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Abstract

This study was conducted to evaluate the growth performance and nutrient digestibility of weaned rabbit fed pawpaw
seed oil-based diets in an eight weeks[| trial. Thirty-six weaned rabbits of an initial body weight of 517.0 + 0.26 grams
were randomly divided into four treatments with nine replicates consisting of one rabbit each in a completely
randomized design. Experimental (basal) diet was adequate in all nutrients. Rabbits in treatment 1 were fed basal diet
without pawpaw seed oil; treatment 2, 3 and 4 was fed same diet with pawpaw seed oil at 0.1 mL, 0.2 mL and 0.3 mL
per kg diet correspondingly. Feed and clean water were supplied unrestricted and other management practices were
strictly adhered to. Phyto-constituents in pawpaw seed oil revealed the presence of flavonoids (7.72 %), phenols (3.70
%), terpenoids (2.40 %), alkaloids (2.18 %), tannins (1.83 %) and steroids (0.06 %). Average daily weight gain was
highest among rabbits fed treatment 3 (21.74 g) and 4 (22.12 g), intermediate in treatment 2 (17.55 g) and lower in
treatment 1 (14.75 g) (P<0.05). Average daily feed intake was influenced (P<0.05). Mortality was recorded only in
treatment 1 (2.00 %), none was recorded in the other treatment (P<0.05). Dry matter, crude protein, crude fibre and
ether extract digestibility were significantly (P<0.05) different among the treatment. In conclusion, rabbits in
treatment 3 and 4 had better performance and this could be attributed to the activities of bioactive components in
pawpaw seed oil. These active components have been proven to have the ability to stimulate digestive enzymes such

as lipase, amylase, or protease which can improve intestinal morphology and in turn facilitate growth.
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Introduction

Growing antibiotic resistance is leading to a continuous need for discovering
new drugs and alternative treatments against diseases. Essential oils have
been receiving attention from a wide variety of research groups in search for
antimicrobial activity because of the absence of toxic substance,
effectiveness and without withdrawal periods (1, 2, 3). Among the potential
alternatives to antibiotics is pawpaw seed oil which is rich in antioxidant
vitamins and minerals such as phosphorous, iron, potassium, calcium and
magnesium (4, 5).

Pawpaw (Carica papaya), is a succulent fruit that belongs to a large plant of
the family Caricaceae (6). It is cultivated throughout the tropical world and
into the warmest parts of the subtropics. The papaya plant is considered a
tree, though its palm like trunk up to of about 26 feet tall is not as woody as
the description generally implies. The plant is crowned with deeply lobed
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leaves, borne on hollow petioles (leaf stalks) 60 cm long. The fruit is melon-
like, round or long, and may contain more than 1000 seeds. The skin is
smooth and green, but turns yellow or orange when ripe.

Papaya seeds contain oil and fatty acids such as oleic acid, palmitic acid,
stearic acid and some triacylgycerols (7). They are rich in polyphenols,
flavonoids, alkaloids, tannins and saponins which are strong antioxidants
that prevent the body from damage by free radicals (8). Papaya seeds contain
carpaine which is known for its anti-bacteria properties, hence, capable of
killing unwanted bacteria and parasites in the intestines and thus keep the
digestive system healthy.

Field trials have shown the great benefit of essential oils in improving growth
performance, reducing the activities of pathogenic organisms and promoting
the immune system of animals due to the presence of bioactive compounds
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in them (1, 9, 10). (11) also reported that pawpaw seed oil can be
supplemented up to 2 mL in the diet of broilers without compromising their
health status. However, there is little or no report on the use of pawpaw seed
oil on the performance of rabbits. This research is timely, because there is
rapid increase in cases of antimicrobial resistance, exploring the use of
phyto-constituents in pawpaw seed oil will help to improve animal
performances in order to boost production of animal protein to meet the
increasing demands, bearing in mind that these phytogenic materials must be
used with caution.

This study was conducted to see how much pawpaw seed oil and all its
components can improve performance in rabbits.

Materials and Methods

Experimental Site

This experiment was conducted at the Animal science section of the
Teaching and Research Farm, University of Abuja, Abuja, Nigeria. The site
lies between latitude 80 5629 North, 70 5 31 East, and longitude 0070 20
North and 0070 51 East. It covers a total land mass of 65 sq. km (6,500
hectare), it is 282m above sea level.

Source and extraction of Pawpaw seed oil

Ripe pawpaw fruits were harvested from University of Abuja, Teaching and
Research Farm and taken to the Department of Biological Sciences for
identification and authentication by a certified taxonomist and assigned a
voucher number (AD/021/007). Seeds were collected from the ripe fruits, air
dried for 10 days and milled using an electronic blender. 200 grams of
grinded sample was placed in a sealed filter paper and set in a Soxhlet
apparatus for the extraction of oil. Collected oil sample was sent to the
laboratory for further examination.

Experimental animals, management and design

A total of thirty-six weaned rabbits (Chinchilla x Newzealand white) with an
initial body weight of 517.0 + 0.26 grams were used for this experiment. The
rabbits purchased from a reputable source, placed on two weeks quarantine
period, fed basal diet which was adequate in all nutrients according to
Nutritional Research Councils recommendation in 2007 and also treated
against parasites using Albendazole® (1 tablet to 500 grams body weight).
The experimental animals were housed individually in wired hutches
measuring 100 cm by 80 cm by 40 cm (length x width x height) raised above
the floor. All experimental animals were subjected to the same housing and
management conditions. The rabbits were balanced for weights and assigned
to four treatment groups in a completely randomized design (CRD) in a
feeding trial that lasted for (8) weeks. Rabbits in treatment 1 were fed basal
diet without pawpaw seed oil while treatment 2, 3 and 4 were fed same diet
supplemented with pawpaw seed oil at 0.1 mL, 0.2 mL and 0.3 mL per
kilogram respectively.
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Performance evaluation

Daily feed intake was obtained by subtracting the left over from the feed
served expressed in grams. Body weight gain was estimated by subtracting
initial body weight from final body weight. Average daily weight gain and
average daily feed intake was calculated by dividing body weight gain and
total feed intake by the duration of experiment (56 days). The feed
conversion ratio was determined by dividing average daily feed intake by the
average daily weight gain.

Digestibility trial

Digestibility study was carried out at the end of the experiment. Five rabbits
were selected from each of the treatment weighed, isolated and subjected to
digestibility trial for seven days in a metabolic cage. Within the seven days,
two days were used as an acclimatization period while five days were used
for data collection. Total droppings voided from each treatment were
weighed and recorded. Collected wet droppings were oven dried at 80°C for
48 hours and dry matter content determined by subtracting the moisture
content from 100. Droppings from the same treatment were thoroughly
pooled before they were sent to the laboratory for further analysis. Record of
feed consumed was also recorded. The nutrient digestibility was estimated
using the formula:

Nutrient Digestibility = Nutrient intake Nutrient in droppings x 100
Nutrient intake
Proximate analysis of experimental diet and faecal droppings

Near infra-red kit (Model: TNOP NIRS™, Netherlands) was used to analyze
experimental diet and faecal droppings. 100 grams of each sample was
placed in a collection tray after putting on the start button and kit was
operated according to the manufacturer’s recommendation. Result was
obtained within 60 seconds and printed out from the visual display unit. To
ensure precision in results, optical band, data resolution and wavelength was
maintained at 9.00 nm, 0.6 nm and 2600 nm respectively.

Phytochemical evaluation of pawpaw seed oil

Concentrations of alkaloids, tannins, flavonoids, terpenoids, saponins,
steroids and phenolic compounds were computed at different optical density
using Lans® (model DF-008UD, China) gas chromatography and mass
spectrometry. All other machine configuration was carried out according to
the manufacturer’s recommendation following (12) procedure.

Statistical analysis

Data obtained (growth performance and nutrient digestibility) were
subjected to analysis of variance (ANOVA) using the computer software
package (SPSS version 21.0) differences among treatment means was
compared with Duncan's multiple range test.

Results and Discussion

Materials

Quantity (kilogram)

Maize

25.00

Wheat bran

15.00

Soybean meal

20.05

Maize offal

7.00

Rice husk

29.00

Fish meal (72 percent)

1.00

Dicalcium posphate

2.00

Lysine

0.05

Vit/Min premix*

0.45

Salt

0.50
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[ Total

[ 100.00 |

Table 1: Ingredients and experimental diets

Phyto-constituents in pawpaw seed oil

Phyto-constituents in pawpaw seed oil as presented in Table 2 revealed that
flavonoids had the highest concentration (7.72 %) followed by phenolic
compound (3.70 %), terpenoids (2.40 %), alkaloids (2.18 %), tannins (1.83
%), saponins (1.40 %) and steroids (0.06 %) correspondingly. The presence
of these phyto-constituents suggests that pawpaw seed oil had numerous
medicinal value or pharmacological properties such as, antimicrobial,
antifungal, hepato-protective, immune-stimulatory, antiviral, cytotoxic,
antioxidant, antibacterial, anti-cancer, anti-diuretic, amongst others (13, 14).
Oils with medicinal value are generally regarded as safe and have no
withdrawal period (15, 16). They have also been proposed as natural
alternatives that can curb the increasing cases of antimicrobial resistance

(17). For instance, flavonoid and phenols have been recognized to possess
antioxidant properties and showed a broad spectrum against pathogenic
organisms such as Escherichia coli, Staphyllococcus spp, Streptococcus spp,
Pseudomonas spp, Aspergillus spp, Candida albicans, Bacillus spp amongst
others (18, 19). Alkaloids have been suggested to possess antidiabetic,
analgesics and antimicrobial properties (20, 21). Tannins have been
suggested to possess antibacterial properties (22, 23). Terpenoids and
steroids also show antimicrobial and anti-diarrhoeal effects by membrane
disruption and inhibit release of autacoids and prostaglandins (24, 25). The
result on phyto-constituents in pawpaw seed oil recorded in this study is
contrary to the reports in another research. This discrepancy could be due to
processing or extraction method, species, age of plant and geographical
location (26, 1).

Variables % composition
Alkaloids 2.18
Flavonoids 7.72
Saponins 1.40
Steroids 0.06
Tannins 1.83
Terpenoids 2.40
Phenols 3.70

Table 2: Phyto-constituents in pawpaw seed oil

Performance characteristics of weaned rabbits fed pawpaw seed oil

Performance characteristics of weaned rabbits fed pawpaw seed oil presented
in Table 3. Average daily body weight, average daily feed intake and feed
conversion ratio took the form of 14.75 - 22.12 grams, 70.42 — 74.78 grams
and 3.40 — 4.00 correspondingly. Body weight gain and total feed intake
follows similar trend. Rabbits fed diet supplemented with 0.2 mL pawpaw
seed oil/ kg diet (treatment 3) were similar (P>0.05) to those fed 0.3 mL
pawpaw seed oil/ kg diet (treatment 4) but significantly (P<0.05) higher than
those fed treatment 2 (0.1 mL pawpaw seed oil/ kg diet and control diet
(without pawpaw seed oil; treatment 1). Higher average daily weight gain
recorded in treatment 3 and 4 suggests that the presence of phyto-constituents
in pawpaw seed oil can promote the production of digestive secretions and

nutrient absorption encouraging balanced microbiota, and supporting a good
immune status (2, 11). This also explains reasons why mortality was not
recorded in this treatment implying that supplementing pawpaw seed oil at
0.2 mL and 0.3 mL/kg diet can improve the health status of rabbits. The result
obtained in this study is in agreement with the findings of (10 and 9) when
diet containing Alchornea cordifolia leaf was fed to growing rabbits. Similar
result was recorded by (27) who recorded a higher body weight in animals
fed diets supplemented with quercertin. Average daily feed intake was higher
(P<0.05) in pawpaw seed oil supplemented treatment compared to the
control. This indicates that it possesses flavoring properties which can
improve the palatability. Results obtained is in agreement with the reports of
(28) when dried garlic was fed to broilers.

Parameters T1 T2 Ts Ta SEM
IBW (g) 517.03 517.00 516.86 516.74 26.11
FBW (g) 1411.11°¢ 1500.00P 1734552 1755.552 25.02
BWG (g) 894.08¢ 983.00P 1217.69? 1238.812 26.60
ADWG (g) 14.75¢ 17.55P 21.742 22,122 0.47
FI (g) 3743.48° 3955.19P 4172572 4187.422 18.36
ADFI (g) 68.42¢ 70.63° 74,512 74.782 0.65
FCR 4,002 3.91° 3.41° 3.40¢ 0.05
Mortality (%) 0.27 - - - 0.55

Table 3: Performance characteristics of weaned rabbits fed pawpaw seed oil

Means in the same row with different superscripts differ significantly (P<0.05); IBW: initial body weight; FBW: final body weight; BWG: body weight gain;
ADWG: average daily weight gain; FI: feed intake; ADFI: average daily feed intake; FCR: feed conversion ratio; T1: basal diet without pawpaw seed oil; Tz:
Basal diet with 0.1 mL pawpaw seed oil; Ts: Basal diet with 0.2 mL pawpaw seed oil; T4: Basal diet with 0.3 mL pawpaw seed oil

Effect of pawpaw seed oil on the nutrient digestibility of weaned rabbits

Effect of pawpaw seed oil on the nutrient digestibility of weaned rabbits is
presented in Table 4. Dry matter, crude protein, crude fibre and ether extract
values took the form of 79.82 — 87.06 %, 58.32 — 70.99 %, 41.81%, 50.80

% and 30.91 — 40.58 % in that order. Dry matter, crude protein, crude fibre
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and ether extract values were higher in treatment 3 and 4, intermediate in
treatment 2 and lower in treatment 1 (P<0.05). The result obtained suggests
that pawpaw seed oil supplementation at 0.2 mL and 0.3 mL per kg diet in
treatment 3 and 4 may promote feed efficiency with the regulation of the
gastro intestinal tract due to the presence of biologically active compounds

Page 3 of 5



J. Biotechnology and Bioprocessing
in pawpaw seed oil (29). The result obtained in this study is in agreement
with the reports of (30) who recorded a positive result when thyme extract
was fed to rabbits.

Copy rights@ Aliyu K. 1,

Variables (%) T1 T2 T3 Ta SEM
Dry matter 79.82°¢ 83.00° 85.002 87.062 0.42
Crude protein 58.32¢ 60.69° 70.76? 70.992 0.04
Crude fibre 41.81° 46.92° 50.852 50.802 0.67
Ether extract 30.91°¢ 37.07° 40,352 40,582 0.30

Table 4: Effect of pawpaw seed oil on the nutrient digestibility of weaned rabbits

Means in the same row with different superscripts differ significantly
(P<0.05) DM: dry matter; CP: crude protein; CF: crude fibre; EE: ether
extract; T1: basal diet without pawpaw seed oil; T2: Basal diet with 0.1 mL
pawpaw seed oil; T3: Basal diet with 0.2 mL pawpaw seed oil; T4: Basal diet
with 0.3 mL pawpaw seed oil

Conclusions

In conclusion, pawpaw seed oil contains several phyto-constituents with
pharmacological properties, including antimicrobial, antifungal, hepato-
protective, immune-modulatory, antioxidant activities amongst others.
Pawpaw seed oil has proven to be potent at 0.2 mL and 0.3 mL per kg of

feed,

thus

improving the growth performance of rabbits without

compromising their health status. Pawpaw seed oil can be used in future to
safeguard antibiotics for future use in animal production.
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