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Coconut Shell Ash as a Mild A gonist of Reproductive Organ
Development and Sex Hormone Release im Growimg Rabbits
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Forty eight crossbred male and female rabbits aged 12-14 weeks were used to
study the effects of supplementing Coconut Shell Ash (CSA) on reproductive
organ characteristics and serum sex hormone concentrations of growing rabbits.
The rabbits were divided into 24 males and females, respectively. Each group was
divided into four experimental treatments T, T,, T; and T, of six amimals and was
further replicated three times with two animals per replicate in a Completely
Randomized Design (CRD). The animals were fed a commercial grower rabbit
ration which was supplemented with CSA atthe rate of 0, 1, 2and 3 g kg~ b.wt,,
respectively. At the end of 12 weeks feeding, three rabbits were selected from
each group, slaughtered and wused to determine reproductive organ
characteristics. Blood samples from the slaughtered animals were collected from
the jugular vein and assayed for serum reproductive hormones concentrations.
Data collected were subjected to analysis of vanance. Testicular morphometry
result showed that 1 to 2 g kg™ b.wt. CSA supplementation could improve the
weight of testis, size and epididymal weights indicating that up to 2 g kg™ b.wt.
CSA supplementation supported superior testicular development. This was
assoclated with mmcreasing serum testosterone concentration mdicating probably
a CSA enhancement of metabolic activity. Cne gram kg™ b.wt. was the optimal
CSA supplementation rate in female rabbits, since this led to improved weight of
whole reproductive tract, weight of ovary, oviduct and uterus. This was equally
assoclated with 1increased estrogen concentration, which mcreased with
increasing CSA supplementation.
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INTRODUCTION

The domestic rabbit is a herbivorous ammal that
consumes grams, forages and hay to derive its essential
nutrients. Tts diets, whether home made or commercially
prepared consist mostly of ingredients from plant sources
(Herbert, 2001 ; Nworgu et al., 2001; Biobaku and Dosumu,
2003; Herbert et af, 2005, Omokhoje et al, 2006).
Although minerals are nutrients required in small amounts
by animals, they are however more essential to body
metabolism than many other food nutrients. For example,
essential trace minerals are important constituents of
metalloenzymes, which are important in bone formation,
lipid metabolism, glucose utilization, iron transport and
free radical metabolism (Leach, 1967, Jovanoic-Peterson
and Peterson, 1996, Cuanne et al., 1993; Hostetler et af.,
2003; Townsend et al., 1994). Short (1980) reported that
minerals are particularly essential for growing rabbits,
therefore without adequate supply, production will
certainly be lowered.

In animal production, natural clays are inexpensive
natwral minerals, which have protective effect against
diarrheic microorgamsms and conditions (Ayyat et al,
1995). Watanable et al. (1971) and Grobner et al. (1982)
reported that when zeolite is included in rabbits ration, it
helps in reducing incidence of entritis. Alternative mineral
sources are however receiving greater attention i animal
and human nutriion. Earlier research efforts have
employed natural clay properties, such as ion exchange,
adsorption and binding properties in enhancement of
mineral uptake from the gastrto intestinal tract
(Ayyat, 2010). Shuerson et al. (2011) however reported
that in contrast to the use of inorgamc sowrces of
minerals, the use of chelated minerals will prevent
degradation of feed vitamins and also improve
bioavailability of essential trace elements.

The nutritional requirements for minerals elements are
small, however, these nutrients can greatly affect
reproduction (Hostetler et al., 2003). The potential of
munerals to play significant roles in mammalian fertility and
general reproductive wellbeing have been reported.
According to Hostetler et af. (2003), minerals categories of
particular importance in this regard are the macro elements
(Ca, P, K, Na and Mg) and the trace elements (Cu, Co, Se
Mn, I and Zn). Thus, physiological concentrations of the
elements must always be adequate to ensure proper
cellular and reproductive functions in  animals
(Boland, 2003). Specifically, mineral deficiencies and
unbalances were cited by Corah and Ives (1991) and
Boland (2003) as important causes of poor reproductive
functions; particularly ovarian activity of ruminants is
influenced by mineral deficiency.
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Minerals also play vital roles in the endocrine system
and tissues integrity, therefore making their optimal
availability critical to follicular development and fertility in
anmimals. That reproductive failure may be induced by
deficiency of single or combined elements and by their
imbalances was particularly highlighted in the reports of
Graham (1991) and Maas (1993). However, much remains
to be understood about the effects of mineral deficiencies
and imbalances on development and sustenance of
reproductive structures and functions in animals.

Several cultural reports have highlighted the value of
highly alkaline plant ash in the umprovement of the
nutritional value of indigenous foods (Kyarisiima et al.,
2004; Hayes, 2009, Webber, 2011). Ochetim (1988)
suggested the use of wood ash as a source of minerals for
poultty, while Oso et al. (2011) reported occurrence of
lameness and poor gaits in broilers fed diet containing
wood ash as Calcium source and therefore concluded that
wood ash mclusion in broiler diets should be discouraged
since 1t results m poor production results. However,
recent studies by Twu (2012) and Ebere (2012) showed that
supplementation with coconut shell ash at the level of
1 g kg™' b.wt was optimal for growing rabbits fed
commercial diet, while higher levels of supplementation
resulted in some mildly inferior serum biochemical
responses.

After the combustion of wood or any plant part, the
morganic and organic residue remaining 1s termed wood
ash. The physical and chemical properties of wood ash
have been reported to vary significantly across many
factors, such as tree species, soil type, climate and level
of material combustion (Greene, 1988; Iwu et al., 2012,
Nwogu et al, 2012). Temperate-climate wood was
reported by Campbell (1990), to yields 0.1-1.0% ash, whule
tropical and subtropical wood yields up 5%. The average
ash yield for most woods however 1s about 6-10%.

Ash has a small particle size of 230 um (Etiegni and
Campbell, 1991). Completely ashed (total elimination of
carbon) coconut shell yielded an ash with a bulk density
of 0.6512 g cm™, average water helding capacity of
210.54 g mL™" and specific gravity of 065 g cm™
(Twu et al., 2012). Ash density generally varies with
carbon content in the form of organic matter.

This study was designed to determme the effects of
coconut ash supplementations on the reproductive
organs characteristics and hormonal profiles of male and
female growing rabbits.

MATERIALS AND METHODS

Test materials: Coconut shell was collected from different
markets and households within Owerr1 zone of Imo State,
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Nigeria. The coconut ash (CSA) was prepared a customize
ashing technique was developed (Twu et al., 2012). Briefly,
the customized ashing techmque required an overmight
mnitial ashing of the coconut shells in an industrial bread
oven and a subsequent re-ashing in an open clay pot on
a kerosene stove till the ash glowed red hot. This process
elimmated all carbon components of the ash, thus
concentrating the minerals (Iwu et af., 2012). The ash was
collected and preserved in a sterile container for
subsequent use.

Experimental animals: The animals used in the research
were 48 New Zealand=Chinchilla cross bred pre-pubertal
male and female rabbits, aged 3 months. The animals were
housed 2 rabbits per cage in standard wooden/wire mesh
cages. Two weeks pre-treatment period was used to
acclimatize the animals with their new environment and to
get them used to the experimental procedure.

Experimental design: The 48 rabbits were divided mto
two major groups of 24 males and 24 females. These were
each firther divided into four treatment groups coded T,
T, T, and T, of six rabbits each, which were then
replicated 3 times with made 2 rabbits per replicate in a
Completely Randomized Design (CRD).

Experimental feed: The experimental diet used in this
study was a commercial mash purchased from a reputable
dealer. The nutrient content of the feed was compared
(Table 1) and found to be similar to the needs of growing
rabbits (Taiwo et ai., 2005).

Again, the experimental ration was analyzed for its
mineral content with the aid of Atomic Absorption
Spectrometer (Bulk Scientific, 205) to determine its
concentrations of essential mineral elements.

Feeding experiment: Fach male and female treatment
group received a determined quantity of the CSA as
shown below:

¢ T, was the control and has 0 g CSA supplementation
T,was onl g CSA kg™ b.wt.

T, was on 2 g CSA kg™ b.wt.

T, was on3 g CSA kg™ b.wt.

Table 1: Composition of experimental diets

Nulrients Percentage Growing rabbit requirements™
Crude protein 16 16%%

Fats and oil 5 3%

Crude fiber 7 14%

Calcium 1 0.400

Available phosphoms 0.45 03084

Metabolizable energy 2450 kcal kg™! 2400 kecal kg™!

*Source: Taiwo et al. (2005)
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The test CSA was offered to the animals by feed
supplementation. A small amount of feed was used to mix
the CSA and offered to the animals. After the treated feed
has been consumed the remaming feed for the day was
offered. Feed and water were offered ad libitum and all
standard management practices as practiced in the Federal
University of Technology Owerri Teaching and Research
Farm were observed. The feeding experiment lasted for
12 weeks.

Determination of reproductive organs characteristics:
Atthe end of the 12 weeks feeding experiment, one ammal
from each of the replicates, making three per treatment
group were starved overnight, weighed and slaughtered
and thereafter dressed and dissected following standard
methods. The reproductive organs were harvested,
trimmed free of fats and adhering connective tissues. In
the male, the weight of the whole organ was recorded after
which the testes was carefully removed from its sac and
welghed. The epididymis was also weighed. The weight
of each testis was measured and recorded after the
epididymis had been trimmed off. The epididymis was
weighed after removing it from each testis. All weighing
was done using highly sensitive digital balance
(Adventurer RS 232).

Similarly, in the female, the whole reproductive tract
was separated from the carcass and trimmed free of
adhering fats and connecting tissues. The weight of the
whole tract was measured and recorded, after which the
ovary was carefully removed from the ovarian bursa at the
end of the infundibulum and weighed Again, the
mfundibulum was removed, followed by the oviduct and
weighed, while the uterine horn was removed from the
end of the two cervixes to the rosette projection of the
utero-tubal junction and also weighed.

Blood collection: Blood was collected from their throat
after severing the carotid artery and jugular vein. The
rabbit was first removed from the cage by holding it
securely on the scuff, held by the lund and fore limbs and
the neck from which the blood was to be collected with
the neck held downward. The blood was then collected
immediately mto a set of sterile plastic bottles without
anti-coagulant for serum biochemical tests.

Determination reproductive hormones: The blood
samples were allowed to coagulate to produce the sera
for the hormonal analyses. They were thereafter, taken
to the laboratory withuin 3 h of their collection for
analyses. The serum samples obtained were analyzed
the
and luteinizing in males and leutermizing hormone,
follicle stunulating hommone, prolactin, progesterone

to  determine concentrations of testosterone
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and estrogen in the females. The analysis was carried
with the ad of the tube-based enzyme
mmmunoassay (EIA) method. The protocol used for the
hormone was according to the method of Micaleft et al.
(1995) as described for the kit (BioCheck ELISA Assay,
USA).

out

Data analysis: Data collected on the different parameters
was subjected to Analysis of Variance (ANOVA)
(Steel and Torrie, 1980). The treatmment mean values were
tested for sigmificant differences by Duncan’s New
Multiple Range Test (SAS, 2000).

RESULTS AND DISCUSSION

The mineral content of the experimental diet and the
recommended standard values by Standard Organization
of Nigeria (Standards Orgamzation of Nigeria, 2003) were
presented in Table 2. The mineral content of the
commercial diet was very low for all the elements
considered when compared with the mineral requirements
stipulated by Standard Orgamization of Nigeria for such
commercial feeds. This clearly indicates the need for
mineral supplementation when using such feeds. The
present result agrees with that of Okoli et al. (2012) that
commercial feeds produced in Nigeria are sigmficantly
deficient in their mineral contents. Again, the values
obtained especially for sodium and magnesium were
below, the requirements for growing rabbits (Lebas et al,
1986).

Table 2: Mineral content analysis of the commercial grower ration

Parameters Quantity (mg L™ SON values (mg 100 g
Copper 108.0 0.50
T.ead <0.1 -
Total Iron 0.4 9.25
Cadmium 0.013 -
Chromium 0.1 -
Sodium <0.01 225.0
Magnesium 2.0 52.5
Potassilm 3.25 375.0
Calcium 940 1000.0
Manganese 2.8 5.75
Zinc 0.7 4.75
Nickel <0.001 -
Cobalt 0.6

Arsenic <0.001

Testicular morphometric characteristics: The data on
testicular morphometric characteristics of buck rabbits
supplemented varying levels of coconut shell ash
were presented in Table 3. The testicular weight of T,
bucks was generally higher than those of the other
groups and was specifically superior to those of T, and T,
(p<0.05). T, recorded significantly higher right, left and
paired values (p<t0.05) than T, and T, but similar to the
control.

From these results, increased supplementation of
cocomut shell ash beyond 2 g kg™ b.wt. tended to cause
a decrease in the testicular size of the bucks. The left
testis was observed to be relatively heavier when
compared with right testis. However, these ware not
significantly (p<0.05) different. The epididymal weight
values of T, on the other hand were generally higher than
those of the other groups. The T, values were specifically
significantly higher than the T, values (p<0.05). Agam, as
the coconut shell ash mclusion increased beyond
2 g kg™' b.wt., the epididymis weights decreased.

The testicular weights have been found to provide
valuable mformation m the evaluaton of sperm
production, breeding and fertility of the ammals. It is
specifically a good indicator of the present and future
sperm production of an animal (Tohman and Massanyi,
1997, Morris et al., 1978; Perry and Petterson, 2001;
Gualmessa et al, 2003). Larger testes (without any
abnormality have been reported to produce more sperm
than smaller testes (Oyeyemi et al., 2002; Brito et al., 2004;
Oyeyemi and Okediran, 2007). Morton (1988) reported that
decreased weight of testes indicates widespread or
diffuse lost of semiferous epithelia cells. The testes which
possess greater number of sertoli cells were heavier and
produced more sperm than testes with fewer sertoli cells
(Berndtson et al., 1987).

Female organ morphometric characteristics: The results
of female reproductive organ characteristics
presented in Table 4. The weights of the full reproductive
organ were between the values of 7.07-8.35 g. T,-value
was significantly higher than T, T; and T,.

Thus, the 1 g kg™ b.wt. supplementation of CSA
positively mfluenced the female reproductive organ

WEre

Table 3: Effect of coconut shell ash supplementation on testicular values of buck rabbits

Testicular parameters T, T, T, T, SEM

Weight of epididymis right (g) 0.16° 0.17° 0.28* 0.0% 0.0392
Weight of epididymis left (g) 0.15% 0.16" 0.25° 0.07 0.0368
Paired weight of epididymis (g) 0.30% 0.32% 0.53¢ 0.1¢ 0.0763
Testis weight right () 2.05% 3.50¢ 1.90% 1.87 0.3990
Testis weight left (2) 3.17% 3740 217 2.05 0.4060
Paired testis weight (g) 6.12% 7.28 4.15¢ 3.9 0.8063

Means within a row with different superscripts differ significantly (p<0.05)
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Table 4: Effect of coconut shell ash supplementation on female reproductive organ characteristics

Parameters T, T, T; T, SEM
Vagina (g) 1.14° 1.05 1.53¢ 1.19° 0.10
Left oviduct (g) 1.78 2.01° 1.36° 1.60%® 0.14
Right oviduct (2) 1.30° 1.92° 1.26° 1.46° 0.15
Paired oviduct (g) 3.00 3.93: 2.62° 3.06° 0.27
Uterine (g) 2.61% 2.97 2.87* 2.50° 0.11
Left ovary (g) 0.18" 0.21* 0.14* 017 0.014
Right ovary (g) 0.14v 0.19 0.13 0.16% 0.013
Paired ovary (2) 0.32% 0.40 0.268 0.32% 0.027
Full reproductive organ (g) 7.15° 8.35° 7.28" 7.07* 0.29
Means within a row with different superscripts differ significantly (p<0.05)

Table 5: Serum hormones characteristics of buck rabbits supplemented coconut shell ash (Cocos nucifera L) diet

Hormone T, T, T, T, SEM

Leutinizing (interstitial) cells stimulating hormone {mLp mL™") 1.2 1.2 0.2 0.6% 0.2449
Testosterone (ng ml.™") 28.8 27.5° 25.1° 27.5° 0.6524
Means within a row with different superscripts differ significantly (p<0.05)

Table 6: Serumn hormone concentrations of fernale rabbits fed varying levels of CSA

Parameters T, (0 gkg™! b.wt) T, (1 gkg™! bowt) T; (2gkg ' bwt) Ts Bg kg™ bowt) SEM
Leuternizing hormone(miu mL ™) 0.6 0.8 1.4 0.9% 0.18
Follicle stimulating hormone (miu mL ™) L.1* 4.6¢ 1.2 4.6 0.99
Prolactin (mg mL™!) 0.3 0.8% 1.10 1.10 0.18
Progesterone(mg mL™!) 63.4° 66.6° 67.2¢ 65.9% 0.83
Estrogen (pg mL™Y) 1359 1466° 1467 1476 27.75

Means within a row with different superscripts differ signitficantly (p<0.05)

characteristics indicating superior reproductive affinity in
the group receiving this level of supplementation.
Specifically, the T, values for right ovary, paired ovary
and whole reproductive organ were significantly higher
(p=10.05) than the values recorded for the other treatments.
T, values for left ovary was also significantly higher
(p<0.05) than the values recorded for T;, while T, on the
other hand recorded significantly higher vaginal weight
(p<0.05) than the rest. However, the ovarian weights
recorded 1n this study compared favorably with the values
of reported by Bitto (2007), Osuagwu (2004) and
Ogbuewu (2008) in rabbits.

Male reproductive hormones profile: The effect of CSA
supplementation on serum sex hormone concentrations of
buck rabbits were presented in Table 5. Values for the two
hormones assayed rose as a result of 1 g kg™ b.wt. CSA
supplementation but dropped at 2 g kg™ bwt and
subsequently increased again at 3 g kg~ ' supplementation
(p=0.05).

Serum sex hormone concentrations provide valuable
mnformation in rabbit breeding program. The increase in
the values of some of these hormones indicates that CSA
supplementation may be promoting hormone syntheses in
the growing rabbits. The serum testosterone level were
particularly above the normal range of 0.5-10 mg mL™"'
(Castro et al.,, 2002), while the luteimizing hormone levels
were below the normal range of 15-20 mg mL ™" reported
by Moor and Younglai (1975). The increasing

concentration of testosterone in the blood circulation
plays a role in metabolic functions throughout the body
by stimulating protein synthesis and muscle growth
(Osinowo, 2006). According to Kerr and Sharpe (2006) the
circulating LH in the male is responsible for maintaining
normal plasma testosterone concentration.

Female reproductive hormones profile: The serum
concentrations of the female hormones were presented in
Table 6. The values of the LH were within the range 0.6 to
1.4 u mL™". At 2 g kg™' b.wt. (T,) supplementation of
CSA, the value of LH doubled, while subsequent increase
in CSA supplementation caused decrease in values, which
was however still higher that the control and T, values.
Luteimzing hormone stimulates the secretion of sex
steroids from the gonads (Osinowo, 2006). The reports of
Gallo (1981) and Hashimoto et al. (1987) among several
others have demonstrated that the LH surges at the
pro-estrous stage are responsible for
Therefore, any substance capable of enhancing its release

ovulation.

would improve ovulation of mature follicles (Benie et al.,
2003; Ogbuewu, 2012).

The values of the Follicle Stimulating Hormones
(FSH) were within the range of 1.1 to 4.6 umL ™. T, and T,
groups recorded significantly higher (p<0.05) values of
4.6 pmL™" than T, and T,. The values of the prelactin
were within the ranges of 0.3 to 1.1 mg mL~". However,
increasing levels of CSA supplementation resulted in
increased serum values that stabilized at 1.1 mg mL.~" in T,
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and T,  FSH is essential for gonadal development and
maturation at puberty and gamete production during the
pubertal phases of development (Simom and Nieschlag,
1995).

The serum concentrations of progesterone were
within the range 63.4 to 67.2 mg mL™". The values
increased with CSA supplementation up to 2 g kg™ b.wt.
supplementation (67.2 mg mL™") but declined slightly to
65.9 mg mL.~" in the T, groups. The values of estrogen
were also within the range of 1359 to 1476 pg mL.~" and
increased with increasing values of CSA supplementation.

In non pregnant females undergoing normal
reproductive cycle, the progesterone level remains
relatively constant throughout the luteal phase of the
cycle and then mcreases rapidly following the ovulation
(Ubch et al., 2010). The increase in the concentration of
blood estrogen with increasing supplementation of CSA
in this study could therefore be attributed in part to
mcreased metabolic activity in the higher supplemented
animals, probably mduced by increased mineral uptake
and assimilation earlier observed in these animals
(Twu, 2012; Ebere, 2012). Tt is however important to note
that the levels of these hormones are influenced by the
cyclic stage of the female ammals and stage of
development, (pre-pubertal, pubertal and post pubertal).

CONCLUSION

The result of testicular morphometry showed that
1 to 2 g kg™’ b.wt. CSA supplementation could improve
the weight of testis, size and epididymal weights
indicating that up to 2 g kg™ b.wt. CSA supplementation
would support better testicular development of rabbits.
This was associated with increasing serum testosterone
concentration mndicating probably a CSA inducement of
umproved metabolic activity.

The present study also showed that 1 g kg™ b.wt.
was the optimal CSA supplementation rate in female
rabbits, since this led to improved weight of whole
reproductive tract, weight of ovary, weight of oviduct and
uterine weight. This was equally associated with
increased estrogen concentration, which increased with
mcreasing CSA supplementation.
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