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ABSTRACT: The present study
aimed to determine the effects of
using different levels of papaya

leaves (PL) and papaya leaves
extract (PLE) on  productive
performance, some blood

constituents, oxidative enzyme status,
carcass traits, immune response,
digestibility coefficients and
economic efficiency of weaned New
Zealand White rabbits (NZW). Eighty
four weaned New Zealand White
rabbits (NZW) aged 35 days and
weighed 5649 + 340 were
distributed randomly into seven
groups (12 each). The experimental
diets contained different levels of
papaya leaves and papaya leaves
extract (0.0 controls (C), 1, 2 and 3%
papaya leaves or papaya leaves
extract, respectively. The experiment
was lasted for 8 weeks.

The obtained results indicated
that: The final live body weight, total
weight gain and performance index
were significantly (P<0.05)
improved in the treated groups.
Digestibility coefficient and nutritive
values were significantly improved
for rabbits fed diet contained PL and
PLE compared to those fed the
control diet.

There were significant
increases detected for plasma total
protein, albumin and globulin while
blood plasma cholesterol, LDL and
total lipids were significantly
decreased by increasing PL and PLE
inclusion level compared to control
groups. Liver function as AST and
ALT activity were not affected by
dietary supplementation. Moreover
the concentrations of 1IgG and IgM of
rabbits were higher for rabbit
supplemented with PL and PLE than
the control group. GPx, SOD and
CAT were significantly improved by
dietary PL and PLE. The best

economic  efficiency had been
recorded with rabbits fed 3% PLE
inclusion  followed by rabbits

received 2% and 1% treatment of
PLE, respectively. It is concluded
that supplemental papaya leaves
extract at the rate of 3 % of the diet
improved feed conversion ratio,
nutrients digestibility, immunity, and
economic efficiency of the NZW
rabbits.
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INTRODUCTION

Papaya, a juicy and tasty fruit, belonging to family Caricaceae is
scientifically known as Carica papaya Linn. It is grown in various parts of the
world, including Egypt, India, America and Europe. It is commonly known as
Papaya melon tree or Pawpaw, the leaves are large, 50-70 cm in diameter,
deeply palmately lobed, with seven lobes. Papaya leaves are rich source of the
proteolytic enzymes papain and chymopapain which have protein digesting
properties and are useful in controlling digestive problems and intestinal worms
(Burkill, 1985). Also, papaya leaves and their extract contain carotene,
provitamin A, which serves as many as 18-50 IU and can be used as a source of
natural Xanthophyll. Papaya leaves contain vitamin C, vitamin E, calcium,
phosphorous and iron. Beside that the leaves contain 20.88% crude protein,
0.99% calcium, 0.47% phosphorous and 2912 kcal / kg gross energy
(Mahendra and Nikhil, 2016).

Recent numerous research aimed to use of natural growth promoters to
enhance feed utilization, growth performance and immune responses of poultry
(El-Kholy et al., 2008; Zeedan et al., 2009 and Sorwar et al., ,2016). Moreover
antioxidant supplements in animal diets present the advantage that living
animals may efficiently distribute the compounds throughout the tissues, and
the resulting enriched animal production ensures tolerable amounts for humans
(Bou et al., 2009; Laudadio et al., 2015). Previous studies have indicated that a
long-term dietary supplementation with a natural Papaya leaves extract leads to
an antioxidant effect in pork, enhancing its oxidative status, (Rossi et al., 2013).

Thus, the aim of the study was to investigate the effect of papaya leaves
and their extract as feed additive on nutrients digestibility, immunity,
performance, some blood constituents and economic efficiency of growing
rabbits.

MATERIALS AND METHODS

Animals, diet, and experimental design:-

The experiment aimed to evaluate the growth promoting efficacy
supplementation growing rabbit diets with papaya leaves and their extract by1,
2, 3%. Eighty Four weaned New Zealand White rabbits (NZW) aged 35 days
and weighed 5649 + 3.40 were equally and randomly divided into seven groups
(12 in each one). Rabbits were housed in galvanized metal rabbit battery cages
supplied with separated feeders. Diets were offered in pellets form ad
libtum and fresh clean water was available all times from automatic nipple
drinkers. Feed intake and live weight were recorded weekly, feed conversion
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ratio and relative growth rate were calculated. All animals were kept
under the same managements and hygienic conditions.

The experimental diets supplemented with different levels of papaya
leaves or papaya leaves extract (0.0 control (C), 1, 2 and 3%), respectively. All
diets were iso-protein and iso-digestible energy, and to satisfy the nutrient
requirements  according to  Agriculture  Ministry Decree  (1996)
recommendations. The experiment was lasted for 8 weeks. Composition and
calculated analysis of the experimental main diet is presented in Table (1).

Preparation of plant extract

Mature and disease free papaya leaves were obtained from pawpaw trees.
For the preparation of extract, 1,2, and 3 gram Leaves soaked in 100 ml
distilled water for 1,2, and 3% (PLE) respectively , and macerated for 6 hours.
At the end of 6 hours, the extract was filtered through Whatman No.1 filter
paper (Mrinal and Bhushan, 2017).

Nutrients digestibility and carcass characteristics

At the end of the experimental period, digestibility trail was carried out
using three rabbits from each treatment. Feces were collected daily, weighed
and dried at 60-70 °C for 24 hours, finely ground and stored for chemical
analysis. Data of quantities and chemical analysis of feed and feces were used
to calculate the nutrients digestion coefficients and the nutritive values of the
dietary treatments, as described by Cheeke et al. (1982). Carcass traits were
studied; relative weight of giblets percentages (heart, liver and kidney) and
dressing percentage was calculated according to Steven et al., (1981). Boneless
meat of breast and thigh muscle was determined according to A.O.A.C (2000).

Biochemical parameters

Blood samples were collected during slaughtering in heparinized tubes.
Blood plasma were separated by centrifugation at 4000 rpm for 10 minutes, and
then frozen at -20 C until analysis. Commercial kits were used to determine
plasma total protein, albumin, Aspartate transaminase (AST), alanine
transaminase (ALT), cholesterol, LDL, HDL and total lipids. Plasma
immunoglobulin, 1gG and IgM were detected.

Histology examination

The liver specimens were taken for histological study, fixed in 10%
neutral-buffered formalin, dehydrated in a graded alcohol series (70%, 90%,
absolute ethanol), cleared with methyl benzoate and embedded in paraffin wax.
Sections of 5 um were cut, fixed on glass slides and stained with hematoxylin
and eosin for light microscopic examination (Bancroft et al., 1996; Oloruntola
et al,, 2017). Stained sections were examined by light microscope and
photographed using a digital camera.
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Table 1. Composition and calculated analysis of the experimental diets for
growing rabbits.

Ingredients %
Clover hay (12%CP) 30.00
Barely 29.00
Yellow Corn corn | 10.00
Soybean meal (44%CP) 18.00
Wheat bran 8.00
Molasses 3.00
DL-Methionine 0.10
Vit. & Min. mix.* 0.40
Salt 0.50
Limestone 1.00
Total 100
Ration Calculated analysis1
Crude protein % 17.02
Digestible energy(Kcal/Kg) 2500
C/P ratio 147
Extract Ether % 2.72
Crude fiber % 13.25
NDF% m | 37.63
ADF% n| 21.52
Hemicellulose %0 | 16.11
Calcium % | 1.10
Total Phosphorus % 0.80
Methionine % | 0.36
TSAA 0.61
Lysine % 0.75

*Each 1.5Kg. of Vit. mix contained: 50,000,000 U Vit. A; 1,000,000 U D3; 10,000 mg Vit. E;
1170 mg Vit. K3;735 mg Vit.B1; mg Vit.B2; 15000 mg Vit B6;15 mg Vit;B12 ; 500 mg Vit.B5
Panathonic acid; 30,000 g Nicotinic acid; 84 mg Biotin; 500 g Folic acid; 300g choline chloride.
Each 1.5 Kg Min. mix contained 25 g Zn (oxide); 33.4 g Mn; 26.7 g Fe; 2.67 g Cu; 67 mg
cobalt; 1mg Se and.0.334 al.

According to Feed Composition Tables for animal and poultry feedstuffs used in Egypt (2001)
.except values of DDGS, which were determined (Table 2). ™ Calculated according to Cheeke
(1987).

Mo% NDF = 28.924 + 0.657 (%CF)

"% ADF = 9.432 + 0.912 (%CF)

°Hemicellulose = %NDF - % ADF

Cecum activities

Samples of cecum contents were taken from slaughtered rabbits and
used immediately for estimation of cecum pH, cecum microflora (bacteria)
Aerobic total count, Fecal coliforms, Escherichia coli count, Bacillus cereus,
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Enterobacter, Clostridium sp., Enterococcus, yeasts, Salmonella and Shigella.
Another sample of cecum content was strained through four folds of gauze and
divided into two portions. The first portion was used immediately for the
estimation of ammonia nitrogen concentration. The second portion was
preserved by addition of 1 ml N/10 HCL and 2 ml orthophosphoric acid to each
2 ml of cecum contents juice for determination total volatile fatty acids. The
pH of the cecum contents was measured immediately by using a digital pH
meter. The microbial contents were studied in their selective media, as
described by Postage (1969) for Aerobic total bacterial counts and Difco (1989)
for Fecal coliforms and E.coli, while, the methods described by Baired Parker
(1962) and Kim and Goepfert (1971) were used for Enterococcus and Bacillus
cereus, respectively and Difco (1989) for Enterobacter and Clostridium sp.;
while the method described by Lodder (1952) was used for yeasts
determination. Salmonella and Shigella were enumerated according to the
methods described by AOAC (1998). Technique of colony forming unit (CFU)
was adopted. Incubation took place at 30 oC for 2-7 days. The ammonia
nitrogen concentration was determined by applying method of Conway (1958).
The total volatile fatty acids were determined by steam distillation of the
distillate as mentioned by Eadie et al. (1967).

Economic efficiency

The economic efficiency of the experimental diets was calculated as the
ratio between income (price of weight gain) and cost of feed consumed,
calculated according to the price of the Egyptian market.

Statistical analysis

The data were analyzed using General Linear Models (GLM) procedure
of SAS (2001). The statistical model was:

Yij=p+Ti+e

Where: Yij= Any observation, u= Overall mean, Ti = Effect of treatment, and
ejj = Experimental error.

Variables having a significant F-test were compared using Duncan’s
multiple rang test (Duncan, 1955).

RESULTS AND DISCUSSIN
Growth performance traits

Results presented in Table 2 showed the effect of adding papaya leaves
extract (PLE) and papaya leaves (PL) in diets for growing rabbits on growth
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Table 2. Rabbit's performance values as affected by the experimental diets.

Ttems Control Level of Papaya Leaf extractin Level of Papaya Leafindiets | S5EM | Sig
Diet diets
1% PLU L 1% 204 10
lal body | 53 57025 | 57633 | 57241 | 57400 6 |
weight{g)

s - B2
Fimalbody | yoac 50 | 202633 | 207633¢ | 204742+ | 164442° | 194500 | 186183 | 7628
weight (g)

Duily weight gain (g)
1785 | 2101 | 2184* | 2048% | 1702 | 1891 1785 0.78 | **
5-13 weeks of age
Daily feed intake(g)
513 weeksofage | 7108 | 7657 | 8218t 7631 | 68.14¢ | 7412w | T106% | 190 | ¥
Feed conversion ratio
5-13weeksofage | 398 | 334 3.76° 3730 4.00° 307 308 026 | **
Relative growth rate 0037 | 10132™ | 105.71* | 104.86* | 9732" | 10020» | 98384 | 420 | *
)
. 5083 3266 | 3373 | 3313 | 47000 | 313 M | 4813 | 38 | ¢
Performance index
(%)

3,b, ¢, Means are bearmg different supersenpts m the same row | differed sigmficantly (P<0.03)
SE=Standard emor. * P=0.03, ** P<0.01, NS: Not sigmficant.
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performance traits. It showed that final body weight and daily weight gain
were significantly (P<0.01) higher in rabbits fed on PLE diets as compared to
rabbits fed on control and PL diets. While, during 5-13 week of age period,
there was no significant difference on daily weight gain between PL and
control animals

The daily weight gain between 5-13 weeks of age was recorded to be
21.01, 21.84 and 20.48 (g) for rabbits fed on diets supplemented by 1, 2, 3 %,
PLE respectively, when compared with rabbits fed on diets supplemented by
PL ,17.02,18.91and 17.85 , respectively. Total Feed conversion ratio was
significantly (P<0.01) improved with rabbits fed PLE diets compared to other
treatments. During the experimental period (5-13 weeks of age) 1% PLE was
the best value with 3.34 kg diet/kg growth, comparing with control diet which
recorded 3.98 kg diet/kg growth. Although, feed intake did not significantly
affected by dietary treatments throughout 5-13 weeks of age rabbit fed PLE
diets recorded 76.57, 82.18 and 76.32, respectively for 1, 2 and 3%
supplemented level comparing with control diet which recorded 71.08.
Performance index and relative growth rate (%) increased significantly
(P<0.0.01) in rabbits fed on PLE diets compared to that fed on other diets.
Rabbit fed on 2% PLE supplemented diet had the highest relative growth rate
with value 105.71 compared to other treatments without holding significant
difference with other PLE diet groups. However, 2,and 3% PLE groups showed
the highest performance index values 55.75 and 55.23 comparing with other
treatments with non-significant difference with 1% PLE group and 2% PL
group with values 52.66 and 52.55 respectively, but with significantly
(P<0.0.01) difference with other groups. This result is confirmed by Nusrat et
al, (2015) who reported that Addition of papaya leaves extract improved the
weight gain of broilers. These results are agreement with the findings of Ahmad
(2005), Wanker et al. (2009) , Onyimonyi, et al. (2009) and Sorwar
et al,(2016) who reported that the body weight gains and feed efficiency
increased in treated groups with PL compared to non-treated control group.
This trend could be ascribed to the high nutritional value in terms of protein and
minerals/vitamins supplied by PL particularly when increased. It could also be
attributed to the papain in the PL which aid protein digestion thus enhancing
the release of free amino acids necessary to enhance growth. This improvement
may be attributed to proteolytic enzyme of exogenous origin plays an important
role in feed digestibility.

The improvement of digestibility coefficient values may be attributed to
the potential beneficial effect of these additives PL and PLE on gastrointestinal
tract micro-organisms and metabolites which be reflected on improving the
digestibility of feed nutrients and conversions. Also, this improvement may be
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attributed to reduction in digesta viscosity, increases the diffusion rates of
nutrients and enzymes enabling rabbits to digest and absorb more nutrients.
Similar results were confirmed by Krishna et al. (2008), Zeedan et al. (2009)
and El-Neney et al. (2013, 2015). Unigwe et al. (2014) reported that papain is
an effective natural digestive aid which breaks down protein and cleanses the
digestive tract.

Digestibility coefficients and nutritive value of the diets

Results in Table 3 indicated that apparent digestibility of DM and EE
were not significantly affected by different treatments. On the other hand,
digestibility of CP and CF were significantly (P<0.0.01) affected. The best
upon feeding rabbits on 3% PLE supplemented diets which recorded (77.43
and 37.43) respectively compared to 3% PL supplemented diet which recorded
(74.89 and 33. 23) respectively and control diet which recorded (74.9 and
30.67) respectively. Also, digestibility coefficients of NFE significantly (P <
0.001) increased with 2 and 3% PLE supplemented diet which recorded (77.48
and 78.28) respectively compared to 3% PL diets which recorded 75.75 and
control diet which recorded 75.89. That, digestibility of NFE did not differ
significantly with PL diets compared to control diet. Nutritive values in terms
of DCP and TDN were significantly (P <0.01) improved compared to the
control. That, DCP was significantly improved with PLE diets which recorded
13.31 in 3% diet compared to the control diet which recorded 12.94 and PL
diets which recorded 12.87 in 3%diet. Also, there were significantly improved
in DE (Kcal/kg diet) with PLE diets compared to the control group.

Carcass characteristics

Effect of different treatments on some carcass traits is showed in Table 4.
Results indicated that carcass (weight and percentage), Liver%, Heart %,
Kidneys %, Lungs% and dressing percentages were not significant affected
with feeding on PLE and PL supplemented diets as compared to control diet.
Also, there were insignificantly affected by different treatments in edible giblets
(liver, heart and kidneys). Abdalla et al. (2012) and Navid, et al. (2011)
concluded that dietary supplementation of 2% PL meal and papain in off-layer
hens for a few days before slaughter improved meat quality in terms of meat
tenderness and juiciness. Moreover Abdalla (2012) indicated that hens fed on
supplemented diets with papaya leaves had significantly higher carcass and
dressing percentage. Sorwar et al, (2016) also, agree with no significant effect
papaya leaf in carcass traits in broiler.

Effect of different treatments on meat quality is showed in Table 5.
Results indicated that Moisture, Ash % and EE % were not significantly
affected by feeding rabbit on PLM and PL diets as compared to control diet.
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Table 4. Some carcass traits of growing rabbits fed on experimental diets.

Items Control Level of Papaya Leaf Level of Papaya Leafin | SEM | Sig.
Diet extract in diets diets
1% 2% 3% 1% 2% %
Dressing, % 5847 37.70 | 3859 | 3837 | 3182 39.0 3808 | 120 | N8
Liver, %o 532 5412 320 482 5.02 501 562 | 045 | N8
Heart % 0.56 0.70 0.66 0.65 0.51 0.53 0.57 0.07| N8
Kidneys % 1.13 1.13 128 1.12 1.06 1.11 1.07 008 NS
Lungs %o 1.21 143 1.09 133 0.97 123 123 023] N8
Caecum % 523 521 330 512 5.16 577 538 | 0163 NS
Ieans on the same row with different superscripts 2 and b, are significantly different (F<0.01)
INE: Not significant.
Table 5 Meat quality (chemical composition) of growing rabbits fed on experimental diets.
Ttems Control | Level of Papaya Leaf extract | Level of Papava Leafin diets | SEM | Sig.
Diet in diets
1% 1% 3% 1% 2% 3
Moisture 73.09 71.99 72.73 7.2 7241 72.05 7205 | 035 [ NS
Ash% 141 22 12 a2 143 1.59 160 | 015 | NS
CP% 23.7¢ 2302 [ 2441= | 2476 | 2444 | 2450 | 24550 | 022 =
EE% 1.73 1.87 1.38 1.81 1.72 1.78 1.80 | 017 | NS

2 b, Memns srebearmp different superscripts m the same row | differed significandy (P <0.03)

## P=0.01, N3:Not significant.
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However, carcass protein was significantly (P<0.0.01) affected, the
highest value (24.76) was recorded for rabbit fed 3% PL diet followed by
24.59 which recorded for2% PLM diet comparing with rabbit fed control diet
which recorded the lowest value (23.7). These results might be attributed to the
effect of proteolytic enzyme found in the papaya leaves (papain enzyme) which
may cause more degradation and availability of dietary protein. The increase in
protein content of meat improves the nutritive value and quality of rabbit's
meat. Also, this increase in meat protein in rabbits can be attributed mainly to
the presence of amino acids, vitamins, increase of protein digestibility as
mentioned and improving intestinal absorption and digestion of all nutrients
due the stimulus to the development, proliferation and differentiation of
intestinal cells. These enzymes increased of all nutrient digestibilities.

Blood plasma constituents:

Total protein, albumin and globulin were significantly increased by
adding PLM or PL in diets as shown in Table 6. This increase may be due to
the increase in protein synthesis, and digestion of protein. Increased globulin
concentration with increased papaya inclusion which was observed in the
present study may be an indication of increased immunity in rabbits since the
liver will be able to synthesize enough globulins for immunologic action as
mentioned by Sunmonu and Oloyede (2007). This result is agreement with El-
Kholy et al. (2008), Zeedan et al. (2009) and El-Neney et al. (2013 & 2015).
Lien and Wu (2012) found that papain supplementation markedly increased
total serum globulin, total protein for laying hens.

All feed addition decreased cholesterol, LDL and total lipids compared to
control diet. This result is agreement with Lien and Wu (2012) who indicated
that papain supplementation reduced liver cholesterol. They added that this
implies that papain affect cholesterol absorption or metabolism, indicating that
papain supplementation was good for coronary health. Also they added that
papain not only contains protease, but also phospholipase. Oloruntola and
Ayodele (2017) reported that reduction of cholesterol level recorded may be as
a result of activities of some secondary metabolites present in PL meal which
exert reducing effect on cholesterol uptake in the intestine. Capability of
saponin, one of the anti-nutrients present in PL in reducing absorption of
cholesterol through intra-lumenal physiochemical interaction was reported by
Yilkal ( 2015).

Low density lipoprotein, which is otherwise known as bad cholesterol
collects in the blood vessels walls, narrows or blocks the blood vessel lumen
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and increased risk of atherosclerosis and heart disease. Therefore, reduced low
density lipoprotein in rabbits due to dietary papaya leaves found in this study is

Table 6. Blood parameters of growing rabbits fed on experimental diets.

[tems Control | Level of Papava Leaf extract | Level of Papava Leafin | SE | Sig.
Diet in diefs diets M
1% 2% 3% | 1% 1% 3%
Totalprotein (gidl) | 4.72¢ | 611% | 672 | 633 | 3437 | 5713 581% [D13 | **
Albumin(g/dl) 201° | 289* [ 279 | 290 | 231 | 273* | 239" (011 **
Globulin (g/dl) 271 | 312 | 303 | 302 | 204% | 2080 343 (002 %
AST(ul) 355 | 3552 ) 3325 | 34N | 3260 | 3355 | 3363 |033| NS
ALT (u) 065 | 473 | W32 | 1385 | 2535 | 2643 | 2721 045 NS
CHOL (mmoll) | 89.63* | 6743° | 68.25° | 6632 | 78.36% | 77.637| 7625* | 132 *
HDL (mmall) 23367 | 4163 | 4363 | 44000 | 40340 | 4536 | 4775 | 063 | **
LDL (mmoll) 64200 | 2582° | 24607 | 22437 | 28827 | 3220%| 2830° | 023 | **
T lipids (mg/dl) | 433.32* | 368.34° | 368367 | 36133°| 370467 | 373639 37234* | 883 | **
I2G (mg/ml) 115 | 6521 | 683* | 682* | 383 | 645t | 612* |006| *®
IgM (mg/ml) 2450 | 374 | 363 | 385 | 321* | 336 | 346 004 *#

2 b, ¢, Memns are bearmp different supersceripts m the same row | differed significandy (P <0.03)
*# P01, N5:Not significant.
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a health benefit and supports the wholesomeness of this leaf meal in rabbits’
nutrition.

No significant differences (P<0.05) were observed in AST and ALT
among treatments (Table 6). Liver function as AST and ALT activity were not
affected by dietary treatments with supplementing papaya. Values AST and
ALT were within the normal range and indicated that the animals were
generally in a good nutritional status and their livers were in a normal health
condition. These results may explain that increasing papaya leaves or its extract
to 3% in rabbit diets is safe with liver functions and so it did not have any
harmful effects on liver tissues. This result is in harmony with finding of
El-Neney et al. (2013). On the other hand, Zeedan et al. (2009) and Lien and
Wu (2012) reported that supplementing papaya to the diet of growing rabbits or
laying hens decreased significantly (P<0.05) of AST and ALT

Data presented in Table 6 showed that Concentrations of 1gG and IgM in
plasma were high in PLM supplemented diets, while they low in control. These
results are in agreement with those obtained by EI-Neney et al. (2015) Lien and
Wu (2012) showed that papain supplementation markedly increased IgG levels.
Total globulin was mainly synthesized into antibodies, implying that papain
could enhance animal immunity. Rose et al. (2006) reported that papain
enhanced IL-6 production dose-dependently.

The additive effects of Papaya leaves on the improvement of the immune
response may be due to the increased availability amino acids, which are
nutrients needed for an effective and vigorous immune response, and to the
beneficial effects on the gastrointestinal microflora. Many studies have
demonstrated the antibacterial and anti-fungal properties of papaya latex
(Nwinyi et al., 2010 and Aravind et al., 2013). Essence of these properties in
papaya latex may explain the enhancement of immune system activity.
Miyamoto et al. (2004) showed that papaya enzyme increase immune system
function. Lien and Wu (2012) found that papain could enhance animal
immunity, enhance protein metabolism, ameliorate inflammation and regulate
immunity.

Generally the increase in blood constituents may be due to the role of
papaya leaves in improving all nutrient digestibility especially CP (Table 4).
Papaya latex consists of proteolytic enzyme and may possess antimicrobial,
antifungal, antioxidant and against many different parasites. This component
increased from digestibility and efficiency of nutrition absorption and
utilization thus may be reflected on better performance production and
reproductive. Also, it may be probably led to an increase in the absorption rate
from the digestive tract, thus blood constituents of the supplemented animals
reflected a corresponding increase of these values.
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Higher glutathione peroxidase (GPx) (P < 0.05) , superoxide dismutase
(SOD) and catalase ( CAT) activities were recorded in rabbits fed diets
supplemented with papaya (Table 7) these results are agreement with
Oloruntola et al., 2018, who reported that GPx and SOD were significantly
improved by dietary PL. The improved GPx and SOD activities in this study
further supports the earlier claim that pawpaw is rich in antioxidant nutrients
(Bolu, Sola-Ojo, Olorunsanya, and Idris, 2009) and that active ingredients of
plants have strong antioxidant effects such as hydrogen peroxide, nitric oxide,
and superoxide neutralization by increasing the production of SOD, GPx, and
CAT (Ali, Marrif, Noureldayem, Bakheit, and Blunden, 2006; Dhama et al.,
2015). In addition, since oxidative stress was identified as a cause for reduce
growth rate in animals (Vara Prasad Reddy, Thangavel, Leela, and Narayana
Raju, 2009); the increased antioxidant enzymes in rabbits fed diet contain PLE
and PL in this study may also explain the enhanced performance recorded in
the rabbits.

Caecum contents and Microbiological assay

Caecum content pH, total volatile fatty acids and ammonia concentration at
the end of the study are presented in Table 8. Analysis of variance revealed that
feeding growing rabbit on PLE diets which recorded 6.43 for 3% diet and PL
diets which recorded 5.80 for 3% diet comparing with control diet which
recorded 6.00 significantly (P<0.01) increased the value of PH. Total volatile
fatty acid was increased and unfavorable ammonia was decreased significantly
with feeding on PLE diets and which recorded 5.49 and 8.17 respectively for
3% diet and PL diets which recorded 4.26 and 8.42 respectively for 3% diet
comparing with control diet which recorded 3.72 and 9.84 respectively these
results may related to antimicrobial activity to papaya leaves and its extract.
Microbial counts (x 10 81 CFU/mI) in caecum as affected by the experimental
diets at the end of the study are presented in Table 9.

Results revealed that PLE diets and PL diets significantly (P<0.01)
decreased the values of all studied microbes comparing with control diet except
yeasts values were increased significantly (P<0.01) while Salmonella and
Shigella were not detected in all diets. These results agree with Doughari et al.,
(2007), Emeruwa (1982) , Leite et al.,(2005) and Mahendra and Nikhil (2016)
Who reported that seeds of Carica papaya were found to possess bacteriostatic
activity against several enteropathogens such as bacillus subtilis, Enterobacter
cloacae, Escherichia coli, salmonella typhi, staphylococcus, protease vulgaris,
pseudomonas aeruginosa and klebsiella pneumonia. Among the grampositive
and gram-negative bacteria tested the gram negative bacteria were more
susceptible to the extract. The latex of papaya and fluconazole has synergistic
action on the inhibition of Candida albicans growth (Giordiani et al., 1997).



USING PAPAYA LEAVES & THEIR EXTRACT SUPPLEMENTATION INRABBITS 185

‘SPIOY AJIEJS[EIOA [EIOL 'V AAL

RIS 10N SN T0°02d #s

(C0 0 J) APENITELE pRRIIp © 0T 2R 21 1 Sdnspdn mRIpp FmmsqaE smI] p2q ¥

. . . . . . . . (Tmpo1/5w)
T 900 | «TF8 | @0T8 | 9S8 | I8 | 6P | 878 | 86 | prgommay
ok . 't It | 9CE s cT ¢ c | e (Tmog1/5u)
010 [e9CF | of0F | 0%F | =O0FC | &ST5 | olTS CL't VIAL
CC0 | o08% £r9 LL9 £Fo £09 019 009 Hd
o | & 8% | = E ELT ® = 4 WnRe)
Yot %l %l %€ %l %l
SRIp SJAIp WI JIRI)XD LI
P15 | WIS | w yesT ededed Jo pad] Jea vAede g Jo [pAR] [o11me)) SR)[
"S]21p [ElURTIadxa Uo paj s}iqqes SULMOIS Jo SIURJUued WmaeE) “§ 9jte]
T00>d == 00>d s
(00 0= J) APTENDTEE peRImp © a0saTEs 2w adnirdns mRInp SmEsgaE sy 2 ¥
90°0 | oFC0 | I8 g8 | «TETT | =I8TT | 79701 28E°C { TP ULt AL
* 1vD
e | 760 [2C€69 | 5TC99 | 1660 | «FT6L | «PC8L | <06HL | -1TIC (%) QoS
* 120 |@6r89 | ar?CLO | cEEE0 | £V CL| «T9EL | «¥TIL| -IC6F (EET) D
Uk 0T U1 UhE 0T U1
S)31p UI J2ED X3 eI |
815 | IvAs | 9spupeaTesedegjopas | Jea ededeq jo pas [oao) ST

"s]e1p TeIuetzadxa U0 pay s1qQes Suiwoif Jo SISTUEIS SUAZUR JUEDPIXONUE BUSE] [ A[qEL




FATMA ABD-ELGHANY et al.

186

Table 9, Microbial Cecum (x 10 *1 CFU'ml) as affected by the experimental diets.

Cecum microbes | Control | Levelof Papaya Leaf extract | Levelof PapayaLeafindies| SEM | Sig.
(CFUml)] Diet in diets
1% 2% % 1% 2% %
Aerobictotalcount | TAQ* | 339" | 3IF | 330 | 344 | RAT BI OIS | M
Fecal coliforms 619 | 427 | 4214 | 423 | 4240 | 45FE| AT | 000 |
E. coli 326+ | 303 | 290v | 293 | RAIY | B3 303 | 008 | ®
Bacillus cereus 431 | 366 | 338 | 329 | AT | 36| 351 | 018 | ¥
Enterohacter 3760 | 3260 | 3TR | 33T | 330 ) 3ERe | 3 [ 014 ™
Clostridium gp 226 | 148@ | 100 | 1240 | 1A% 1ATEOL7E | 012 | ®
Enterococens LR OL6T | 248 | 2060 | LATE | LATE | L31F | 002 ) ™
Yeasts 3| 621 | 623 | 639 | 634 | 631 | 633 | 007 | *
Salmonella&Shigela| XD | ND | ND | ND | ND | ND | ND | = | =

Each value ts an average of 3 observations,

ND =Not detected, Numbet of bactertal cell per gram of cecum content (Jog10-1 CFUrml)
'CFU (Colony forming wnite).
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This synergistic effect results in partial cell wall degradation due to lack of
polysaccharides constituents in the outermost layers of fungal cell wall and
release of cell debris into the cell culture. Latex proteins appear to be responsible
for antifungal action and minimum protein concentration for producing a
complete inhibition was reported as about 138 mg/dl (Giordiani et al., 1991).

Economic efficiency

Data presented in Table 10. showed that rabbits fed on PLE
supplemented diets achieved the highest economic efficiency with values 1.92,
1.84 and 1.86 respectively followed by that fed on PL diets with values 1.86,
1.73 and 1.70 respectively, for relative economic efficiency the highest was for
1,3% PLE diets with values 115 and 111.38 followed by 1% PL diet with
value 111.38 followed by 2% PLE diet with value110.18 followed 1,3% PL
diets with values 103.59 and 101.02, and the least values for economic
efficiency and relative economic efficiency were shown with group fed on
control diet with values (1.67, 100) respectively. These results were agree with
Sorwar et al.,(2016) and Rahman et al., (2014) who indicated that
supplementation with PL was more profitable with a higher net profit/kg than
control group in broiler.

Liver histological examinations:
Figures 1, 2, 3, 4, 5, 6 and 7 show the histological sections of the liver.

The histological hepatic cells appearances in rabbits fed control diet showing
normal histological structure of hepatic tissues composed of hepatocytes
disposed of in the sheet which are separated by sinusoids free of collections and
inflammatory cells, moderate congestion of the portal vessels of polymorph
nuclear cells (Fig. 1). No Histological change observed in the liver of rabbits
treated with 1, 2,and 3 % PL supplementation and 1, 2,and 3 % as PLE, Fig 2,
3, 4, 5,6,7 compared with control group Figl normal hepatocytes (H) and
central vein (c).

Liver from 1%PLE group showing normal histology; normal hepatocytes
(H) and central vein (C), Fig 2. Liver from 2% PLE group showing normal
hepatocytes with prominent nucleus (H) and normal central vein (C), Fig 3.
Liver from 3% PLE group showing normal hepatocytes with prominent
nucleus (H), dilated blood sinusoids (arrows), and normal central vein (C), Fig
4. Liver from 1% PL group showing normal hepatocytes with distinct nucleus
and prominent nucleolus (arrows), dilated blood sinusoids, and normal central
vein (C), Fig 5. Liver from 2% PL group showing normal histology; normal
hepatocytes (H) and central vein Fig 6. Liver from 3% PL group showing
normal hepatocytes with distinct nucleus and prominent nucleolus (arrows),
dilated blood sinusoids, and normal central vein (C), Figure7.



Ttems Control | Levelof Papaya Leaf extract | Level of Papaya Leafin
diet in diets diets

1% 2% 3% 1% 2% 3%

= Total weightgain (kg) 1070 | 1260 | 1310 | 1228 | 1096 | 1.134 | 1.070
g Price of 1kg body weight 43 j 43 43 43 5 | 4
m Selling price/rabbit(LE)(3) | 4815 | 3670 | 3895 | 3326 | 4932 | 3103 | 4815
S Total feed intake 435 | 463 | 483 | 438 | 411 | 446 | 4126
m Price/kg diets (LE) 417 | 420 | 421 | 422 | 418 | 419 | 419
M Total feed cost/rabhit(LE)B) | 1806 | 1945 | 2076 | 1933 | 1722 | 1869 | 1783
= Net revenue(LE)’ 3000 | 3725 | 319 | 3393 | 3110 | 3234 | 303
£ |Economicefficiency’ 167 | 192 | 184 | 186 | 186 | 173 | 170
Relative Econ. Eff; 100 113 | 11018 | 11138 | 11138 | 10339 10102

(1) Netrevemue=A-E.

(2) Economic effictency = (A-B'B x 100).
(3) Relative Economic Effictency= Economic effietency of treatments other than the control' Economic efficiency

of the control proup.

188




USING PAPAYA LEAVES & THEIR EXTRACT SUPPLEMENTATION INRABBITS 189

W 4, r‘.‘ b o -
Fig. 1. .Liver from control group showing normal histology; note the normal
hepatocytes (H) and central vein (c), (HE X400).

hepatocytes (H) and central vein (C), (HE X400).
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Fig. 3. Liver from 2% PLE group showing normal hepatocytes with
prominent nucleus (H) and normal central vein (C), (HE X400).

< £ A il 1\ } SOp
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Fig. 4. Liver from 3% PLE group showing normal hepatocytes with prominent
nucleus (H), dilated blood sinusoids (arrows), and normal central vein (C),
(HE X400).
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¥

Fig. 5. Liver from 1% PL group showing normal hepatocytes with distinct nucleus
and prominent nucleolus (arrows), dilated blood sinusoids, and normal
central vein (C), (HE X400).

YD ARy i il A ! 3 O )
Fig. 6. Liver from 2% PL group showing normal histology; note the normal
hepatocytes (H) and central vein (C), (HE X400).

Y
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Fig. 7. Liver from 3%PL group showing normal hepatocytes with distinct nucleus
and prominent nucleolus (arrows), dilated blood sinusoids, and normal
central vein (C), (HE X400).

Conclusively, supplementation growing rabbit diet by 3% PLE improved
the performance, crude protein, digestibility, immunity and the antioxidant
enzyme status.
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