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ABSTRACT

Background: The use of commercially extracted phytogenic compounds to maintain poultry health and productivity in the
absence of in-feed antibiotics is prohibitively costly in developing countries.

Objectives: The goal of the study is to determine the effect of dietary supplementation with Thymus schimperi leaf meal (TLM)
on production performance, egg quality and haemato-biochemical parameters of Bovan brown layers.

Methods: A total of 96 laying hens at 25 weeks of age were randomly assigned to 4 treatments with 6 replications each. The
treatments include the control (standard commercial laying diet), TLM1.5 (control + 1.5% TLM), TLM2.5 (control + 2.5% TLM)
and TLM3.5 (control + 3.5% TLM). Egg production, feed intake and feed conversion ratio were recorded for each replicate. Two
eggs per replication were used to measure internal and external egg quality traits on a monthly basis. At the end of the trial, blood
samples were collected from 2 birds/replicate for the determination of albumin, uric acid, aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, luteinizing hormone, prolactin and progesterone.

Results: All blood parameters were within the normal ranges of the breed. Egg production, feed conversion ratio, internal egg
quality traits and external egg quality traits of hens fed diets containing 2.5% TLM were significantly higher than the control. Fur-
thermore, diets containing 2.5% TLM led to a significantly reduced feed conversion ratio compared to all other dietary treatments.
Conclusions: In conclusion, 2.5% TML is recommended to improve egg production and egg quality without adverse effect on hen
health.

1 | Introduction to boost growth and productivity (Diaz-Sanchez et al. 2015).

However, due to antibiotic resistance and health issues
Antibiotics are widely utilized in the poultry and animal related with antibiotic residuals in poultry products, the
husbandry industries for both preventative measures and use of antibiotics as a feed supplement has been widely
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banned (Castanon 2007; El-Sabrout, Khalifah, and Mishra
2023).

Many feed additives, such as prebiotics, probiotics, organic acids,
phytogenic compounds and aromatic plant extracts, are now used
as alternative feed additives in poultry production to improve
health and performance (Palamidi, Paraskeuas, and Mountzouris
2023; El-Sabrout, Khalifah, and Mishra 2023; El-Sabrout, Dantas,
and Souza-Junior 2023).

Aromatic plants as feed additives in replacement of antibiotics
have been widely researched. Phytogenic additives may positively
affect feed intake and feed utilization of livestock (Gu et al. 2013;
Marume et al. 2020; Su et al. 2021). They have antimicrobial,
antioxidative and immunomodulatory effects when they are
included in livestock diets (Horky et al. 2019; Saleh, Ahmed,
and Ebeid 2019; Yalcin et al. 2020). Their essential oil content is
the most important factor behind their positive effect in animal
nutrition.

Thymus genus belongs to the Lamiaceae family. It has a high
level of essential oils (1%-2.5%), flavonoids, tannins, phenolic
acids, carbohydrates and triterpenes. The essential oil content
and composition of thyme vary widely due to biotic and abiotic
factors (Damtie et al. 2019). The primary bioactive phenolic
components in thyme are thymol (5-methyl-2-isopropylphenol)
and carvacrol (5-isopropyl-2-methylphenol) (Escobar et al. 2020).

Respiratory disease, microbial infections and pain have all
been traditionally treated using thyme (Demir et al. 2008). The
positive effect of thyme inclusion in broiler diets on bird health
was reported by several studies. Thyme and its essential oils have
been reported to suppress the growth of Salmonella typhimurium
(Ibrahim et al. 2021) and Escherichia coli (Veloso et al. 2019).
Inclusion of 0.1% and 0.5% thyme leaf meal in laying hen diets
improved egg production, decreased feed conversion ratio and
reduced E. coli in litter (Canan and Erhan 2007).

Previous studies on thyme leaf meal found positive effects on
egg production and quality (0.5% [Zarei and Torki 2010], 1%
[Cimrin 2019], 1.5% [Hammershej and Steenfeldt 2015] and 2%
[Yalcin et al. 2020]). However, higher inclusion level of thyme
meal in laying hens diet may result in further improvement
in egg production and quality. Although essential oils have
strong antimicrobial functions, they may decrease production
performance when fed in high levels (Horky et al. 2019).

Accordingly, the goal of the current study is to determine the
effect of different levels of thyme meal supplementation on egg
production, egg quality and health of laying hens.

2 | Materials and Methods
2.1 | Collection and Preparation of Thyme Leaves

Fresh thyme (Thymus schimperi) plants were collected from
natural pasture in Serbo district, Jimma Zone, Oromia, Ethiopia
in November 2021. Thyme leaves were picked manually and air-
dried in the shade. The air-dried leaves were milled to pass a1 mm
screen and stored before diet formulation.

2.2 | Description of the Study Area

The study was conducted at Dr. Tilahun Poultry farm, situ-
ated 350 km southwest of Addis Ababa (7° 39’ N, 36° 49’ E,
1.850 m.a.s.l).

2.3 | Animals, Treatments and Management

A total of 96 Bovan Brown laying hens at 25 weeks of age were
used in this study. The birds were allocated randomly to four
experimental groups with each group having six replicate cages (4
hens/cage) in a barn having similar environmental conditions for
all chickens. The experiment spanned a duration of 12 weeks, con-
ducted between February and April 2022. The barn microclimate
depended on the outside environment, with a relative humidity
of 77% and an average temperature of 23°C. Digital electric venti-
lation was used to regulate the barn microenvironment, ensuring
it matched the birds thermoneutral zone. All experimental cages
had a nipple drinker and a separate feeder. The birds had free
access to mash feed and clean drinking water during the study.
The dietary treatments were the control (Commercial layer diets,
T. schimperi leaf meal 1.5 [TLM1.5] [control + 1.5% TLM], TLM2.5
[control + 2.5% TLM] and TLM3.5 [control + 3.5% TLM]). The
ingredient composition and nutritional analysis of the commer-
cial concentrate used in the study are presented in Table 1.

The birds were vaccinated against New Castle, fowl typhoid, fowl
pox infectious bursal disease and Marek’s disease upon arrival to
the experimental barn. The birds were adapted to their respective
treatment diet for 2 weeks before the 12-week data collection
period.

All birds were housed in an environmentally controlled barn with
the temperature maintained at approximately 24°C. The barn had
controlled ventilation and lighting (16L:8D).

2.4 | Feed Intake and Body Weight Changes

Feed intake was recorded weekly. Feed refusal was subtracted
from the feed offered to calculate feed intake. The hens were
weighed at the start of the experiment and weekly thereafter.

2.5 | EggProduction and Egg Quality

The number of eggs produced by each cage was recorded daily,
including eggs that were broken. Hen-day egg production, egg
mass and FCR (feed consumption per kg of egg mass) were
calculated as follows:

Daily egg production (%) =
100 x total number of eggs produced/total number of producer hens.

Egg mass (g/bird/day)

= daily egg production (%) X average eggweight (g).
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TABLE 1 | Chemical composition of experimental feeds.

Thymus

Commercial schimperileaf

concentrate meal
Ingredient composition (%)
Toasted soybean meal 20
Maize grain 49
Noug?® seed cake 14
Wheat bran 8
Limestone flour 4.5
Meat and bone meal 2
Vitamin and mineral 2
premix®
Salt 0.5
Nutrient composition
Dry matter (%) 90 91.3
Crude protein (%) 18 8.04
Crude fibre (%) 8 15.4
Ether extract (%) 8 3.59
Total ash (%) 7.5 9.51
Calcium (%) 3.23
Total phosphorus (%) 0.74
Nitrogen free extract (%) 48.5 27.8
Metabolisable energy 12.6 6.43
(MJ/kg DM)*
Total essential oil (g/kg) 15.1
Thymol (g/kg) 0.936
Carvacrol (g/kg) 9.56

2Guizotia abyssinica.

bVitamin premix per kg of diet: vitamin A—2.7 mg; vitamin D3—0.05 mg;
vitamin E—18 mg; vitamin K3—2 mg; thiamine—1.8 mg; riboflavin—6.6 mg;
pantothenic acid—10 mg; pyridoxine—3 mg; cyanocobalamin—0.015 mg;
niacin—30 mg; biotin—0.1 mg; folic acid—1 mg; choline chloride—250 mg;
antioxidant—100 mg; Fe—50 mg; Mn—100 mg; Zn—100 mg; Cu—10 mg;
I—1 mg; Se—0.2 mg.

¢Calculated according to Wiseman (1987).

FCR = feed consumption (g) /egg mass (g).

Two eggs/cages were collected monthly and individually marked
before egg quality measurement. Egg length and width of each
egg were measured using a vernier calliper, then used to calculate
egg shape index. Eggshell was weighed after the shell membrane
is removed using an analytical scale. Eggshell thickness was
recorded as an average of 3 points (blunt, middle and sharp)
using a micrometre screw gauge. Yolk weight, albumen weight,
albumen height, Haugh unit and yolk colour were recorded for
each egg. Haugh unit was calculated according to the following
equation:

Haugh unit =100 X log (H —17xWw" + 7.6)

where H is the albumen height (mm), and Wis egg weight (g). Egg
shape index was calculated according to the following equation:

egg width (mm)

Shape index (%) = X 100

egg length (mm) '

2.6 | Blood Analysis

At the end of the egg production trial, blood samples were col-
lected from the jugular vein of 2 hens/replicate into heparinized
tubes. The tubes were centrifuged (Spectrafuge centrifuge,
22,668 rpm for 15 min), and then, the plasma was stored at —20°C.
Total protein, albumin, uric acid, aspartate aminotransferase,
alanine aminotransferase and alkaline phosphatase of serum
were measured spectrophotometrically according to Sanghavin
and Jivani (1979).

2.7 | Feed and Essential Oil Component Analysis

Feed samples were ground to pass a 1 mm screen, then analysed
for dry matter, ash, ether extract and crude fibre according
to AOAC (2006) (Methods 930.15, 942.05, 2003.05 and 962.09,
respectively). The micro-Kjeldahl method was used to analyse
nitrogen content of the feed and crude protein was calculated as
nitrogen Xx6.25. Ether extract, crude fibre and crude protein were
subtracted from organic matter to obtain nitrogen-free extract.
Metabolizable energy of the feeds was calculated according to
Pauzenga (1985) equations:

ME (kcal/kg) = 37 X CP (%) + 81 X EE (%) + 35 x NFE (%)

where CP is crude protein, EE is ether extract and NFE is a
nitrogen-free extract. The shade-dried and powdered aerial parts
of the thyme plant were subjected to hydro-distillation for 4 h
using a Clevenger-type apparatus to obtain the essential oil. The
oil was then dried using anhydrous sodium sulphate and stored
at +4°C before being used for further analysis. The essential
oil composition of dried thyme leaves was analysed with GC-
MS (Agilent-6890, MS:5973, NJ, USA) using an HP-5 MS 30 m
column.

2.8 | Statistical Analysis

One-way analysis of variance was used to determine the effect
of the dietary treatment on production performance, egg quality
and blood biochemistry of laying hens. Fisher’s least significant
difference was used to compare means at p = 0.05. Statistical
Analysis System was used to carry out the statistical analyses (SAS
2012).

3 | Results
3.1 | Production Performance
Nutritional and ingredient composition of the experimental feed

is presented in Table 1. The effect of the dietary treatment on
egg production is presented in Table 2. Final weight of TLM1.5
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TABLE 2 | The effects of dietary Thymus schimperi leaf meal on the production performance and egg quality of laying hens.

Treatment?
Parameter Control TLM1.5 TLM2.5 TLM3.5 SEMP P
Production performance
Initial bird weight (kg) 1.7 1.69 1.7 1.7 0.003 0.991
Final bird weight (kg) 1.82° 1.92% 1.82° 1.81° 0.011 <0.001
Feed intake (g/day/bird) 1042 101° 99.4° 97.3° 0.744 <0.001
Bird weight gain (kg) 0.a11b 0.22% 0.11° 0.117° 0.027 <0.001
Egg mass (g/bird/day) 42.3¢ 49 44.8° 44.6° 0.706 <0.001
Daily egg production (%) 80.4° 872 82.8" 82.6" 0.649 <0.001
Egg weight (g/day) 57.9° 58.8° 60.3° 65.3% 0.567 <0.001
Feed conversion ratio 1.872 1.82° 1.75° 1.83° 0.042 <0.001
External traits
Shell thickness (mm) 0.31¢ 0.50? 0.42° 0.38" 0.019 <0.001
Shell weight (g) 6.95° 7.42% 7.742 7.11°¢ 0.146 <0.001
Shell weight (% of egg weight) 11.9° 12.8° 12.72 11.5° 0.205 <0.001
Shell breaking strength (N) 35b 35.5° 39.6% 34.4° 0.428 <0.001
Egg width (mm) 4.19 4.26 431 4.32 0.052 0.254
Egg length (mm) 5.12° 5.45% 5.46° 5.61* 0.064 <0.001
Egg shape index (%) 7A.7¢ 78.1%¢ 79.6° 84.3 1.32 <0.001
Internal traits
Yolk weight (g) 14.2¢ 14.6¢ 15.1° 15.8* 0.178 <0.001
Yolk weight (% of egg weight) 24.6 24.8 251 253 0.356 0.718
Albumen weight (g) 36.7° 36.6° 37.5° 39.4° 0.595 <0.001
Albumen weight (% of egg weight) 63.4 62.3 62.3 63.2 0.404 0.218
Albumen height (mm) 5.88 6.27 6.44 5.54 0.329 0.335
Haugh unit 88.2¢ 88.4° 88.9° 89.4% 0.157 <0.001
Yolk colour 6.5 7.33 8.66° 7.66° 0.25 <0.001

Note: Means in a row with different superscripts are significantly different (p < 0.05).

2Control, TLM1.5, TLM2.5 and LM3.5 = commercial laying hen concentrate, control + 1.5% Thymus schimperi leaf meal, control + 2.5% Thymus schimperi leaf meal

and control + 3.5% Thymus schimperi leaf meal, respectively.
YSEM: standard error mean.
* =p <0.05.ns=p>0.05.

birds was significantly higher than the control. The dietary
treatment significantly decreased feed intake of the birds. Egg
mass and daily egg production were significantly improved by the
treatment. Egg weights of TLM2.5 and TLM3.5 were significantly
higher than those of the control. The dietary treatment signifi-
cantly decreased FCR with TLM2.5 showing the lowest value.

3.2 | Internal and External Egg Quality

Shell thickness and egg length were significantly improved by the
treatment. Shell weight, shape index, yolk weight and Haugh unit
of TLM2.5 and TLM3.5 eggs were significantly higher than the
control.

Albumen weight of TLM3.5 eggs was significantly higher than
that of the control. Yolk colour was significantly improved by the

dietary treatment.

33

Blood Biochemistry

Blood analysis of the experimental birds is presented in Table 3.
Aspartate amino transferase and alanine amino transferase of
TLM2.5 were significantly lower than those of the control.
Albumin and alkaline phosphatase levels in the supplemented
birds were significantly higher compared to the control birds.
Luteinizing hormone and progesterone of TLM2.5 were signifi-
cantly higher than the control. Uric acid and prolactin were not
significantly affected by the dietary treatment.
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TABLE 3 | Blood biochemical parameters of laying Bovan brown layers supplemented with different levels of dried thyme leaf meal.

Treatment?

Parameter Control TLM1.5 TLM2.5 TLM3.5 SEMP P
Aspartate amino transferase (IU/L) 175° 156° 150° 1362 4.03 <0.001
Alanine amino transferase (IU/L) 3.97° 2.9% 3.2b 2.4° 0.214 <0.001
Albumin (mmol/L) 1.43¢ L.67% 1.72b 1572 0.034 <0.001
Alkaline phosphatase (IU/L) 3484 464° 805° 9042 18 <0.001
Uric acid (mmol/L) 2.77 2.2 3.37 2.29 0.419 0.218
Luteinizing hormone (ng/mL) 0.396% 0.341° 0.437% 0.378% 0.026 <0.001
Prolactin (ng/mL) 0.047 0.112 0.132 0.12 0.058 0.244
Progesterone (ng/mL) 0.32° 0.396° 1122 0.614° 0.165 <0.001

Note: Means in a row with different superscripts are significantly different (p < 0.05).
2Control, TLM1.5, TLM2.5 and LM3.5 = commercial laying hen concentrate, control + 1.5% Thymus schimperileaf meal, control + 2.5% Thymus schimperileaf meal

and control + 3.5% Thymus schimperi leaf meal, respectively.
YSEM: standard error mean.
¢*=p <0.05.ns =p>0.05.

4 | Discussion

4.1 | Production Performance

The objective of this study was to determine the viability of using
TLM supplementation as an affordable source of dietary essential
oils to improve laying hen production performance.

Our results showed a clear effect of TLM on feed intake and
weight gain, which agrees with studies summarized by Akbari,
Torki, and Kaviani (2016) and Yalgin et al. (2020).

Thyme essential oil was found to improve digestive enzyme secre-
tion in the poultry gut (Wade et al. 2018; Basmacioglu et al. 2010),
resulting in an improvement in nutrient digestibility, which could
explain the improvement in growth and egg production (Abd
El-Hack et al. 2022). Supplementing chicken diet with essential
oils improved the morphology of the intestinal villi (Xiao et al.
2022), which might improve the absorption of nutrients in the
small intestine, thereby increasing egg production. However, the
intestinal morphology was not assessed in the current study.

As the study showed that TLM supplementation increased serum
progesterone and luteinizing hormone levels, this may be one
of the mechanisms behind the improvement in egg production
in the supplemented hens. The improvement in egg production
in response to supplementation with thyme leaf in the current
study is consistent with Saleh, Ahmed, and Ebeid (2019) who
reported that adding phytoestrogen to laying hens diet increases
steroidogenesis and laying rate (Shang et al. 2018).

Stability of chicken macrofloral ecosystem improves disease
resistance, nutrient absorption and immune functions (Pan and
Yu 2013; Shang et al. 2018). Therefore, the improvement in
production in the current study might be ascribed to the improve-
ment in the stability of the gut microbiome due to thyme leaf meal
(Hong et al. 2012; Pan and Yu 2013; Fernandez et al. 2019; Sigolo
et al. 2021; Su et al. 2021). On the gut microbiota level, essential

oils in TLM might improve the abundance of Firmicutes and Meg-
amonas, microorganisms in caecum ecosystem that are efficient
in cellulose digestion, providing propionate as a glycogenic source
to citric acid for egg production (Sun et al. 2016).

The negative effect of TLM on feed intake, although small, could
be related to the unpleasant smell and taste of thymol and
carvacrol to poultry (Zhai et al. 2018).

The improvement in weight gain without concurrent increase in
feed intake may explain the decrease in FCR as a result of TLM
supplementation.

4.2 | Internal and External Egg Quality

The improvement in shell weight and thickness in TLM com-
pared to the control pinpoints that eggs produced by the hens
supplemented with TLM have stronger shells, which would
reduce egg loss during handling and transport. The increase
in serum concentration of calcium as a result of phytoestrogen
supplementation was reported by Lu et al. (2018), which is most
likely responsible for the improvement in eggshell characteristics
observed in this study. Our study also showed an improve-
ment in yolk weight due to TLM supplementation, which may
result from the apparent improvement in nutrient digestion and
absorption indicated by the improved FCR associated with TLM
supplementation (Vlaicu et al. 2022).

The inclusion of the TLM positively influenced some internal
quality parameters. Haugh unit, an indication to measure albu-
men quality (Eisen, Bohren, and McKean 1962), was improved
by TLM supplementation, indicating an improvement in egg
freshness. This is in agreement with Cheng et al. (2022), who
reported on a positive effect of essential oils on egg quality.
Supplementation of TLM increased the intensity of yolk colour,
which could be linked to xanthophylls found naturally in thyme
and thyme-like plants. In line with the current study, positive
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effects of supplementation of fennel or hot red pepper (Abou-
Elkhair, Selim, and Hussein 2018) and encapsulated essential oils
and organic acids (Wiseman 1987) on egg yolk colouration have
been reported.

4.3 | Blood Biochemistry

Previous studies on thyme leaf meal assessed different levels
of inclusion in laying hen diet on egg production and quality
with levels of 0.5% (Torki, Ghasemi, and Zarei 2010), 1% (Cimrin
2019), 1.5% (Hammershej and Steenfeldt 2015) and 2% (Yalcin
et al. 2020). Although essential oils have strong antimicrobial
functions, they might negatively impact monogastric animal
health (kidneys and liver function) and reduce production when
fed in high level (Horky et al. 2019). High level of essential oils
(beyond 2 g/kg feed) in laying hen diet is related with a reduction
in feed intake and egg production performance (Marume et al.
2020). Aspartate amino transferase, alanine amino transferase,
albumin and alkaline phosphatase are widely used to evaluate
liver health (Cruz et al. 2018). Our study shows that, although
aspartate amino transferase, alanine amino transferase, albumin
and alkaline phosphatase were significantly affected by the
treatment, they remained within the normal range reported for
broiler chickens (Meluzzi et al. 1992). Accordingly, the increasing
level of TLM supplementation did not negatively affect the liver
function of laying hens. High uric acid level in blood serum
reflects kidney malfunction (Srivastava et al. 2018). Once again,
uric acid level in all birds was in the normal range of laying
hens, although it significantly varied among treatments. Overall,
supplementation of the experimental hen diets with TLM up to
3.5% did not interfere with liver and kidney function.

Wide variation in essential oil level and composition of thyme
leaf due to biotic and abiotic factors was reported (Tohidi,
Rahimmalek, and Trindade 2019). This variability poses a key
challenge to the use of thyme leaf meal as a feed supplement.
Accordingly, determination of this variability would help in
recommending the level of TLM, which is associated with the best
egg production performance and quality.

5 | Conclusion

It is concluded that TML2.5 improved egg production and exter-
nal and internal egg traits compared to the control. Furthermore,
ithas the lowest feed conversion ratio among all the experimental
treatments. Thus, thyme at a level of 2.5% could be used as an
affordable source of essential oils to improve egg production and
the quality of laying hens.
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