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ABSTRACT

This study aims to try to improve the production and quality of
laying hens' eggs in the late stages of their productive life by adding some
herbal plants to the fodder. 288 laying hens at 64 weeks old were used
and it was distributed into four treatments, with three replicates for each
treatment, and each replicate had 24 laying hens. The first treatment was
a control free of the addition, The second treatment included adding 1%
of rosemary, the third treatment included adding 2% of thyme, and the
fourth treatment adding 1% of garlic. The statistical analysis results
showed that there was a significant superiority of the rosemary treatment
in the average egg weight, while the thyme addition treatment was
superior in the average egg mass, feed conversion factor, and egg
production percentage. The additives also led to an increase in feed
consumption compared to the control treatment
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Introduction

chicken table eggs are a necessary part of the
human diet due to a lot of high-quality amino and
fatty acids as well as sufficient natural vitamins and
minerals [1]. In the layer poultry industry, the late
stages of production usually face various stresses,
such as excessive accumulation of reactive oxygen
species and redox imbalance [2] These things lead
to a weakening of the function of the reproductive
system of chickens, accompanied by a dilution of
egg albumen and a decrease in Haugh unit [3].

Therefore, recent studies related to poultry
nutrition have revealed the importance of adding
medicinal herbs as safe alternatives to antibiotics
manufactured in poultry diets and considering them
as natural additives that contain biologically active
substances  that affect many  unwanted
microorganisms In addition, it is considered one of
the natural antioxidants that enhance the immune
system and can be used to improve growth and
health of poultry [4]. Based on the results of many
researchers, the essential oils of herbaceous plants
affect feed consumption, weight gain, and nutrient
utilization efficiency in poultry [5], egg weight [6],
egg production, and body weight of laying hens [7].
and [8].

Rosmarinus Officinalis L. is an aromatic plant
that improves birds' performance and eggshell
quality. Many studies have concluded that adding
rosemary leaves to the diet of laying hens has a
positive effect on egg production and raising the
immune system's efficiency [9]. In addition,
rosemary improves the digestion of nutrients, delays
fat oxidation, and is used as an alternative to
antioxidants and antimicrobials in feed [10].

Garlic [11] is considered an important medicinal
plant because of its vital role as a treatment for many
diseases as it has been scientifically proven that
garlic has antioxidant properties, antimicrobial,
antiparasitic, and other immune activities in poultry
[12]. Adding garlic powder to poultry food
improved some blood values and total
immunoglobulin, which could contribute to
improving blood circulation and immunity in white
Leghorn chickens [13].

As for the thyme (Thymus vulgaris), it is an
aromatic plant with antifungal, antioxidant, and
antimicrobial properties [14]. Thyme oil or its extract
improves the digestion of nutrients by increasing the
activity of digestive enzymes and reducing
cholesterol in the serum and yolk [15]. Carvacrol is
one of the main active compounds in the thyme
plant, as it improves feed conversion efficiency and
egg quality standards [16].

Materials &Methods

This study was conducted on a poultry farm of
the Department of Animal Production at the College
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of Agriculture and Forestry - University of Mosul
for 12 weeks, from 2/16/2024 until 5/16/2024 and it
included three productive age periods.

Experimental design

In this research,288 laying hens of the Mezo
type were used at the end of their productive age (at
64 weeks old). It was distributed into four
treatments, with three replicates for each treatment,
and each replicate had 24 laying hens. Astandard
feed was used, which in cluded the addition of
different levels of herbal plants as follows: The first
treatment was a standard feed without additives, the
second treatment was a standard feed with the
addition of 1% rosemary, the third treatment was a
standard feed with the addition of 2% thyme, and
finally the fourth treatment was a standard feed with
the addition of 1% garlic.

Cages and housing conditions

All hens were housed in a ground-based
breeding hall designated for this purpose, consisting
of 24 rooms with dimensions of (1.5 x 3.25) meters.
The hall was well insulated and equipped with
feeders, automatic manholes, and two-story metal
nests with four holes containing hay to prevent the
eggs from being broken and contaminated. Housing
conditions, including light, temperature, and
ventilation, humidity were maintained to provide all
standard administrative conditions It contains
electronic mercury thermometers distributed
between the rooms and at the bird level to monitor
temperature and humidity. The photoperiod is 16
hours of light and 8 hours of darkness, with a room
temperature between 18-22 degrees Celsius. The
chickens underwent the necessary preventive
program and were given vitamin AD3E at a rate of
1 ml/2 liters once every two weeks throughout the
experiment.

Composition of the ration

The additives were obtained from reliable
sources and were very pure and free of impurities
and dust. As for the raw materials for the feed, they
were purchased from the local market, ground, then
mixed well in the feed laboratory of the Animal
Production Department at the College of Agriculture
and Forestry at the University of Mosul. All laying
hens used in the experiment were fed a standard diet
containing a representative energy of 2800.1
kilocalories/kg and a protein of 17.01%. The amount
of feed for each replicate was calculated based on
what is recommended in the breeding manual: 115
gm feed/chicken/day throughout the experiment. As
for water, it was freely available around the clock.
Medicinal plants were added in crushed form
according to a certain proportion to the diets of the
various treatments using a sensitive balance as
presented in Table 1. They were mixed with a small
amount of feed (1) kg, then mixed with a larger
amount of feed in a good manner, and so on to
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ensure homogeneity of the mixture. Table 2 shows
the ratio of feed components and the calculated
chemical composition of the diet.

Table 1. Shows the chemical composition of the additives

used
Ingredients Garlic Rosemary  Thyme
* sk skskosk
Moisture 64.58 8.62 6.6
Crude protein 7.87 5.08 14.46
Crude fat 0.52 16 3.48
Crude fibre 23 18.94 25.84
Ash 2.46 7.52 2.92
Carbohydrates 2227 4384 45.09

Table 2. The ratios of feed components and chemical
composition. (NRC,1994).

Ingredients feed Percentage (%)

maize 47.5
Wheat 15.5
Soybeans (44%) 24
Sunflower oil 1L
Dicalcium phosphate 1 kg
Limestone (ca 36%) 8.25
Enzymatic mixture 0.025
Salt 0.225
the total 100
Calculated chemical analysis

Protein 17.01
Energy 2800.1
Raw fiber 3.19
Lysine 0.874
Methionine 0.470
Methionine + cysteine 0.535
Calcium 3.325
Available phosphorus 0.373
linolenic 1.381

Parameters evaluated
The egg production percentage

The eggs were collected manually twice a day,
at 10:00 am and 2:00 pm, to prevent the eggs from
being broken or contaminated, for a period of one
week, collectively from each replicate throught the
experiment. The egg production percentage was
calculated based on the number of chickens in the
replicate according to the following equation [20].

day prodution % = Number of the egg laid x100
Number of henx days

Feed consumption

The average amount of feed consumed per week
was calculated by weighing the amount of remaining
feed at the end of the period and subtracting it from
the amount of feed provided to it at the beginning of
the week (which was calculated by multiplying 115
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g/chicken/day by the number of replicated chickens
and the number of days of the week, Considering
that there were no instances of bird death during the
experiment period As in the following equation, [21]
The formula= Weight of feed provided at the
beginning of the week (gm/replicate) - Feed weight
at the end of the week(gm/replicate) )/ Number of
hens per replicate

Feed Conversion ratio

Calculate the average feed conversion factor for
eggs for each replicate based on the amount of feed
consumed in grams required to produce one gram of
eggs according to the following equation: [20]
Average feed conversion factor per egg production
period= Average weekly feed consumption/
Average total egg mass

Average egg weight in grams

Eggs were collected and weighed twice daily, in
the morning and afternoon, regularly from each
replicate. Then the average egg weight/replicate was
calculated by dividing the total egg weights per day
during the week and dividing it by the number of
eggs replicated.

Egg mass/female in grams

The egg mass was calculated according to what
was stated by the researcher’s equation [22] and as
follows:

cumulative egg weight (g)

Egg mass =
g8 @) number of females in the replicates

a. The relative weight of the albumen:

The relative weight of the albumen was
calculated after subtracting the weight of the yolk
and the weight of the shell with the membranes from
the total weight of the egg according to the following
equation given by the researchers [20] and as
follows:

The relative weight of the albumen = the weight of
the albumen x 100 / the weight of the egg

b. Relative weight of the yolk:

After accurately separating the yolk from the
albumen, it was weighed using a sensitive balance
(0.01). The relative weight of the yolk was
calculated according to the equation given by the
researchers [23] as follows:

Relative weight of the yolk = weight of the yolk X
100 / weight of the egg

c. The relative weight of the shell:

After separating the eggshell and its membranes,
it was weighed using a sensitive digital balance
(0.01), and the relative weight of the shell was
calculated according to the following equation:
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Relative weight of the shell =
shell(g)x100/ weight of the egg(g)

weight of the

d. Shell thickness:

The shell thickness of each egg was measured
using a digital caliper (Vernier with an accuracy of
0.01 mm) from three locations, and the average shell
thickness was calculated by dividing the sum of the
readings by three.

e. The egg shape index:

Nine eggs were taken from each treatment to
measure their length and width using a digital caliper
(vernier with an accuracy of 0.01 mm), by placing
them longitudinally and then horizontally between
the two heads of the device, adjusting the reading,
and recording the length and width, then the egg-
shape index was calculated by applying the
following equation:

egg shape index % = egg width mm x 100/ egg
length mm

f. Yolk index:
The yolk shape index was calculated by applying
the following equation:

Yolk index= Yolk height mm / Yolk diameter mm

g. Yolk color:
Yolk color was measured by visual comparison
using a printed yolk color fan

h. Haugh unit

The Haugh unit was calculated from the
relationship between the egg's weight and the egg's
height by applying the researcher’s equation [23].

H.U =100 Log (H + 7.57 — 1.7 W%%)
Where : H = height of the egg(mm), W = weight of

the egg (g)

Statistical analysis

A complete Randomized Design (C.R.D.) was
applied. The results were analyzed using the
statistical software suite Statistical Analysis System
(SAS, 2012) in a one-way analysis method.
Significant differences between means were
compared by applying Duncan's multinomial test
[24]. At a significant level (a>0.05)

RESULTS AND DISCUSSIONS

Table (3) indicates the effect of adding
some plants to the feed on the average egg weight of
laying hens for the three periods and for the total
duration of the experiment from 65 to 76 weeks of
age. It is noted from the first period of the
experiment that T2 (rosemary 1%) was superior to
the control treatment in the average egg weight,
which reached 65.91g, compared to the control
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treatment, which reached 63.72g, while no
significant differences appeared between all
treatments in the second and third periods and the
total duration of the experiment. The improvement
in egg weight gain can be attributed to the presence
of bioactive components in rosemary which can
have a beneficial effect on digestion by improving
the bacteria in the digestive tract. Bioactive
components in rosemary such as flavonoids,
phenolic acids, and terpenoids [25] directly influence
some digestive enzymes such as amylase and
protease [26] and improve poultry growth through
improving absorptive cells in the intestine [27] . It
could also be due to the effects of biological activity
of phenolic compounds such as carnosol and
carbolic acids present in rosemary, which can lead
to increased feed efficiency and conversion resulting
in improved production performance [28] and this
result is consistent with [29, 30, 31].

Table 3. The effect of adding some plants to the feed on
the average egg weight for laying hens for 65-76 weeks
of age (+ standard error)

Egg weight( g)

Pers“’d Tl T2 T3 T4
65-68  63.72b  6491a 638lb  64.48ab
wk +£0.18 £040  +0.06 +0.06
69-72 64.66 65.04 64.11 64.66
wk +0.07 £050  +0.26 +0.53
73-76 64.78 65.61 64.64 65.54
wk +0.31 £035  £0.29 +0.27
65-76  64.39ab  65.19a 64.18ab  64.89 ab
wk +0.17 £041  +£020 +0.21

Parameters: T1 = standard diet without adding T2 =
adding 1% rosemary T3 = adding 2% thyme T4 = adding
1% garlic

Table (4) shows the effect of adding some plants
to the feed on the average egg mass of laying hens
for the three periods and the total duration of the
experiment from 65 to 76 weeks of age. It is noted
that in the first period of the experiment, the T2
treatment outperformed the control treatment in the
average egg mass. In the second period of the
experiment, the T2 and T3 treatments outperformed
the control treatment in average egg mass. While in
the third period and the total duration of the
experiment, it is observed that the T3 treatment
outperformed the control treatment and the T4
treatment The significant effect on egg mass could
be due to the positive effects of thyme in improving
digestion and absorption of nutrients as well as the
overall health of the digestive system [32] . Thyme
is known for its antioxidant and antibacterial
properties mainly due to its active ingredients such
as thymol and carvacrol [33] . The reason for the
increase in egg mass may also be due to thyme
containing the enzymes lipase, amylase, and
protease, which have an important role in the
process of digestion and absorption by decomposing
the carbohydrate, protein, and fatty food
components, which contribute to compensating for
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the deficiency in the represented nutritional
elements and thus increasing the mass of eggs. Al-
Baidh [34]. These results are consistent with [35, 19].

Table 4. The effect of adding some plants to the feed on
the average egg mass for laying hens for the period from
65-76 weeks of age (+ standard error)

Egg mass(g)
Period
s T1 T2 T3 T4
65-68 53.66 b 5799a 5746ab 53.59b
wk +1.71 +1.43 +0.81 +0.77
69-72 53.63b 5787 a 58.12a 5529 ab
wk +1.58 +0.95 +0.52 +1.00
73-76 52.95b 56.87ab 59.16a  52.59b
wk +1.67 +1.17 +0.96 +1.96
65-76 5342 ¢ 57.58ab 5825a 53.83bc
wk +1.63 +1.14 +0.66 +1.05

Parameters: T1 = standard diet without adding T2 =
adding 1% rosemary T3 = adding 2% thyme T4 = adding
1% garlic

Table (5) shows the effect of adding some plants
to the feed on the average feed consumption of
laying hens in the three periods and the total duration
of the experiment from 65 to 76 weeks of age. It is
noted that in the first period of the experiment, the
T3 treatment was superior in feed consumption over
the control and T4 treatments while at the end of the
second period of the experiment at the age of 69 to
72 weeks, it became clear that the T2 treatment was
superior to the control treatment in feed
consumption. It was also noted that at the end of the
third period from 73 to 76 weeks of age and the total
period from 65 to 76 weeks of age, there was a
significant decrease in feed consumption in the
control treatment compared to the addition
treatments. The reason for the increased
consumption of feed containing thyme is that thyme
stimulates the appetite, stimulates the stomach
expels gases, prevents fermentation and helps
digestion and absorption of nutrients because it
contains digestive enzymes (protease, amylase, and
lipase) that help in the decomposition of protein food
components [36] . Thyme also has antibacterial
activity [37] . This may also be due to the vital role
of phenolic molecules such as carnosol, carnosic
acid, rosmarinic acid, and thymol found in rosemary
and thyme, which lead to increased feed efficiency,
leading to improved performance indicators [38].
Garlic also contains active compounds, including
flavonoids, saponins, and some sulfur compounds,
which have a structure and action similar to steroid
hormones [39], which leads to improved
performance indicators. This result is consistent
with [19 ,29] while it differs with [11,40,17].
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Table 5. The effect of adding some plants to the feed on
the average feed consumption (g) of laying hens for 65-76
weeks of age (+ standard error).

Feed intake(g)
Periods T1 T2 T3 T4
65-68 113.23 bc 113.82ab 11396a 112.65¢
wk +021 +0.21 +0.19 +0.22
69-72  112.25b 11433 a  113.99ab 113.69ab
wk +0.96 +0.31 +0.41 +0.411
73-76  111.60b 113.55a 113.51a 113.61a
wk +0.06 +0.41 +0.13 +0.24
65-76  112.36b 1139a 113.82a 113.31a
wk +034 +0.31 +0.23 +0.25

Parameters: T1 = standard diet without adding T2 =
adding 1% rosemary T3 = adding 2% thyme T4 = adding
1% garlic

Table (6) indicates the effect of adding some
plants to the diet on the average feed conversion
factor for laying hens for the three periods and the
total duration of the experiment from 65 to 76 weeks
of age. It is noted that in the first period, at the age
of 65 to 68 weeks, there are no significant
differences between all treatments while the T3
treatment outperformed all treatments and the
control treatment at the end of the second and third
periods and the total duration of the experiment.

The reason may be due to the beneficial effect of
the Lamiaceae family (thyme and rosemary),
resulting from phenolic compounds that show
significant antimicrobial and antifungal activity,
which has led to an improvement in the health status
of birds and is reflected in the efficiency of protein
conversion [38].This improvement can be attributed
to its essential oil content, which contains active
ingredients that possess antimicrobial, antifungal
and antioxidant activities and thus can improve the
birds’ utilization of nutrients [30] . The result agreed
with [31,41,42].

Table 6. The effect of adding some plants to the diet on
the average feed conversion factor (gm) for laying hens
for the period from 65-76 weeks of age (+ standard error)

FCR
Periods TI1 T2 T3 T4
65-68 2.11 1.97 1.98 2.1
wk +0.06 +0.04 +0.02 +0.02
69-72 2.10a 1.98ab 1.96b 2.06 ab
wk +0.05 +0.02 +0.01 +0.04
73-76 2.11 ab 2.06 ab 1.92b 2.17 a
wk +0.06 +0.04 +0.03 +0.08
65-76 2.11a 1.98 ab 1.95b 2.11a
wk +0.05 +0.03 +0.02 +0.04

Parameters: T1 =

standard diet without adding T2 =

adding 1% rosemary T3 = adding 2% thyme T4 = adding

1% garlic

Table (7) indicates the effect of adding some

plants to the feed on the egg production rate for the
three periods and the total duration of the experiment
from 65 to 76 weeks. It is noted that there are no
significant differences between all treatments in the
first period from 65 to 68 weeks of age, while it was
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shown that there are significant differences between
Treatments during the second and third period and
the total duration of the experiment. Treatment T3
gave the highest percentage of egg production,
reaching (90.67, 91.56, 90.77)% compared to the

control treatment (82.93, 81.74, 82.96)%,
respectively.
The significant improvement in the egg

production rate in the diet to which thyme leaf
powder was added may be attributed to the
effectiveness of thyme in inhibiting Escherichia coli
bacteria, which enhances the bird’s health condition,
reflected in its productive performance. Thyme also
contains the enzymes lipase, amylase and protease,
which have an important role in the process of
digestion and absorption through their prominent
role in decomposing fatty, carbohydrate and protein
food components [35],that helps compensate for the
deficiency in the representation of absorbed
nutrients. This result agreed with [43, 42, 43, 19].

Table 7. The effect of adding some plants in the feed on
the percentage of egg production in laying hens for the
period from 65-76 weeks of age (+ standard error)

HD%
Periods Tl T2 T3 T4
65-68 84.22 89.39 90.08 83.13
wk +2.86 +2.58 +1.33 +1.29
69-72 8293 b 88.99ab 90.67 a 85.51 ab
wk +243 +1.54 +1.03 +1.85
73-76 81.74 b 86.71ab 91.56 a 80.26 b
wk +2.66 +2.17 +1.89 +33
65-76 82.96 b 88.36ab 90.77 a 82.96 b
wk +2.63 +2.06 +1.29 +1.85

Parameters: T1 = standard diet without adding T2 =
adding 1% rosemary T3 = adding 2% thyme T4 = adding
1% garlic

The statistical analysis results in Table (8) show
the effect of adding some plants to the feed on some
qualitative characteristics of laying hen eggs for the
period from 65-76 weeks of age. The results showed
that there were no significant differences in adding
plants in egg weight, yolk weight, albumin weight,
shell weight, shell thickness, shape index, and
Haugh unit.

As for the yolk index, adding 2% thyme gave
the egg yolk index the highest significant value,
which reached 0.38 compared to the control, which
reached 0.35. As for the color of the yolk, the T2
treatment gave the lowest value, reaching 7.32
compared to the control, which amounted to 7.89.
These results agreed with [42] who confirmed an
improvement in the yolk index when plants were
added to the feed. It also agreed with [29,44,45] who
showed an improvement in the color of the yolk
when using rosemary powder in the diet of laying
hens.
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Table 8. The effect of adding some plants to the feed on
some qualitative characteristics of laying hen eggs for the
period from 65-76 weeks of age (+ standard error).

Egg

- yolk shape
Treatments zzg):lght index % index
T1 68.09 0.35 b 73.74
+1.32 +0.06 +0.71
T2 68.9 0.35 b 74.02
+1.29 +0.08 +0.72
T3 68.66 0.38 a 74.85
+1.59 +0.04 +0.79
T4 67.14 036 ab 75.25
+1.39 +0.06 +2.37
shell shell Housh
Treatments weight thickness g
o unit
% (mm)
T1 13.64 0.42 75.79
+0.36 +0.09 +1.08
T2 13.1 0.41 76.98
+0.46 +0.01 +1.21
T3 13.14 0.42 75.36
+0.44 +0.01 +1.72
T4 13.46 0.4 78.04
+0.32 +0.07 +1.84
yolk
Treatments weight Alt?umeon yolk
% weight % color
T1 25.34 61.02 789 a
+0.76 +0.94 +0.21
T 27.09 59.81 732 b
+0.87 +1.09 +0.16
T3 26.62 60.23 7.55 ab
+0.99 +0.87 +0.15
Ta 27.41 59.13 7.45 ab
+1.11 +1.05 +0.12
Conclusions
It could be concluded that adding the
herbaceous plants under study significantly

positively affected some of the traits studied
compared to the treatment without addition. The
results of the statistical analysis showed a significant
superiority of the second treatment (rosemary 1%)
in the average weight of eggs compared to the
control treatment. The third treatment (thyme 2%)
also gave the highest percentage of egg production
and egg mass and the best food conversion factor,
and it also gave the highest index of egg yolk. The
addition also led to an increase in feed consumption
for all addition treatments compared to the control.
Conflict of interest: There is no conflict of
interest.
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