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Abstract
An experiment was conducted to determine the effect of Moringa oleifera  leaves 
(MOL) on breeder hen performance, hatching egg quality and blood parameters. A 
total of 180 Sasso broiler breeder hens were used for the study. They were allotted 
to two groups each containing 3 replicates of 30 hens of 18 weeks of age. Dietary 
treatments were a control diet (basal diet without moringa leaves) and a diet contain-
ing 10g of moringa leaves in 1kg of control diet (1% w/w). The experiment lasted 
40 weeks. The following production parameters; feed intake, egg weight, laying rate 
and feed conversion ratio were measured for the whole experimental period while 
egg quality and blood parameters were assessed at different ages. Results showed 
that laying rate and hatching egg weight were improved by moringa meal diet for the 
whole experimental period. Feed intake and feed conversation ratio were decreased 
(p  <  .05) by incorporation of moringa leaves. Differences (p  <  .01) were observed 
in albumen and yolk ratio at 55th week of age. Yolk colour was (p < .001) improved 
by moringa meal at 31st, 43rd and 55th week of age. At the end of the experiment, 
serum concentrations of triglycerides, total cholesterol, low-density lipoprotein cho-
lesterol and atherogenic index were decreased (p < .05) while high-density lipopro-
tein cholesterol was unaffected (p > .05) by incorporation of moringa in the diet. It 
was concluded that the use of moringa leaves as feed additive in Sasso breeders diet 
improved productivity and quality of hatching eggs.
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1  | INTRODUC TION

Economic growth and the need for animal proteins has led to an 
increase in meat consumption (Popkin, Adair, & Nq, 2012). Poultry 
farming is one of the agricultural sectors that contributes to meeting 
the animal protein requirements of the human population (Delgado, 
Rosegrant, & Wada, 2003). To continue playing this role, it is neces-
sary to produce more day-old chicks. This can only be achieved by 
nutritional improvement that facilitates increased egg production, 
adequate incubation procedures and production of good quality 
day-old chicks. Management during incubation of hatching eggs 
(Decuypere & Michels, 1992; Meir & Nir, 1984) has played some role 
in partially achieving this goal.

Several studies have shown that egg quality and hatchability are in-
fluenced by the nutritional composition of feed consumed by breeders 
(Adesola, Ng'ambi, & Norris, 2012; Edge, McGarvey, & Truscott, 1997). 
In fact, improving quality of breeder feeds leads to increasing hatch-
ing egg quality (Aydin, Pariza, & Cook, 2001; Novo, Gama, & Soares, 
1997). Natural feed additives derived from herbs, spices or other plants 
are widely used to improve the productivity of animals through their 
positive actions on digestibility, nutrient absorption and control of par-
asites in the digestive tract (Athanasiadou, Githiori, & Kyriazakis, 2007; 
Windisch, Schedle, Plitzner, & Kroismayr, 2008). The use of feed ad-
ditives, especially in hot climates where heat stress prevents animals 
from achieving optimal productivity can also contribute to improving 
their performance (Khan et al., 2012). El-Shafei, Hassan, Al-Gamal, and 
El-Sayed (2012) have reported an increase of total egg number, daily 
egg mass and egg quality traits such as eggshell weight, albumen, egg-
shell thickness and specific gravity compared with the control group 
when laying quails were supplemented with 1% of fenugreek seed 
meal. In laying hens, fenugreek seed meal in feed led to an improve-
ment of production parameters (Abdul-Rahman, Sultan, & Taha, 2010). 
Abdul-Rahman et al. (2010) observed a reduction in plasma total lipids, 
total cholesterol and improved antioxidant status when broiler chicks 
are supplemented with 0.5% fenugreek.

Moringa oleifera (M. oleifera) is another pythogenic feed additive. It 
is a leguminous plant used by both humans and animals (Moyo, Masika, 
Hugo, & Muchenje, 2011; Sultana et al., 2015; Tété-Bénissan, Quashie, 
Lawson-Evi, Kokou, & Gbeassor, 2012; Tiamiyu, Okomoda, & Aende, 
2016). M. oleifera is known to have antioxidant, anti-inflammatory, hy-
poglycemic, hypolipidemic, cholesterol-reducing and hepatoprotective 
properties (Ghasi, Nwobodo, & Ofili, 2000; Chumark et al. 2008; Singh 
et al., 2009; Leone et al., 2015). Its leaves are rich in proteins, minerals, 
salts and vitamins (Makkar & Becker, 1997; Moyo et al., 2011). They 
also contain antinutritional substances that limit their use at will (Aye 
& Adegun, 2013; Worku, 2016). Work conducted by Teteh, Gbeassor, 
Decuypere, and Tona (2016) showed an increase in the production and 
weight of eggs when moringa leaves are incorporated into the diet of 
Isa brown laying hens. Similar tendencies have been observed on the 
internal quality of eggs, especially on yolk coloration (Tesfaye, Animut, 
Urge, & Dessie, 2014). In addition, the use as food additives leads to 
changes in serum parameters. Despite their nutritional qualities, there 
is no research that has evaluated the potential of moringa leaves in 

Sasso breeders diets. Therefore, the aim of the current study was to 
assess the effect of M. oleifera leaf on Sasso breeder performances, 
hatching egg traits and serum biochemical parameters.

2  | MATERIAL S AND METHODS

2.1 | Experimental site, animals and preparation of 
test material

This study was conducted at the Centre d'Excellence Régional sur 
les Sciences Aviaires (CERSA) poultry farm unit, University of Lomé, 
Togo. During a 40-week study, 180 Sasso breeder hens were fed 
with diets with or without Moringa oleifera leaves (MOL). These 
leaves were collected from rural areas of Togo and air dried using air 
conditioning at 18°C and milled to be incorporated in poultry feed. 
Birds were reared on a deep litter system with laying nests.

2.2 | Management of experimental hens

One hundred and eighty (180) Sasso breeders (18  weeks of age 
with initial BW of 1.31 ± 0.008 kg; mean ± SEM) and 18 males were 
equally divided into 2 dietary treatments. Ninety hens and 9 cocks 
were used in each dietary treatment of 3 replicates of 30 hens 
and 3 cocks. Hens of the first group (control) were fed basal diet 
without MOL while the second group received the same diet con-
taining 1% MOL. All diets were iso-nitrogenous and iso-energetic. 
The birds were fed according to the company's recommendations 
throughout the experimental period. Water was offered ad libitum 

TA B L E  1   Composition of experimental diets (%)

Feed stuffs Control diet MOL diet

Maize 58 57.42

Wheat bran 8 7.92

Soya seed 17 16.83

Fish meal 40% 8 7.92

Moringa leaf 0 1

Concentrate 2 1.98

Oyster shell 7 6.93

Total 100 100

Calculated analysis

ME (kcal/kg) 2,822.22 2,833.32

CP (%) 17.433 17.556

Calcium (%) 2.659 2.660

Phosphorus (%) 0.650 0.646

Lysine (%) 0.936 0.953

Methionine (%) 0.388 0.393

Methionine + Cysteine (%) 0.594 0.602

Abbreviations: CP, Crude protein; ME, Metabolizable energy; MOL, 
Moringa oleifera leaves.
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throughout the experiment. Natural light was used as a source of 
lighting. The compositions of the experimental diets are shown in 
Table 1.

2.3 | Data collection

2.3.1 | Breeder hens’ performances

Throughout the experiment, a measured amount of feed was offered 
to hens each day. Weekly feed refusals in each group were collected, 
weighed and recorded before feed was offered. Feed provided and 
refusals were used to evaluated feed intake (g/hen/day). Eggs were 
collected and weighed daily. The average egg laying rate, egg weight 
and feed intake were used to calculate feed conversion ratio as 
grams of egg mass per gram of feed consumed.

2.3.2 | Determination of internal hatching 
egg qualities

Eggs laid at the end of weeks 31, 43 and 55 were sampled for meas-
urement of egg components and yolk colour. At each age, eggs were 
weighed with a scale with an accuracy of 0.01 g before cracking open. 
Yolk and eggshell were separated manually and weighed. Albumen 
weight was calculated by removal of eggshell and yolk weight to whole 
egg weight. All egg components were expressed as percentages of egg 
weight [(component weight/ absolute egg weight) × 100]. Yolk color 
was measured using a Roche yolk colour fan (Hartmann, Paris, France).

2.3.3 | Determination of blood parameters 
concentration

Blood samples were taken from five randomly selected hens from 
each replicate at the end of the experiment for blood serum lipid de-
termination. Blood samples were collected by inserting a sterile nee-
dle into the wing vein of the birds and extracting approximately 2 ml 
of blood. Samples were immediately centrifuged at 3,000 rpm and 
serum was collected for total cholesterol, high-density lipoprotein 
cholesterol (HDL-cholesterol) and triglycerides assays. Blood pa-
rameters were determined by colorimetric method using SELECTRA 
PRO M spectrophotometer. All serum parameters were measured 
using a commercial kit manufactured by ELITechGroup. Low-density 
lipoprotein cholesterol (LDL-cholesterol) concentrations and athero-
genicity index were determined by calculation according to methods 
described by Jenkins et al. (1987) and Tété-Bénissan et al. (2013).

2.4 | Statistical analysis

Data collected were analysed using Student's T-tests with GraphPad 
Prism 5.00 software. When data were percentages they were 

transformed by arc sin square root prior to analysis. Results were con-
sidered to be statistically significant when p < .05. Data obtained were 
expressed as mean ± standard error of mean.

3  | RESULTS

3.1 | Effects of Moringa oleifera leaves on breeder 
hens performances

The effect Moringa oleifera leaves on Sasso breeder hens perfor-
mances is presented in Table 2. Feed consumption was (p  =  .038) 
reduced in moringa dietary group. Overall mean of egg production 
percentage and egg weight were (p =  .0098 and p <  .001, respec-
tively) increased for hens fed on MOL compared with the control 
group. Feed conversion ratio for the whole experimental period was 
(p = .042) reduced with 1% of MOL in diet.

3.2 | Effects of Moringa oleifera leaves on internal 
qualities of hatching eggs

Table 3 shows the effect of MOL on internal qualities on hatching eggs. 
Within the control group, the albumen ratio in the eggs of the birds 
sampled at 31, 42 or 55 weeks decreased with increasing age. For the 
MOL group, the albumen ratio also decreased at 42 weeks but was 
higher at 55 weeks. Between the two diets, the albumen ratio week by 
week, did not differ at 31 or 42 weeks but was higher in the MOL eggs 
of birds at 55 weeks compared with the control (p < .01).

The egg shell ratio within groups, also decreased between 31 
and 42  weeks, but no further change was observed at 55  weeks. 
Between treatments, egg shell ratio did not differ between different 
periods of sampling.

Yolk ratio in the control group increased with age throughout 
the sampling period. In the MOL group, yolk ratio also increased at 
42 weeks and declined at 55 weeks. Between treatments, yolk ratios 
were similar at 31 and at 42 weeks for the control and MOL groups. At 
55 weeks, yolk ratio was (p < .01) higher in the controls eggs compared 
with the MOL group. Yolk colour in both groups decreased throughout 

TA B L E  2   Effect on moringa leaves on breeder hens 
performances

Parameters Control group MOL group p-value

Feed intake (g/
day/hen)

113.9 ± 0.830 111.9 ± 0.847 .038

Egg weight (g) 52.5 ± 0.056 53.2 ± 0.058 ***

Laying rate (%) 61.4 ± 0.560 63.37 ± 0.520 .0098

FCR 3.65 ± 0.132 3.33 ± 0.076 .042

Note: Significant differences between groups were determined by t test.
Abbreviations: FCR, Feed conversion ratio; MOL, Moringa oleifera 
leaves.
***p < .001. 
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the sampling period. However, means obtained at 31 and 43 weeks 
were similar. When considering diet, yolk colour was higher at all ages 
for the MOL group when compared to the control group (p < .001).

3.3 | Effects of Moringa oleifera leaves on 
serum parameters

Blood parameters are summarized in Table 4. No (p =  .648) differ-
ence was observed in the HDL cholesterol values. However, serum 
total cholesterol, LDL cholesterol and triglyceride concentrations 
were reduced (p  <  .05) at the end of experimentation in the MOL 
group. Atherogenicity index was also (p =  .018) lower for hens fed 
with MOL.

4  | DISCUSSION

A number of feed additives are available for inclusion in poul-
try diets in order to improve their performance. This is the 
first investigation on the effect of Moringa oleifera leaf as a 
feed additive on Sasso broiler breeder hen performances, in-
ternal traits of hatching eggs and blood parameters. We have 

previously reported beneficial effects of moringa leaves inclu-
sion in the feed of a layer strain of chickens (Isa Brown) on egg 
performance.

The similarity in the results obtained on feed intake sug-
gest that the inclusion of moringa leaf at 1% would not influ-
ence feed intake detrimentally or increase dietary fibre which 
may cause poor performance in monogastrics such as birds 
(Agbede & Aletor., 2003). Our findings show effectively that 
MOL improved breeder hens’ performances. The egg produc-
tion percentage for whole experimental period was increased 
by MOL. This improvement in egg performance may have 
been due to several factors, one of which is the presence of 
selenium in moringa leaves (Moyo et al., 2011). According to 
Cantor and Scott (1974), egg production increased when the 
feed of laying hens was supplemented with selenium. This 
observation is in agreement with that of Teteh et al. (2016) 
who reported higher egg production when Isa brown hens 
feed was included at 1% of moringa leaves. However, the 
magnitude of increase obtained by the authors was approx-
imately five times higher than in the current study. This dif-
ference could be attributed to strain difference or the fact 
that MOL was offered to the Isa Brown hens diet included 
1% moringa leaves from starter phase. Renema (2004) and 
Attia et al. (2010) indicated that the use of organic selenium 
source improves not only egg production but also egg weight 
in agreement with the findings from this study and those of 
Teteh et al. (2016).

Another factor that may have influenced egg production is the 
known amino acid content of Moringa olifera leaves. This might have 
influenced both production and egg weight. The improvement in egg 
weight and egg number may be linked to the amino acids’ profile of 
MOL notably the sulfurous amino acids. In fact, methionine and cys-
teine have been shown to have a positive influence on egg weight and 
number because these sulfurous amino acids are essential for pro-
tein synthesis (Bunshasak, 2009). Even though there was no change 
in feed intake, breeder hens fed with MOL exhibited improved 
feed conversion ratios as evidenced by increases in egg weight and 
production.

TA B L E  3   Effect on moringa leaves on internal traits of hatching eggs

Parameters

Control group MOL group

31st week 42rd week 55th week 31 st week 42 rd week 55 th week

Albumen ratio 
(%)

63.4 ± 0.736 60.8 ± 0.809 60.0 ± 0.688 63.5 ± 0.600 61.4 ± 0.743 64.0 ± 0.923**

Eggshell ratio 
(%)

11.6 ± 0.373 10.3 ± 0.354 10.9 ± 0.368 11.6 ± 0.372 10.3 ± 0.205 10.6 ± 0.322

Yolk ratio (%) 25.1 ± 0.607 28.9 ± 0.678 29.1 ± 0.598** 24.9 ± 0.540 28.3 ± 0.701 25.4 ± 0.867

Yolk colour 4.27 ± 0.358 3.80 ± 0.175 1.43 ± 0.228 7.67 ± 0.485*** 8.00 ± 0.239*** 4.67 ± 0.232***

Note: At each age, significant differences between groups were determined by t test.
Abbreviation: MOL, Moringa oleifera leaves.
**p < .01. 
***p < .001. 

TA B L E  4   Effect of moringa leaves on serum lipids parameters

Parameters Control group MOL group p-value

Triglycerides 
concentration (g/L)

18.6 ± 1.64 13.5 ± 1.56 .030

Total cholesterol 
concentration (g/L)

2.17 ± 0.195 1.72 ± 0.158 .044

HDL-Cholesterol 
concentration (g/L)

0.468 ± 0.021 0.455 ± 0.017 .648

LDL-Cholestérol 
concentration (g/L)

2.34 ± 0.217 1.89 ± 0.213 .036

Atherogenicity index 5.10 ± 0.441 4.04 ± 0.414 .018

Note: Significant differences between groups were determined by t test.
Abbreviations: HDL, High-density lipoprotein; LDL, Low-density 
lipoprotein; MOL, Moringa oleifera leaves.
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The influence of MOL on egg quality in this study seemed 
most prominent as hens become older. Albumen ratio and yolk 
colour were enhanced at 55  weeks, when the parameters were 
naturally declining. The role of MOL in enhancing yolk colour at 
all ages was very impressive. Silversides (1994), Suarez, Wilson, 
Mather, Wilcox, and McPherson (1997), Vieira and Moran (1998) 
and Silversides and Scott (2001) have reported (a) albumen ratio 
and hens'age are negatively correlated, (b) albumen and shell ratio 
have similar evolution and (c) hatching eggs of older hens have a 
higher yolk ratio than those of younger hens. Our data from con-
trol hens are in agreement with those of these authors. The addi-
tion of moringa in the feed ameliorated or reduced the reduction 
in albumen ratio but decreased the yolk ratio in the 55 weeks old 
birds. Yolk colour was increased at all ages. Even though the char-
acteristic decline of the yolk colour was observed at 55  weeks, 
MOL reduced the precipitous characteristic decline. Teteh et al. 
(2016) previously reported this phenomenon in Isa Brown layers 
where MOL influenced egg weight, albumen and yolk ratios and 
yolk colour. The increase in yolk colour may be due to the high 
level of beta-carotene present in MOL (Joshi & Mehta, 2010; 
Makkar & Becker, 1996).

The results show a general decrease in the blood serum parame-
ters measured in the birds fed MOL except for HDL-Cholesterol con-
centrations. The decrease in serum triglycerides mimic the decline in 
yolk ratio as the triglycerides are the main components of yolk. Apart 
from triglycerides, serum cholesterol and HDL-cholesterol were also 
reduced by MOL. Cholesterol concentration reduction has been 
previously reported in laboratory animals when fed on MOL (Ghasi 
et al., 2000). Foidl, Makkar, and Becker (2001) have also reported 
the chelating effects of saponins on triglycerides in the presence of 
MOL, as MOL contains high concentrations of saponins.

The decreased total cholesterol concentration may be due to 
reduction of LDL-cholesterol. Lower concentrations of serum LDL-
cholesterol in breeder hens fed with MOL could be attributed to 
beta-sitosterol, a vegetable sterol presents in MOL whose struc-
ture is similar to cholesterol. This bioactive phytoconstituent in-
duces decreased LDL concentrations in rats (Ara, Rashid, & Amran, 
2008). Triglycerides and LDL cholesterol are atherogenic lipids. The 
decrease of artherogenic index in MOL group confirms that mor-
inga leaves possess a potential hypolipidemic and hypocholester-
olemic effect which induced a reduction in the atherogenic index 
(Chumark et al., 2008; Tété-Benissan et al., 2013). Our findings on 
serum lipids are in agreement with the general observations made 
by Dey and De (2013) that inclusion of moringa leaves in broilers 
diet at 0.25 and 0.4% decreased triglycerides, total cholesterol and 
LDL cholesterol.

In conclusion, this study reveals that the incorporation of Moringa 
oleifera leaves into Sasso breeder hens’ feed improved performance 
of Sasso breeder hens and had a positive impact on the internal qual-
ity of their hatching eggs and decreased some of the serum lipids 
measured. Since quality of the hatching egg partly determines hatch-
ing performance, the next step would be to study effect of Moringa 
oleifera on hatchability.

ACKNOWLEDG EMENTS
This work was supported by World Bank grant IDA 5424. The first 
author is grateful to IDRC/CORAF-WECARD/IITA for facilities dur-
ing his thesis preparation.

ORCID
Oumbortime N'nanle   https://orcid.org/0000-0002-8456-254X 
Amivi Tété-Bénissan   https://orcid.org/0000-0002-4326-1986 
Dassidi Nideou   https://orcid.org/0000-0002-5734-5187 

R E FE R E N C E S
Abdul-Rahman, S. Y., Sultan, K. H., & Taha, A. T. (2010). The effect of use 

of fenugreek seeds on the reproductive performance of aged broiler 
breeder males. Journal of Tikrit University for Agricultural Sciences, 10, 
156–163.

Adesola, A. A., Ng’ambi, J. W., & Norris, D. (2012). Effect of ascorbic 
acid supplementation level to diets of indigenous Venda hens on 
egg production. hatchability and subsequent productivity of chicks. 
African Journal of Biotechnology, 11(62), 12606–12611. https​://doi.
org/10.5897/AJB11.3824

Agbede, J. O., & Aletor, V. A. (2003). Evaluation of fish meal replaced with 
leaf protein concentrate from Glyricidia in diets for broiler-chicks: 
Effect on performance. muscle growth. haematology and serum me-
tabolites. International Journal of Poultry Science, 2(4), 242–250.

Ara, N., Rashid, M., & Amran, M. S. (2008). Comparison of Moringa oleif-
era leaves extract with Atenolol on Serum triglyceride. Serum cho-
lesterol. Blood glucose. heart weight. body weight in Adrenaline 
Induced rats. Saudi Journal of Biological Siences, 15(2), 253–258.

Athanasiadou, S., Githiori, J., & Kyriazakis, I. (2007). Medicinal plants for 
helminth parasite control: Facts and fiction. Animal, 1(9), 1392–1400. 
https​://doi.org/10.1017/S1751​73110​7000730

Attia, Y. A., Abdalah, A. A., Zeweil, H. S., Bovera, F., Tag El-Din, A. A., & 
Araft, M. A. (2010). Effect of inorganic or organic selenium supple-
mentation on productive performance. egg quality and some physio-
logical traits of dual-purpose breeding hens. Czech Journal of Animal 
Science, 55(11), 505–519.

Aydin, R., Pariza, M. W., & Cook, M. E. (2001). Olive oil prevents the ad-
verse effects of dietary conjugated linoleic acid on chick hatchability 
and egg quality. The Journal of Nutrition, 131(3), 800–806. https​://doi.
org/10.1093/jn/131.3.800

Aye, P. A., & Adegun, M. K. (2013). Chemical composition and some 
functional properties of Moringa. Leucaena and Gliricidia leaf meals. 
Agriculture and Biology Journal of North America, 4(1), 71–77. https​://
doi.org/10.5251/abjna.2013.4.1.71.77

Bunchasak, C. (2009). Role of dietary methionine in poultry produc-
tion. The Journal of Poultry Science, 46(3), 169–179. https​://doi.
org/10.2141/jpsa.46.169

Cantor, A. H., & Scott, M. L. (1974). The effect of selenium in the hen’s 
diet on egg production. hatchability. performance of progeny and 
selenium concentration in eggs. Poultry Science, 53(5), 1870–1880. 
https​://doi.org/10.3382/ps.0531870

Chumark, P., Khunawat, P., Sanvarinda, Y., Phornchirasilp, S., Morales, N. 
P., Phivthong-ngam, L., … Klai-upsorn, S. P. (2008). The in vitro and 
ex vivo antioxidant properties. hypolipidemic and antiatheroscleortic 
activities of water extract of Moringa oleifera (Lam.) Leaves. Journal 
of Ethanopharmacology, 116(3), 439–446. https​://doi.org/10.1016/j.
jep.2007.12.010

Decuypere, E., & Michels, H. (1992). Incubation temperature as a man-
agement tool: A review. World's Poultry Science Journal, 48(1), 28–38. 
https​://doi.org/10.1079/WPS19​920004

Delgado, C. L., Rosegrant, M., & Wada, N.. (2003). Meating and milk-
ing global demand: stakes for small-scale farmers in developing 

https://orcid.org/0000-0002-8456-254X
https://orcid.org/0000-0002-8456-254X
https://orcid.org/0000-0002-4326-1986
https://orcid.org/0000-0002-4326-1986
https://orcid.org/0000-0002-5734-5187
https://orcid.org/0000-0002-5734-5187
https://doi.org/10.5897/AJB11.3824
https://doi.org/10.5897/AJB11.3824
https://doi.org/10.1017/S1751731107000730
https://doi.org/10.1093/jn/131.3.800
https://doi.org/10.1093/jn/131.3.800
https://doi.org/10.5251/abjna.2013.4.1.71.77
https://doi.org/10.5251/abjna.2013.4.1.71.77
https://doi.org/10.2141/jpsa.46.169
https://doi.org/10.2141/jpsa.46.169
https://doi.org/10.3382/ps.0531870
https://doi.org/10.1016/j.jep.2007.12.010
https://doi.org/10.1016/j.jep.2007.12.010
https://doi.org/10.1079/WPS19920004


6  |     N’NANLE et al.

countries. In: The livestock revolution: A pathway from poverty. 
Conference of the Crawford Fund for International Agricultural 
Research, Parliament House, Canberra, Australia. pp 13–23.

Dey, A., & De, P. S. (2013). Influence of Moringa oleifera leaves as a func-
tional feed additive on the growth performance. carcass characteris-
tics and serum lipid profile of broiler chicken. Indian Journal of Animal 
Research, 47(5), 449–452.

Edge, R., McGarvey, D. J., & Truscott, T. G. (1997). The carot-
enoids as anti-oxidants − a review. Journal of Photochemistry and 
Photobiology B: Biology, 41(3), 189–200. https​://doi.org/10.1016/
S1011-1344(97)00092-4

El-Shafei, A. A., Hassan, M. S. H., Al-Gamal, M. A., & El-Sayed, O. A. 
(2012). Influence of Fenugreek and copper sulfate levels in the diet 
on physiological and productive performance of laying Japanese 
Quail. Egyptian Poultry Science, 32(4), 909–930.

Foidl, N., Makkar, H. P. S., & Becker, K. (2001).The potential of Moringa 
oleifera for agricultural and industrial uses.(pp. 47–67).Proceedings 
of the International Workshop “What Development Potential for 
Moringa Products?”Dar-es-Salaam, Tanzania

Ghasi, S., Nwobodo, E., & Ofili, J. O. (2000). Hypocholesterolemic effects 
of crude extract of leaf of Moringa oleifera Lam in high-fat diet fed 
Wistar rats. Journal of Ethnopharmacology, 69(1), 21–25. https​://doi.
org/10.1016/S0378-8741(99)00106-3

Jenkins, D. J., Wolever, T. M., Kalmusky, J., Guidici, S., Giordano, C., 
Patten, R., … Buckley, G. (1987). Low-glycemic index diet in hyper-
lipidemia: Use of traditional starchy foods. The American Journal of 
Clinical Nutrition, 46(1), 66–71. https​://doi.org/10.1093/ajcn/46.1.66

Joshi, P., & Mehta, D. (2010). Effect of dehydration on the nutritive value 
of drumstick leaves. Journal of Metabolomics and Systems Biology, 1(1), 
5–9.

Khan, R. U., Naz, S., Nikousefat, Z., Selvaggi, M., Laudadio, V., & Tufarelli, 
V. (2012). Effect of ascorbic acid in heat-stressed poultry. World's 
Poultry Science Journal, 68(3), 477–489. https​://doi.org/10.1017/
S0043​93391​200058X

Leone, A., Spada, A., Battezzati, A., Schiraldi, A., Aristil, J., & Bertoli, 
S. (2015). Cultivation, genetic, ethnopharmacology, phytochem-
istry and pharmacology of Moringa oleifera leaves: An overview. 
International Journal of Molecular Sciences, 16(6), 12791–12835. https​
://doi.org/10.3390/ijms1​60612791

Makkar, H. P. S., & Becker, K. (1996). Nutrional value and whole and 
ethanol antinutritional components of extracted Moringa oleifera 
leaves. Animal Feed Science Technology, 63(1–4), 211–228. https​://doi.
org/10.1016/S0377-8401(96)01023-1

Makkar, H. P. S., & Becker, K. (1997). Nutrients and antiquality factors in 
different morphological parts of the Moringa oleifera tree. The Journal 
of Agricultural Science, 128(3), 311–322.

Meir, M., Nir, A., & Ar, A. (1984). Increasing hatchability of turkey eggs 
by matching incubator humidity to shell conductance of individual 
eggs. Poultry Science, 63(8), 1489–1496. https​://doi.org/10.3382/
ps.0631489

Moyo, B., Masika, P. J., Hugo, A., & Muchenje, V. (2011). Nutritional char-
acterization of Moringa (Moringa oleifera Lam.) leaves. African Journal 
of Biotechnology, 10(60), 12925–12933. https​://doi.org/10.5897/
AJB10.1599

Novo, R. P., Gama, L. T., & Soares, M. C. (1997). Effects of oviposition 
time. hen age. and extra dietary calcium on egg characteristics and 
hatchability. The Journal of Applied Poultry Researrch, 6(3), 335–343. 
https​://doi.org/10.1093/japr/6.3.335

Popkin, B. M., Adair, L. S., & Nq, S. W. (2012). Global Nutrition and the 
pandemic of obesity in developing countries. Nutrition Reviews, 70(1), 
3–21. https​://doi.org/10.1111/j.1753-4887.2011.00456.x

Renema, R. A. (2004). Reproductive responses to Sel-Plex® organic sele-
nium in male and female broiler breeders: impact on production traits 
and hatchability. In: T. P. Lyons and K. A. Jacques (eds). Nutritional 
Biotechnology in the Feed and Food Industries. Proceedings of 

20th Alltech’s Annual Symposium. Nottingham University Press.
Nottingham. UK. pp. 81–91.

Silversides, F. G. (1994). The Haugh unit correction for egg weight is not 
adequate for comparing eggs from chickens of different lines and 
ages. Journal of Applied Poultry Research, 3(2), 120–126. https​://doi.
org/10.1093/japr/3.2.120

Silversides, F. G., & Scott, T. A. (2001). Effect of storage and layer age on 
quality of eggs from two lines of hens. Poultry Science, 80(8), 1240–
1245. https​://doi.org/10.1093/ps/80.8.1240

Singh, B. N., Singh, B. R., Singh, R. L., Prakash, D., Dhakarey, R., Upadhyay, 
G., & Singh, H. B. (2009). Oxidative DNA damage protective ac-
tivity. antioxidant and anti-quorum sensing potentials of Moringa 
oleifera. Food and Chemical Toxicology, 47(6), 1109–1116. https​://doi.
org/10.1016/j.fct.2009.01.034

Suarez, M. E., Wilson, H. R., Mather, F. B., Wilcox, C. J., & McPherson, B. 
N. (1997). Effect of strain and age of the broiler breeder female on 
incubation time and chick weight. Poultry Science, 76(7), 1029–1036. 
https​://doi.org/10.1093/ps/76.7.1029

Sultana, N., Alimon, A. R., Huque, K. S., Sazili, A. Q., Yaakub, H., Hossain, 
J., & Baba, M. (2015). The feeding value of Moringa (Moringa oleifera) 
foliage as replacement to conventional concentrate diet in Bengal 
goats. Advances in Animal and Veterinary Sciences, 3(3), 164–173. 
https​://doi.org/10.14737/​journ​al.aavs/2015/3.3.164.173

Tesfaye, E. B., Animut, G. M., Urge, M. L., & Dessie, T. A. (2014). Cassava 
root chips and Moringa oleifera leaf meal as alternative feed ingre-
dients in the layer ration. Journal of Applied Poultry Research, 23(4), 
614–624. https​://doi.org/10.3382/japr.2013-00920​

Tété-Bénissan, A., Quashie, M. A., Lawson-Evi, K., Gnandi, K., Kokou, 
K., & Gbeassor, M. (2013). Influence of Moringa Oleifera leaves on 
atherogenic lipids and glycaemia evolution in HIV-infected and un-
infected malnourished patients. Journal of Applied Biosciences, 62, 
4610–4619. https​://doi.org/10.4314/jab.v62i0.86072​

Tété-Bénissan, A., Quashie, M. A., Lawson-Evi, K., Kokou, K., & Gbeassor, 
M. (2012). Récupération nutritionnelle chez les sujets malnutris VIH 
positifs et VIH négatifs après utilisation de feuilles de Moringa oleif-
era Lam. Journal of Animal & Plant Sciences, 15(2), 2184–2199.

Teteh, A., Gbeassor, M., Decuypere, E., & Tona, K. (2016). Effects of 
Moringa oleifera leaf on laying rate egg quality and blood parameters. 
International Journal of Poultry Science, 15(7), 277–282. https​://doi.
org/10.3923/ijps.2016.277.282

Tiamiyu, L. O., Okomoda, V. T., & Aende, A. (2016). Growth performance 
of Oreochromis niloticus fingerlings fed Moringa oleifera leaf as re-
placement for soybean meal. Journal of Aquaculture Engineering and 
Fisheries Research, 2(2), 61–66. https​://doi.org/10.3153/jaefr​16008​

Vieira, S. L., & Moran, E. T. Jr (1998). Eggs and chicks from broiler breed-
ers of extremely different age. The Journal of Applied Poultry Research, 
7(4), 372–376. https​://doi.org/10.1093/japr/7.4.372

Windisch, W., Schedle, K., Plitzner, C., & Kroismayr, A. (2008). Use of phy-
togenic products as feed additives for swine and poultry. Journal of 
Animal Science, 86, 140–148. https​://doi.org/10.2527/jas.2007-0459

Worku, A. (2016). Moringa oleifera as a potential feed for livestock and 
aquaculture industry. African Journal of Agricultural Science and 
Technology, 4(4), 666–676.

How to cite this article: N'nanle O, Tété-Bénissan A, Nideou 
D, Onagbesan OM, Tona K. Use of Moringa oleifera leaves in 
broiler production chain. 1 - Effect on Sasso breeder hens 
performances, internal quality of hatching eggs and serum 
lipids. Vet Med Sci. 2020;00:1–7. https​://doi.org/10.1002/
vms3.235

https://doi.org/10.1016/S1011-1344(97)00092-4
https://doi.org/10.1016/S1011-1344(97)00092-4
https://doi.org/10.1016/S0378-8741(99)00106-3
https://doi.org/10.1016/S0378-8741(99)00106-3
https://doi.org/10.1093/ajcn/46.1.66
https://doi.org/10.1017/S004393391200058X
https://doi.org/10.1017/S004393391200058X
https://doi.org/10.3390/ijms160612791
https://doi.org/10.3390/ijms160612791
https://doi.org/10.1016/S0377-8401(96)01023-1
https://doi.org/10.1016/S0377-8401(96)01023-1
https://doi.org/10.3382/ps.0631489
https://doi.org/10.3382/ps.0631489
https://doi.org/10.5897/AJB10.1599
https://doi.org/10.5897/AJB10.1599
https://doi.org/10.1093/japr/6.3.335
https://doi.org/10.1111/j.1753-4887.2011.00456.x
https://doi.org/10.1093/japr/3.2.120
https://doi.org/10.1093/japr/3.2.120
https://doi.org/10.1093/ps/80.8.1240
https://doi.org/10.1016/j.fct.2009.01.034
https://doi.org/10.1016/j.fct.2009.01.034
https://doi.org/10.1093/ps/76.7.1029
https://doi.org/10.14737/journal.aavs/2015/3.3.164.173
https://doi.org/10.3382/japr.2013-00920
https://doi.org/10.4314/jab.v62i0.86072
https://doi.org/10.3923/ijps.2016.277.282
https://doi.org/10.3923/ijps.2016.277.282
https://doi.org/10.3153/jaefr16008
https://doi.org/10.1093/japr/7.4.372
https://doi.org/10.2527/jas.2007-0459
https://doi.org/10.1002/vms3.235
https://doi.org/10.1002/vms3.235

