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Abstract

Thirty six (36) weanling crossbred male rabbits (Chinchilla x New Zealand) with an average weight of 0.85kg
were allotted in a CRD to four experimental diets (16.55% CP and 2650 kcal ME/kg) or treatments and fed ad
libitum for 12weeks. Each treatment comprised of 9 rabbits in 3 replicates of three rabbits each. Treatments or
diets 2, 3 and 4 contained 0.1, 0.2 and 0.3% Cameroon Pepper Fruit Meal (CPFM) respectively while
Treatment/Diet 1 without CPFM (0%) served as the control. The Rabbits were housed in a three-tier iron hutch
(65cm x 66cmx 52cm). The daily weight gain, final body weight, feed efficiency and digestibility of dry matter,
ether extract and crude fibre were similar (p > 0.05) across treatments meaning that CPFM had no negative effect
on these parameters. Daily feed intake (69.10 — 89.07g) and protein intake (11.45 — 14.75g), feed conversion ratio
(6.38 — 9.98), protein efficiency ratio (1.39 — 1.82), metabolizable energy intake (177.12 — 228.03 kcal/kg), cost
of feed intake per rabbit (N651.47 — 820.05), cost of feed intake per kg body weight gain (N710.74 — 1093.81) and
digestibility of crude protein (77.75 — 84.54%) varied significantly (p < 0.05) across treatments. Feeding crossbred
weaner rabbits with diets containing up to 0.3% CPFM elicited optimum growth performance with the highest
value for weight gain, final body weight, protein intake, digestibility of protein, protein efficiency ratio and
efficiency of feed utilization; and a corresponding least value for feed conversion ratio and cost of feed per kg
body weight gain.
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1. Introduction

Shortage of protein in the diets of average Nigerians because of shortage in meat supply, high meat price and
poverty has led to malnutrition and other nutrition related diseases that lower general human productivity and
development in Africa. This warrants the exploration of protein supply from minilivestock like rabbit and the need
to promote its performance and productivity by harnessing locally available organic or herbal growth promoter
like Cameroon pepper.

Rabbits (Oryctalagus cuniculis L.) are herbivores that has been domesticated for human use as a fast and
cheap source of meat protein due to its fecundity, prolificacy, rapid growth rate, docility, small body size, low cost
of production as it require small initial capital, and ability to utilize and convert forage and agricultural by-products
to meat within short period of time besides others. Rabbit provides inexpensive source of meat that is low in
cholesterol and fat, high in protein compared with beef, mutton and pork (Oguike and Ohaja, 2009; Abu et al.,
2008). Rabbit appears to be the most suitable means of producing high animal protein for the expanding population
of the lesser developed countries and to correct malnutrition especially after war, socio-cultural and politically
motivated disturbances, and post- natural disaster era.

Pepper had been reported (Afolabi et al., 2017; Al-kassie et al., 2011) to be very high in some key vitamins
such as vitamins A, the B vitamin complex, vitamin C, vitamin K, niacin and minerals like calcium, iron, potassium
and manganese. Its high concentration of potassium is highly beneficial for the heart. Cameroon pepper is a type
of hot pepper that is common the Cross Rivers, Akwa Ibom and River states of Nigeria where few quantities were
produced and bulk of the Cameroon pepper consumed in these areas comes from Cameroon, hence the name
Cameroon pepper. Cameroon pepper is hotter than any other pepper and therefore small quantity of it is needed
in cooking.

Frequent pungency or hotness which is the most important flavour traits in pepper is a characteristic of the
genus capsicum and it is due to an alkaloid compound known as Capsaicinoids that are unique to capsicum (Kraft
etal..,2014; Rodriguez et al., 2010; Fattori et al., 2006). The Capsaicinoids are commonly called capsaicin because
it is the most prevalent among the Capsaicinoids followed by Dihydrocapsaicin, Nornordihydrocapsaicin,
Homocapsaicin; and Homodihydrocapsaicin that are considered the minor Capsaicinoids (Bosland, 1996).

Capsaicinoids, and capsaicin had been reported to possess a wide range of biological and physiological
activities that enable them to function as antioxidants (Bertdo et al., 2016; Materska and Peruka, 2005),
anticarcinogenics (Macho et al/, 2003), antimicrobial, anti-inflammatory and antitumor, besides its contribution to
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the control of diabetes and relieve of pain and symptoms of migraines, colds, psoriasis and kidney disorders (Das
et al., 2018; LV et al, 2015; Carlos et al., 2011). Capsaicinoids, and capsaicin also promotes energy metabolism
and suppress fat accumulation (Sancho ef a/; 2002; Ohnuki ef al; 2001). The health benefits of pepper has been
reported (LV et al, 2015) to include its possession of anti-irritant properties, ability to aid in breaking up and
moving or clearing congested mucus, anti-fungal properties, prevents migraine headache, aid digestion (it
stimulates the digestive tract, increasing the flow of enzyme production and gastric juices that aids in metabolizing
food and toxins), helpful for relieving intestinal gas by stimulating intestinal peristaltic motion, aiding in both
assimilation and elimination. Pepper also stimulate production of saliva, an important component of digestion and
maintaining optimal oral health, useful for blood clots and stimulate circulation in the body. It increases the pulse
of lymphatic and digestive rhythms. By heating the body, the natural process of detoxification is streamlined.
Consumption of pepper relief joint pain, has anti-bacterial properties, promotes longevity (people who eat spicy
foods have a 14% chance of living longer than those that don’t) and regular consumption of chili peppers had been
aligned with reduced rates of death from respiratory disease, heart problems and cancer (LV et al, 2015). Pepper
is an excellent preservative and had been used traditionally to preserve seeds and to prevent food contamination
from bacteria. (Wahba, 2007; Omolo et al., 2014).

Cameroon pepper is believed locally to supports weight loss by burning excess fats as it reduce triglycerides
and LDL cholesterol levels in obese individuals, promotes heart health, a remedy for toothache, topical remedy as
a poultice, to treat snake bites, rheumatism, sores, wounds, and lumbago.

There is dearth of information on the nutritive value and economy of Cameroon pepper fruit meal-based diets
in rabbits. The growth performance, economy and digestibility of nutrients by crossbred male weaner rabbits fed
varying dietary levels of Cameroon pepper fruit meal were hereby assessed.

2. Materials and Methods

2.1 Experimental site, Source and Management of Rabbits

The study was conducted at the Rabbitry unit of the Teaching and Research farm of the Department of Animal
Science, University of Uyo, Uyo, Akwa Ibom State, Nigeria. The Rabbits used for the study were sourced from
reputable farms in Uyo, Itu, Ibiono Ibom, Uruan and Ikono Local Government areas of Akwa Ibom state. Thirty
six (36) weanling crossbred male rabbits (Chinchilla x New Zealand) with an average weight of 0.85kg were used
for the study. The Rabbits were housed in a three-tier iron hutch. Each tier was made up of four cells measuring
65cm x 66cmx 52cm with three Rabbits per cell. The Rabbits were quarantined for two weeks within which they
were treated with prophylactic doses of antibiotics (1ml/kg), Ivomec (at 0.2ml/animal) and Coccidiostats to get rid
of the internal and external parasites. The experimental animals were randomly distributed into four treatments of
pelleted Cameroon pepper fruit meal-based diets. Each treatment was replicated three times with three animals per
replicate in a Completely Randomized Design (CRD).

2.2 Procurement of Test Ingredient

The Cameroon pepper (capsicum annum) fruits were purchased from Akpan Andem market which is not far from
the University of Uyo Teaching and Research Farm where the study was carried out. The Cameroon pepper fruits
were separated from the stalk remnant contained in the mixture, oven- dried, after which they were ground into
powder form and stored in an air tight plastic container in a dry place before use. The Cameroon pepper used
contained (AOAC, 2005) moisture, 9%; protein, 13.4%; ether extract, 6.8%; ash, 9%; crude fibre, 11.5%; Nitrogen
free extract-NFE, 50.3%; calcium, 180mg/100g; Zinc, 0.4mg/100g; Potassium, 35mg/100g; Magnesium,
75mg/100g; flavonoids, 1630mg/100g; B-carotenes, 2235u1g/100; Flavonoids 1630mg/100g.

2.3 Experimental Diets and Feeding Trials

The Rabbits used for the study were fed with formulated diets as shown in Table 1. Four experimental diets
containing varying levels of Cameroon pepper were formulated, compounded and pelletized. Wheat flour was
added to the formulated feed as a binder and the feed were pelletized using pelletizing machine of 0.5mm diameter
size. The diet containing the treatments comprised of varying percentages of Cameroon pepper of 0% (control),
0.1%, 0.2% and 0.3% respectively as shown in 1 below.
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Table 1.Composition of experimental diets containing varying dietary levels of CPFM fed to grower rabbits

Treatments/Diets 1 2 3 4
Levels of CPFM (%) 0 0.1 0.2 0.3
Ingredients (%):

Corn 38.0 38.0 38.0 38.0
Wheat Offal 24.0 23.9 23.8 23.7
Wheat Flour 2.0 2.0 2.0 2.0
Soybeans Meal 11.2 11.2 11.2 11.2
Palm Kernel Cake 21.0 21.0 21.0 21.0
Cameroon Pepper - 0.1 0.2 0.3
Bone ash 3.0 3.0 3.0 3.0
Salt 0.25 0.25 0.25 0.25
*Premix 0.25 0.25 0.25 0.25
L-Lysine 0.20 0.20 0.20 0.20
DL-Methionine 0.10 0.10 0.10 0.10
Total 100 100 100 100
Calculated analysis (%):

Metabolizable Energy (Kcal/kg) 2560 2560 2560 2560
Crude Protein 16.56 16.56 16.55 16.55
Ether Extract 4.64 4.64 4.64 4.64
Crude Fibre 9.17 9.17 9.16 9.16
Calcium 0.95 0.95 0.95 0.95
Total Phosphorus 0.87 0.87 0.87 0.87
Lysine 0.96 0.96 0.96 0.96
Methionine 0.32 0.32 0.32 0.32

CPFM =Cameroon pepper fruit meal.

*Supplied per kg diet: Vit. A, 8 x 10°; Vit. D3, 1.2 x 10°L.U; Vit.E, 7 x 103> mg; Vit. K3, 1.5 x 10° mg; Vit. B1,
2,000 mg; Vit. B2, 2.5 mg; Niacin, 15g; Pantothenic acid, 5.5 g; Vit. B6, 2g; Vit. B12, 10mg; Folic acid, 500mg;
Biotin H2, 500 mg; Choline chloride, 175 g; Cobalt, 200 mg; Copper, 3 g; lodine, 1 g; Iron, 21 g; Manganese, 40
g; Selenium, 200 mg; Zinc, 31 g; Anti-oxidant, 1.25 g.

The feeding trials lasted for twelve (12) weeks, after 14 days of preliminary trials. Feed and water were
supplied ad libitum. Parameters measured include the initial body weight, feed intake, weight gain, final body
weight, feed conversion ratio, efficiency of feed utilization, daily protein intake, protein efficiency ratio,
metabolizable energy intake, cost of feed per kg, cost of feed intake per rabbit, cost of feed intake per kg body
weight gain and percentage digestibility of feed nutrients.

Efficiency of Feed Utilization (EFU) is the ratio of body weight gain to feed intake; while daily protein intake
is the product of feed intake and the crude protein content of the feed. Protein Efficiency Ratio (PER) is the ratio
of daily weight gain to the daily protein intake. Metabolizable Energy (ME) Intake were calculated as ME/kg x
feed intake (kg). The costs of feed were calculated based on the current price of ingredients per kg during the
experimental period.

2.4 Digestibility of nutrients

The digestibility of feed nutrients was also determined by serving 50g of feed per animal per day. Faecal output
was collected and weighed after 24 hours of feeding for seven days and oven dried on daily basis to determine the
dry matter content. Digestibility of nutrients was then calculated in percentage as Nutrient absorbed + nutrients in
feed x 100. While nutrients absorbed were calculated as nutrient in feed minus the nutrients in faeces.

2.5 Laboratory analysis
The proximate composition of dried Cameroon pepper fruit meal, experimental feed and feacal samples were
determined (AOAC, 2005) in the laboratory.

2.6 Statistical Analysis
Data obtained from the study were subjected to analysis of variance (ANOVA) in a Completely Randomized
Design (CRD) and the means were separated with DMRT option of the software. (SPSS, 2013).

3. Results and Discussion

Growth performance and economy of rabbits fed varying dietary levels of Cameroon Pepper Fruit Meal (CPFM)
is as shown in Table 2 below. The initial body weight (803.33 — 916.67g) of experimental animals that ranged
between 803.33 and 916.67g were similar. The daily weight gain (8.67 — 10.99g), final body weight (1531.33 —
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1760.03g), EFU (0.12 — 0.16) obtained for rabbits in this study were similar (p > 0.05) across treatments meaning
that diets with Cameron pepper had no negative effect on these parameters.

Daily Feed Intake (FI) (69.10 — 89.07g) varied significantly. Feeding rabbits with 0.1% dietary level of CPFM
enhanced the daily FI (89.07g/rabbit/day) and was significantly higher than what obtained for those on 0.2 and
0.3% dietary CPFM. The FI was increased by the stimulating substances (Capsaicin, ascorbic acid and vitamins)
in Cameroon pepper; and further increase in the dietary pepper levels/content made the feed to be hotter, pungent,
acidic or pepperish which reduced the feed intake. Frequent pungency or hotness which is the most important
flavour traits in pepper is a characteristic of the genus capsicum and it is due to an alkaloid compound known as
Capsaicinoids that are unique to capsicum (Kraft ef al.., 2014; Rodriguez et al., 2010; Fattori et al., 2006).
Generally, peppers had been implicated to aid digestion by stimulating the digestive tract which increase the flow
of enzyme production and gastric juices that aids in metabolizing food and toxins. It is helpful for relieving
intestinal gas by stimulating intestinal peristaltic motion, aiding in both assimilation and elimination. Pepper also
stimulate production of saliva, an important component of digestion and maintaining optimal oral health.

Despite the reduction in FI with increasing levels of Cameroon pepper in the diets the weight gain and the
final body weights were not significantly different (p > 0.05) meaning that the inclusion of the pepper had improved
the efficiency of feed utilization by saving the farmer cost of production as a result of reduction in feed intake.
This is reflected in the numerical decrease and increase in the FCR and EFU respectively in rabbits fed beyond
0.1% dietary CPFM. Hencken (1991) explained that pepper is rich in vitamin C, which has a considerable impact
on improving production through contributing to the reduction of heat stress. Pawar., et al (2011) also suggested
that Capsaicin is an important anti-oxidant that is capable of reducing the feed conversion efficiency of animals.
Similarly, Ndelekwute et al., (2015) also reported that live weight, feed intake, weight gain, feed: gain ratio and
protein efficiency ratio of broilers were negatively affected by 0.75 and 1.0% inclusion of dietary black pepper
(Piper nigrum) to their feeds.

The daily protein intake (11.45 — 14.75g), metabolizable energy intake (177.12 —228.03), FCR (6.38 —9.98),
cost of FI per kg BWG (N710.74 — 1093.81) of rabbits fed diet with 0.1% CPFM were similar with those on control
diet, but decreased significantly for rabbits fed beyond 0.1% dietary CPFM. The daily protein intake of rabbits
was highest on rabbits fed diet with 0.1% CPFM (14.75g) and significantly lower in rabbits fed diets with 0.2 and
0.3% CPFM (11.45 and 11.52g respectively) compared to what obtained for rabbits on control diet (12.58g). This
implies that CPFM positively influenced the protein intake of rabbits at 0.1% dietary inclusion level than at other
levels.

The protein efficiency ratio of rabbits fed varying dietary levels of CPFM was significantly higher in rabbits
fed 0.3% CPFM (1.82) and was lowest for rabbits fed diet with 0.1% CPFM (1.39) meaning that at 0.3% dietary
CPFM, the animals’ ability to utilize the protein contained in their feed for body building process is higher than at
0.1% dietary level. This could also be linked to better protein digestibility as observed in this study (Table 3) where
digestibility of protein increased with increasing levels of Cameroon pepper in rabbits diet from those on control
diets (77.75%) to 84.54% in those fed 0.3% dietary CPFM. Jang et al., (2004) and Sirinivasan, (2007) also reported
that Capsaicin, the active ingredient in pepper has properties that include stimulation of digestive enzymes, saliva,
hydrochloric acid and mucus; anti-oxidation effect, ability to improve the number and height of villi, reduction in
crypt depth, anti-flatulence ability and anti-microbial activity. The presence of protein in feeds of animals is very
important hence, feeds with some concentration of Cameroon pepper is recommended as evidenced in this study.

Metabolizable energy intake (MEI) of the rabbits reduced as the concentration of CPFM in the diet increased.
METI decreased from 228.03 Kcal at 0.1% dietary level of CPFM to 178.13 Kcal in those fed diet with 0.3% CPFM
signaling a reduction in the feed intake with increase in the digestibilities of feeds’ dry matter and nutrients (protein,
oil, fibre and possibly minerals) by the rabbits. MEI sharply increased with 0.1% Cameroon pepper and dropped
as the concentration of Cameroon pepper increased to 0.2 and 0.3% showing a significant (p <0.05) difference
from the control. It follow the trend of feed intake.

The cost of feed per kg (N109.07 — 111.46), protein efficiency ratio (1.39 — 1.82) increased from the control
diet (TI) to treatment 4 (0.3% CPBD) as the levels of Cameroon pepper increased in the diets. Cost of FI per kg
BWG decreased significantly for rabbits fed beyond 0.1% dietary CPFM and the least/most economical value
(N710.74) was obtained for rabbits fed diet with 0.3% CPFM. Afolabi et al., (2017) obtained the same trend of
decrease in the cost of feed intake per kg BWG as the level of hot red pepper increased in broiler’s diet.

The best performance was obtained for rabbits fed 0.3% dietary CPFM (T4) that had the highest value for
weight gain, final body weight, protein intake, protein efficiency ratio and efficiency of feed utilization with a
corresponding least value for feed conversion ratio and cost of feed per kg body weight gain. The result obtained
corroborates the earlier reports (Afolabi et al, 2017; El-Tazi, 2014; El-Deek et al., 2012; El-Husseiny et al., 2002)
who obtained a better performance and a higher net profit in broilers fed diets with hot red pepper over those on
control diet without the pepper. Cameroon pepper can therefore be considered as a potential growth promoter in
rabbits.
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Table 2: Growth Performance and economy of Rabbits fed varying dietary levels of CPFM

Treatments 1 (control) 2 3 4 SEM
Levels of CPFM (%) 0 0.1 0.2 0.3

Parameters:

Initial body weight (g) 846.67 916.67 803.33 836.67 14.88
Daily Feed intake/Rabbit (g) 75.95%® 89.07* 69.10° 69.59° 3.21
Daily wt. gain/Rabbit (g) 8.76 9.15 8.67 10.99 0.57
Final Body weight/Rabbit(g) 1582.71 1685.47 1531.33 1760.03 47.72
FCR 8.80% 9.98% 8.092 6.38° 0.42
Efficiency of Feed Utilization 0.12 0.13 0.13 0.16 0.03
Cost of FI/Rabbit(™) 696.86% 820.05* 644.70° 651.47° 28.78
Daily protein Intake (%) 12.58% 14.75° 11.45° 11.52° 0.53
Protein Efficiency Ratio (%) 1.49% 1.39° 1.59% 1.822 0.07
ME Intake/rabbits(Kcal) 194.443> 228.03* 177.12° 178.13° 8.22
Cost of FI/kg BWG(N) 959.8130 1093.812 897.79% 710.74° 56.14
Cost of feed per kg (N) 109.07 109.60 110.93 111.46 -

SEM = Standard Error Mean, CPFM =Cameroon pepper fruit meal, FI = Feed intake; FCR= Feed Conversion
Ratio, BWG= Body weight gain. ME= Metabolizable energy.

The digestibility of nutrients by rabbits fed varying dietary levels of CPFM is as shown in table 3 below.
Digestibility of dry matter (43.31 — 50.85%), ether extract (81.36 — 83.69%) and crude fibre (55.69 — 63.11%)
were similar across treatments, meaning that Cameroon pepper had no significant effect on their digestibility in
weaner rabbits. Digestibility of protein (77.75 — 84.54%) however was significantly different. Digestibility of CP
in rabbits on control diet (Treatment 1) and diet with 0.1% CPFM were similar just as those on 0.1 — 0.3% dietary
CPFM were also similar. The CP digestibility in rabbits fed diets with 0.2 and 0.3% CPFM were significantly
higher than what obtained for these on control diet without CPFM, meaning that Cameroon pepper increased the
digestibility of protein in grower rabbits, hence the increasing protein efficiency ratio from 1.49 to 1.82. Sirinivasan,
(2007) reported that the active ingredient in pepper (Capsaicin) has properties that include stimulation of digestive
enzymes, saliva, hydrochloric acid and mucus; anti-oxidation effect, ability to improve the number and height of
villi, reduction in crypt depth, anti-flatulence ability and anti-microbial activity that can aid digestion and
absorption of nutrients into the animal body.

Table 3: Digestibility of nutrients by rabbits fed varying dietary levels of CPFM

Treatments 1(control) 2 3 4 SEM
Levels of CPFM (%) 0 0.1 0.2 0.3

Parameters (%):

Dry Matter 43.31° 47.712 49.79* 50.85° 0.99
Crude Protein 77.75° 81.79% 84.08° 84.54° 1.11
Ether Extract 81.36 82.96 83.13 83.69 1.52
Crude Fibre 55.69 60.31 63.11 60.31 1.64

SEM = Standard error mean, CPFM =Cameroon pepper fruit meal.

4. Conclusion
e Feeding crossbred weaner rabbits up to 0.3% dietary Cameroon pepper fruit meal elicited optimum
growth performance with the highest value for weight gain, final body weight, protein intake, digestibility
of protein, protein efficiency ratio and efficiency of feed utilization; and a corresponding least value for
feed conversion ratio and cost of feed per kg body weight gain.
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