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ABSTRACT
In this study, the effects of boric acid and humate supplementation 

into hen diets on egg production and quality parameters and blood 
cholesterol levels were examined. For this aim, totally 160, 40 weeks of 
age, Hyline-White 98 layers were randomly divided into control and 3 
treatment groups each containing 40 birds and 10 replicates (each with 
4 birds). There was no boric acid or humate supplementation to control 
group diets (basal diet) where as treatment groups were supplemented 
with (basal diet plus) 90 ppm boric acid or 1 g/kg humate, or combination 
of these two feed additives, respectively. The experimental period 
lasted in 14 weeks. End of the trial there were no significant effects of 
dietary boric acid and humate inclusion on feed intake, egg weights 
and yields, egg quality parameters (shell thickness, breaking strength, 
and shape index) compared with control. But feed conversion ratio for 
hens which were supplemented with humate showed negative results 
while combination humate and boric acid were showed positive result 
compare with control (p < 0.05). It was also determined that there 
were no effects of treatments on blood cholesterol levels. As a result, 
since hens which were fed with basal diet plus boric acid and humate 
combination showed better feed conversion ratio, these feed additives 
combination can added diets without any adverse effect for laying hens.

INTRODUCTION
In layer hen industry, egg quality and production are the most 

important economic facts. In this context age-related decline of egg 
production and shell quality are major factors affecting the profitability 
(Nys, 1999). Prevent from these age-related problems, producers add 
mineral premixes or feed additives into layer diets (Ergin, 2009). Even 
though usage of humate/humic substances in laying hen diets like as 
feed additive is already known subject addition of boron/boric acids 
into rations is substantially new issue in this area. 

Boron  (B) is the chemical element with atomic number 5 and the 
chemical symbol B (Nist, 2011) and it is an essential element for animal 
and humans as well as plants (WHO, 1998). It is combined with oxygen 
and other elements  in  compounds  called  borates which are widely 
found in nature, and are present in oceans, sedimentary rocks, coal 
and some soils. Boron is primarily obtained from boron mines, located 
in arid regions of Turkey (IPCS, 1998). World boron reserves are 64% in 
Turkey, 11% in Russia and 9% in USA (Kilic, 2008). It is accepted that 
boron has functions in mineral metabolism, lipid metabolism, immune 
response, endocrine system and brain (Hunt, 1989; Hegsted et al., 1991; 
Dupre et al., 1994; Yesilbag, 2008). However, the biochemical function 
of B is not fully understood in animals (WHO, 1996). Kurtoglu et al. 
(2002) determined that boron provided significant improvements on 

1 Some results of this “Trail” has been presented in V. National Animal 
Nutrition Congress, at 2009, Tekirdag, Turkey.
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serum calcium (Ca) levels and damaged egg ratio but 
no significant difference between the controls and the 
boron supplemented groups (50, 100, 150, 200 and 
250 ppm) about feed consumption, feed conversion 
ratio, egg production, body weight and egg weight. 
Eren et al. (2004) found that similar findings like as 
Wilson & Ruszler (1998) about B addition to laying hen 
diets at level of 400 ppm resulted negative values of 
live weight, feed consumption and egg productivity 
parameters. Wilson & Ruszler (1998) also noticed that 
200 ppm B addition resulted better performance and 
bone strength findings compare with other treatment 
groups in laying hens in their trial. 

Humic substances/humates (HS) are compounds 
arising from the physical, chemical and microbiological 
transformation (humification) of bio molecules from 
soil. Humic acids, fulvic acids and humin are three 
main components of HS according to their solubility 
and humic acids are the most well known group of 
them. Properties of humic acids have attracted the 
attention of many investigators recent years (Yildiz 
et al., 2009). Previously HS were used as a part of 
replacement therapy for digestive system disorders 
such as malnutrition and diarrhea (Kuhnert et al., 
1989; 1991) later it has been investigated that their 
effects on performance parameters in dairy cattle 
(Hobbs, 1995), broiler (Aksu et al., 2005), quail 
(Yalcin et al., 2005) and laying hens (Kucukersan et 
al., 2004 and 2005). Yoruk et al. (2004) reported that 
supplementation of humate into the diet at level of 
0.1 and 0.2% during the late laying period improved 
feed conversion ratio, increased egg production and 
reduced mortality. Moreover, Kucukersan et al. (2005) 
reported that addition different amount of humate (30 
and 60 ppm) into layer diets showed significant results 
about egg production, egg weight and feed efficiency 
(p < 0.05). However, previous studies (Kucukersan 
et al., 2004; Hayirli et al., 2005) showed that egg 
production and egg shell quality parameters were not 
affected by dietary addition of humate in layers.

The aim of this research was to determine the 
effect of boric acid and humate addition in the diet 
on performance, egg quality parameters and blood 
cholesterol levels of laying hens.

MATERIAL AND METHODS

Layers, experimental design and diet

This research was carried out on 40 wks old, totally 
160 laying hens (Hyline White® 98). The birds were 
randomly divided into 4 groups according to the 
dietary regimen and each group was constituted by 
10 subgroups of 4 birds. The experimental protocol 

was approved by the local Ethics Committee of  the 
Ankara University.

In the control group, chickens were fed with basal 
standard diets based on corn and soybean meal, more 
specifically with a layer diets [16.5% crude proteins 
(CP) and 2750 kcal/kg metabolisable energy (ME)] 
for all experiment period (for 14 wks, Table 1) with 
recommendations of the National Research Council 
(1994) for layers. Birds from the groups 2 and 3 
received standard diets supplemented with 1% boric 
acid (BA) (90 ppm) or humate (H) (1 g/kg) respectively 
whereas in the group 4, hens were supplemented 
with both of these additives (HBA) (90 ppm boric acid 
plus 1 g/kg humate). Feeds were analyzed for crude 
protein, calcium, and total phosphorous according 
to the reference methods (AOAC, 2000). During the 
experiment feed and water were given to hens ad libitum.

Table 1. Basal diet composition and calculated & analyzed 
results of feed ingredient for laying hens diets.
Ingredients Percentage

Corn 40.00

Wheat 21.37

Soybean meal 15.20

Sun flower meal 5.00

Soybean, full fat 6.00

Oil 1.69

Limestone 8.28

Dicalcium phosphate 1.60

Common salt 0.35

Vitamin and mineral premix1 0.15

DL-Methionine 0.25

DL-Treonine 0.06

Antioxidant 0.05

Total 100.00

Calculated Results (TSE, 1991)

Crude protein (%) 16.50

ME (kcal/kg) 2,750

Analyzed Results

Crude protein (%) 16.40

ME (kcal/kg) 2697

Calcium (%) 3.69

Phosphor (%) 0.55

1 Vitamin and mineral premix provided per kilogram of diet: vitamin A, 12000 IU; 

vitamin D3, 8000 IU; vitamin E, 50 mg; vitamin K3, 10 mg; vitamin B1 4 mg; vitamin 

B2, 8 mg; vitamin B6, 5mg; vitamin B12, 0.025mg; niacin, 50 mg; pantothenic acid, 

20 mg; folic acid, 20 mg; biotin, 0.25 mg; choline, 175 mg, icanthaxanthin 250 mg, 

manganese, 100 mg; zinc, 150 mg; iron, 100 mg,; cupper, 20 mg; iodine, 1.5 mg; 

cobalt, 0.5 mg; selenium, 0.2 mg; molybdenum, 1mg; magnesium, 50 mg.
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The birds were housed in battery cages with 
automatic drinker design during the 14 wks 
experimental period. The temperature maintained at 
20-22°C according to normal management practice. 
Chicks were maintained on a 17 hours constant light 
schedule until the end of the experiment.

Performance analysis
For determined to content of nutrients of diets 

(Table 1), feed samples were collected at start, middle 
and end of trial then they were analyzed (AOAC, 1990). 
During the experimental period, the egg production 
of the hens was evaluated by daily recording where 

Table 2 – Some performance parameters of laying hens for weekly (Mean ± SE)
Experiment Groups

Weeks C (Control) H (1g/kg Humate) BA (90 mg/kg Boric Acid) HBA (90 ppm BA plus 1 g/kg H) P

Fe
ed

 In
ta

ke

1-2 112.36 ± 1.60 113.11 ± 1.49 109.24 ± 0.97 110.59 ± 2.35 0.369

3-4 105.31 ± 1.52 107.49 ± 1.42 105.36 ± 1.38 104.96 ± 1.55 0.608

5-6 106.21a ± 2.26 106.27a ± 1.62 103.07ab ± 0.95 99.05b ± 1.13 0.010**

7-8 104.46 ± 1.97 103.61 ± 1.74 101.74 ± 1.50 103.83 ± 1.27 0.679

9-10 98.06 ± 2.18 96.39 ± 2.21 96.04 ± 1.86 95.65 ± 1.72 0.836

11-12 90.83 ± 2.06 90.46 ± 2.83 91.39 ± 1.53 92.65 ± 2.10 0.900

12-14 80.47 ± 2.61 77.63 ± 2.53 79.42 ± 1.05 78.81 ± 2.35 0.836

1-14 99.68 ± 1.63 99.28 ± 1.55 99.04 ± 0.93 97.59 ± 1.38 0.689

Fe
ed

 C
on

ve
rs

io
n 

Ra
tio

1-2 1.95 ± 0.04 2.05 ± 0.07 1.89 ± 0.04 1.86 ± 0.04 0.056

3-4 1.98 ± 0.08 2.14 ± 0.09 1.90 ± 0.04 1.99 ± 0.04 0.093

5-6 2.01b ± 0.05 2.15a ± 0.05 1.88c ± 0.02 1.80c ± 0.05 0.000***

7-8 2.10 ± 0.07 2.08 ± 0.05 2.01 ± 0.04 2.03 ± 0.04 0.534

9-10 1.91 ± 0.07 1.93 ± 0.04 1.95 ± 0.05 1.90 ± 0.04 0.907

11-12 1.94 ± 0.06 2.00 ± 0.06 1.94 ± 0.04 1.96 ± 0.04 0.850

12-14 1.90 ± 0.09 1.86 ± 0.08 1.89 ± 0.06 1.76 ± 0.08 0.597

1-14 1.97ab ± 0.05 2.03a ± 0.04 1.92ab ± 0.27 1.88b ± 0.02 0.044*

Eg
g 

Y
ie

ld

1-2 92.00 ± 1.90 91.29 ± 2.72 95.00 ± 1.49 97.14 ± 1.20 0.130

3-4 86.29 ± 2.06 85.00 ± 2.11 89.57 ± 1.88 85.86 ± 1.59 0.367

5-6 86.57ab ± 2.16 83.43b ± 1.77 89.71a ± 1.27 89.00a ± 0.80 0.035*

7-8 82.43 ± 2.22 83.57 ± 2.13 84.43 ± 1.83 85.14 ± 1.23 0.767

9-10 84.14 ± 1.64 83.21 ± 2.33 82.29 ± 2.04 82.57 ± 1.98 0.918

11-12 79.00 ± 1.73 77.86 ± 2.09 80.43 ± 0.88 79.29 ± 1.44 0.728

12-14 71.29 ± 2.16 71.89 ± 2.53 71.71 ± 1.95 76.07 ± 3.12 0.495

1-14 83.10 ± 1.60 82.32 ± 1.85 84.73 ± 0.85 85.01 ± 0.87 0.453

Eg
g 

W
ei

gh
t

1-2 62.74 ± 61.05 ± 0.71 61.17 ± 0.42 61.60 ± 0.66 0.197

3-4 62.22a ± 59.63b ± 0.92 62.06a ± 0.47 61.54ab ± 0.73 0.049*

5-6 61.37 ± 59.57 ± 0.51 60.13 ± 0.44 61.41 ± 0.71 0.063

7-8 60.77 ± 59.85 ± 0.89 60.31 ± 0.52 60.33 ± 0.52 0.817

9-10 61.36 ± 60.06 ± 0.45 60.18 ± 0.43 61.27 ± 0.42 0.333

11-12 59.70 ± 58.43 ± 0.90 58.63 ± 0.68 59.86 ± 0.64 0.536

12-14 60.21 ± 58.54 ± 0.60 59.04 ± 0.59 59.52 ± 0.76 0.463

1-14 62.20 ± 59.59 ± 0.51 60.36 ± 0.28 60.77 ± 0.42 0.127

a, b: Means on the same line with different superscript differ significantly. (*): p < 0.05, (**): p ≤ 0.01, (***): p < 0.001, n:10.
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as feed intake recording weekly. Egg samples were 
collected, stored (at room temperature for one day) 
and weighed biweekly. Feed conversion ratio was 
calculated as kilograms of feed consumed per kilogram 
of egg produced. An additional sample of 10 eggs was 
randomly collected from each experimental group every 
14 days to assess egg quality parameters which were 
shape index, breaking strength and shell thickness. 

Biochemical analysis

At the end of the trial, blood samples (5 mL) were 
obtained from each one bird from every cage by the 
brachial vein for determine blood cholesterol level of 
hens. These samples were allowed to clot at room 
temperature for 6 hours and then they were centrifuged 
at 1500 g for 10 minutes at room temperature. Serum 
were carefully harvested and stored at -20°C until 

analysis. The serum cholesterol concentrations were 
analyzed using commercial kits (Teco Diagnostic, 1286 
Anaheim, CA 92807).

Statistical analysis

All data were analyzed by ANOVA using SPSS 11.50 
program (Inc., Chicago, II, USA). Significant differences 
among treatment were determined using Duncan’s 
multiple range tests (Duncan, 1955) with a 5% level 
of probability. 

RESULTS 

The feed intake results for hens supplemented 
or not with boric acid (BA) and/or humate (H) were 
reported in Table 2. It was observed that the addition 
BA and/or H into diets have not significantly affects 

Table 3 – Some egg quality parameters of laying hens for weekly (Mean ± SE)
Experiment Groups

Weeks C (Control) H (1g/kg Humate) BA (90 mg/kg Boric Acid) HBA (90 ppm BA plus 1 g/kg H) P

Eg
g 

Sh
ap

e 
In

de
x

1-2 77.80 ± 0.39 77.78 ± 0.59 77.15 ± 0.47 78.20 ± 0.46 0.483

3-4 77.88 ± 0.43 76.82 ± 0.47 77.73 ± 0.41 77.33 ± 0.26 0.253

5-6 78.43 ± 0.61 77.13 ± 0.48 77.68 ± 0.50 78.43 ± 0.41 0.202

7-8 77.79 ± 0.56 77.76 ± 0.33 78.38 ± 0.44 77.58 ± 0.49 0.647

9-10 77.42 ± 0.44 77.45 ± 0.66 77.85 ± 0.46 77.68 ± 0.42 0.921

11-12 77.64 ± 0.34 76.41 ± 0.42 76.97 ± 0.54 76.37 ± 0.43 0.157

12-14 77.28 ± 0.41 76.75 ± 0.33 77.90 ± 0.47 76.80 ± 0.63 0.287

1-14 77.75 ± 0.24 76.91 ± 0.15 77.67 ± 0.22 77.49 ± 0.23 0.060

Eg
g 

Br
ea

ki
ng

 S
tr

en
gt

h 
(k

g/
cm

2)

1-2 1.71 ± 0.10 1.90 ± 0.11 1.66 ± 0.08 1.70 ± 0.11 0.309

3-4 1.71 ± 0.13 1.99 ± 0.10 1.85 ± 0.12 2.05 ± 0.11 0.185

5-6 1.31 ± 0.09 1.49 ± 0.11 1.48 ± 0.09 1.45 ± 0.07 0.430

7-8 1.31 ± 0.09 1.36 ± 0.12 1.36 ± 0.08 1.31 ± 0.09 0.970

9-10 1.39 ± 0.10 1.43 ± 0.09 1.47 ± 0.13 1.26 ± 0.12 0.586

11-12 0.91 ± 0.11 0.91 ± 0.15 1.02 ± 0.16 1.05 ± 0.13 0.844

12-14 1.34 ± 0.15 1.38 ± 0.14 1.43 ± 0.15 1.43 ± 0.14 0.957

1-14 1.41 ± 0.06 1.44 ± 0.07 1.45 ± 0.05 1.42 ± 0.05 0.960

Eg
g 

Sh
al

l T
hi

ck
ne

ss
(m

m
 x

 1
02

)

1-2 37.73 ± 0.41 37.73 ± 0.45 37.10 ± 0.31 37.72 ± 0.32 0.558

3-4 35.07 ± 0.41 34.04 ± 0.48 34.87 ± 0.58 35.27 ± 0.51 0.332

5-6 36.32 ± 0.44 35.96 ± 0.45 36.63 ± 0.31 36.11 ± 0.45 0.697

7-8 34.02 ± 0.51 35.32 ± 0.55 34.17 ± 0.56 35.37 ± 0.56 0.162

9-10 33.38 ± 0.46 33.17 ± 0.47 33.10 ± 0.39 34.07 ± 0.56 0.458

11-12 34.17 ± 0.63 34.13 ± 0.49 33.20 ± 0.58 32.90 ± 0.55 0.288

12-14 33.23 ± 0.65 34.70 ± 0.68 34.40 ± 0.81 34.87 ± 0.81 0.405

1-14 35.06 ± 0.17 35.32 ± 0.28 34.75 ± 0.28 35.24 ± 0.23 0.359

Differences between treatment groups is not statistically significant (p > 0,05), n:20.
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on feed intake over the whole experimental period. 
However at 5th and 6th wks of treatment, feed intake 
was decreased by addition of boric acid and humate 
combination (HBA) (p < 0.05). It appeared that birds 
supplemented with HBA (group 4) exhibited lower 
feed intake results than control (6.74%). 

In present study most remarkable results were 
observed for feed conversion ratio parameters of 
hens. Addition of H at levels of 1 g/kg was decreased 
statistically significant of feed conversion ratio (FCR) 
for hens while HBA were significant increased of it 
compare other group animals at the end of trial (p 
< 0.05). Because of H addition was brought higher 
feed intake and less egg production at 5th and 6th of 
treatment, it also was showed statistically significant 
decreased for FCR in same treatment group (1 g/kg 
humate) than others (p < 0.001) in same weeks. 

The egg yield and weight results were also summarized 
in Table 2. These parameters for performance were not 
significantly modified by the supplementation with 
boric acid and/or humate combination over the whole 
experimental period except during the 3rd and 4th 
wks: the egg weights were significantly higher in hens 
supplemented with BA than in birds supplemented 
with H alone (p < 0.05). Egg production yield of hens 
was showed statistically significantly better results for 
BA and HBA groups at 5th and 6th of treatments (p < 
0.05). Boric acid supplemented groups’ hens presented 
higher percentage egg production than control or in 
birds supplemented with humate alone (3% and 7% 
respectively). But these differences between treatment 
groups were disappeared at the end of trial.

At the end of trial it was observed that there were no 
effects of dietary additions on egg quality parameters 
(shell thickness, breaking strength, and shape index) 
compared with control (Table 3). In same way, even 
though HBA group showed 7.51% lower blood 
cholesterol levels than control this difference between 
groups did not showed any statistical significant 
important (Table 4).

DISCUSSION

Except of FCR, all other investigated parameters 
were showed no statistically significant differences 
between all groups by the end of present trial. These 

results are in agreement with the results of studies 
involving hens on supplementations of humate 
(Kucukersan et al., 2005; Yoruk et al., 2004) and boric 
acid (Qin & Klandorf, 1991; Wilson & Ruszler, 1996; 
Mizrak & Ceylan, 2009). Mizrak & Ceylan (2009) tried 
to determine different level of B (25, 50, 75 ppm) 
effects on laying hens. They didn’t find any significant 
differences about performance parameters of hens 
(feed intake, egg production and weight, egg quality 
parameters) with supplementation of boric acid. Qin 
& Klandorf (1991) investigated of effects of boron 
addition into hen diets on some performance, egg shell 
quality and calcium metabolism. At the end of their 
trial boron addition into hen diets caused reducing of 
egg production but had no effects on egg shell quality. 

In present study feed conversion ratio was 
depressed by 1 g/kg humate addition. This result was 
showed negative correlation with some other studies 
which are evaluate humate supplementation effects 
on broiler (Eren et al., 2000; Karaoglu et al., 2004) 
and laying hens (Ceylan & Ciftci, 2003; Kucukersan 
et al., 2004) but showed similar results with Koksal 
(2009) study which was determined humate and herb 
extracts effects on broiler and laying hens performance 
and some blood and immune parameters. In that study 
researcher found that addition of humate at level of 
1.5 g/kg showed negative effects on FCR for hens (24 
weeks old, 200 Hyline-White® 98) end of trial. The 
differences about results between other studies and 
ours can be caused by using of different composition 
of humate with different feed additives and different 
levels in different animal types. 

Egg productions of hens which fed with humate 
and boric acid diets did not differ (p > 0.05), but egg 
production for groups which were supplemented 
with boric acid (BA and HBA) showed greater egg 
production results than hens fed the control diet 
(84.73 vs. 83.10% and 85.01 vs. 83.10%, respectively, 
Table 2). The HBA group in this trial usually showed 
better results compare with control and other groups 
but those results usually didn’t get a meaning in 
statistically significant way (except FCR, p < 0.05). 
This result showed positive correlation with Wilson 
& Ruszler (1995) study who found out addition 

Table 4 – Blood cholesterol levels of laying hens (mg/dl) (Mean ± SE).
Experiment Groups

p-valueC (Control) H (1g/kg Humate) BA (90 mg/kg Boric Acid) HBA (90 ppm BA plus 1 g/kg H)

177.46 ± 9.29 193.81 ± 17.42 176.80 ± 13.55 165.06 ± 14.43 0.558

Differences between treatment groups is not statistically significant (p > 0.05), n:10.
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of different levels of boron (3, 5, 7, 14, 28 and 56 
ppm) into laying hen diets had showed no statistically 
significant difference between all treatment groups. 
There was no difference in feed intake of hens fed 
supplements (humate and boric acid or combination). 
However, there were numerical decrease in feed intake 
for hens fed humate and boric acid combination diets 
compared with hens fed the control diet (97.59 vs. 
99.68 g/day per animal respectively, Table 2). Egg 
weight decreased numerically in parallel egg production 
decreased slightly as in present study by 1 g/kg humate 
supplementation. Rossi et al. (1990) searched for the 
effect of feeding two sources of boron (boric acid and 
borax) on broiler breeder performance. They found 
that addition of different type of humate into diets did 
not effect of egg weights and this result has positive 
correlation with present trial. Although there were no 
significant differences in egg quality parameters in 
all groups (Table 3), egg breaking strength and shell 
thickness was numerically influenced by supplemental 
humate or boric acid in this trial. On the other hand 
Qin & Klandorf (1991) reported that egg shell thickness 
was not affected by 100 mg/kg B in aged broiler 
breeder hens. In present study addition of humate and 
boric acid (H and BA groups) were brought increase 
egg breaking strength than control group 2.12 and 
2.83%, respectively. Similar result also was presented 
by Yesilbag & Eren (2008). They evaluated effects of 
different levels of boron (25, 50 and 100 ppm) into 
late period of laying hens’ diets on performance and 
egg shell quality. At the end of their trial researchers 
found that addition of boron had some positive effects 
on egg shell thickness and breaking strength.

Blood cholesterol levels showed any no statistically 
significant differences between all treatment groups. 
However addition of boric acid combination with 
humate (HBA) into hen diets caused numerical decrease 
of blood cholesterol levels compare with hens fed with 
control diets (165.06 vs. 177.46 mg/dl respectively). 
Interestingly single addition of boric acid into diets 
didn’t change blood cholesterol levels of animals but 
single addition of humate caused numerical increase 
blood cholesterol levels of hens compare with control 
group (193.81 vs. 177.46 mg/dl respectively). This 
result showed positive correlation with Koksal (2009) 
who investigated to effects of humate and herb extract 
supplementation on broiler and laying hen diets. He 
found out that addition of humate into hen diets was 
caused slightly increase blood cholesterol levels but 
it didn’t show statistically significant important (p > 
0.05). Eren et al. (2004) investigated the influence of 

different levels (0, 5, 10, 50, 100, 200 and 400 ppm) of 
dietary boron (B) supplementation on egg production, 
interior and exterior egg quality and serum parameters 
related to egg formation in laying hens. For this 
purpose two hundred and twenty four, 18 week old, 
Hyline Brown 98 strain hens were used. At the end of 
their trial they notice that addition of boron into hen 
diets caused increasing of cholesterol levels of egg but 
also resulted with decrease of blood cholesterol level. 
Contrary these results Kurtoglu et al. (2005) observed 
that addition of boron into broiler diets caused the 
increasing of cholesterol levels in their research. 

In this study, the effects of supplementation of 
humate and boric acid during in the middle laying period 
on egg production and egg quality parameters were 
investigated, and their effectiveness was compared. 
Supplemental humate and boric acid combination 
had linear effects on production parameters including 
reduced feed intake and increased egg production. 
However, they had no specific effects on egg quality 
parameters. As a result supplemental boric acid (90 
ppm) was improved some performance (feed intake, 
egg production) and some egg quality (egg breaking 
strength, shell thickness) parameters numerically and 
it was statistically significant effects for FCR on laying 
hens. 
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