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Nutrition and Physiology
Effect of pawpaw (Carica papaya) leaf meal on productive parameters of growing rabbits

P.C. Jiwuba*

Department of Animal Health and Production Technology, Federal College of Agriculture, P.M.B. 7008, Ishiagu, Ebonyi State, Nigeria

(Manuscript received 25 December 2017; accepted for publication 9 March 2018)

Abstract. A 56-day feeding trial was conducted to investigate the productive performance, carcass yield and organ characteristics of growing rabbits fed diets
containing pawpaw leaf meal (PLM). A total of forty-eight (48) growing rabbits with an average body weight range of 477.01g were randomly divided into four
experimental groups of twelve animals each, with four rabbits constituting a replicate. Four experimental diets were formulated and designatedas T, T, T,and
T to contain PLM at 0%, 15%, 30% and 45%, respectively. The four treatment groups were assigned the four diets in a Completely Randomized Design (CRD).
Each rabbit received an assigned diet for 56 days. The determined chemical composition of the experimental diets ranges from 90.46-92.91% dry matter (DM),
16.70-17.44% crude protein (CP), 15.40-16.45% crude fibre (CF), 3.29-8.09% ash, 2.30-3.11% ether extract (EE), 49.34-52.89% nitrogen free extract (NFE)
and 2550.05-2604.10 Kcallkg metabolisable energy (ME). The proximate analysis of the PLM revealed 87.67% DM, 17.30% CP, 12.86% CF, 8.88% ash,
0.81% EE 47.82% NFE and 2348.05 Kcal/kg ME. The results on productive performance showed significant (p<0.05) improvement with the inclusion of PLM in
the diets for final body weight, daily weight gain, total feed intake and daily feed intake. Similarly, the live weight at slaughter, dressing percentage, loin, back cut
and gastro intestinal weight (GIT) were significantly (p<0.05) better and higher for the treatment groups in comparison with the control. It was concluded
therefore that PLM is rich in essential nutrients and therefore suitable for inclusion in rabbit ration up to 45% for improved live weight, weight gain, feed intake

and carcass and organ yields.

Keywords: rabbits, pawpaw leaves, feed intake, body weight, carcass and organ parameters

Introduction

Rabbit is a pseudo-ruminant which utilizes fibre better than the
other monogastric animals (pig and poultry) due to its enlarged
caecum which enables a unique type of digestion known as
ceacotrophy or coprophagy (bacteria digestion). This may further
explain why rabbits can survive on a variety of forage and convert
them rapidly into useful animal protein. Meat from rabbit is tender,
highly nutritious, easily digestible, and extremely low in cholesterol
and sodium, hence suitable for people with various health
conditions. Rabbits are highly prolific animals capable of increasing
the animal protein intake in developed and developing countries.
Their reputation for fast growth, short gestation period, early
maturity, easy management, remarkable capacity to convert
roughages into meat, low cost of production (Jiwuba et al., 2016),
high dressing percentage, ability to adapt to a wide range of climatic
conditions, high meat quality and their small body sizes make them
vital as they are seen as the future of food security in Nigeria.
However, the production of rabbit could be further enhanced by the
incorporation of feedstuffs with reported phytogenic properties like
Pawpaw leaf meal.

Pawpaw (Carica papaya), belongs to the family Caricaceae and
is of Central and South America origin, but is highly cultivated in the
tropics and sub-tropics. Pawpaw is a herbaceous plant that bears
highly nutritious and delicious fruits, and also serves as a major
source of papain, a protease used effectively as a natural digestive
aid which breaks down protein, cleanses the digestive tract and can
be used to soften meat. The leaves are high in antioxidants; vitamins

* e-mail: jiwubapc@yahoo.com
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- C, A and E; B vitamin pantothenic acid and folate; magnesium,
potassium and fiber. The relatively high fiber content makes it a
suitable feedstuff for rabbits and helps to lower the cholesterol level
in humans and animals. The fruit is an excellent source of beta
carotene that prevent damages caused by free radicals that may
cause cancer in humans or animals (Aravind et al., 2013). Earlier
reports by Onyimonyi and Onu (2009), and Ogbuokiri et al. (2014)
indicated that incorporation of pawpaw leaf meal (PLM) in the diet of
finishing and starter broilers improved performance, feed intake,
weight gain, feed conversion ratio (FCR), carcass and organoleptic
indices, respectively. Saulawa et al. (2015) reported no effect on
feed intake, FCR, dressing percentage and carcass indices of
weaner rabbits fed diets supplemented with Pawpaw leaf meal. This
study was therefore designed to determine the effects of feeding
Pawpaw leaf meal on the productive performance, carcass yield and
organ characteristics of growing rabbits.

Material and methods

Location of experiment: The experiment was carried out at
the Rabbit Unit, Federal College of Agriculture, Ishiagu, Ebonyi
state, Nigeria. The College is located at about three kilometers (3km)
away from Ishiagu main town. The College is situated at latitude
5.56°N and longitude 7.31°E, with an average rainfall of 1653mm and
a prevailing temperature condition of 28.5°C and relative humidity of
about80% (Jiwuba etal., 2016).

Sources and processing of experimental material: Fresh leaves



of Pawpaw were harvested within the College environment and air
dried for some days to a moisture content of about 10%. The air dried
leaves were processed and milled using hammer mill. Other feed
ingredients were procured from Farm associate, Enugu, Enugu
State, Nigeria.

Experimental animals and management: Forty-eight growing
rabbits weighing 477.01 g on average were randomly divided into
four experimental groups of 12 animals each, with four rabbits
constituting a replicate. Each rabbit was housed in a standard hutch
measuring 120 by 150cm and raised 120cm above the ground level.
The four treatment groups were assigned the four diets in a

Table 1. Composition of the experimental diets

Completely Randomized Design (CRD). Each rabbit received an
assigned diet for 56 days. Each animal was vaccinated against
prevalent diseases. They were also dewormed using kepromec
(Ivermectin) at the rate of 0.1ml per rabbit subcutaneously and given
accaricide bath using Roys' Amitraz 20 at the rate of 1ml in 2 liters
water prior to the experiment.

Experimental diet: Four (4) experimental diets were tested: T,,
T, T, and T,with the addition of Pawpaw leaf meal (PLM) - 0%, 15%,
30% and 45%, respectively (Table 1). Diet T, did not contain PLM
thereby serving as the control diet.

) Diets
Ingredient
T1(0%)* T2 (15%) T3 (30%) T4 (45%)

Maize 43.00 42.00 40.00 38.00
Wheat offal 13.00 9.00 5.00 00.00
Palm kernel cake 21.00 13.00 6.00 00.00
Fish meal 1.00 1.00 1.00 1.00
Soya bean meal 18.00 16.00 14.00 12.00
Pawpaw leaf meal 0.00 15.00 30.00 45.00
Bone meal 2.00 2.00 2.00 2.00
Lime stone 1.00 1.00 1.00 1.00
Premix 0.25 0.25 0.25 0.25
Salt 0.25 0.25 0.25 0.25
Lysine 0.25 0.25 0.25 0.25
Methionine 0.25 0.25 0.25 0.25
Total 100 100 100 100

* % of pawpaw leaf meal added

Data collection: Data were collected daily for feed intake and
weekly for weight gain using weighing scale of 30kg capacity and
0.001kg sensitivity. The feed intake of each rabbit was determined
by the difference between the feed supplied and the left over in the
feeding trough the next day. While body weight changes were
measured on a weekly basis and the difference between initial and
final weight of the rabbits constituted the live body weight gain. Feed
conversion ratio was calculated.

At the end of the feeding trial, three rabbits were randomly
selected from each treatment based on the average group weight for
carcass analysis. After that, the animals were slaughtered subject to
the welfare requirements during slaughter (Broom, 2017). The
internal organs (heart, lungs, kidney, GIT and liver) were carefully
removed from the bodies and weighed. The dressed carcass and cut
parts were also weighed and recorded.

The dressed weight and dressing percentage were calculated
as follows:

Dressed weight = Live Weight - Offal weight
where,

Offal weight = Gastro intestinal weight (GIT) + Internal organs
weight,

Dressing Percentage (DP) % = (Dressed weight/Live weight) x
100.

Chemical analysis: All feeds and experimental material (PLM)
were analyzed for proximate compositions using the method of
AOAC (2000) and metabolizable energy (ME) calculated using the
formula: ME = (3.5 x Crude protein) + (8.5 x Crude fat) + (3.5 x

Nitrogen Free Extract) x 10.

Data Analysis: The results were analyzed using the Statistical
Package for Social Science Window 17.0. One-way analysis of
variance (ANOVA) was employed to determine the means and
standard error. Significant differences between the treatment means
were separated using the Duncan Multiple New Range Test
(Duncan, 1955).

Results and discussion

Proximate compositions

The results of the proximate analysis of experimental diets and
PLM are shown in Table 2. The dry matter range of 90.46-92.91% in
this study compared well with the range of 90.95-93.29% reported
by Jiwuba et al. (2016) for weaner rabbits. The crude protein values
in this study ranged between 16.70 and 17.66%, which falls within
the requirement for growing rabbits (16% CP) as recommended by
NRC (1977) and Lebas (2013) and 16-18% as recommended by
Fielding (1991). The crude fiber range of 15.40-16.45% reported in
this study which did not follow a particular trend with increasing or
decreasing levels of PLM in the diets is in comparison with the
recommended values of 14-18% and 14-16% reported by Mayer
(1955) and Gidenne and Lebas (2002) for growing rabbits. Adequate
supply of dietary fiber reduces digestive problems, promotes
intestinal motility and enhances growth in weaned rabbits. Hence,
diets low in fiber promote an increased incidence of intestinal
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problems, like enterotoxaemia and lower growth rates (Mayer, 1955;
Gidenne and Jehl, 1999). The energy values found also failed to
follow a particular trend. The reported range of 2550.05-2604.10
kcal/kg is in agreement with the recommended values of 2500.00
kcal/kg, 2400-2800 kcal/kg and 2500-2800 kcal/kg as
recommended by NRC (1977), Aduku and Olukosi (1990) and Pond
et al. (1995), respectively, for growing rabbits. Rabbits, however,
adjust their feed intake as a function of their dietary energy
concentration. The ash values of 3.29-8.09% followed a particular

pattern increasing with increasing levels of PLM; hence indicating
that the mineral requirements of the rabbits were met, since ashis a
reflection of the mineral content of the diet. The highest value of ash
observed in T, may be attributed to high levels of minerals which
abound in pawpaw leaves. Itis worthy to note that the values for the
control diet compared favourably well with the treatment groups. The
results of the proximate analysis of the PLM revealed 87.67% DM,
17.30% CP, 12.86% CF, 8.88% ash, 0.81% ether extract (EE),
47.82% NFE and 2348.05 kcal/kg metabolisable energy.

Table 2. Proximate composition of the experimental diets and pawpaw leaf meal

Diets

Parameters PLM
T1(0%)* T2 (15%) T3 (30%) T4 (45%)

Dry matter 92.12 90.82 90.46 92.91 87.67
Crude protein 17.44 16.70 16.84 16.70 17.30
Crude fiber 16.20 16.45 15.75 15.40 12.86
Ash 3.29 4.41 578 8.09 8.88
Ether extracts 2.30 31N 2.75 2.65 0.81
Nitrogen free extract 52.89 50.15 49.34 50.07 47.82
Metabolizable energy (kcal/kg) 2587.05 2604.10 2550.05 2562.20 2348.05

* % of pawpaw leaf meal added

Productive performance

The productive performance of growing rabbits was
significantly improved with increasing levels of PLM in the diets
(Table 3). Rabbits fed diet containing 30% PLM (T,) recorded
significantly (P<0.05) higher daily weight gain (24.46g/day) in
comparison with 19.02, 21.16 and 22.32g/day for T,, T, and T,
respectively. Final body weight and total weight gain followed a
similar pattern with the daily weight gain. The diets containing PLM
showed (p<0.05) an improved and better body weight gain when
compared to the control group. The enhanced body weight changes
may be attributed to the PLM. Pawpaw leave is high in papain,
chymopapain, vitamins and other biologically active compounds
(Battaa et al., 2015; Nath and Dutta, 2016) which may have
enhanced digestion and nutrient utilization, which are essential for
growth in rabbits. PLM have also been reported (Aravind etal., 2013)

to contain some natural substances that can promote health and
alleviate illness, thus resulting in positive effect on productive
performances of the rabbits. Total feed intake and daily feed intake
were significantly (P<0.05) increased in T,, T, and T, as compared to
control group (T,). This may be attributed to the flavour (aroma),
taste and palatability of the treatment diets conferred by the PLM.
Pawpaw leaf meal may have been shown to increase feed
palatability which in turn increased feed intake. This is in agreement
with earlier report by Schlolant (1983) who opined that the quantity of
feed consumed is largely dependent on the palatability of the diet.
The feed conversion ratio (FCR) was statistically (p>0.05) similar
across the treatment groups. Numerically, T, recorded the best FCR
which is a reflection of the best performance recorded in this
treatmentgroup.

Table 3. Productive performance of growing rabbits fed diet containing pawpaw leaf meal

Parameters Diets SEM
T1(0%)* T2 (15%) T3 (30%) T4 (45%)
Initial body weight (g) 470.78 465.84 480.91 490.50 33.21
Final body weight (g) 1535.94° 1650.80° 1850.7° 1740.58* 64.09
Total weight gain (g) 1065.16 1184.96 1369.80 1250.08 62.35
Daily weight gain (g/day) 19.02° 21.16° 24.46° 22.32* 1.73
Total feed intake (g) 8140.66° 8790.00° 8995.83° 8735.79° 81.55
Daily feed intake (g/day) 145.37° 156.96” 160.64° 156.00" 12.62
Feed conversion ratio 7.64 7.42 6.57 6.99 0.75

* % of pawpaw leaf meal added

** ¢ means within a row with different superscripts are significantly different (P<0.05)

Carcass characteristics
The results of the carcass yield of rabbits fed diets containing
pawpaw leaf meal are shown in Table 4. The live weight at slaughter,
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dressing percentage, loin weight and back cut were significantly
(p<0.05) different across the groups. Hind limb, fore limb, thoracic
cage, head and pelt were not significantly (P>0.05) influenced. The



dressing percentage (DP) reported in this study ranged between
66.28 and 75.60% with the highestin T, (75.60%) and the lowestin T,
(66.28%). The result obtained is in agreement with Fernandez and
Fraga (1996), who reported that high slaughter weights will result in
improvement in the entire desirable carcass characteristics
measured and increased fat deposits. The highest (P<0.05) value of
live weight at slaughter, dressing percentage, loin and back for
rabbits fed with diets containing PLM is attributed to increase in the
growth rate. In earlier reports by Lebas and Laplace (1991), they
noted that variation in nutritional status and requirement of growing
rabbits modify the anatomical equilibrium of the carcass,
composition of carcass tissues and components of the muscle. The
dressing percentages (66.28- 75.60%) is higher than the ranges of

50.03-58.51% and 52.05 - 53.36% found by Sobayo et al. (2008) and
Olafadehan (2011), respectively. The differences in the results could
be attributed to disparity in the nutrition, live weights, health status,
age and breeds of the experimental rabbits and also location and
environmental area. Loin is one of the most economically important
portions of the carcass because it provides one of the greatest
potions of edible meat. The lower value of loin weight recorded for
rabbits fed the control diet may be attributed to the absence of PLM
in the diet. However, the higher significant (p<0.05) values observed
forthe loin and back cut weights for T,, T, and T, when compared with
the control group (T,) may be attributed to the presence of PLM,
which may have supported the growth of this cut parts in the rabbits.

Table 4. Carcass yield of growing rabbits fed diets containing pawpaw leaf meal

Parameters Diets SEM
T1 (0%)* T2 (15%) T3 (30%) T4 (45%)

Live weight at slaughter (g) 1405.07° 1411.41° 1663.92° 1524.69" 58.27
Dressed weight (g) 931.26 1021.72 1264.48 1113.13 85.24
Dressing (%) 66.28° 72.39° 75.60° 73.01° 0.37
Hind Limb (%) 15.07 16.70 18.87 16.78 0.73
Fore Limb (%) 9.19 9.31 9.59 9.23 0.39
Thorax (%) 10.67 9.34 10.47 9.92 0.41
Loin (%) 5.69" 6.21% 7.05° 6.23" 0.23
Back (%) 14.62° 16.75" 18.60° 17.30® 0.49
Head (%) 11.08 11.53 11.04 10.00 0.47
Pelt (%) 8.82 8.52 8.96 8.97 0.37
* % of pawpaw leaf meal added

** a-c means within a row with different superscripts are significantly different (P<0.05)

Table 5. Organ characteristics of growing rabbits fed diets containing pawpaw leaf meal

Diets
Parameters SEM
T1 (0%)* T2 (15%) T3 (30%) T4 (45%)

Liver (%) 2.89 3.15 3.01 3.07 0.08
Heart (%) 0.33 0.34 0.34 0.31 0.01
Kidney (%) 0.80 0.78 053 0.82 0.03
Lungs (%) 0.51 0.63 0.63 0.53 0.02
GIT (%) 15.90° 15.20° 20.17° 17.74° 0.50

* % of pawpaw leaf meal added

** a-c means within a row with different superscripts are significantly (P<0.05) different

Organyields

The weights of the internal organs (Table 5) apart from GIT,
showed no significant (p>0.05) difference across the groups. The
non-significant (p>0.05) difference established for the liver, heart,
kidney and lungs is an indication that the physiological and
anatomical functions of these organs were not influenced by the
experimental diets. This further indicated that the PLM may not have
anti-nutritive factors at the levels that may hamper the normal
physiological and anatomical functions of the organs of the rabbits.
Furthermore, the lower numerical values of the kidney weights of
rabbits fed the treatment diets imply the safety of PLM to the health of
the rabbits. However, the digestive tract weight (GIT) of rabbits fed T,
and T, diets were significantly (p<0.05) higher to those fed T, and T,

diets. This may suggest that, addition of PLM at levels 30-45% may
enhance feed utilization of rabbits by increasing the absorptive area
of the small intestine in an action most likely to that of bacterial
probiotics.

Conclusion

The results showed that pawpaw leaf meal could best be
included in the diets of growing rabbits at 30% dietary level. Inclusion
at 30% produced the best performance in all the parameters
evaluated without deleterious effect on weight gain, feed intake and
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carcass yield, and organ characteristics. This may be attributed to
presence of biological compounds which abound in pawpaw leaf
meal.
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