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1 | INTRODUCTION

Conventional feed ingredients that are in short supply are gen-
erally costly in developing countries and contribute largely to

the increase in poultry production costs. Poultry nutritionists in

Abstract

In the search for alternative feed resources for laying hens, papaya pomace is avail-
able as industrial by-product but information on its nutritive value is lacking. Dried
papaya pomace was included in a common laying hen diet at 0%, 2.5%, 5% and 7.5%
to evaluate its effect on egg production performance, egg quality and general health
parameters in Bovan brown layers. For every inclusion level, three cages with ten
20-week-old layers were used, making a total of 120 hens. The effect of dried pa-
paya pomace inclusion on egg production, egg quality and general health parameters
was evaluated. Dried papaya pomace inclusion improved egg production and laying
by 6.15% and 17% respectively, while it significantly decreased feed conversion ratio
by 7.5%. Eggshell weight, thickness and strength of PP5 were higher than the control
by 0.3 g, 0.8 mm and 0.43 kg/cm2, respectively. There was a significant improvement
in albumin weight (by 1.5 g/L), albumin height (2.1 mm), yolk weight (0.4 g/L), yolk
height (0.4 mm), yolk colour (4.4 points) and Haugh unit (8 points) due to PP5 treat-
ment. Inclusion of papaya pomace at a level of 7.5% of layers diet had negative effect
on Egg production, feed conversion ratio and interior and exterior egg quality traits.
Inclusion of papaya pomace affected significantly serum total cholesterol, serum tri-
glyceride, serum low density lipoprotein, serum high density lipoprotein, aspartate
aminotransferase, alanine aminotransferase and white blood cell count. However, all
blood traits of the experimental animals were within the normal ranges reported for
layers. Inclusion of papaya pomace in 5% of layers commercial diets improves egg pro-

duction and quality without negative impact on health while decreasing feeding cost.
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developing countries have therefore prioritized to introduce local
non-conventional feed stuffs, such as fruit production and process-
ing by-products (Kasapidou et al., 2015), into poultry diets. Mango
(Emshaw et al., 2012), guava (Lira et al., 2009) and apple (Ayhan
et al., 2009) already proved to be cheap and suitable sources of
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nutrients for poultry. Moreover, extensive studies have been carried
out to unveil the potential of varieties of seed meals for poultry in-
cluding blue lupin (Al-Sagan et al., 2020), cumin (Saleh et al., 2020),
flaxseeds and/or fenugreek seeds (Saleh et al., 2019), pumpkin seed
(Martinez et al., 2010), sunflower seed (Rama Rao et al., 2006) and
cotton seed (Swiatkiewicz et al., ). Variety of herbal plants have
also been explored in poultry nutrition to improve productivity, im-
mune response and health status (Aroche et al., 2018); (Haselmeyer
et al., 2014); (Saleh et al., 2018); (Navid et al., 2014); (Gerzilov
et al., 2015); (Saki et al., 2014).

Papaya (Carica papaya) is a plant native to tropical America and
southern Mexico and currently planted in Brazil, India, Mexico and
Africa (Gha et al., 2019). Papaya is one of the most popular fruits in
Ethiopia grown for its popular taste and high nutritive value. Ethiopia
produces annually 54,355 tons of papaya fruits (Gabrekiristos,);
(Setargie et al., 2015). Direct consumption and juice extraction of
papaya fruits result in seeds, peels and small amount of pulp and
this combination is considered as pomace. A large volume of papaya
pomace is produced in Ethiopia annually (Saleh et al., 2019). On dry
matter basis, literature reports that papaya pomace contains a fairly
high crude protein concentration (179-184 g/kg) and still quite some
energy (17-MJ gross energy/kg) (Martinez et al., 2010); (Rama Rao
et al., 2006). In addition, papaya peel contains functional compounds
including proteolytic enzymes (papain and chymopapain) and an-
thelmintic, antibacterial and anticoccidial compounds (Diarra, 2018);
(Pavithra et al., 2018).

Some studies have already evaluated papaya by-products in
broilers for instance papaya seed (Sola-ojo & Bolu 2009), papaya
peel (Saleh et al., 2018). To our knowledge, papaya pomace has not
been evaluated as feed ingredient for laying hens. The goal of our
study was therefore to evaluate a range of dietary inclusion levels
of dried papaya pomace on egg production, egg quality and general

health in Bovan brown layers.

2 | MATERIAL AND METHODS
2.1 | Feeding and set-up

One hundred twenty 20-week-old Bovan brown layers were ob-
tained from Alema Poultry PLC, Debre Zeit, Ethiopia, weighed
and randomly allocated into 12 cages, with 10 birds per cage
(100 cm x 90 cm x 90 cm) in a house having similar environmen-
tal condition. The average relative humidity and temperature of the
outside environment was 78% and 20°C respectively which de-

pended the house microclimate. The cages were randomly allotted

DM CcpP EE ASH CF

Papaya pomace 90 19.2 4.5 18 28.6

to four inclusion levels of dried papaya pomace: 0%, 2.5%, 5% and
7.5%. Standard layers commercial mashed concentrate formulated
to meet the nutrient requirement of Bovan brown at initial age of
20 weeks were obtained from Alema feed processing company.

Papaya pomace was collected from local juice shops in Jimma
town, mixed thoroughly, naturally dried in a shed, ground using a
mortar mill with a sieve size of 4 mm and properly stored. The pro-
cessed meal was packed in bags of 100 kg and stored in a dry place
until required. As indicated in Table 1, the diets contained white
maize, toasted soybean, vitamin/mineral premixes, meat and bone
meal, wheat bran, noug seed cake (Guizotia abyssinica), dried pa-
paya pomace meal, limestone flour and salt. Four iso-nitrogenous
and isocaloric treatments were made using the above-mentioned
ingredients which were ground with similar sieve size separately be-
fore mixing. Except for the control treatment, toasted soybean meal
and noug seed cake (G. abyssinica) were substituted by dried papaya
pomace meal, and uniformly mixed. Then, the mixed ingredients
were further uniformly mixed with other ingredients. The dietary
treatments were the control diet and diets containing dried papaya
pomace meal at the levels of 2.5%, 5%, and 7.5% partially substitut-
ing the protein of the toasted soybean and noug cake (G. abyssinica)
in the control diet. Proximate analysis was performed to identify the
chemical composition of dietary treatments including dried papaya
pomace meal.

Before the start, birds were vaccinated against Newcastle dis-
ease, fowl typhoid, fowl pox, infectious bursal disease and Marek's
disease as per recommended for Bovan brown layers. Birds were
offered the experimental diets adlibitum and feed intake was cal-
culated by subtracting the leftover feed from the offered feed. All
experimental birds had free access to clean drinking water. The trial
lasted for 12 weeks in addition to one week of adaptation.

2.2 | Laying performance and egg quality

Individual weights of the birds were recorded at start and end
(12 weeks) of the trial. Egg production, egg weight, and feed in-
take, egg mass, feed conversion ratio, egg production and laying
rate were recorded for each replicate (cage). Three eggs were ran-
domly collected from each cage every week to determine egg inte-
rior and exterior quality. Shell weight, shell strength (measured by
an egg force reader [EFR-01; Orka Food Technology Ltd]) and shell
thickness (determined by eggshell thickness gauge (Robotmation
Co., Ltd.) at the large end, equatorial region, and small end) were
determined. A Roche colour fan (Hoffman-La Roche Ltd., Basel,

Switzerland) was used to determine egg yolk colour. Albumin and

TABLE 1 Chemical composition (% dry
matter) and metabolizable energy content
of the experimental feeds

NFE ME

29.7 12.2

Abbreviations: CF, crude fiber; CP, crude protein (% DM); DM, dry matter; EE, ether extract (%DM);
ME, metabolizable energy (MJ/kg DM) calculated according to Wiseman (1987); NFE, nitrogen free

extract (% DM).
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yolk weights were recorded while yolk height wasmeasured using
an electronic digital calliper (SH14100025; Shenhan, Shanghai,
China). Haugh unit was calculated according to Card and MCN
(Card et al., 1972).

2.3 | Feed and blood analyses

Representative samples of the feeds were ground through passing
a 1-mm screen and then analysed for dry matter, ash, crude protein,
ether extract and crude fibre according to AOAC (AOAC, 2006). Total
nitrogen was determined using micro-Kjeldahl method and crude
protein was computed as nitrogen x6.25. Nitrogen-free extract was
calculated by deducting ether extract, crude fibre and crude protein
from organic matter and metabolizable energy was computed ac-
cording to Wiseman (Wiseman, 1987). All the feed analyses were
carried out at Jimma University, Animal Nutrition and Post-harvest
and Food Science Technology Laboratory.

At the end of the experiment, two birds were randomly selected
from each cage and blood sampled from the brachial vein in a tube
without anticoagulant for separation of serum; then the samples were
immediately centrifuged at 2,268g for 15 min and the obtained serum
was stored at -20°C until further analysis. Serum was analysed spec-
trophotometrically for total protein, albumin, uric acid, total choles-
terol, triglycerides, low-density lipoprotein, high-density lipoprotein,
aspartate aminotransferase, alanine aminotransferase and creatinine
using commercial kits (Wiener LaboratoriosS. A.l.C., Argentina).

An additional two birds per cage were bled from punctured bra-
chial vein to collect 5 ml of blood in EDTA tubes for haematological
assays (Bermudez and Stewart-Brown, 2003).

Red blood cells, white blood cell, packed cell volume, haemo-
globin and absolute counts of neutrophils and lymphocytes were
recorded according to Jain (Jain, 1986). All blood samples were
analysed at Jimma University Medical Physiology Laboratory and
Universal Clinic Chemical Pathology Diagnostic Laboratory, Jimma,

Ethiopia.

2.4 | Statistical analysis

One-way analysis of variance was used to determine effect of pa-
paya pomace supplementation on egg production, quality, serum
biochemical and haematological profile. Means of treatments
were compared using least significance difference test at p < .05.
All statistical analyses were done using Statistical Analysis System
(SAS, 2012).

3 | RESULTS

The composition of the dried papaya pomace is presented in Table 1,
and Table 2 illustrates the chemical composition of experimental

treatments.

WILEY-

Although papaya pomace inclusion had no effect on feed in-
take and egg output, feed conversion ratio decreased from 0% to
the 2.5% and 5% inclusions and increased again with 7.5% inclu-
sion (Table 3). Egg laying rate showed a negative response to pa-
paya pomace inclusion, with the highest laying rates in the 2.5%
and 5% inclusion.

Shell characteristics (weight, thickness and strength) remained
unaffected.

Egg white and egg yolk traits all increased with increasing papaya
pomace inclusion, but only significant for albumin height, yolk colour
and Haugh units.

Papaya pomace inclusion gradually reduced cholesterol, low den-
sity lipoprotein and uric acid and increased high density lipoprotein
(Table 4). The dietary treatment did not significantly alter triglycer-
ide, albumin, total protein, aspartate amino transferase, alanine amino
transferase and creatinine concentrations in blood serum.

Papaya pomace meal had no significant influence on packed cell
volume, haemoglobin, monocyte count, neutrophil counts, red blood
cell counts and white blood cell counts (Table 5).

4 | DISCUSSION

The substitution of noug cake and soybean meal by dried papaya
pomace induced no negative effects on any of the tested param-
eters, and even outperformed the control diet in terms of laying per-
formance, egg quality and hens metabolism. The blood metabolite
profile can however not explain why performance with the highest
inclusion level (7%) is falling back to the same level as the control
group since none of the tested blood parameters become worse at
the highest rate of inclusion.

Therefore, the inability to achieve an improved response of
feed efficiency and laying rate as the level of inclusion advances
may rather originate from slight imbalances in non-formulated
nutrients. Since no detailed information on papaya pomace was
available for this study, such as digestible amino acid concen-
trations, future work should unravel the underlying mechanism.
Papaya itself appears to be limiting in several amino acids (Marfo
et al., 1986). This can explain that at a certain inclusion level, lim-
iting amino acids start to reduce feed efficiency and laying perfor-
mance (Khajali et al., 2008). However, a less efficient use of amino
acids for protein synthesis would be reflected in increased serum
uric acid concentrations, whereas the opposite was noted with in-
creased papaya pomace inclusion. Therefore, the underlying rea-
son for the failure of growing responses as a function of inclusion
rate needs further investigation.

The stimulating effect on laying performance may come from
the flavonoid compounds such as myricetin and kaempferol in pa-
paya peels which have an estrogenic activity inducing productive
performance of layers by regulating the hypothalamic gonadal axis
(Novitasari et al., 2018). This has already been confirmed by the
previous study using flaxseeds and/or fenugreek seeds for Bovans
Brown layers (Saleh et al., 2019).
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Dried papaya pomace inclusion 0% 2.5% 5%
Maize grain 48 48 48
Toasted soybean meal 20 19 17.8
Noug® seed cake 14 13.5 13.5
Vitamin and mineral premix 1 1 1
Meat and bone meal 2 2 2
Salt 0.5 0.5 0.5
Limestone flour 4.5 4.5 4.5
Wheat bran 10 10 10
Dried papaya pomace 0 2.5 5
Nutrient composition

Dry matter (%) 90.9 90.9 90.9
Ash (%) 8.56 8.80 9.03
Crude protein (%) 18.0 17.0.8 17.4
Crude fibre(%) 6.64 7.19 7.74
Ether extract (%) 6.62 6.57 6.51
Nitrogen free extract (%) 62.8 62.0 61.1
Metabolizable energy (kcal/kg) 14.1 14.1 14.0

TABLE 2 Ingredient composition and

7.5% R X . .
° nutrient analysis of the experimental diets

48
16.2
12.5

0.5
4.5
10

7.5

90.8
9.27
171
8.29
6.46
60.3
14.0

2Guizotia abyssinica; vitamin premix per kg of diet: vitamin A: 2.7 mg; vitamin D3 : 0.05 mg;

vitamin E: 18 mg; vitamin K3: 2 mg; thiamine: 1.8 mg; riboflavin: 6.6 mg; pantothenic acid: 10 mg;
pyridoxine: 3 mg; cyanocobalamin: 0.015 mg; niacin: 30 mg; biotin: 0.1 mg; folic acid: 1 mg; choline
chloride: 250 mg; antioxidant: 100 mg; Fe: 50 mg; Mn: 100 mg; Zn: 100 mg; Cu: 10 mg; |: 1 mg and

Se: 0.2 mg.

The unaltered eggshell quality indicates that papaya pomace
use will not lead to higher egg breakage and had no notable ef-
fects on for instance calcium homeostasis. Literature data indeed
confirm that papaya contains fair amounts of calcium (Emeka &
QOjimelukwe, 2012).

The increased albumen height and Haugh score suggest a better
storage potential for eggs from hens fed papaya pomace. A good
level of antioxidant action is often responsible for good albumen
quality, and here again, the natural presence of antioxidant flavo-
noids can support this hypothesis (Nugroho et al., 2017). The an-
tioxidant action of papaya products has been widely documented
in literature (Zhou et al., 2011), usually attributed to the high con-
centrations of carotenoids that cause the yellow colour of papaya
(Chandrika et al., 2003). It is the logical reason why yolk colour was
strongly affected by papaya pomace inclusion in the laying hens diet.
Egg yolk colour is referred to be the major trait associated with con-
sumer preference for table egg (Card et al., 1972). The improvement
in yolk colour could be due to the presence of carotenoids such as
B-cryptoxanthin, lutein and B-carotene in papaya pomace (Aroche
etal., 2018); (AOAC, 2006). Similar to our findings, (Leke et al., 2018)
reported that yolk colour intensity was significantly improved when
papaya peel was fed to layers.

Serum biochemical parameters are the major indictors of met-
abolic alterations in tissue and organs reflecting diet effects on the
nutrient metabolism and health of chickens (Bermudez and Stewart-
Brown, 2003). The reduction in serum total cholesterol and low

density lipoprotein while high density lipoprotein was increased is

in agreement with the results of (Leke et al., 2018) on papaya peels.
The reduction of cholesterol in layers fed papaya pomace might be
attributed to the presence of B-sistosterol in papaya pomace which
have hypoglycemic and hypolipidemic activity of impairing absorp-
tion of cholesterol in the small intestine (). The papaya pomace-
induced change in cholesterol fractions towards more HDL will
likely have contributed to the increased egg laying rate, since HDL
is needed to transport lipids for egg yolk synthesis to the ovaries
(Alvarenga et al., 2011); (Andersen et al., 2013). The reduction of uric
acid as the level of inclusion increases reflects a decreasing need to
use protein as energy source. Although not significant, the numeric
decreases in aspartate amino transferase and alanine amino trans-
ferase activities support this interpretation as their main function is
to channel amino acids into the citric acid cycle (Huang et al., 2006).
The above changes in metabolite profile are likely attributable to in-
creased performance rather than altered health status, since none of
the haematological parameters were affected in our study.

5 | CONCLUSION

Substitution of noug meal and soybean meal by dried papaya pom-
ace in laying hen diets showed a non-linear improvement of feed ef-
ficiency and laying rate. This improvement in efficiency was further
evidenced by the changes in lipid and cholesterol metabolism. The
papaya pomace inclusion also induced an improved response in egg

traits such as albumen height and yolk colour that are most likely
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TABLE 3 Body weight, egg production and egg quality of Bovan
Brown layers fed diets with varying inclusion levels of dried papaya
pomace meal

Dried papaya pomace inclusion

Parameters 0% 2.5% 5% 7.5% SEM

Initial live weight ~ 1.81 1.81 1.81 1.81 0.07
(kg)

Final live weight 1.82 1.83 1.86 1.81 0.07
(kg)

Feed intake (g/ 97 98 101 97 4
day)

Egg weight(g/ 67 69 71 65 2
day)

Feed conversion ~ 2.23%  1.99°  1.99° 226 0.07
ratio (g feed/g
egg)

Laying rate (%) 78.5° 8757 89.2° 79.4° 2.4

Shell weight (g) 8.8 8.9 9.1 8.9 0.4

Shell thickness 63 64 64 63 3
(mm)

Shell strength 5.1 5.2 5.5 5.1 0.2
(kg/cm2)

Albumin weight 40.6 41 421 443 1.9
(g/L)

Albumin height 8.1° 8.6° 10.2% 11.2° 0.5
(mm)

Yolk weight (g/L)  16.6 16.5 17.0 17.7 0.8

Yolk height (mm) 17.9 17.8 18.3 18.2 0.8

Yolk colour 1.0° 3.4% 5.4° 8.6 0.4

Haugh unit (%) 86° 89ab 942b 1012 4

Note: 2’Means in a row with different superscript are significantly
different (p < .05).

Abbreviation: SEM, standard error of the mean.

due to the natural carotenoids. Dried papaya pomace is therefore a

valuable by-product to use in laying hen diets.
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TABLE 4 Serum clinical biochemistry of Bovan Brown layers fed
diets with varying inclusion levels of dried papaya pomace meal

Dried papaya pomace inclusion

0% 2.5% 5% 7.5% SEM
Total cholesterol 123" 113 109 103" 5
(mg/dl)
Triglycerides (mg/dl) 273 257 265 239 12
Low density 119° 110 91P 92° 5
lipoprotein (mg/dl)
High density 44° 48 SP2d 542 3
lipoprotein (mg/dl)
Albumin (mmol/L) 26.2 26.2 26.1 26.1 1.3
Protein (mmol/L) 40 43 43 43 2
Uric acid (mmol/L) 5.87 5.47 5.27 4.2° 0.2
Aspartate amino 143 143 138 137 7
transferase(lU/L)
Alanine amino 287 284 276 252 12
transferase (IU/L)
Creatinine(mmol/L) 71 71 71 71 3

Note: 2®Means in a row different superscript are significantly different
(p <.05).
Abbreviation: SEM, standard error of the mean.

TABLE 5 Haematology of Bovan Brown layers fed diets with
varying inclusion levels of dried papaya pomace meal

Dried papaya pomace inclusion

0% 2.5% 5% 7.5% SEM

Packed cell 24.9 24.9 24.9 24.9 1.2
volume (%)

Haemoglobin 8.2 8.2 8.1 8.2 0.4
(g/dl)

White blood cell 2.38 2.33 2.26 223 011
(x10%/L)

Monocyte 0.320 0.325 0.316 0.320 0.016
(x10° pl/L)

Neutrophils 229 23.0 229 229 11
(x10° pl/L)

Red blood cell 3.89 3.85 3.86 3.87 0.19
(x10*2/L)

Note: Means in a row with different superscript are significantly
different (p < .05).
Abbreviation: SEM, standard error of the mean.
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