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Abstract

The nutrient digestibility and blood profile of mixed breed grower rabbits fed aflatoxin contaminated diets
containing sweet orange (Citrus sinensis) peel meal were evaluated in an 8-week feeding trial. Aspergillus
flavus (NRRL 1999) was cultured and used for aflatoxin production in inoculated groundnut cake using the
solid state fermentation method. Treated groundnut cake was incubated for seven days with incremental
incubation temperature from 20-25°C. The groundnut cake was autoclaved, milled and, aflatoxin extracted
from 10 g sample of the milled cake with 50 ml chloroform, and its concentration quantified by TLC.
Treated groundnut cake was included at 0, 50, 100 and 150 gram in grower rabbit basal diets containing
5% sweet orange peel to produce diets T1, T2, T3 and T4 having 0 ppb, 50 ppb, 100 ppb, 150 ppb levels of
aflatoxin, respectively. Twenty four healthy mixed breed grower rabbits of between six to eight (6-8) weeks
old used were randomly allocated to these dietary treatments. Significant (p<0.05) decreases occured in
the digestibility of nitrogen free extract, ether extract and dry matter for rabbits fed 100ppb aflatoxin
contaminated diet whereas, digestibilities of crude protein, and crude fibre were not significantly (p>0.05)
affected among the treatments. Packed cell volume and mean corpuscular volume, serum albumin, urea,
glucose and cholesterol differed significantly (p<0.05) but, red blood cell and white blood cell counts,
haemoglobin, mean corpuscular haemoglobin, total protein and globulin did not (p>0.05) among the
treatments. The declining nutrient digestibility, coupled with the deviations of PCV and MCV and, serum
albumin, urea, glucose and cholesterol from normal physiological values showed the health risk associated
with the feeding aflatoxin contaminated diet. The incorporation of sweet orange peel meal at 5% level in
grower rabbit diet cannot mitigate the adverse effect of aflatoxin on nutrient digestibility and health.
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Description of Problem

The exorbitant prices of livestock feeds in
many developing countries including Nigeria
and, the shortage of conventional proteins and
energy concentrates for the formulation of
feeds have geared up a double-pronged
approach to overcoming this problem. First, is
the search for alternative animal feed resources
that are cheap and readily available as protein
and energy sources. Second, is the focus on

nutritional strategies that can translate these
alternative feeds into beneficial use by poultry,
pigs and rabbits, which are the animal types of
choice in fast-tracking the production of
animal protein for human consumption. It has
been reported, that one possible solution to the
increasing shortage of meat production
problem is by using pseudo-ruminant species
such as rabbits (1). Rabbit meat is considered
an important protein source to human due to
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the higher quality and lower fat content.

Aside, the on-going search for cheaper
feed resources, improving the nutritional
strategies to enhance greater productivity of
rabbits fed non-conventional feedstuffs is also
tied to efficient nutrient utilization of available
feed ingredients by rabbits. The digestibility
and more effective utilization of nutrients by
rabbits are being threatened by aflatoxin
contamination in feeds. Poor growth and feed
conversion among other loses attributed to
aflatoxin contamination are brought about by
poor digestibility and utilization (2). Aflatoxin
is known to cause a wide range of metabolic
changes in poultry and rabbits associated with
reduced digestive enzyme activities, immuno-
suppression and liver damage (3). Aflatoxin
contaminated feeds decreased the activities of
several enzymes important for digestion of
proteins, lipid and nucleic acid in broiler
chicken. Citrus peel contains essential oils
(90% D-Limonene) which are well known
antimicrobial agents (4).  D-limonene in
orange and lemon oil is inhibitory to mold
growth and aflatoxin production (5,6). It has
been reported that biodegraded sweet orange
peel can be used to substitute maize in the diets
of rabbits (7,8) The consequences of which
will be cost reduction in rabbit feeding and
making rabbit meat available at cheaper rate
per unit weight and, taking advantage of the
presence of D-limonene in the sweet orange
peel to possibly handle the presence of
aflatoxin in rabbit diets. The objective of this
study was to evaluate the potential of sweet
orange peels to mitigate the effect of aflatoxin
contaminated diets on the nutrient digestibility
and blood profile of grower rabbits.

Materials and Methods

Experimental site: The study was conducted
at the Rabbitary unit on the Livestock Farm of
the Teaching and Research Farm, Federal
University of Agriculture, Makurdi, Nigeria.

Makurdi is located between latitude 7°44' N
and longitude 8°21' E in the Guinea savanna
zone of West Africa (9). The area has an
annual rainfall lasting between 6-8 months
(March-October) and ranging from 508 to
1016 mm, a minimum temperature range of
24.20 +1.4 °C, maximum temperature range of
36.33 +3.70 °C and relative humidity between
39.50 + 2.20% and 64.00 + 4.80% (9).

Production and quantification of Aflatoxin:
The fungal culture used was Aspergillus flavus
(NRRL 1999) for aflatoxin production.
Aflatoxin was produced in groundnut cake by
employing solid substrate  fermentation
method. Groundnut cake was inoculated with a
spore suspension of Aspergillus flavus (NRRL
1999) and the treated groundnut cake was then
incubated for 7 days with incremental
increases in the incubation temperature from
20 - 25 °C. The groundnut cake was then
autoclaved at 121 °C for 30 minutes to kill the
mold. It was then washed, dried, and ground to
fine particles. Aflatoxin was extracted from 10
g sample of the ground cake powder with 50
ml chloroform, and its concentration quantified
by Thin Layer Chromatography (TLC) at the
Pathology unit, International Institute for
Tropical Agriculture (1ITA), Ibadan, Nigeria.

Experimental diets

The experimental diets were prepared from the
mixture of maize, groundnut cake, full-fat
soyabean, sweet orange peel meal, rice offal,
brewers’ dried grain, bone ash, mineral-
vitamin premix and common salt. Treated
groundnut cake was included at 0, 50, 100 and
150 gram in grower rabbit basal diets
containing 5% sweet orange peel to produce
diets T1, T2, T3 and T4 having 0 ppb, 50 ppb,
100 ppb, 150 ppb levels of aflatoxin,
respectively (Table 1).
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Table 1: Composition of experimental diets

Diets

Ingredients T1 T2 T3 T4
Maize 30.00 30.00 30.00 30.00
Groundnut cake 10.00 10.00 10.00 10.00
Full fat soyabean 15.00 15.00 15.00 15.00
Sweet orange peel 5.00 5.00 5.00 5.00
Rice offal 20.00 20.00 20.00 20.00
Brewers’ dried grain 16.00 16.00 16.00 16.00
Bone ash 3.50 3.50 3.50 3.50
Mineral-vitamin premix 0.25 0.25 0.25 0.25
Common salt 0.25 0.25 0.25 0.25
Aflatoxin - + ++ +++
Total 100 100 100 100
Calculated Nutrients

Crude protein (%) 18.71 18.71 18.71 18.71
Crude fibre (%) 12.26 12.26 12.26 12.26
Ash (%) 6.78 6.78 6.78 6.78
ME (kcal/kg) 2582 2582 2582 2582

Each 1kg of Mineral-vitamin premix manufactured by BEAUTS Co. Inc. Man, U.S.A., contains Vitamin A
220,000, Vitamin D 66,000, Vitamin K 88 mg; Vitamin B12, 0.76 mg, Niacin 1122 mg, Calcium 27%, Phosp-
orus 10%, Iron 0.6%, Zinc 0.35%, Manganese 0.25%, Copper 0.06%; lodine 0.002%, Cobalt 26 ppm,

Selenium 4 ppm

- = 0 ppb aflatoxin, + = 50 ppb aflatoxin, ++ = 100 ppb aflatoxin, +++ = 150 ppb aflatoxin

Experimental animals and management

A total of twenty four (24) apparently
healthy mixed breed grower rabbits of about
six to eight (6-8) weeks old were used for an
eight week feeding trial. The cages, feeders
and drinkers were properly washed and
disinfected using izal seven (7) days before the
arrival of the rabbits. On arrival, the rabbits
were housed individually in 40 x 60 x 40 cm®
cages having wire mesh floor 1m above the
ground. The feeders were made using empty
beverage tins with a 1 cm portion of the
opening turned in to prevent feed wastage.

Each cage had a feeder and a plastic drinker,
both of which were firmly fixed to prevent
being tipped over. An adaptation period of
seven (7) days was given for the experimental
animals to acclimatize to the environment. The
rabbits will be grouped into four (4) of similar
weight.

Digestibility trial

At the seventh week of the feeding trial,
three rabbits, with live weight similar to the
treatment average live weight, were selected
from each treatment and used for the
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digestibility trial according to the European
reference method for rabbit digestion trial (10).
Faecal collection was done for five (5) days
and during this period, the rabbits were fed
90% of their daily feed intake per day. Nylon
net was tied under individual cages for daily
faecal collection. Prior to the commencement
of faecal collection, the rabbits were deprived
of feed for 18 hours to ensure that faeces
collected correspond to the feed offered. Fresh
wet faecal droppings from each replicate were
weighed, oven- dried at 75 °C for 24 hours and
re-weighed. At the end of the digestibility
study, collected faeces from each replicate
were bulked, thoroughly mixed together and
ground. Samples of the ground faeces were
stored in airtight sample bottles for proximate
analysis. The experimental diets and faecal
samples from each of the four dietary
treatments were analysed for their proximate
composition using the Standard methods (11)
at the Animal Care Feed Analysis and Quality
Control Laboratory, Ogere-Remo, Ogun State,
Nigeria. The digestibility coefficient was
calculated using the following equation:
Apparent digestibility = [(Nutrient in feed-
Nutrient in faeces)/Nutrient in feed] x 100

Blood profile evaluation

Haematological indices determined were
red blood cell count (RBC), white blood cell
count (WBC), haemoglobin concentration
(Hb), packed cell volume (PCV), mean
corpuscular volume (MCV) and mean
corpuscular haemoglobin (MCH). Serum total
protein, globulin and blood urea were analysed
using Sigma kids, serum glucose was analysed
according to the procedure of (12) and serum
cholesterol according to (13).

Statistical analysis
All the data generated were subjected to the
Analysis of Variance (ANOVA) using (14).

The means of significantly different data were
separated using Duncan’s Multiple Range
Test.

Results and Discussion

The coefficient of digestibility of the
experimental diets is shown in Table 2. The
aflatoxin contaminated diets did not have
significant effect (p>0.05) on the coefficient of
digestibilities of crude protein and crude fibre.
The coefficient of digestibility of crude protein
was high ranging from 72.02% to 84.91% but,
that of crude fibre was low ranging from
31.59% to 51.51%. Coefficient of digestibility
of crude fibre in this study was low compared
to values reported by other researchers (15,16).
Rabbits are hindgut fermenters and, they
possess inherent capability to digest fibre. The
apparent low crude fibre digestibility obtained
suggest that the dietary crude fibre may be
high in the neutral detergent fibre (NDF) and
acid detergent fibre (ADF) which are fibre
fractions partially digestible or more difficult
to digest (17), by the activities of the intestinal
microflora. There was significant difference
(p<0.05) observed among treatments for the
coefficient of digestibilities of dry matter, ether
extract and nitrogen free extract. The
coefficient of digestibility for each of the dry
matter, ether extract and nitrogen free extract
by the rabbits was significantly higher
(p<0.05) in T1, T2 and T4, suggesting that the
digestibility of these nutrients were depressed
by aflatoxin contaminated diet Ts while, the
rabbits in the other diet groups were not
affected negatively. Thus, digestibility result
for all the nutrients seems to show better
utilization by rabbits with the exception of
those in Ts;. The high digestibility of NFE
showed that it contained a fairly high readily
available carbohydrates which the
carbohydrate based enzymes in the stomach
were able to act upon.
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Table 2: Coefficient of digestibility by rabbits fed sweet orange (Citrus sinensis) peel meal

in Aflatoxin contaminated diets

Diets
Parameters T T2 T3 T4 SEM
Dry matter 74272 76.572 60.69° 71.1720 2.40*
Crude protein 79.93 84.91 72.02 77.54 2.14ns
Ether extract 81.24a 81.31a 55.56> 7453 2.15*
Crude fibre 51.51 51.14 31.59 46.08 4.20ns
Nitrogen free extract 77.322 76.722 63.33 74422 2.13*

®\eans on the same row with different superscripts are significantly different (p<0.05), SEM = Standard
Error of Mean, *Significant difference (p<0.05), ®Not significantly different (p>0.05)
T1 =- (0 ppb aflatoxin), T2 = + (50 ppb aflatoxin), T3 = ++ (100 ppb aflatoxin), T4 = +++ (150 ppb aflatoxin)

Table 3: Haematological indices of rabbits fed sweet orange (Citrus sinensis) peel meal in

Aflatoxin contaminated diets

Diets
Parameters T T2 Ts Ta SEM
Red blood cell x108/ul 7.53 8.00 7.74 7.46 0.25ns
White blood cell x103/ul 9.53 9.36 12.46 9.40 0.52ns
Haemoglobin (g/dl) 14.03 10.50 10.63 11.53 2.28n
Packed cell volume (%) 34.662b 33.00b 33.63ab 37.102 0.59*
MCV (fl) 65.762 39.26¢ 42.43bc 46.23b 0.56"
MCH (g/dI) 19.56 13.33 13.46 1453 0.21ns

®Means on the same row with different superscripts are significantly different (p<0.05), SEM = Standard Error of
Mean, *Significant difference (p<0.05), ®Not significantly different (p>0.05)
T1 =- (0 ppb aflatoxin), T2 = + (50 ppb aflatoxin), T3 = ++ (100 ppb aflatoxin), T4 = +++ (150 ppb aflatoxin)

The haematological parameters of rabbits fed
diet containing sweet orange (Citrus sinensis)
peel in aflatoxin contaminated diets is
presented in Table 3. Significant (p<0.05)
values were obtained for packed cell volume
(PCV) and mean corpuscular volume (MCV).
The Packed cell volume values of 33.00 -
37.10% obtained in this study were within the
normal range of 26.7 - 47.2% and 25 - 45%
(18) and (19), respectively for normal rabbits.
Non-significant (p>0.05) values were obtained
for haemoglobin concentration (Hb), white
blood cell (WBC), red blood cell (RBC) and
mean corpuscular haemoglobin  (MCH).
Haemoglobin values of 105 - 115 g/dl
recorded in this study was lower than the
normal range of 11.6 - 14.0 g/dl for normal

rabbits (20). It was observed that rabbits on the
SOP in the aflatoxin contaminated diets had
lower Hb concentration. This could be an
indication of impaired availability of nutrient
in the diet that could cause anaemic condition
due to the aflatoxin toxicity. It has been

reported that decrease in haemoglobin
concentration results in normocytic
normochromic anaemia in aflatoxin

application alone (21). Furthermore, broiler
chicks given 2.5 mg aflatoxin per kg diet
showed decreased haemoglobin (22). It has
been found that even small amount of aflatoxin
are dangerous for animal health because of its
detrimental effect on haematology (23). The
red blood cell counts of 7.53 - 8.00 x 10° l
obtained in the study was skewed towards the
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upper limit of 3.7 - 7.5 x 10° pl (18) for normal
rabbit and did not agree with the report of (24)
that red blood cell levels were decreased in
aflatoxin group compared with the other
groups. The effect of experimental diets on
white blood cell gave counts which were
within the normal range of 5.2 — 16.5 x 10° pl
(18) but, tended to be high, similar to the trend
given by the red blood cell. Some workers (18)
reported that increase in white blood cell
occurred in aflatoxin contaminated diets as an
indication that the toxin elicited an
inflammatory response. The MCV for the

rabbits on T2, T3 and T4 were significantly
lower than the MCV for the rabbits in T1.
They varied from 39.26 — 46.23 fl and were
lower than the 58.0 — 76.6 fl for normal rabbits
(18). The variation in the MCH showed
depressed values in the rabbits on sweet orange
peel in aflatoxin contaminated diets similar to
the pattern observed in MCV. It has been
found out that MCV and MCH values were
depressed and, increased the sedimentation
rate by aflatoxin in broilers (23). Other
workers (25) also reported decrease in MCV
counts.

Table 4: Serum biochemical indices of rabbits fed sweet orange peel (Citrus sinensis) meal

in Aflatoxin contaminated diets

Diets
Parameters T1 T2 T3 T4 SEM
Total Protein (g/dl) 5.30 6.10 6.53 5.76 1.89ns
Albumin (mg/di) 4,63 5.06° 4,73 4.360 0.81°
Globulin (mg/dl) 0.67 1.04 1.70 1.40 0.70ns
Urea (mg/dl) 29.93¢ 40.90% 40.97a 40.57° 3.50°
Glucose (mg/dl) 65.102 19.73p 18.43p 12.40¢ 0.62"
Cholesterol (mg/dl) 73.33° 208.33¢ 212.67¢ 201.672 3.29'

®Means on the same row with different superscripts are significantly different (p<0.05), SEM = Standard Error of

Mean, *(p<0.05), “Not significantly different (p>0.05)

T1 = - (0 ppb aflatoxin), T2 = + (50 ppb aflatoxin), T3 =++ (100 ppb aflatoxin),

T4 = +++ (150 ppb aflatoxin)

The serum biochemical parameters are
presented in Table 4. Feeding rabbits with
diets containing sweet orange  peel
contaminated with aflatoxin had significant
effect on (p<0.05) on albumin, urea, glucose
and cholesterol. The total protein and globulin
were not affected significantly (p>0.05). The
significant effect of the experimental diets on
the serum albumin appeared to be more
pronounced in the elevated values obtained for
rabbits in groups contaminated with aflatoxin
which were higher than for the rabbits in the
control group. Although the albumin values of
4.36 to 5.06 mg/dl obtained in this study were
within the normal reference values of 2.4 to

6.10 mg/dl (20), it has been reported that
abnormal high values are indications of liver
disease and chronic enteropathy (19). The
serum urea nitrogen for the control diet was
within the range of 30 - 37.3mg/dl reference
value (19) whereas, high levels were observed
in other diet groups contaminated by aflatoxin.
Blood urea level is influenced by the protein
quality and, high urea level in blood is an
indication that low protein quality was utilized
by the rabbits (26). The result was also in
agreement with the findings of (27) and (22).
Balanced diets were fed to the experimental
rabbits irrespective of their dietary groups.
Thus, the high urea nitrogen levels in T2, T3
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and T4 showed that the presence of aflatoxin
reduced the dietary protein quality. Serum
glucose level in rabbits of 65.10 mg/dl was
recorded in the control diet (T, while, the
lowest value of 12.04 mg/dl was recorded in
T, This revealed a significant reduction in
serum glucose concentration of experimental
animals in diet groups contaminated with
aflatoxin. Similar changes have also been
reported in other studies (21,22). Aflatoxin
contamination in feed has the tendency to
induce hypoglycaemia in rabbits (27) a
condition caused by low blood glucose level
which in extreme cases results in death. The
significant increase in the cholesterol level in
treatment diets containing aflatoxin gave a
variation from 73.33 to 212.67 mg/dl. The
rabbits in the control diet had the lowest
cholesterol. According to (25), aflatoxin
ingestion in diets contributed to inducing the
coronary condition that results in ill health
when the serum cholesterol is high.

Conclusion and Applications

1. Rabbits fed sweet orange peel based-diets
with aflatoxin contamination showed
decreased nutrient digestibility.

2. Blood values of packed cell volume,
mean corpuscular volume, and the serum
values of albumin, urea, glucose and
cholesterol differed from normal, which
is an indication that there is health risk in
feeding aflatoxin contaminated diet.

3. Sweet orange peel at 5% inclusion level
in grower rabbit diet cannot be used to
mitigate adverse effect of aflatoxin on
nutrient digestibility and health.

Nutrient digestibility by rabbits showed a
declining trend in the aflatoxin contaminated
diets which will cause a reduction in nutrient
availability for growth with such feed. The
deviations of the packed cell volume (PCV),
mean corpuscular volume (MCV), serum

albumin, urea, glucose and cholesterol from
the normal physiological values showed the
health  risk associated with aflatoxin
contaminated feed. Thus, the incorporation of
sweet orange peel at 5% level in grower rabbit
diet cannot mitigate the adverse effect of
aflatoxin on nutrient digestibility and health.
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