East African Journal of Veterinary and Animal Sciences (2024) Volume 8 (2): 63-68

Effects

of Coarsely Ground Fenugreek (Trigonella

Supplementation on Fertility, Hatchability and Chick Quality in White Leghorn Hens

Mengie Ahmed!, Negassi Ameha?, Mengistu Urge?, and Nurlign Mohammed™*

"Woldia University, College of Agriculture Science, Department of Animal Science, Mersa, Ethiopia.
2Haramaya University, School of Animal and Range Sciences, P.O.Box 138, Dire Dawa, Ethiopia.

Abstract: This study evaluated the effects of dietary inclusion of coarsely ground fenugreek seed
(CGFS) on fertility, hatchability, embryonic mortality and chick quality of White Leghorn (WL) layers
over 12 weeks period at Haramaya University Poultry Farm. Five dietary treatments were formulated
with CGFS inclusion levels of 0% (T'1), 0.5% (12), 1% (I3), 1.5% (T4), and 2% (T5). A total of 210
birds (180 layers and 30 cocks), aged 42 weeks with a uniform body weight (1123.9 + 21.23 (mean£SE))
were randomly assigned to the five treatments in a completely randomized design. Each treatment was
replicated three times, with 12 layers and two cocks per replicate, housed in a deep litter system. Data
collected from the study includes fertility, hatchability, embryonic mortality, and chick quality. A total
of 300 eggs were selected for incubation. Chick weight at day-old significantly increased (P<0.01) with
CGFS inclusion levels, with values for T3 (33.78£0.383g), T4 (34.37£0.383g), and T5 (34.821+0.383g)
exceeding those for T1 (32.44+0.383g) and T2 (32.96+0.383g). Similarly, chick length at day-old was
significantly higher (P<0.001) in T4 (16.47.8£0.094cm) and T5 (16.98£0.094cm) compared to T1
(15.68£0.094cm), T2 (15.91£0.094cm) and T3 (15.9610.09 cm). Fertility, hatchability and embryonic
mortality were not significantly affected by treatments (P>0.05). In conclusion, the inclusion of
fenugreek seeds in the diets of WL layers had no adverse effects on fertility, hatchability, or embryonic
mortality. Notably, it significantly improves chick weight and chick length, suggesting its potential as a
beneficial dietary supplement for enhancing chick quality.
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Introduction

Poultry feeds are often supplemented with various feed
additives and trace elements to enhance bird
performance and health (Jackson ez 4., 2003). However,
the use of antibiotics as growth promoters in animal
nutrition has been banned due to their adverse effects
on both animal and human health (Halfhide, 2003). As a
result, phytogenic feed additives (PFA) have gained
significant attention as alternatives to antibiotic growth
promoters (AGPs). This shift has encouraged animal
nutritionists and feed manufacturers to explore
replacements that ensure efficient and safe poultry meat
and egg production (Park e7 a/., 2015).

Fenugreek, an annual leguminous crop cultivated
wotldwide, is also a versatile herb with multifunctional
properties (Acharya ef al., 2007). Its seeds are rich in
carbohydrate, fat, protein, and essential minerals such as
calcium, phosphorus, iron, zinc, and magnesium (Gupta
et al., 1996). According to Basch e al. (2003), fenugreek
seeds contain major active components, including
trigonelline, galactomannan, flavonoids, 4-
hydroxyisoleucine, ~ saponins,  catotenoids  and
coumarins, which confer pharmacological activity
benefits and functional properties.

Fenugreek seeds can be beneficial for improving the
fertility and hatchability of layer hens due to their
excellent nutritional profile and bioactive compounds.
These seeds are high in protein, fiber, and essential

vitamins and minerals that support reproductive health
and metabolic function of poultry (Sajad & Pradyuman,
2018). Additionally, fenugreek contains phytoestrogens
like diosgenin, which may help regulate hormonal
activity, positively influencing egg production and
fertility (Abdouli e¢# al, 2014). A study by Ebisa et 4l
(2023) showed that fenugreek promotes egg quality,
including shell strength and yolk color, which are linked
to better hatchability (Ebisa ez a/., 2023). Moteover, its
antioxidant and  anti-inflammatory  characteristics
support overall health, reducing oxidative stress and
potentially improving egg viability and hatchability
(Samani e al, 2020). While the growth-promoting
effects of various forms of fenugreck seeds have been
widely studied in broiler production, there is limited
research on their impact on laying hens. To address this
gap, a study was conducted to evaluate the effects of
fenugreek seed inclusion on fertility, hatchability,
embryonic mortality, and chick quality in the White
Leghorn layer.

Materials and Methods

Study Site

The experimental study was conducted at the Haramaya
University Poultry Farm. It is located 515 km east of
Addis Ababa, Ethiopia. The area experiences an average
annual rainfall of 790 mm, with minimum and maximum
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average temperatures of 8 °C and 24 °C, respectively
(Mishra et al., 2004).

Experimental Ingredients and Rations
The feed ingredients used to formulate experimental
rations included maize grain, coarsely ground fenugreek
seed (5 mm sieve size), wheat short, noug seed cake,
soybean meal, layer premix, salt, di-calcium phosphate,
and limestone. The fenugreek seed was procured from
the local market, sun-dried for 24 hours on a plastic
sheet, and manually cleaned to remove foreign matter. It
was then coarsely ground at Haramaya University’s
hammer mill mixer system feed mill.

Samples of fenugreek seed, maize, soybean meal,
groundnut cake, noug seed cake, wheat short and bone
and meat meal were collected for chemical analysis
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(Table 1). The samples were subjected to proximate
analysis (AOAC, 2000) to determine their dry matter
(DM), crude protein (CP), ether extract (EE), crude fiber
(CF) ash calcium, and phosphorus content. Calcium and
phosphorous concentrations in the coarsely ground
fenugreek seeds were analyzed using an atomic
absorption spectrophotometer. Based on the chemical
composition of the feed ingredients, five treatment diets
were formulated with varying levels of coarsely ground
fenugreek: 0% (T1), 0.5% (T2), 1% (T3), 1.5% (T4) and
2% (T5) (Table 2). All treatment diets were designated
to be isocaloric and isonitrogenous, with metabolizable
energy (ME) levels ranging from 2800 to 2900 kcal
ME/kg DM and crude protein levels of 16-17% CP,
aligning with the nutrient requirements for layers as
specified by National Research Council (NRC, 1994).

Table 1. Chemical composition of experimental feed ingredients.

Chemical components Ingredients

Maize CGFS Wheat short NSC SBM GNC BMM
Dry Matter 91 90.9 90.7 93 94 92.1 94.0
Crude Protein 8.1 31.8 15.1 31 38 41.0 50.2
Ether Extract 5.5 6.6 4.3 5.1 8.4 7.9 18.5
Ash 4.2 4.7 4.8 7.8 54 9 214
Crude Fiber 4.9 11.8 6.9 17.9 7.3 12.8 2.4
NFE 68.3 36 59.6 31.2 34.9 21.4 1.5
P 0.02 0.29 0.85 0.2 0.3 0.18 5.1
Ca 0.32 0.17 0.2 0.3 0.7 0.84 10.3
ME kcal/kg DM 3644.2 3071.62 3377 2322.4 3540.13 2878.2 3871.4

CGFEFS= Coarsely ground fenugreek seed; NFE= Nitrogen free extractsy NSC= Noug seed cake; SBM= Soya bean meal; WS= Wheat short;
GNC = Ground nut cake; BMM= Meat and bone meat.

Table 2. Proportion of feed ingredients in the experiment.

. 0 Treatments
Ingredients % T ) T3 Ta 5
Maize grain 48.5 48.5 48.5 48 48
Fenugreek seed 0 0.5 1 1.5 2
Wheat short 7.5 6.5 7 8 7.5
Noug seed cake 18 18 18 18 18
Soybean meal 10.5 11 10 9 9
Groundnut cake 5.5 5.5 5.5 5.5 5.5
Bone and meat meal 2 2 2 2 2
Layer premix 0.5 0.5 0.5 0.5 0.5
Lysine 0.02 0.02 0.02 0.02 0.02
Methionine 0.01 0.01 0.01 0.01 0.01
Dicalcium phosphate 1 1 1 1 1
Salt 0.47 0.47 0.47 0.47 0.47
Limestone 6 6 6 6 6
Total 100 100 100 100 100
Chemical composition
Dry matter (DM) (%) 91.86 91.83 91.52 91.31 91.48
Ether extract (% DM) 5.89 5.61 5.60 5.56 5.57
Ash (% DM) 11.88 10.53 9.98 10.28 9.46
Crude fiber (% DM) 7.35 7.42 7.5 7.54 7.56
Phosphorous (% DM) 0.49 0.42 0.43 0.44 0.43
Calcium (% DM) 3.14 3.13 2.95 2.94 2.94
CP (% DM) 16.37 16.98 16.92 16.81 16.89
ME (Kcal/kg DM) 2731.41 2738.56 2728.28 2718.82 2770.63
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Experimental Birds and Managements

The deep litter system experimental house at Haramaya
University was utilized for this study. The house was
divided into fifteen pens (2 m X 2 m each), which were
thoroughly cleaned and disinfected with formaldehyde
for ten days prior to the placement of the layers.
Similarly, the watering and feeding troughs were
meticulously cleaned and disinfected with sodium
hypochlorite in advance to ensure proper hygiene before
the birds were housed in the pens. A total of 180 White
Leghorn layers aged 42 weeks were randomly assigned
to five dietary treatments. Fach treatment had three
replicates, with 12 layers and 2 males per replicate,
following a completely randomized design (CRD). The
birds were acclimated to the formulated experimental
diets for one week before the commencement of regular
data collection.

Measurement and Observations

Eggs for incubation were collected during the eighth
week of the experiment and stored at room temperature
until the required number was obtained. A total of 300
eggs were selected based on medium size, normal shape,
fresh shells, and the absence of cracks, as determined by
visual inspection. For incubation, 60 eggs per treatment
and 20 eggs per replicate were used.

The temperature in the setter and hatchery units was
set at 37.7 °C and 36.9 °C, respectively. Relative
humidity was maintained at 80 % during the first 18 days
and increased to 85-90 % for the final three days in the
hatchery unit. On the seventh day of incubation, eggs
were candled using a spot candling system to assess
fertility. Infertile eggs were identified and removed
during this process.

% Fertility = Total fertile eggs set X 100
Total eggs set

Living embryos transferred to the hatching section of
the incubator at the end of the 18" day of incubation
were monitored. On the 215t and 227 days, hatched
chicks were collected and counted to determine
hatchability relative to the number of fertile eggs (North,
1984). The hatchability percentage for each replicate was
then calculated using the formula provided by Rashed
(2002) and Fayeye ef al. (2005).

% Hatchability (on fertile egg basis) = Number of chicks hatched X 100
Number of fertile eggs

% Hatchability (on total egg set) = Number of chicks hatched X 100
Total eggs set

Candling was conducted on the 7%, 14% and 18 days
of incubation to assess embryonic mortality in chicks.
During hatching, incubated eggs were opened for visual
inspection, and dead embryos were categorized based on
the stage of embryonic development at the time of
mortality. According to Butcher & Nilipour (2003),
embryonic development stages were classified as early,
mid, late and pipped. Accordingly, early is characterized
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by the early development of the embryo, notably the
formation of the eyes; mid is marked by mid-stage
development, evident through the formation of limbs;
late is associated with advanced embryonic
development, distinguished by the presence of feathers;
and pipped is identified by pipping sounds made by the
chicks. Embryonic mortality was calculated using the
formula described by Rashed (2002).

Eatly mortality (%) = Total number of early dead embryo X 100
Total number of fertile eggs

Mid mortality (%) = Total number of mid dead embryo X 100
Total number of fertile eggs

Late mortality (%) = Total number of late dead embryo X 100
Total number of fertile eggs

Three different methods, including visual scoring, day-
old chick weight, and day-old chick length, were used to
assess chick quality. Visual scoring was performed
following the quality standards for visual chick grading,
which include criteria for chicks that are free from
malformations, physically active, capable of standing
upright, and appearing lively (North, 1984). The visual
assessment was conducted by the researcher and two
other technicians, with the chick quality determined
based on the consensus of all three observers. The
percentage of quality chicks was then calculated by:

Quality chicks of visual score (%) = Total number of quality chicks X 100
Total number of hatched chicks

To measure the length and weight of day-old chicks,
eight chicks were randomly selected from each replicate.
An electronic digital sensitive balance with an accuracy
of 0.01g was used to record the weight of the chicks, and
the average weight of the eight chicks was calculated. For
length measurements, the chicks were gently stretched,
and the distance from the tip of the beak to the tip of
the middle toe was measured using a ruler with
centimeter (cm) markings. The average length of the
eight chicks was then determined.

Statistical Analysis

The data on fertility, hatchability, embryonic mortality,
and chick quality were statistically analyzed using SAS
version 9.1. (2008) with a one-way analysis of variance
(ANOVA). When the analysis of variance indicated
significant differences among treatment means, the least
significance difference (LSD) method was employed to
identify the specific treatment means that differed
significantly (Gomez and Gomez, 1984). The following
model was used for the analysis:

Yij= p +Ti +ejj
Where, Yij = the j observation taken under i treatment,
p = over all mean, Ti = i treatment effect, and eij = error
term.
Logistic regression analysis was applied to evaluate

data on fertility, hatchability, chick quality and
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embryonic mortality (categorized as alive or dead), as
well as chick quality based on visual scoring (classified as
poor or normal). The following model was used for the
analysis:

7= = Bt BF %)
Where, B = slope, X=treatment, and n= probability.
Test Ho: No treatment effect (ie., p1=0) vs. Ha:
significant treatment effect (81 # 0).

Results and Discussion

Feed Intake

The feed intake of birds fed T2, T3, T4, and T5 was
significantly (P<0.001) lower than birds fed the control
diet. This might be due to compounds like saponins,
alkaloids, and flavonoids that can make the feed taste
bitter (Muraki ez a/., 2012), while Fl-Kaiaty ez a/. (2002)
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have reported the inclusion of 0.50 % fenugreek in laying
hens diet has no significant effect on feed consumption
compared to the control group.

Fertility and Hatchability

The analysis of variance (ANOVA) results for fertility
and hatchability, presented in Table 3, showed no
significant  differences between the control and
treatment groups (P>0.05). Similarly, Table 4 presents
the logistic regression analysis for egg fertility and
hatchability, which also indicated no significant
differences (Pr > ChiSq. = 0.9792 and 0.9781,
respectively, at a = 0.05). The corresponding Wald Chi-
Square values were 0.4387 for fertility and 0.4505 for
hatchability. These findings align with the results
reported by Zebib (2012) but contradict the findings of
Wubu (2011) and Meseret (2000).

Table 3. Fertility, hatchability and embryonic mortality of layers fed experimental diets.

Parameters (%o) Treatments
T1 T2 T3 T4 T5 SEM SL
Fertility 88.33 90.00 88.33 91.67 91.67 3.204 Ns
Hatchability 73.58 72.22 75.62 70.75 70.96 3.73 Ns
Embryonic Mortality (%0):
Early 5.67 7.41 5.69 8.99 9.07 1.355 Ns
Mid 7.43 5.56 3.61 7.44 3.61 1.65 Ns
Late 5.67 5.56 7.45 7.33 5.46 1.811 Ns
Pipped 7.63 9.26 7.64 5.48 10.92 2.889 Ns
DMI (g/h/d) 102.09¢  97.45> 92.15¢ 91.62¢ 91.88¢ 0.589 kX

b yeans within a row with different superscripts are significantly different; ***= P<0.001; DMI= Dry matter intake; Ns= Non-significant;

SL= Significant level.

Table 4. Logistic regression of fertility, hatchability, and embryonic mortality in White Leghorn chickens fed diets

containing coarsely ground fenugreek seed.

P WALD

arameters DF Chi-Square Pr. > Chi-Square
Fertility 4 0.4387 0.9792
Hatchability 4 0.4505 0.9781
Chick quality of visual score 4 0.4505 0.9781
Embryonic Mortality:

Early 4 0.6328 0.9593

Mid 4 5.4485 0.2443

Late 4 6.9355 0.1393

Pipped 4 8.7786 0.0669

DF= Degree of freedom.

Embryonic Mortality

Table 4 presents the ANOVA test results for embryonic
mortality across treatments, indicating no significant
differences between the control and treatment groups
(P>0.05). Embryonic mortality, categorized as eatly,
mid, late, and pipped, was analyzed using both ANOVA
and logistic regression methods (Tables 3 and 4).

The logistic regression analysis provided Wald values
of 0.6328, 5.4485, 6.9355, and 8.7786 for eatly, mid, late,
and pipped embryonic mortality, respectively with
corresponding Pr > ChiSq value of 0.9593, 0.2443,
0.1393, and 0.0669. The results indicate no significant
differences at any developmental stage among the
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treatment groups (Table 4). Hocking e al (2002)
observed that breeder hens fed low-protein diets
exhibited higher embryonic mortality compared to those
fed high-protein diets. In this study, however, the
protein levels in all treatment rations met the nutritional
requirements for laying birds, so differences in
embryonic mortality were not anticipated. Furthermore,
the percentage of embryo mortality did not exhibit any
consistent trend relative to the supplementation levels of
coarsely ground fenugreek seed across the five treatment
groups.
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Chick Quality Measurements

The logistic regression analysis of chick quality, assessed
using visual score, yielded a Wald Chi-Square value of
0.45 with a corresponding p-value (Pr>ChiSq) of 0.97
(Table 4). However, significant differences were
observed in chick length (P<0.001) and chick weight
(P<0.01) (Table 5). The ANOVA results for chick visual
scores, chick length, and chick weight are presented in
Table 5.

The findings indicate no significant differences
(P>0.05) in chick visual score among the control and
treatments groups. In contrast, significant differences
were observed between the control and treatment
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groups in both chick weight and length. Birds fed diet
T4 and T5 had significantly greater (P<0.001) chick
length compared to those fed T2, T3 and control diet.
Chick length was positively correlated with chick weight,
with birds on diets T3, T4, and T5 showing significantly
higher weights than those on T2 and control diet. Sahin
et al. (2009) attributed variations in chick weight to
differences in the weights of incubated eggs. Meijerhof
(2005) highlighted chick length as a practical metric for
evaluating chick development, noting its positive
correlation with subsequent performance (Meijerhof,
2005).

Table 5. Chick quality from eggs of White Leghorn chickens fed diets containing varying levels of coarsely ground

fenugreek seed.

Parameters Treatments

T1 T2 T3 T4 T5 SEM SL
Chick length (cm) 15.68¢ 15.91¢ 15.96 ¢ 16.47> 16.982 0.094 HoHk
Chick weight (g) 32.44¢ 32.96be 33.78 34372 34,822 0.383 *ok
Chick visual score (%) 87.33 87.12 90.22 87.22 89.89 2.257 NS

b yeans within a row with different superscripts are significantly different; *¥= P<0.01; ***= P<0.001; NS= Not significant; SEM=
Standard error of mean; SL= Significant level; T1= No CGFS; T2= Ratio with 0.5 % CGFES; T3= Ration with 1% CGFS; T4=

Ration with 1.5% CGFES; Ration with 2% CGFES.

Conclusion

In conclusion, the findings of this study demonstrated
that supplementing the diets of White Leghorn layers
with coarsely ground fenugreek seeds had no adverse
effects on fertility, hatchability, or embryonic mortality
of chicks. However, the supplementation significantly
improved chick length and weight.

Acknowledgments

These experiments were conducted at Haramaya
University, which generously supported the study by
providing experimental animals. The Ethiopian Ministry
of Education also contributed significantly by granting
the necessary budget for this research. The authors
sincerely acknowledge and appreciate the invaluable
support of these institutions.

Conflict of Interests
The authors declare that they have no competing
interests.

References

Abdouli, H., Omri, B. & Tayachi, L. (2014). Effect of
whole fenugreek seed before and after its maceration
in water on hens’ laying performance and egg
cholesterol profile. Journal of New Sciences, 8 (4): 28-34.

Acharya, S.N.,; Basu, SK. & Thomas, J.E. (2007).
Medicinal ~properties of fenugreek (Trigonella
Sfoenumgraecum 1..): A review of the evidence based
information. In: S.N. Acharya, J.E. Thomas (Eds.),
Advances in medical plant research, Research
Signpost, Kerala, India, pp: 81-122.

AOAC (2000). Official methods of analysis, Vol. II, 17t
ed., AOAC (Association of Official Analytical
Chemists), Washington, DC.

Basch, E., Ulbricht, C., Kuo, G., Szapary, P. & Smith,
M. (2003). Therapeutic applications of fenugreek.
Alternative Medicine Revised, 8: 20-27.

Butcher, G. D. & Nilipour, A. H. (2003). A systematic
approach to solving hatchability and chick quality
problems. EDIS (Electronic Data Information Source),
VM136/VM101, 6/2002. Retrieved — fromr:
https://doi.otg/10.32473/edis-vm101-2002.

Ebisa Tesissa, Metekia Tamiru, Dawit Adisu Tadese,
Solomon Demek, Sebsib Ababor, Azmeraw Asres, e#
al. (2023). Evaluation of fenugreek (Trigonella foenum
graecum) seed powder and Moringa oleifera leaf meal on
production performance and egg quality of laying
hens. https:/ /www.pteptints.otg/manusctipt/2023
05.1289/v1.

El-Kaiaty, A.M., Soliman, A.Z. & Hassan, M.S.H.
(2002). The physiological and immunological effects
of some natural feed additives in layer hen diets.
Egyptian Poultry Science Jonrnal, 22: 175-183.

Fayeye, T.R., Adeshiyan, A.B. & Olugbami, A.A. (2005).
Egg traits, hatchability and early growth
performance of the Fulani ecotype chickens.
Livestock Research for Rural Development, 17 (8).

Gomez, KA. & Gomez, A.A. (1984). Statistical
procedures for agricultural research, 27 ed., John
Willey and Sons, New York.

Gupta, K., Thakral, K.K., Arora, S.K. & Chowdhary, M.
(1996). Structural carbohydrate and mineral seeds.
Indian Coca Arecenut and species Journal, 20: 120.

Halfhide, B. (2003). Role of the European Probiotic
Association. In: Proceedings on Role of probiotics
in animal nutrition and their link to the demand of

67


https://doi.org/10.32473/edis-vm101-2002
https://www.preprints.org/manuscript/202305.1289/v1
https://www.preprints.org/manuscript/202305.1289/v1

Mengie e7 al.

European Consumers, Lelystad, The Netherlands,
pp: 3-4.

Hocking, P., Bernard, M. R. & Robertson, G. W. (2002).
Effect of low dietary protein and allocation of food
during rearing and restricted feeding after peak egg
rate of lay on egg production, fertility and
hatchability of female broiler breeder. British Poultry
Science, 43 (1): 94-103.

Jackson, B.P., Bertsch, P.M., Cabrera, M.L., Camberato,
J.J., Seaman, J.C. & Wood, C.W. (2003). Trace
element speciation in poultry litter. Journal of
Environmental Quality, 32: 535-540.

Meijerhof, R. (2005). Defining and measuring quality in
day olds. International Hatchery Practice, 19 (7): 31

Meseret Girma (2000). Effects of feeding peanut seed
cake and brewery dried yeast on egg production,
fertility and hatchability of Rhode Island Red
chicken, MSc Thesis, Haramaya University,
Haramaya, Ethiopia.

Mishra, B.B., Kidan, H.G., Kibret, K., Assen, M. &
Eshetu, B. (2004). Soil and land resources inventory
at Alemaya University Research Farm with reference
to land evaluation for sustainable agricultural
management and production. Symthesis of working
papers, soil sciences, Alemaya University, Bulletein 1: 123.

Muraki, E., Chiba, H., Taketani, K., Hoshino, S., T'suge,
N., Tsunoda, N. & Kasono, K. (2012). Fenugreek
with reduced bitterness prevents diet-induced
metabolic disorders in rats. Lipids in Health and
Disease, 11: 58. https://doi.org/10.1186/1476-511X-
11-58.

North, O. (1984). Commercial chicken production
manual, 39 ed., AVI Publishing Company, Inc. West
Port, Connecticut, Georgia.

NRC (National Research Council) (1994). Nutrient
requirement of poultry, 9 ed., National Academy of
Sciences, Washington, DC, USA.

68

East African Journal of Veterinary and Animal Sciences 8 (2): 63-68

Park, J. H.,, Kang, S. N,, Shin, D. & Shim, K. S. (2015).
Antioxidant enzyme activity and meat quality of
meat type ducks fed with dried oregano (Origanum
Vulgare 1..) powdet. Asian- Australasian Journal of
Animal Science, 28: 79-85.

Rashed, Md.H. (2002). Effects of feeding systems on the
egg production of Fayoumi hens of model feeding
unit under PLDP program in Bangladesh, MSc
Thesis, Royal Veterinary and Agricultural University,
Denmark.

Sahin, E.H., Sengor, E., Yardmic, M. & Cetingul, LS.
(2009). Relationship between pre-incubation egg
parameters from old breeder hens, egg hatchability
and chick weight. Journal of Animal and 1 eterinary
Adyance, 8 (1): 115-119.

Sajad Ahmad Wani & Pradyuman Kumar (2018).
Fenugreek: A review on fenugreek seed nutraceutical
properties and utilization in various food products.
Journal of the Sandi Society of Agricultural Sciences, 17 (2):
97-106.

Samani, S. K., Ghorbani, M. R., Fayazi, J. & Salari, S.
(2020). The effect of different levels of Fenugreek
(Trigonella foenum-graecum 1..) powder and extract on
performance, egg quality, blood parameters and
immune responses of laying hens in the second
production cycle. Veterinary Research Forum: An
International ~ Quarterly ~ Jowrnal, 11 (1):  53-57.
https://doi.org/10.30466/vt£.2019.80961.2072.

Wubu Taye (2011). Effects of graded levels of quality
protein maize and normal maize on egg production,
egg quality and hatchability of white leghorn hens,
MSc Thesis, Haramaya University, Ethiopia.

Zebib Abisa (2012). Effects of substituting sorghum for
maize on egg production, quality, fertility and
hatchability of White Leghorn layers, MSc Thesis,
Haramaya University, Ethiopia.


https://doi.org/10.1186/1476-511X-11-58
https://doi.org/10.1186/1476-511X-11-58
https://doi.org/10.30466/vrf.2019.80961.2072

