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SUMMARY 
Fenugreek (Trigonella foenum-graecum) was used in the diets for layers 

within a 6-week experiment of 90 Lohmann Brown layers (48 weeks of age), 
assigned to 3 groups (C, E1, E2). The experimental diets differed from the corn-
soybean meal control (C) diet (16.23% crude protein, 2686.2 ME), by the 
inclusion of 1% (E1) and 2% (E2) fenugreek seeds. The chemical analysis of the 
fenugreek seeds to determine the concentration of polyphenols and the 
chelating capacity of the alcoholic extract, the activity of DPPH annihilation and 
Fe III ions reduction, showed that the fenugreek seeds have an antioxidant 
capacity almost the same as the mint and the wormwood. During the progress 
of the experiment, every 2 weeks, we collected 18 eggs from each group, 
which we divided in 6 samples (3 eggs per sample) of yolk, egg white and egg 
shell. These samples were assayed for dry matter, protein, amino acids, fat and 
ash in the egg white; dry matter, fat, fatty acids and ash in the yolk; dry matter, 
ash and calcium in the egg shell. 

The analytical results showed that in the control group, the linolenic acid 
concentration from the yolk (0.632±0.02) was significantly (P≤0.05) lower than 
in E1 (0.67±0.028) and E2 group, respectively (0.722±0.069). The amino acids 
concentration from the egg white was not different among the groups, which 
is normal since the diets had the same protein level. 
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INTRODUCTION 
Functional food industry has discovered in fenugreek a new source of 

medicinal plant with great properties and a wide application in human and 
animal health nutrition (Acharya et al. 2007). Researches regarding fenugreek 
properties have highlighted that this annual forage legume belonging to the 
family Fabaceae is a very important medicinal plant with anti-diabetic, 
hypercholesterolemic, antileukemic, anti-nociceptive, antipyretic and 
antimicrobial properties. Some authors have reported its antioxidant 
properties (Kaviarasan et al., 2004) and others authors (Reddy and Srinivasan, 
2009) analysed its anti-lithogenic properties. According to Acharya et al. 
(2007), all this fenugreek medicinal properties are due to a single complex of 
carbohydrates (galactomannans), steroidal sapogenins (diosgenin, yamogenin, 
tigogenin, neotigogenin), alkaloids (trigonelline) and amino acids (4-
hydroxyisoleucine). Studies of Shubhashini et al. (2011) and Bukhari et al. 
(2008) revealed that extracts of the fenugreek seeds exhibited antioxidant 
activity as assayed by 1,1-diphenyl-2-picryl-hydrazyl (DPPH•) scavenging 
activity, total phenolic contents (TPCs), flavonoid content, chelating activity 
and reducing power. The results suggested that the fenugreek extracts could 
act as an effective source of antioxidants. Other researchers, such as Hassan et 
al. (2004); Abaza, (2007); Safaa, 2007; Abdouli et al., (2014) studied the use of 
fenugreek in animal feeding, poultry mainly, given its antioxidant properties 
correlated with the ban on antibiotics. 

The purpose of this study was to evaluate the potential of the fenugreek 
as natural antioxidant for layer diets, as well as its influence on the nutritional 
quality of the eggs. 
 
 

MATERIAL AND METHODS 
The antioxidant properties of the fenugreek have been tested in a 6-week 

trial on 90 Lohmann Brown layers (age of 48 weeks), assigned randomly to 3 
groups (30 layers/group; 3 layers/cage). The hens were housed in cages. The 
hens had free access to the water and feed. Light was provided with light bulbs 
and it was done according to the rearing manual of the hybrid, with up to 16 
hours of light per day. The microclimate of the rearing hall was within the 
limits allowed by the rearing manual (temperature 20±0.7070C and humidity 
58.6 ± 2.510 %). The layers received compound feeds (Table 1) with a similar 
basal structure, including corn, wheat, rice, soybean meal, rapeseed meal, 
gluten and oil. The two experimental diets (E1 and E2) differed from the 
control diet (C) by the supplemental fenugreek (Trigonella foenum-graecum), 
as powder, included at a rate of 1% (E1) and 2% (E2). The antioxidant capacity 
of the fenugreek was determined by its concentration in polyphenols, by the 
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chelating capacity of the alcohol extracts, by DPPH annihilation by the alcohol 
extracts and by the reduction of Fe III ions. The tree diet formulations were 
balanced as energy and protein and contained 16.23% (C), 16.10% (E1) and 
16.08% (E2) crude protein, and 2686.2 kcal/kg ME (C), 2677.08 kcal/kg ME (E1), 
and 2671.81 kcal/kg ME (E2) energy (Table 1). The dietary fat level was 3.8% 
(C), 3.74% (E1) and 3.72% (E2). Every two weeks, 18 eggs were collected 
randomly from each group and assigned to 6 samples/group (3 eggs/sample), 
assayed for the nutritional  quality of the eggs: protein, fat, ash in the egg 
white and yolk and the amino acids content of the egg white. 

 
Table 1 Diet formulation and composition 

Item Control E1 E2 

Corn,% 37.63 37.44 37.25 
Rice bran, % 15 15 15 
Fenugreek seeds, % - 1 2 
Wheat, % 10 10 10 
Rapeseeds meal, % 15 15 15 
Soybean meal, % 7 6.25 5.5 
Gluten, % 2 2 2 
Soy oil, % 2 1.95 1.9 
Monocalcium phosphate, % 0.9 0.9 0.9 
Calcium carbonate, % 9 9 9 
Salt, % 0.3 0.3 0.3 
Methionine, % 0.12 0.11 0.10 
Choline, % 0.05 0.05 0.05 
Vitamin-mineral premix A6, % 1 1 1 
Total  100 100 100 

Analysed 
Metabolisable energy, kcal/kg 2686.20 2677.08 2671.81 
Protein, % 16.23 16.10 16.08 
Fat , % 3.8 3.74 3.72 
Fibre , % 5.33 5.32 5.48 
Calcium, % 3.96 3.90 3.96 
Phosphor, total, % 0.59 0.59 0.60 
Lysine, % 0.69 0.69 0.67 
Methionine, % 0.42 0.40 0.40 
Cystine, % 0.43 0.42 0.42 
Threonine, % 0.57 0.57 0.56 

Premix IBNA (A6) = (1,350,000 IU/kg vit.  A; 300,000 IU/kg vit. D3; 2700 IU/kg vit. E; 200 mg/kg 
Vit. K; 200 mg/kg Vit. B1; 480 mg/kg Vit. B2; 1485 mg/kg pantothenic acid; 2700 mg/kg nicotinic 
acid; 300 mg/kg Vitamin B6; 4 mg/kg vitamin B7; 100 mg/kg vitamin B9; 1.8 mg/kg vitamin B12; 
2500 mg/kg vitamin C; 7190 mg/kg manganese; 6000 mg/kg iron; 600 mg/kg copper; 6000 
mg/kg zinc; 50 mg/kg cobalt; 114 mg/kg iodine; 18 mg/kg selenium; 6000 mg/kg 
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Statistical analysis 
The analytical data were compared performing analysis of variance 

(ANOVA), using STATVIEW program. The differences between mean values 
within the groups were considered significant at P≤0.05 

 
 

RESULTS AND DISCUSSION 
Our results showed that the fenugreek has a high concentration of amino 

acids compared to other feed ingredients (Table 2). Nine of the amino acids 
are considered to be essential (valine, leucine, isoleucine, threonine, histidine, 
phenylalanine, methionine and lysine), because their deficiency in the 
organism can only be remedied as dietary supplements. Tryptophan and 
histidine were not determined due to the limitations imposed by the liquid 
chromatography method, used to determine the amino acids profile. Lysine, 
methionine and tryptophan are limiting amino acids because their deficiency 
limits the use of the other amino acids, thus of the protein. 

 
Table 2 – Amino acids concentration in different seeds used as feed ingredients 

Item  Threonine Isoleucine Valine Phenylalanine Leucine Lysine Methionine 

Fenugreek 1.339 0.896 1.634 2.076 2.484 1.652 0.853 

Flax 0.769 1.024 1.206 1.161 1.347 0.950 0.229 

Camelina 1.414 1.073 1.377 1.126 1.645 0.987 0.483 

 
The ground (powder) fenugreek was assayed for its antioxidant capacity 

using several methods (Table 3). Our results regarding the activity of DPPH 
annihilation from the powder fenugreek are consistent with the data reported 
by Priya et al. (2011) who used in vitro method. 

 
Table 3 – Antioxidant capacity of the fenugreek 

Specification 

Polyphenols concentration 
Chelating 
capacity 

DPPH 
annihilation 

Polyphenols 
concentration 

mg GAE/100 mL 

Flavonoid 
concentration 
mg CE/100 mL 

% Chelation 
Fe II 

% inhibition 

Powder fenugreek 114.28 ± 3.1 51.3 ± 1.9 9.09 ± 0.72 16.17 ± 2.12 

 
No significant differences were noticed in the antioxidant capacity of the 

egg yolk from the experimental groups compared to the control group, even 
though as absolute value, the results for E2 were higher than those for C and 
E1 (Figure 1). 
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Fig. 1 Antioxidant capacity of the egg yolk 

 
The physical parameters determined on the eggs collected throughout the 

experiment (Table 4) were not significantly different (P≤ 0.05) in terms of egg 
weight or Haugh unit. Differences were noticed regarding the yolk weight, 
which was lower (P≤ 0.05) in group C compared to group E2 (2% fenugreek), 
while the albumen weight was significantly (P≤ 0.05) higher in group C 
compared to group E1 (1% fenugreek). Differences were also noticed in egg 
freshness only the two experimental groups having eggs graded “AA”. The 
Egyptian researchers Hassan et al. (2004), who studied the effect of 1% and 2% 
dietary germinated and non-germinated fenugreek seeds on layer 
performance, noticed that the 2% germinated fenugreek seeds treatment 
produced the highest Haugh values. 

 
Table 4. Physical parameters of the eggs (average values) 

Item C E1 E 2  

Egg weight, (g)  63.006 ± 0.787 62.106 ± 0.752 62.833 ± 0.555 
- white (g); 37.984 ± 0.698 

b
 36.051 ± 0.648 

a
 36.696 ± 0.588 

- yolk (g); 17.139 ± 0.266 
c
 17.747 ± 0.364 18.166 ± 0.347 

a
 

Haugh units 62.73 ± 1.655 64.72 ± 1.754 63.71 ± 1.488 

Egg freshness:    
AA - 17 6 
A 89 61 78 
B 11 22 17 
Total 100% 100% 100% 

a – significant differences (P≤0.05) compared to C; b– significant differences (P≤0.05) compared 
to E1; c – significant differences (P≤0.05) compared to E2 
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Table 5 shows that most amino acids (threonine, alanine, glycine, tyrosine, 
valine, phenylalanine, isoleucine, leucine, lysine and methionine) determined 
for the two experimental groups (E1 and E2) were significantly (P≤0.05) lower 
than the amino acids determined for group C. Arginine and cystine (sulphur 
amino acid necessary for the use of methionine and protein synthesis) didn’t 
differ between groups. These results were expected, since the dietary 
fenugreek level was 1% in E1 and 2% in E2. 

These results are not in agreement with the reports of Kumari et al. 
(2013), who conducted a comparative study to evaluate the possibility of 
replacing the synthetic amino acids from layer diets using a mixture of plants 
(Trigonella foenum graecum, Allium sativum, Mucuna pruriens).  

 
Table 5 – Amino acids profile of the egg white 

Item C E1 E 2 

Aspartic acid 5.10±0.18 
b,c

 6.45±0.50 
a
 6.51±0.12 

a
 

Glutamic acid 13.11±0.29  12.92±0.24  13.04±0.23  
Serine 4.07±0.29 

b,c
 4.67±0.09 

a
 4.72±0.07

a
 

Glycine 2.97±0.21
b,c

  2.75±0.19 
a
 2.73±0.04

a
  

Threonine 4.48±0.15 
b,c

 4.05±0.13 
a
 4.13±0.09 

a
 

Arginine 4.73±0.26  4.52±0.24  4.50±0.09  
Alanine 5.27±0.30 

b,c
 4.59±0.18 

a
 4.72±0.06 

a
 

Tyrosine 3.27±0.18 
b,c

 2.95±0.17 
a
 2.95±0.05 

a
 

Valine 5.43±0.22 
b,c

 4.96±0.14 
a
 5.00±0.33 

a
 

Phenylalanine 4.88±0.35 
b,c

 4.60±0.16 
a
 4.60±0.06 

a
 

Isoleucine 4.53±0.25 
b,c

 3.84±0.18 
a
 3.76±0.07 

a
 

Leucine 6.82±0.41 
b,c

 6.43±0.09 
a
 6.50±0.09 

a
 

Lysine 4.94±0.22 
b,c

 4.24±0.12 
a
 4.30±0.13 

a
 

Cystine 1.88±0.13  2.00±0.09  1.93±0.08  
Methionine 3.42±0.05 

b,c
 3.26±0.07 

a
 3.24±0.12 

a
 

a – significant differences (P≤0.05) compared to C; b– significant differences (P≤0.05) compared 
to E1; c – significant differences (P≤0.05) compared to E2 

 
The use of fenugreek in layer diets decreased significantly the cholesterol 

concentration in the yolk from group E1 (1% fenugreek) compared to group C, 
in the eggs collected at the end of the trial (Figure 2). No significant differences 
were determined between groups E1 and E2. Similar results were reported by 
Moustafa (2006), Safaa (2007) and Abdouli et al. (2014) who reported a small 
but significant reduction in egg yolk cholesterol and serum cholesterol. On the 
contrary, Hassan et al. (2004) and Abaza (2007) didn’t found any change in egg 
quality subsequent to the use of different levels of fenugreek seeds in layer 
diets. 
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Figure 2 – Cholesterol concentration in the yolk 

 
 

CONCLUSIONS 
The determinations conducted on the powder fenugreek sample to 

analyse its antioxidant capacity show that the alcoholic extract of fenugreek 
displays antioxidant capacity and can be act as a powerful source of 
antioxidants. 

Fenugreek is still to be studied by the researchers interested to determine 
the mechanisms which influence the protein and lipid metabolism by the 
dietary fenugreek – plant with antioxidant properties that can be used in 
poultry diets, particularly for layers. 

The results were disseminated as a poster presentation at the XIVth 
European Poultry Conference, 23 – 27 June 2014, Stavanger, Norway.  
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