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ABSTRACT

Garlic (Allium sativum) as a natural growth promoter falls under the immunomodulatory category of growth promoters and its main mode
of action happens to be the main target for many drugs and other synthetic growth promoters, it is preferred however since it is not asso-
ciated with the accumulation of undesired drug residues which is the case with synthetic growth promoters. Therefore in place of the syn-
thetic growth promoters garlic can be used as a natural growth promoter in animals, to verify that, garlic powder was added to the diets of
rabbits at different inclusion rates; at 0%, 0.3%, 0.6%, and 0.9%. Diets with no garlic inclusion were the controls, meanwhile, each treat-
ment had three replications. Throughout the experiment, rabbits were given as much feed and water as desired, allowing the daily record-
ing of feed intake as well as weekly change in live weight and computations of feed conversion ratio. Weekly average values, live weight
gain, feed intake as well as Feed conversion ratio were significantly different (P<0.05), confirming that the inclusion of garlic powder to rab-
bit feed improves the growth performance of rabbits. However, the optimal inclusion rate was not obtained suggesting that the growth
performance of rabbits would be enhanced even more at higher inclusion rates, higher inclusion levels of garlic powder in rabbit feed can

therefore be used in future to determine the optimal inclusion rate.
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Introduction

Rabbits (Oryctolaguscuniculus) are small herbivores belonging to and sharing the family Leporidaewith its close relatives; hares, also
looks similar to Pikas of the Ochotonidae family [1], [2]. Appearance-wise; rabbits have big incisors, ears longer than width, small
tails, and their front legs are smaller than hind legs creating an orientation suitable for their quick running and jumping abilities as
their name “rabbit” implies. Rabbits are kept for an assortment of purposes including; their meat, their nitrogen-rich manure, their
wool, fur, and pelts, and as a pet. These animals are very easy to keep and handle as much of their diet is mainly vegetarian which
could be widely accessed, this makes them a cheap source of animal protein that the majority of the low-income households can
afford to grow. Momoh, Unung, & Attah, 2015 reported that it is their advanced gastrointestinal physiological setup that enables
rabbits to digest foodstuff that animals with simple stomachs are unable to, however, it is not just the physical orientation that
brings about these capabilities of nutrient retrieval but the presence of a fermentation chamber no other than cecum [3] which
houses mainly three types of flora, namely; fungi, bacteria, and protozoa that produce vitamins, amino acids and volatile fatty acids

from the ingested feedstuff [4], [5].

For several years, synthetic chemicals have been used as growth promoters, antibiotics, and probiotics in Rabbit production. Of late,
the use of these synthetic chemicals in feeding animals has been widely discouraged, and the use of naturally occurring growth
promoters is gaining importance. This is because synthetic chemicals remain in the body tissues as drug residues which conse-
quently are conveyed into the consumer’s body system after that animal is consumed. Therefore, this process translates to continu-
ous drug administration to consumers as they continue eating such meat and when consumers of such meat fall sick, they experi-
ence serious problems with responding to the administered medication due to development of resistance against the same active
ingredients that may have been contained in both meat and medication administered resulting in slow or failure to heal which may
consequently lead to death [6]—[8].

The majority of the vegetation from the family Lilliaceae under the genus Allium are famous for their pharmacological and biological
features which are mostly because of the sulfur-containing organic compounds which they produce. Garlic (Allium sativum) popu-
larly known as a herb and a spice for a few millenniums now, is one of the members of this family [9], regardless, its scientific impor-
tance has only been developed in the past few decades. [10]-[12] revealed that garlic as a spice contains many things, including but
not limited to; amino acids, minerals, Vitamins, several enzymes fiber, and water. [9], [13]-[15] further revealed that as a herb, gar-
lic’s main active ingredients are allicin, saponins and organosulfur compounds which are majorly grouped either as water-soluble or
oil-soluble organosulfur compounds, under the water-soluble are safer and more stable sulfides with no odor, oil-soluble sulfides on
the other hand are less stable and odorous [14], [16], [17]. Among them all, Allicin (allyl 2-propene thiosulfinate) has been named
the most effective curative and preventive active ingredients, as demonstrated in figure 1 below, cutting of garlic’s clove activates
the enzyme alliinase which then converts alliin to allicin, it is therefore only present in crushed garlic and its process of formation

can be completed in as little as 0.2 to 0.5 seconds at room temperature [18]-[20].

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 7, July 2020
ISSN 2320-9186 2434

Figure 1: showing the generation of allicin from alliin.

HaC Alllinase e 'ﬁ i HoC {Z|)H
z Mﬁ/\)LE}H + H,O —————NH, + 3 \/\OH 2 MS
a NH; O
Alliin Pyruvate acid Allylsulfenic acid
HaCx C|JH + ?H ACHy o HiCn S
T g g g \ACHE 4+ Hy0
il

Allylsulfenic acid Allylsulfenic acid O Allicin

In most synthetic drugs and some foodstuff with pharmacological purposes, immunomodulation has been their design of work,
however with recent civilization has come economic and scientific understandings that these substances are generally associated
with high cost, toxicity, and long term adverse side effects which in the modern era render them less desirable. Herbaceous vegeta-
tion with a similar mode of action on the other hand has had ever-multiplying attention from both consumers and scientific re-
searchers, garlic being one of them has become a very important candidate. The main goal of this research, therefore, is to assess

the growth performance of growing rabbits supplemented with varying inclusion levels of garlic powder.

Research Methodology
Experimental Area Description

Research experiments were carried out at the University of Zambia Main Campus, School of Agricultural Sciences in Lusaka, Zambia.

It is located at latitude is -15.4° and longitude 28.333°.

Experimental Design and Treatments

The study involved four Treatments which are 0.0 % (control), 0.3 %, 0.6 %, and 0.9% garlic inclusion rate, each of which had three
replications making a total of 12 experimental areas. These garlic portions where mixed with commercial dairy meal 19 (mash feed)

purchased from NamFeed in Lusaka, Zambia.

Rabbit Characterization

Rabbit samples were bought from kanakantapa village of chongwe district, 12 rabbits were randomly selected from 20 bunnies that
came from 3 closely related does, the bunnies where born in roughly the same week, therefore, by the time of collection they were
of the same age (5 weeks old). The randomly selected rabbits were weighed then only those which weighed about 800 grams (same

weight) were bought. In addition to weight and age, sex was considered as well and only males were part of the sample population.
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Garlic Characterization

Garlic powder was bought from the Soweto market, Lusaka Zambia, which had already beenprocessed and packaged into 1 kg pack-

ages at the cost of k70 per kg. Knowing that the inclusion rates to be used were low, only 1 kg of garlic was bought.

The Cages

Rabbits were kept in cages made of chicken mesh wire and wooden frames, each cage had three columns and three rows of sepa-
rate units. Individual cage units measured about 120*50cm base and 40cm height, each unit had a tray under the base for collection

of manure to prevent it from falling on the units below.
Management of Rabbits

A week before the rabbits arrived the house was cleaned and disinfected together with the cages and then 5 weeks old rabbits were
put in the cages. The rabbits were subjected to 6 weeks of test ration feeding after a week of acclimatization. During the study pe-

riod, no clinical signs of iliness were observed amongst the rabbits

Experimental Design

With each group of treatments representing a different inclusion rate of garlici.e. 0%, 0.3%, 0.6%, and 0.9%, 3 replications for each

treatment were made accommaodating only a rabbit per single replication implying that a total of 12 rabbits were used.

The general linear model used was the fixed effect model (model Il Anova) as shown below; Y;; = u + a; + g;
for which: i = inclusion levels of garlic; 1, 2, 3, 4

j =replicates; 1, 2, 3

e~N(0,6%)

Where; Y is the dependent variable being

U is the overall mean.
q; is the fixed effect of the i" level of garlic powder.

ejjis the error associated with the jth replicate of the i level of garlic.

Data Collection

At the beginning of the experiment initial individually weights of rabbits were obtained and then haphazardly allocated to respective
replications within the various treatments, thereafter, the individual weights of the rabbits were taken at weekly intervals while

feed intake values were taken every day.
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The data obtained on respective dependent variable recordings were subjected to ANOVA using the F-test (p< 0.05) to test for any
significant deviations of any of the average values from the other. Dependent variables that tested significantly different were fur-

ther subjected to fisher’s least significant difference for further investigations.

Results and Discussion
Feed intake of the rabbits

As demonstrated by Figure 2 below, 0.9% (TR 4) inclusion level of garlic had the highest feed intake from week one to the fifth week
of the experiment. The daily feed intake per rabbit per day for the first two weeks ranged from 31g to 111g then it increased signifi-
cantly with the increase in the inclusion level of garlic and time. Analysis of variance in Table 1 below further confirmed that the
observed differences among averages of treatments values were scientifically significant. The increased feed intake may be attrib-
uted to the fructans of short-chain length called the fructooligosaccharides present in garlic, which consequently stimulates an in-
crease in feed intake due to their mild sweet taste hence desirable enough to even replace sugars [16], [19], [21], [22]. Additionally,
garlic also contains a compound called ally methyl sulfide which gives garlic a distinctive characteristic aroma which happens to be
the rabbit’s favourite [21] It is therefore evident that as the dietetic inclusion levels of garlic doubled, rabbits found the feed even

more palatable thereby increasing the intake as well.

Figure 2:weekly feed intake with respect to different inclusion levels of garlic.
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Table 1: Showing ANOVA of levels of feed intake for the whole six weeks.

Source DF Sum of squares ~ Mean Square F Value Pr>F
Model 3 1642 547 22.5 <0.0001
Error 9 219 24.4

Corrected Total 12 1861

P value < 0.05 means the levels of feed intake of rabbits are different.

Live Weight gain of the Rabbits

Table 2 below show summarized findings as presented by analysis of variance, exhibiting total live weight gain significant differences
among treatment groups (P<0.05). Figure 3 below further demonstrated that live weight gain increased with an increase in dietary
inclusion level of garlic, results attributed to the effects of immunostimulatory activities of garlic [22]. According to [23]-[26],
metabolic syndrome refers to a group or cluster of abnormalities such as glucose intolerance, abnormal obesity, insulin resistance,
and hyperlipidemia. At least one or more of these abnormalities are very common in animals and their presence in an animal inter-
feres with an animal's response to the available nutrients in the body thereby ultimately affecting the growth performance. Garlic
on a contrary has the potential to cause hypolipidaemia which is the opposite of hyperlipidemia, it has the potential to reduce the
lipoprotein content in blood plasma thereby increasing its availability for utilization by various body cells, therefore, dietary garlic
prevents the occurrence of hyperlipidemia and increase the availability of nutrients for use in the body. Glucose intolerance addi-
tionally is a metabolic condition associated with the presence of higher levels of blood glucose than normal. Higher levels of blood
glucose imply that only less is available for utilization by the body cells, this is where garlic comes in and rectifies the condition as
reported by [27], dietary garlic intake prevents glucose intolerance thereby improving the nutrient utilization. [21]additionally re-
ported that dietary intake of garlic powder prevents the occurrence of insulin resistance. Under normal conditions, when the levels
of glucose in the blood start going up above normal which may be attributed to an increase in the carbohydrates intake or increase
in the conversion rate of glycogen back to glucose, insulin hormone is released by the body to stimulate uptake of glucose by cells
and its conversion back to glycogen. However, under insulin resistance conditions body cells fail to respond to released insulin, luck-
ily continuous consumption of dietary garlic increases the serum insulin which prevents the occurrence of this condition and conse-

quently improves the utilization of glucose in the body.

In a similar study, [28] stated that garlic improves nutrient digestibility, by various means such as; prevention of peptic and gastric
ulcers, promoting the growth of beneficial digestive microorganisms which in ruminants and pseudo ruminants (rabbits) ferment
the fibrous feed material thereby increasing the number of nutrients available for assimilation. [29]in a different study stated that
Garlic as an immunostimulant maintains a stable equilibrium of the immune system, which ensures that the animal is healthy and a
healthy animal maximizes its productions hence higher weight gain in rabbits which increased with the increase in the dietary level
of garlic. Garlic has shown to contain antioxidant phytochemicals such as flavonoids that prevent oxidative damage of cell mem-
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branes and DNA which may otherwise result in aging disorders such as cardiac vascular, inflammatory diseases, neurodegenerative
and cancer [30], [31]. In addition to flavonoids, garlic contains other antioxidant phytochemicals such as diallysulfide (DAS) and S ally
mecaptocystein (SAMC), all these anti-oxidative activities translate to a healthy animal and an increase in nutrient utilization as well

as animal production (weight gain) [32].

Figure 3: weekly live weight gain with respect to different inclusion levels of garlic.
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Table 2: Showing ANOVA of levels of live weight gain for the whole six weeks.

Source DF Sum of squares ~ Mean Square F Value Pr>F
Model 3 59704 19901 10.49 <0.0001
Error 9 17075 1897

Corrected Total 12 76778

P value < 0.05 means the levels of weight gain of rabbits are different

Feed efficiency

The efficiency with which an animal can convert the amount of feed consumed into an output of interest is what is termed as feed
conversion ratio (FCR). In this study, the results of this analysis were summarized in Figure 4, comparing FCR of rabbits fed on 0.9%
to FCR of rabbits fed on the rest of the treatments in figure 4 showed that 0.9% had considerably least FCR of all the treatment
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groups throughout the study period, the differences observed in figure 4 were further confirmed by analysis of variance in Table 3

to be significant. The findings agree with a study conducted by [33] in which 0.25% of Garlic and ginger were added to broiler fin-

isher feed, their analysis too demonstrated a reduction in FCR values alongside an improvement in the growth rate of birds. Another

study carried out by [34] totally settles with our findings in this research. Therefore, it is only rational that if garlic can prevent oxi-

dative activities, maintain an animal’s immunity at equilibrium, enhance nutrient utilization in the body, and ultimately improving

animal production (growth rate) then the feed efficiency of an animal ought to be very effective as demonstrated in this study.

Figure 4: weekly feed conversion ratio with respect to different inclusion levels of garlic.
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Table 3: Showing ANOVA of levels of feed conversion ratio for the whole six weeks.

Source DF Sum of squares ~ Mean Square F Value Pr>F
Model 3 32.3 10.8 8.01 <0.0001
Error 9 121 1.35

Corrected Total 12 44.4

P value < 0.05 means the levels of weight gain of rabbits are different

Fisher’s least significant difference analysis

Since ANOVA results for each of the dependent variables gave a significant result, it implies that under each dependent variable

there is at least one group of treatments that significantly differs from the other, to find out more about which treatment group

significantly differs from the other under each dependent variable, Fisher’s least significant difference was employed. As shown in

table 4, significant differences in feed intake averages were observed between 0% and 0.3%, 0.3% and the two 0.6% and 0.9% with
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the highest values observed in 0.6% and 0.9%, meanwhile, between the two (0.6% and 0.9%) the difference isn’t significant. Accord-
ing to the weight gain findings (Table 4), there were no significant differences between 0% and 0.3% just like between 0.6% and
0.9%, but, 0% and 0.3% were significantly different from 0.6% and 0.9%. The highest weight gain was observed in week 6 of the
study, in rabbits that were fed on 0.9% garlic. Rabbits that were fed on 0.6% showed the second-highest weight gain in all the weeks
following after those that were fed on 0.9%. Feed efficiency, on the other hand, was lowest and significantly different in rabbits fed
on 0.9% inclusion level of garlic, and as shown in Table 4, there was a steady decrease in feed conversion ratio values from 0% inclu-
sion to 0.9% inclusion levels. The continuous trend in an increment of feed efficiency observed, together with an observation of the
highest feed intake and total weight gain in rabbits fed on 0.9% inclusion levels incites anticipations of even better growth perform-

ance if levels of garlic inclusions were to be more than 0.9%.

Table 4: Average measurements of dependent variables on Rabbits fed diets with different with different
inclusion rates of garlic (0%, 0.3%, 0.6% and 0.9%).

Dependent variables Experimental diets

0% 0.3% 0.6% 0.9%
Feed Intake 191+42.6" 146140.7 236+32.5° 248+31.5°
Weight gain 80.2429.1° 70.9+26.4 ° 121#17.3° 126+17.3°
Feed conversion ratio 3.22+0.46° 2.81+0.42 % 2.68+0.27 *° 2.3240.27°
Levels not connected by the same letters (a, b and c) within the same row are significantly different

Conclusion

Garlic as a spice adds a very attractive aroma and a mild sweet taste to the feed which encourages very high feed intake by the ani-
mals, additionally, as a herb, it’s numerous phytochemicals carry out a number of physiological functions in the body of an animals,
such as prevention of abnormalities under metabolic syndrome, inhibition of oxidation, cancer and inflammation, cardio protective
and microbial protection which ultimately render animals healthy and consequently enhance their feed efficiency translating into
boosted production. From the results obtained, it is therefore concluded that dietary inclusion of garlic powder improves the
growth performance of rabbits. Growth performance improved linearly with the level of garlic powder inclusion. Regardless, the
optimum growth performance was not obtained which therefore provokes a recommended that further research should be done in
the same line like this one but by increasing the inclusion rate to more than 0.9% to determine the optimum inclusion rate that gives
the highest possible weight gain and lowest possible feed conversion ratio. We further recommend that in further studies pelleted
feed should be used as there was a challenge in this study with the feed form, Feed mash was found to be too dusty and often times
used to choke the rabbits, hence less pleasant, therefore since garlic is needed in powder form but feed as a final product should be
in pellets, feed mash can be made or bought having correct nutrient requirement then mix with garlic powder and later form pellets

out of the mixture.
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