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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% (T1), 0.5% (T2), 1% (T3), 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 (34.82±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 (15.96±0.09 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 et al., 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 et al., 2015). 

Fenugreek, an annual leguminous crop cultivated 
worldwide, is also a versatile herb with multifunctional 
properties (Acharya et 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 et al. (2003), fenugreek 
seeds contain major active components, including 
trigonelline, galactomannan, flavonoids, 4-
hydroxyisoleucine, saponins, carotenoids 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 et al., 2014). A study by Ebisa et al. 
(2023) showed that fenugreek promotes egg quality, 
including shell strength and yolk color, which are linked 
to better hatchability (Ebisa et al., 2023). Moreover, its 
antioxidant and anti-inflammatory characteristics 
support overall health, reducing oxidative stress and 
potentially improving egg viability and hatchability 
(Samani et al., 2020). While the growth-promoting 
effects of various forms of fenugreek 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 

(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 5.4 9 21.4 
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 

CGFS= Coarsely ground fenugreek seed; NFE= Nitrogen free extracts; 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. 

Ingredients % 
Treatments 

T1 T2 T3 T4 T5 

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 × 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. Each 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 × 100 
                     Total eggs set 

 
Living embryos transferred to the hatching section of 

the incubator at the end of the 18th day of incubation 
were monitored. On the 21st and 22nd 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 et al. (2005). 

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

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

 
Candling was conducted on the 7th, 14th and 18th 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 

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). 
 
Early mortality (%) = Total number of early dead embryo × 100 
                                  Total number of fertile eggs 

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

 
Late mortality (%) = Total number of late dead embryo × 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 × 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= μ +Ti +eij 
Where, Yij = the j observation taken under i treatment, 
μ = 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: 
 

ln
𝜋

1−𝜋
 = β0 + β1*(X) 

Where, β = slope, X=treatment, and π= probability.  
Test H0: No treatment effect (i.e., β1=0) vs. HA: 
significant treatment effect (β1 ≠ 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 et al., 2012), while El-Kaiaty et al. (2002) 

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 α = 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 (2006). 

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

Parameters (%) 
Treatments   

SEM 
 
SL T1 T2 T3 T4 T5  

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 (%): 

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) 102.09a 97.45b 92.15c 91.62c 91.88c  0.589 *** 
a,b,c means 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. 

Parameters 
 WALD  

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 early, 
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 early, 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 

treatment groups (Table 4). Hocking et 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 

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    

 SEM 
 
SL T1 T2 T3 T4 T5 

Chick length (cm) 15.68c       15.91c        15.96 c      16.47b        16.98a        0.094       *** 
Chick weight (g) 32.44c       32.96bc       33.78ab       34.37a       34.82a        0.383       ** 
Chick visual score (%) 87.33       87.12        90.22        87.22        89.89        2.257       NS 
a,b,c means 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 % CGFS; T3= Ration with 1% CGFS; T4= 
Ration with 1.5% CGFS; Ration with 2% CGFS. 
 

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. 
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