in
the spice determines how well it would keep in
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storage because it influences several
biochemical and physiological process
(Onwuka, 2005, Guisseppe and Baratta, 2000).
Though CF adds to the bulk of feed and
enhances digestion and nutrient utilisation, the
amount observed in this study (1.98% - 3.27%)
coupled with their level of inclusion in feed
may not contribute significantly to fibre level
of the feed. However, it is a boost for the spices'
utilisation since they are mostly used in animal
feed as a source of flavour and phytochemicals
(Ameh et al., 2016).

Ginger, in this study had the highest crude
protein, 26.03%, which is higher than the value
reported by many researchers (Otoikhian et al.,
2014; Odebunmi et al., 2010, Otunla et al.,
2010 and Nwinuka et al., 2005) while it is
similar with the findings of Eze and Agbo,
2011 that reported a value of 26.00%. CP is an
important fraction in feed, however in this
study the CP present in the spices with the
exception of ginger is not high enough to be
considered in feed formulation (Karangiya et
al., 2016). The EE recorded for garlic and
onion in this study was higher than the findings
of Otoikhian et al., 2014, Mitra et al., 2012,
Odebunmi et al., 2010, Otunla et al., 2010 and
Nwinuka et al., 2005. However, oil content was
less than 5% in all the spices and thus none of
them could serve as a significant source of oil
in feeds. The ash content in ginger and garlic is
higher than the values reported by previous
researchers (Otoikhian et al., 2014; Odebunmi
etal., 2010, Otunla et al., 2010 and Nwinuka et
al., 2005) though Marina et al., 2005 reported
a higher value for garlic. On the other hand,
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onion ash content was lower than the value
reported by Nwinuka et al., 2005 and higher
than the ash content recorded by Bhattacharjee
et al., 2013. The ash content is an indication of
the overall mineral content of the ingredient.
Ginger and garlic could contribute
considerable mineral supplementation to the
feed since they have over 5% ash content.
Nitrogen free extract (NFE) is an estimation of
carbohydrate content of a feed. In this study
garlic had the highest NFE and it is similar to
the values recorded by Otunla et al., 2010 and
Nwinuka et al., 2005. NFE content of ginger
was the lowest in this study and it was lower
than the quantity reported by Otoikhian et al.,
2014, Otunla et al., 2010 and Nwinuka et al.,
2005.

The occurrence of flavonoid and alkaloid in the
spices is in agreement with the results of
Huzaifa et al., 2014 and Ghasemzadeh et al.,
2010. In addition, onion had the highest
quantity of both flavonoid and alkaloid while
ginger had the least value of the
phytochemicals. This result is at variance with
the conclusions of Eadlapalli et al., 2016 and
Otunla et al., 2010 who reported that ginger
had the highest amount of both
phytochemicals more than garlic and onion.

However, the high content of flavonoid in
onion in this study is consistent with the
findings of Muhammad et al. (2017) who
reported that quercetin; one of the commonest
flavonoid is highest in onion, followed by
garlic and ginger. Nonetheless, the abundance
of a certain phytochemical in a spice is not
usually indicative of its potency as it has been
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shown that spices having less abundant
phytochemicals  have  shown  stronger
biological activities (Muhammad et al., 2017).
The difference in flavonoid and alkaloid
constituents of the spices could result from
differences in the species of the spices, methods
of cultivation and varieties of the
phytochemicals present in the spices (Packia-
Lekshmi et al., 2015). The proximate
constituents of the experimental basal diets
(Table 3) were adequate for the nutritional
requirements of the experimental rabbits
(F.A.O., 1997).

The interaction of spices and their level of

inclusion were significant on feed intake but
not for weight gain and feed conversion ratio.
This implied that higher dosages of spices
increased feed intake in agreement with the
observation of Horton et al., 1991. Total feed
intake parameters were not significantly
different (p<0.05) among ginger and onion
supplemented contrary to the findings of
Ortserga et al., 2015. However, this result is
comparable to the report of Cullen et al., 2005
who reported non - significant feed intake
among ginger and onion fed animals in related
studies. Contrary to ginger and onion
supplemented groups, feed intake parameters
in garlic — supplemented animals increased as
the level of inclusion of the spice increased
similar to the reports of Ortserga et al., 2015.
The report of this study suggests that the
increasing levels of the spices (in garlic
more than ginger and onion diets) enhanced
palatability and encourages consumption of the
diets which might be due to the presence of
phytochemicals especially flavonoid in the
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spice (Horton et al., 1991). The weight gain
observed among garlic supplemented groups
was similar to the findings of Onu and Aja,
2011 and Aji et al., 2011 both of who reported
significant weight increment in rabbit and
broiler fed ginger and garlic supplemented
diets. The non - significant weight gain in
ginger and onion supplemented groups was
comparable to the reports of Dieumou et al.,
2009 who reported no significant weight
increment in broiler fed ginger and garlic oil
extracts. In garlic supplemented groups
contrary to both ginger and onion, the
increasing levels of the spices enhances
consumption and ultimately improves weight
gain compatible with the conclusions of
Najmul, 2015. Feed conversion ratio (FCR)
values recorded in this study were higher than
the values reported by Najmul, 2015. Garlic at
10g had the least FCR among the treatments in
agreement with the findings of Hossain et al.,
2015 who reported that 1% (10g inclusion
level) of garlic inclusion had the best
performance in rabbits. This might suggest as
adduced by Najmul, 2015 that the
phytochemicals in garlic and ginger (to a less
extent) more than that of the onion influenced
the micro flora and fauna of the animals’ gut
positively to increase feed utilisation.

At the end of the study, RBC was depleted in
the treatment groups. The reduction was in
similar to the findings of Shinkut, 2015 and
may be due to heat stress (NseAbasi et al.,
2014). RBC was lower at the end of the study
though the values were still within the normal
range for rabbit (Mitruka and Rawnsley, 1977)
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implying that spices supplementation was not
deleterious to RBC production in agreement
with the reports of Najmul, 2015. The non—
significant PCV values at the beginning and
end of this study was similar to the findings of
Ewuola et al. (2012) and implied that the spices
were not deleterious to the haematopoiesis
process of the animals. The effect of spice
supplementation was not significant on Hbc
among the experimental groups which
corroborated the result of Oluwole, 2001 and
Najmul, 2015 in garlic and ginger treated rats
and rabbits respectively, but differed with the
conclusions of Enitan et al., 2012 who reported
a significant increment in Hbc due to onion and
garlic supplementations. The result of this
study implied that ginger, garlic and onion have
non-deleterious effects on the oxygen carrying
capacity of the RBC. MCV at the beginning of
the study was below the range (Research
Animal Resources, 2009) for rabbit and was
significantly lower (p<0.05) than the values
obtained at the end of the study. The result
suggested that the experimental animals at the
beginning of the study had subnormal sized
RBC that may be due to impaired bone marrow
capacity. At the end of the study, MCV values
were within the established values for rabbit
(Research Animal Resources, 2009) and were
also higher than the initial values. This
observation indicates that experimental diets
regardless of spice or level of spice
supplementation normalised the sizes of the
RBC thereby increasing the oxygen carrying
capacity of the RBC in the animals (NseAbasi
et al., 2014). MCH of the animals at the end of
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the experiment was higher compared to the
beginning implying that the experimental
treatments had increased MCH values which
are symptomatic of the absence of anaemia
(NseAbasi et al., 2014; Enitan et al., 2012).
MCHC at week O and week 8 was not
significantly different similar to the report of
Enitan et al., 2012. However, MCHC values
were still higher than the normal range reported
by Olabanji et al. (2007) suggesting that the
ingested spices did not exert any harmful
effect. White blood cell (WBC) at the
beginning and the end of the study were not
significantly different among the experimental
animals but were within the normal range for
the rabbit (Research Animal Resources, 2009).
Nonetheless the result of this work
corroborated the findings of Ugwu and Omale,
2011 who observed non— significant WBC
values in rat fed onion and garlic extracts. The
haematological condition observed in the
animals could be due to adequate protein
provided by the experimental diets and the
antioxidant activities of the ingested spices
which improved the erythropoietic and
haematopoietic functions of the experimental
rabbits (NseAbasi et al., 2014).

CONCLUSION

The supplemented diets enhanced feed intake,
sustained growth and weight gain in the
experimental animals. The least FCR was
observed in the group fed garlic at 10g/kg level
implying that the diet was the most optimal
among the experimental diets. The diets did not
adversely affect the haematology of the
studied animals revealing that spices'
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supplementation was not harmful to the
animals.
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