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The feeding trial was conducted to evaluate the effect of
thyme leaf as an additive on productive performance and egg
quality traits of white leghorn chicken at Haramaya university
poultry farm for 11 weeks. One hundred twenty white leghorn
(WLH) layers at the age of 26 weeks with average initial body
weight of 1216.1+6.62 gram (mean+SD) were randomly allotted to
four dietary treatments. The treatments were T1 (Layers ration
(LR) with 0% Thyme leaf meal (TLM), T2 (layer’s ration with 1%
TLM), T3 (layer’s ration with 2% TLM) and T4 (layer’s ration with
3% TLM). Each treatment group was replicated three times with
ten laying hens and two cocks per replicate in completely
randomized design (CRD). Samples of feed ingredients, thyme and
formulated diets were subjected to chemical analysis before the
actual experiment began. Weight of experimental birds was
measured at the beginning and at the end of the experiment. The
result indicated inclusion of thyme leaf in the layers diet
significantly (p<0.01) influenced feed intake, final body weight,
body weight change and average daily weight gain of birds which
were greater in T2 and T1 than Ts. The hen-day egg production
57.20£1.09 in T3 and 59.23+1.09 in T4 were significantly (p<0.01)
higher than birds in T2 and control groups. The feed conversion
ratio differs significantly (p < 0.01) among treatments ranging 3.28
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to 4.70 and the lowest value was recorded in Tz and Ta, which is an
indicator of the best performance of birds. Among egg quality
traits, yolk height and index were significantly higher in birds
under T2 and T3 thanT: and yolk weight was higher in T3 than Ti.
The economic analysis showed that the total and net return of
birds fed a diet supplemented with thyme is higher than birds fed
the control diet. Therefore, thyme leaf can be an imperative feed
additive that can be added up to 3% in the layer ration to improve
the performance of layers without adversely affecting product
quality.

© 2022 Sjournals. All rights reserved.

1. Introduction

In Ethiopia, poultry production is an integral part of livestock production practiced by most households in
rural, urban and peri-urban areas. It has a key role in poverty alleviation through the provision of food,
employment opportunities and income generation for people living with subsistence livelihood. The total chicken
population in Ethiopia has been estimated at 56.53 million of which indigenous chicken comprises about 94.31%,
hybrid 3.21%, and exotic breeds 2.48%, excluding non-sedentary populations of three zones of Afar and six zones
of Somali National Regional State (CSA, 2017). However, with this potential in terms of the flock number, the
performance level of chickens is reported to be lower than expected because of various reasons. Poor genetic
potential of indigenous eco-types, poor management practices, the existence of various diseases and inadequate
nutrition are the major factors known to negatively impact the chicken’s performance. Inadequate nutrition due to
the shortage of quality feed and the increasing cost of feed ingredients is now a critical problem of most poultry
farms and makes people lose interest in this sector.

Improving poultry performance by dietary manipulation has been practiced by nutritionists for many years.
Some previous works examined the effects of various feed additives such as probiotics (Musa et al., 2009),
prebiotics (Gibson et al., 2004), organic acids (Upadhaya et al., 2014, 2016), enzymes (Bedford and Cowieson,
2012) and medicinal herbs (Ghasemi et al., 2010) on poultry performance. Feed additives in poultry diets are used
to boost bird’s performance by improving their feed intake, feed conversion efficiency, and health status. The feed
additives which are known as an alternative to antibiotics serve as growth promoters by stimulating and improving
the feed intake of birds (lhsan et al., 2017). Since the use of antibiotic growth promoters was banned by the
European Union (Neu, 1992), demand for using alternatives to antibiotics has increased from time to time.
Nowadays, researchers are focusing on the use of additives that have not negative effects on health and the
environment. Hence, many researchers encourage focusing on the use of herbal substances as natural growth
promoters. Additives such as herbal extracts and their products are of great importance to humans and animals
without undesired side effects (Behnamifar et al., 2015). Besides, there is no complication of drug resistance and
residual effect on product due to their consumption.

Studies have described the biological and protective properties of thyme, including antispasmodic,
expectorant, antiseptic, antioxidant, antibacterial, anti-inflammatory, immunomodulatory and health-promoting
activities of birds (Dhama et al., 2015). Thyme was also reported that it enhance the digestive activity of enzymes
like protease, amylase, and lipase, which results in improved digestibility of nutrients (Abdel-Wareth et al., 2012).
The study of Mansoub (2011) investigated the effect of different levels of thyme inclusion on the performance of
laying hens; and reported best feed conversion ratio, high egg weight and percent of egg production at 2 %
inclusion of thyme on layer diet. The finding of Abdel-Wareth et al. (2013) reported that egg weight, egg mass and
hen-day-egg production were improved in response to the inclusion of 20 mg/kg of thyme and oregano in the
layer diet. Inclusion of 0.2% of thyme and garlic in the diet of laying hens improves the yolk index and increase the
lymphocyte in the blood (Ghasemi et al., 2010). However, in Ethiopia there is insufficient information on the use
and inclusion level of thyme as a natural feed additive in the poultry diet.

Therefore, the preset study is designed to examine the use of Thymus schimperi as feed additive in poultry
diet with the following objectives:
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» To evaluate the effect of dried thyme leaf as an additive on productivity performance of white leghorn
chicken
» To evaluate egg quality traits of white leghorn chicken fed a diet containing dried thyme leaf.

2. Materials and methods

2.1. Nutrient composition analysis

Except for dicalcium phosphate, salt, premix, limestone and amino acids, the representative samples of feed
ingredients were randomly taken from top, middle and bottom of the sack. The samples from the same ingredient
were mixed together and divided in to four on the plate to take two representative samples. The two
representative samples of approximately 500 g each: one was submitted for analysis and the second one was
retained as a backup (Herrman, 2001). The representative samples were analyzed by duplicating (two times) for
chemical composition. The result of the analysis was used to formulate the treatment rations. Samples were also
taken from each treatment ration and analyzed for composition. The feed samples were analyzed for dry matter
(DM), ether extract (EE), crude fiber (CF) and ash at Haramaya university animal nutrition laboratory following the
procedure of Weende or proximate analysis method (AOAC, 1990). Nitrogen (N) was analyzed by Kjeildhal
procedure and CP was determined by multiplying the N value with 6.25. Calcium (Ca) was determined by Atomic
Absorption Spectrophotometer method and total Phosphorus in the feed samples was determined by wet
digestion procedure, at soil chemistry and central laboratories of Haramaya University. The metabolizable energy
(ME) of feed ingridentes and experimental diet were determined by indirect method according to Wiseman (1987)

as:  ME (Klfga‘) — 3951 + 54.4EE — 88.7CF — 40.8ASH  Where; EE= Ether extract, CF= Crude fiber

2.2. Experimental diet preparation

After conducting the laboratory analysis, necessary feed ingredients were ground at 5 mm sieve size and
mixed at Haramaya University feed processing unit. The experimental diets were a ration without the addition of
thyme leaf and ration containing different levels of thyme leaf. The ME and CP levels of the diet was iso- caloric
and iso-nitrogenous within the ranges of the recommended levels of 2800-2900 kcal/kg and 16-18% respectively
(NRC, 1994). After formulating the experimental diet, the representative samples were randomly sampled and
prepared for laboratory analysis to check up the required nutrient level of the diet.

Fresh thyme was collected from Debresina where it is locally available. The leaf part of the thyme was
manually collected and air-dried under shade. The dried thyme leaf was prepared and sampled for laboratory
analysis. Thereafter thyme was ground and prepared to mix according to the required proportion in the treatment.

Table 1
Proportion of feed ingredients in the treatment diet.
Treatments
Feed ingredient (%) T1 T2 T3 T4
Maize 57 49.5 48.3 48.2
SBM 13 13 14 14.89
NSC 144 153 1447 125
Thyme 0 1 2 3
WS 4.5 10 10 10
Limestone 6.79 6.79 6.79 6.7
Salt 1 1 1 1
Premix general 1 1 1 1
Dicalph 2.2 2.2 2.2 2.5
Lysine 0.1 0.17 0.19 0.17
Methionine 0.01 0.04 0.05 0.04

T1=layers ration(LR) with 0% thyme leaf meal(TLM); T2=LR
with 1% TLM; T3=LR with 2% TLM, T4=LR with 3% TLM.
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2.3. Experimental design and treatments

A Completely Randomized Design (CRD) with four treatments and three replications was used in the study. A
total of one hundred twenty white leghorn layers and twenty-four cocks at the age of twenty-six weeks randomly
selected and distributed with 10 layers and 2 cocks to each replicate in the treatment. The treatments were layers
ration with 0% thyme leaf meal (control) and ration containing 1%, 2% and 3% of thyme leaf meal designated as T,
T2, T3, and T4, respectively. The level of thyme addition was based on a previous study in Mansoub (2011) that used
a maximum of 2% thyme leaf inclusion and found its effect to be appreciable on performance and important egg
quality and blood parameters of laying hens.

2.4. Management of experimental birds

The deep litter housing system was used for the 11 week trial including one week for acclimatization. Before
commencing the actual experiment, the house was cleaned, disinfected, maintained and partitioned into
experimental pens. Each pen was equipped with watering, feeding troughs, and laying nests which were
thoroughly cleaned and disinfected. Before the experiment started, the birds were dewormed against internal
parasites. During the experiment, layers were fed on an ad-libitum basis at 8:00 and 14:00 hours and had free
access to water.

2.5. Measurements
2.5.1. Feed intake

The amount of feed offered to each replicate and refused on the trough excluding contaminants (foreign
materials mixed to the feed in the trough) by visual inspection was weighed every day throughout the experiment.
Feed intake per bird was determined as the difference between the feed offered and refused divided by the
number of birds.

2.5.2. Bodyweight gain

The body weight was measured at beginning and end of the experiment. The body weight gain was calculated
as the difference between final body weight and initial body weight. The average weight gain per replicate was
determined as the sum of individual weight gain of a bird in each replicate divided by the total number of birds
under each replicates.

2.5.3. Egg production

Eggs were collected thrice a day from each pen at 8:00, 13:00 and 17:00 hours. The sum of the three
collections along with the number of birds alive each day was recorded and summarized at the end of the period.
The rate of laying expressed as the average percentage hen-day was computed following the method of Hunton
(1995).

Number of eggs collected per day

x 100

%Hen — day egg production =

Number of hens present that day
2.5.4. Egg weight and egg mass

Eggs were collected and weighed immediately after collection for each pen and average egg weight was
computed by dividing the total egg weight to the number of eggs. After the mean weight is determined, the
following formula was employed to calculate the egg mass per pen on a daily basis (North, 1984).

EM =P X W Where;

EM = average egg mass /hen/day
P =% hen- day egg production
W = average egg weight in gram

2.5.5. Feed conversion ratio

The feed conversion ratio was determined per replicate by calculating the weight of feed consumed per egg
mass (Abou-Elezz et al., 2011). The average feed conversion ratio for each treatment was computed as the average
of the replicates for each treatment.
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2.5.6. Evaluation of egg quality characteristics

Both external and internal egg quality parameters were measured for each replicate. Egg quality parameters
(egg shape, shell weight, shell thickness, aloumen height, albumen weight, yolk height, yolk weight, yolk color, yolk
index, yolk diameter and Haugh Unit Score) were assessed weekly during the experimental period. For a single test
of all quality parameters a total of 36 (3 eggs per replication and 9 eggs per treatment) were randomly taken, and
then the average was computed for each quality parameter for the replicate.

The length and width of the egg was measured by using a digital caliper and the egg shape indexes were
computed using the following formula (Reddy et al., 1979).

) width of egg
Egg shape index = ———————x 100
length of egg

For internal quality assessment, the egg was weighed and broken on flat glass and each of the components
such as shell, shell membrane; yolk, yolk membrane and albumen were carefully separated. After breaking the egg,
shell weight and thickness were taken by removing the internal membrane. The shell was weighed using a
sensitive balance of 0.01g precision. Shell thickness was measured as the average of the blunt, middle and sharp
point thickness of the egg by using a micrometer gauge.

Immediately after breaking the eggs, the height of the albumen was measured by tripod micrometer and its
weight was taken by sensitive balance after being separated from the yolk. After separation of the yolk from the
albumen, yolk diameter and height were measured using a ruler and tripod micrometer, respectively. The weight
of the yolk was measured by a sensitive balance. The yolk color was determined by separating the yolk from the
yolk membrane and properly mixes on flat glass and comparing it with the color strips of Roche color fan
measurement, which consists of 1-15 strips ranging from pale to orange-yellow. Yolk index was computed using
the following formula (Romanoff and Romanoff, 1949).

Yolk index = (Yolk height )/(Yolk diameter )
Haugh unit (HU) was calculated using the following formula (Haugh, 1937)
HU =100 * log(h + 7.57 - 1.7w%37) Where;
h = observed albumen height (mm), w = weight of egg (g)
2.6. Statistical analysis and models

The data collected during the study period was subjected to analysis by using Statistical Analysis System (SAS)
computer software version 9.3 (SAS, 2012). All data analysis except for yolk color has followed the procedure of
one-way analysis of variance. When the analysis of variance indicated the existence of a significant difference
between treatment means, the difference between treatments was separated using the Tukey test. Significant
differences were declared at p<0.05. The model used for statistical analysis was;

Yi=p +Ti +ej

Where;

Yij = individual observation

1 = over all mean

Ti= treatment effect

ejj=random error

Data for yolk color was analyzed by using ordinary logistic regression. The logistic regression model is given
below:

in{= = o+ s (0

Test Ho: No treatment effect (i.e., Bo=0) vs. Hi: significant treatment effect (B1# 0)
Where;

Ho= Null hypothesis

Hi= Alternative hypothesis

B = slope

X =treatment
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3. Results and discussion

The result of laboratory analysis and nutrient estimation of feed ingredients and experimental rations are
shown in Table 2 and Table 3, respectively. The CP of thyme was nearly the same as the result reported by
(Mekuanent et al., 2017). The ether extract (EE) content of thyme (4.15%) in present study was higher than the
2.75% obtained by Hagos (2016) (Table 2).

Table 2
Chemical composition of feed ingredients used to formulate
experimental ration.

Chemical Ingredients

components  Maize grain SBM Thyme NSC WS
DM(%) 90.85 94.25 87.6 93 90.15
CP (% DM) 8.9 42.5 12.6 334 16.3
EE (%DM) 2.9 7.2 4.15 7.3 2
Ash (%DM) 7.5 6.3 10.2 11.3 11.9
CF (%DM) 3.9 5.1 14.5 16.2 7.4
Ca (% DM) 0.06 0.3 0.132 0.26 0.13
P (% DM) 0.32 0.65 0.21 0.67 0.89

ME(Kcal/kg) 3456 .83 3633. 2474.4 2450 2917.9
DM=dry matter; CP=crude protein; EE=ether extract; CF=crude fiber;
Ca=calcium; P=phosphorus; ME=metabolizable energy; SBM=soyabean
meal; NSC=noug seed cake; WS=wheat short.

The metabolizsable energy and crude protein contents of treatment rations were nearly iso- caloric and iso-
nitrogenous (Table 3). The CP and ME levels were within the ranges of the recommended levels of 16-18% and
2800-2900 kcal/kg respectively for white leghorn layers (NRC, 1994).

Table3
Chemical composition of treatment diets containing different
proportions of thyme leaf as an additive.

Treatments

Chemical components T1 T2 Ts Ta
DM (%) 93.4 91.46 91.36 91.02
CP(% DM) 16.53 16.96 16.92 16.61
EE(%DM) 3.09 3.01 331 3.22
Ash(%DM) 11.67 11.45 11.01 10.90
CF(% DM) 9.48 9.53 9.89 9.91
Ca(%DM) 3.59 3.64 3.89 3.62
P(%DM) 0.75 0.78 0.77 0.77
ME(Kcal/kg) 2802.08 2802.27 2804.62 2802.43

DM=Dry mater, CP=Crude protein, EE=Ether extract. CF=Crude fiber, Ca=
calcium, P=phosphorus, ME=Metabolizable energy, kcal=kilo calorie kg=
kilogram, TLM=thyme leaf meal, LR=Layer ration, T1l=ration containing
Okg TLM/100LR, T2=ration containinglkg TLM/100kgLR, T3=ration
containing 2kg TLM/100kgLR, T4=ration containing 3kg TLM/100kgLR.

3.1. Productivity performance of laying hens
3.1.1. Feed intake

The effect of different dietary inclusion levels of thyme leaf on the productivity performance of laying hens is
presented in (Table 4). The lower feed intake value was observed in a group of birds fed a diet supplemented with
3% of thyme leaf meal (Table 4). The decreased feed intake can be attributed to the high inclusion level and strong
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taste of thyme leaf that may reduce the palatability of feed. Carvacrol and its isomer thymol, which are active
components of thyme, are mainly responsible for its flavoring characteristics. Lee et al. (2003) revealed that
carvacrol suppressed appetite and consequently reduce the feed intake of birds. In previous studies, effects of
thyme on feed intake are variable but the result of the current study agreed with that of Boélikbas and Erhan
(2007) who reported that supplementation of thyme at inclusion levels of 1% significantly decreased the feed
intake of birds. However, a result obtained by Abd El-Hack and Alagawany (2015) revealed that supplementation of
0.3, 0.6, and 0.9% of thyme in the layers diet did not show a significant difference among treatments. Mansoub
(2011) also noted that there were no significant effects on feed intake of birds when 1 to 2% of thyme powder
included in the layers ration.

3.1.2. Body weight change

Birds in T2 had higher (p<0.01) final body weight, body weight change and daily weight gain compared to
other treatment groups (Table 4). This improvement could be due to the increased feed intake and decreased egg
production trend of birds that readily convert feed in to body weight instead of egg production. In agreement with
the current study, Toghyani et al. (2010) described that the low level (0.5%) of thyme inclusion has a significant
effect on body weight gain of broiler chicken. Similarly, it has been reported that the highest body weight and daily
weight gain of Japanese quail was determined in the group that received 0.45% of thyme essential oil (Gumus et
al., 2017). In contrary, the study of Safa and Al-Beitawi (2009) reported that the decreased body weight and daily
weight gain of layers were observed when the diet supplemented with 1% thyme powder.The studies have also
shown that quail rations supplemented with 0.1% of thyme extract (Mehdipour et al., 2014) and broiler rations
supplemented with 0.1 and 0.2% of thyme essential oil were not affect both body weight and daily weight gain
(Saleh et al., 2014).

Table 4
Feed intake and performance of white leghorn chicken fed rations containing
different levels of thyme leaf meal as an additive.

Treatments
Parameters T1 T2 T3 Ta SEM SL
Feed Intake (g/hen/day) 112.60° 110.51® 105.07° 100.69° 0.90 **
Initial BW (g) 1217.70  1221.70 1209.00 1209.00 3.26 NS
Final BW (g) 1239.30° 1255.00° 1221.70° 1220.50° 2.93  **
BWC (g) 21.60° 33.332 12.67¢ 11.50¢ 1.89 **
ADWG (g/hen/day) 0.31° 0.47° 0.18¢ 0.16¢ 0.02 **
Total egg/bird(No) 27.67¢ 32.33% 37.00° 37.33° 1.00 **
HDEP (%) 45.01¢ 50.38° 57.20° 59.23° 1.09 **
Egg weight(g) 51.50 51.56 51.43 51.76 0.73 NS
Egg Mass (g/hen/day) 23.19¢ 25.98°  29.43%  3067° 0.69 **
FCR 4.87° 4.26° 3.57° 3.28° 0.14  **

abc Means with in a row with different superscripts are significantly different, *=Significant
at (P < 0.05), **=Significant at (P <0.01), NS=Non- significant (P >0.05), SL=Significant level,
SEM=Standard error of mean, BW=Body weight, BWC=Body Weight Change, ADWG=
Avarege Daly Weight Gain, HDEP=Hen day egg production, FCR=Feed conversion ratio, TLM=
thyme leaf meal, LR=layer ration, Tl=ration containing 0 kg TLM/100LR, T2=ration
containing 1 kg TLM/100 kg LR, T3=ration containing 2 kg TLM/100LR, T4=ration containing 3
kg TLM/100kg LR.

3.1.3. Egg production

It was observed that layer ration supplemented with thyme leaf significantly (p<0.01) increase egg
production of white leghorn layers (Table 4 and Figure 1). Higher number of eggs per bird and improved hen day
egg production (HDEP) was observed on birds fed a diet supplemented with 2 and 3% of thyme. This increment in
egg production could be due to the positive effects of thyme in improving digestion and absorption of nutrients
(Shahryar et al., 2011). Thyme increases the length of the intestine, depth and width of the villis of the intestine
and improves absorption of nutrients resulting in improved egg production (Siimsek et al., 2015). Furthermore,
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supplementation of phytogenic additives may enhance the period of production because of the presence of phyto-
estrogenic compounds such as flavones and isoflavones that can stimulate the growth of small follicles and
increasing ovarian weight (Saki et al., 2014). In agreement with the present finding, it has been reported that egg
production was higher when birds fed a diet supplemented with 2% thyme powder (Mansoub, 2011). According to
Abd El-Hack and Alagawany (2015) total number of eggs per bird was increased due to 0.3% inclusion of thyme to
the basal diet. Similarly, a result obtained by Abdel-Wareth et al. (2013) described that improved hen-day-egg
production (p<0.01) was observed on Hy-line Brown laying hens fed a diet containing 0.1 and 0.2% of thyme. In
contrast, the finding of Zeweil et al. (2006) noted that a diet supplemented with 0.1up to 0.2% of thyme flowers
had no significant improvements on egg production of Japanese quail hens.

80%
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e
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0w 40% -
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> ——T1
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é:) s o VA
T 20% 3
10% s
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Weeks
Fig. 1. Weekly average hen day egg production of white leg horn chicks fed a diet containing different levels of
dried thyme leaf.

The average hen day egg production increased during the first three weeks in almost all treatments (figure 1).
However, egg production fluctuates in most cases from fourth to seventh weeks of the experiment because of the
cold weather condition happened on October and then increased during the last three weeks of the experiment.

3.1.4. Egg weight and egg mass

There was no significant (p>0.05) difference in average egg weight among treatment groups (Table 4). The
result by Fik et al. (2015) agrees with this study and suggested that the egg weight was not significantly influenced
by thyme oil addition. Similarly, Zeweil et al. (2006) noted that using 0.1 and 0.2% of thyme showed no significant
improvements on egg weight of Japanese quail. However, the result obtained by Abd El-Hack and Alagawany
(2015) indicated that the highest value of egg weight was observed in birds fed 0.3 or 0.6% of thyme in comparison
with the control group. Mansoub (2011) and Shahryar et al. (2011) showed that a thyme supplement to a layer diet
significantly improved egg weight. The present study demonstrated that egg mass was significantly (p<0.01) higher
in T3 and T4 compared to the control groups. This increment in egg mass was mainly related to the higher in egg
production of this group of birds. This result was in line with the finding of Abd El-Hack and Alagawany (2015) who
reported that birds fed 0.3% of thyme had higher (p<0.05) egg mass than those birds fed control diet. Radwan et
al. (2008) pointed out the dietary supplementation of thyme (10 g per kg diet) to the layers diet exhibited a signifi-
cant effect on egg mass. In contrast, the study of Vali and Mottaghi (2016) indicated that the inclusion of 1 to 2%
thyme in the Japanese quails' diet did not showed a significant effect on egg mass.

3.1.5. Feed conversion ratio

The lowest value of FCR was observed in T3 and T4 and this variation is mainly due to thyme that makes
variation in egg production (Table 4). Hirnik et al. (1977) noted that the variation in feed conversion ratio is highly
dependent on the number of eggs produced. Birds’ exhibited lower FCR and higher egg production are considered
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as efficient in nutrient utilization. In agreement with the current study, Amad et al. (2011) noted that phytogenic
feed additives containing essential oil from thyme improves the feed conversion ratio. Similarly, the study of
Boliikbasi et al. (2008) indicated that an inclusion of 100 and 200 mg/kg of thyme essential oil (EO) in layers diet
significantly improve the feed conversion ratio. However, the finding of Abd El-Hack and Alagawany (2015) noted
that supplementation of layers diet with 3,6 and 9g per kilogram of basal diet did not show a significant difference
of feed conversion ratio among treatment groups. According to Saleh et al. (2014), supplementation of feed with
100 and 200 mg/kg of thyme essential oil did not affect the feed conversion ratio.

3.1.6. Egg quality parameters

The effect of thyme leaf on egg quality parameters of white leghorn hens is summarized in (Table 5).
Inclusion of thyme did not significantly affect egg shell weight and shell thickness. In agreement with the current
study, the study of Ali et al. (2007) noted no significant change of shell (weight and thickness) on laying hens fed a
diet containing 0.25% thyme leaf. Thyme and oregano leaf did not significantly affect the percentage of albumen,
shell and shell thickness in laying Japanese quail (Shahryar et al., 2011). In contrast, according to Bozkurt et al.
(2012) supplementation of essential oil of thyme increased egg shell weight, egg shell thickness, and shell breaking
strength. Vali and Mottaghi (2016) noted that the inclusion of thyme and cinnamon powders in the Japanis quails
diet significantly increased egg shell weight and thickness. Similarly, Kaya et al. (2013) showed that the addition of
a mixed herbal product containing Origanum vulgare, Thymus vulgaris, thyme oil, origanum oil, garlic oil, anise oil
and fennel oil to diets of laying hens can be beneficial to improve egg quality traits such as shell stiffness and
thickness.

The addition of thyme leaf in the layers diet did not show significant effect on albumin weight and height
(Table 5). The present finding was in agreement with the study of Boliikbasi and Erhan (2007) who reported that
layers diet supplemented with 0.5 and 1% thyme did not show significant change in the percentage of albumin.
Similarly, the study by Saki et al.( 2014) revealed that dietary inclusion of a mixture of phytogenic feed additives
did not show a significant effect on alboumen weight, albumen height, Haugh unit and shell thickness. However, the
finding of Radwan et al. (2008) indicated that the addition of 1.0% thyme, rosemary and arcilacurcuma longa in the
layers diet increased the albumen and yolk weight.

Among egg quality traits, yolk height, weight and index were influenced (p<0.05) by dietary inclusion of
thyme (Table 5). Birds in treatment T2 and Ts significantly (p<0.01) exhibited higher yolk height and index
comparing to control group. The yolk weight in a group of birds fed a diet at 2% inclusion of had higher than those
the control group. The percentage of yolk formation depends on nutrient intakes and thymus increases digestion
and absorption of nutrients because of having menthol (Alcicek et al., 2003; Shahryar et al., 2011). The increment
in the yolk index is as a result of the stability of yellow pigments in the membrane of the yolk surrounded by the
lipid molecules (Kirunda et al., 2001). This author suggested that the antioxidants in the thyme can prevent these
lipid molecules from oxidative stress thereby control the yolk from declining its height and increase its width which
are key determinants of yolk index. The result reported by Shahryar et al. (2011) agrees with the present study and
they suggested that yolk weight was significantly higher in a group of birds fed a diet containing thyme. Similarly,
the finding of Mansoub (2011) reported that egg quality parameters were significantly affected by thyme
supplementation to the layers diet and the highest yolk index value was observed in a group of birds receive 2%
thyme comparing to control group. Nevertheless, the study of Abdel-Wareth et al. (2013) revealed that
supplementation of thyme to layers diet did not affect yolk% and yolk index. It has also been reported that
addition of garlic and thyme to the diet of laying hens did not significantly affect egg quality characteristics of yolk
index, Haugh unit and egg shell thickness (Ghasemi et al., 2010).

With regard to the logistic regression analysis, the yolk color showed a significant difference (pr>chisq
<0.0001 at a = 0.05) with Wald chi-square value of 112.84 among the treatments. The odd ratio value of T1 vs Ts
showed that T1 has 0.001 times the odds ratio of receiving a lower yellowish color score than T4 (Appendix table 5).
The mean for yolk color from SAS output is presented in Table 5 was showed a significance (p<0.01) difference
among treatment groups. The Roche color fan reading of sampled eggs showed that majority eggs in Ts failed
under the rage of 7 to 9 and T4 8 to 11 which indicates an increased yolk color reading with increasing level of
inclusion of thyme. This might be due to the high carotenoid content of thyme leaf (Hagos, 2016) which is a source
for yolk color (Benakmoum et al., 2013). In agreement with the present study Krzysztof et al. (2018) noted that egg
yolk was colored with a natural intensive yellow color and preserving appropriate taste and aroma when thyme
and ginger were added to layers ration. In contrast with present study the study of Radwan et al. (2008) stated
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that a group of birds supplemented with thyme leaf showed no significance difference in yolk color. Likewise, yolk
(weight, height, diameter, index and color) did not show any significant change due to the addition of 0.25% thyme
in the diet of laying hens (Ali et al., 2007).

Table 5
Egg quality parameters of white leghorn chicken fed rations containing
different levels of dried thyme leaf as an additive.

Treatments
Parameters Tl T2 T3 T4 SEM SL
Shell weight (g) 5.16 5.23 5.43 5.43 0.13 NS
Shell thickness (pm) 0.33 0.32 0.34 0.32 0.0062 NS
Albumen weight (g) 29.20 28.93 30.60 31.16 0.63 NS
Albumen height (mm)  7.56 7.90 7.90 7.80 0.16 NS
Yolk height (mm) 13.40°  16.03* 15.53* 14.33%® (0.32  **
Yolk diameter (cm) 3.46 3.56 3.53 3.63 0.06 NS
Yolk weight (g) 14.23>  15.20®® 16.26* 15.40*® 0.34 *
Yolk index 0.38° 0.43? 0.43? 0.39% 0.01 *
Yolk color (*RSP) 1.83¢ 4.00¢ 6.56° 9.60° 0.14 ok
Egg shape index 74.00>  76.33*® 767  78.65° 0.79 *
Haugh unit 88.93 89.46 88.63 90.10 0.42 NS

a, b, cand d =Means with in a row with different superscripts are significantly different,
**=Significant at (P<0.01), *=Significant at (P<0.05), NS=Non- significant, SL=significant
level, RSP=Roche Scale Point, TLM=thyme leaf meal, LR=layers ration, SEM=standard
error of mean, Tl=ration containing 0 kg TLM/100 kg LR/ T2=ration containing 1 kg
TLM/ 100 kg LR, T3=ration containing 2 kg TLM/100 kg LR, T4=ration containing 3 kg
TLM/100 kg LR.

Table 6
Yolk color points of egg samples from the different experimental diet
containing defferent level of thyme as an additive.
Roche yolk color points
Diet 1 2 3 4 5 6 7 8 9 10 11 Total

T1 20 70 0 0 O 0 0 0 0 0 0 90
T2 0 O 10 48 22 10 O 0 0 0 0 90
T3 o o O 4 17 14 25 25 5 0 0 90
T4 o o0 O o0 o 0 0 13 25 26 26 90

Total 20 70 10 48 39 24 25 38 30 26 26 360
TLM=thyme leaf meal; LR=layers ration; T1=ration containing 0 kg TLM/100 LR;
T2=ration containing 1kg TLM/100LR; T3=ration containing 2kg TLM/100LR;
T4=ration containing 3kg TLM/100LR.

The higher egg shape index was shown in a group of birds fed a diet supplemented with 3% of thyme
comparing to the control group (Table 5). Similar to the present study, the finding of Mansoub (2011) indicates
that supplementation of thyme to layers ration significantly affects egg especial gravity and yolk index. On the
other hand, Abd El-Hack and Alagawany (2015) reported that the highest values of the egg shape index, yolk index
and Haugh unit score were attained by birds fed a diet containing 0.6% of thyme compared to control group.

Hugh unit score was not significantly (p>0.05) affected by the addition of thyme in the layers ration (Table 5).
The result of the current study is in line with the report of Radwan et al. (2008) who noted that the Hugh unit
score, as a key indicator of interior egg quality, was not affected by diets supplemented with thyme powder. Ali et
al. (2007) also confirmed that layers diet with 0.25% thyme did not change Hough score.
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4. Conclusion

A feeding trial was conducted to evaluate the effect of thyme on the performances and egg quality of white
leghorn layers. The result indicated that birds in T2 exhibited significantly (p<0.05) higher feed intake, final body
weight, body weight change and average daily weight gain than birds in T3 and T4. Supplementation of layers diet
with thyme leaf significantly (p<0.01) influenced the total number eggs per hen, hen day egg production (HDP) and
egg mass. The feed conversion ratio (FCR) in Tz and T was significantly (p<0.01) lower than birds in control group.
Among egg quality traits, yolk (height, weight, index and color) and egg shape index were significantly (p<0.05)
affected by the inclusion of thyme in the diet of layers. The highest total, net and marginal return was observed in
birds fed a diet supplemented with 3% thyme. In general, the result indicates that thyme leaf can be supplemented
up to 3% to the layer ration without adversely affecting the laying performance and egg quality parameters of
laying hens. The study results suggest that poultry diet supplemented up to 3% of thyme leaf could be regarded as
natural feed additives and sound diets for laying hens.

Further research should be needed to determine the optimal dietary inclusion above this level of thyme on
the layers diet and its potential effect on broiler chicken.
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