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Introduction

Abstract

This study examined the effects of licorice root (Glycyrrhiza glabra) and plantain herb
(Plantago major) extracts, individually or combined, in drinking water on laying
performance and egg quality in laying hens. A total of 280 Lohmann Brown hens (30
weeks old) were assigned to four groups: (1) control (no extract), (2) licorice root
extract (3 ml/l), (3) plantain herb extract (3 ml/l), and (4) licorice root + plantain herb
extract (1.5 + 1.5 ml/l). Licorice root extract supplementation resulted in a
significantly higher egg weight compared to the control group (P < 0.05). Egg
production was also improved in both the licorice root and plantain herb groups
relative to the other treatments. Similarly, egg mass and feed efficiency were
significantly better in hens receiving licorice root and plantain herb extracts compared
to the control (P < 0.05). Regarding egg quality, licorice root extract improved the
Haugh unit, while plantain herb extracts enhanced shell quality, both separately and
in combination. Overall, licorice root extract positively affected the egg production
and quality, whereas plantain herb extract mainly improved shell strength. These
findings suggest that supplementation of licorice root or plantain herb extract into
drinking water may enhance the performance and egg quality of laying hens.

Due to the European Union's ban in 2006 for usage
of antibiotics as growth promoter in animal feeding, an
increasing interest has been arisen about natural and
reliable alternative feed additives in livestock
production (Butaye et al., 2000; O'Neill, 2016; Perera et
al., 2025). In this context, medicinal and aromatic plants
have gained increasing importance due to their low
toxicity and lack of residues. Regarding their natural
structure, strong antimicrobial effects, and their ability
to prevent the development of resistance, these plants
and feed additives obtained from their extracts are
emerging as an important alternative in animal
nutrition, particularly in terms of improving
performance (Selaledi et al., 2020; Redoy et al., 2021;
Galib et al., 2023). Besides, aromatic plants and their
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extracts are widely used both in the treatment of various
diseases and in extending the shelf life of foods (Cabuk
et al., 2003; Dalkilig¢ et al., 2005; Isik et al., 2025).
Furthermore, due to their low cost and easy
accessibility, they are widely used by small-scale
producers (Gholami-Ahangaran et al.,, 2022). Licorice
root (Glycyrrhiza glabra), known as the “father of
plants,” has been widely used for medicinal purposes
since 500 BC (Ody, 1993). This plant, which contains
approximately 300 flavonoids, carries active
components such as glycyrrhizin, licochalcone A,
liquiritigenin, 18B-glycyrrhetinic acid, and glabridin
(Wang et al., 2015). Glycyrrhizin, present at a rate of 4—
20%, is 50 times sweeter than sucrose and exhibits anti-
inflammatory, anti-viral, anti-allergic, and gastro-


https://orcid.org/0000-0003-3707-6415
https://orcid.org/ 0009-0006-1661-4332
https://orcid.org/0009-0009-8710-8551
https://orcid.org/0000-0002-0955-4371

Poultry Studies, 23(1), xx-xx

protective effects (Yang et al,, 2013). The antioxidant
power of the flavonoids contained in licorice root is
reported to be 100 times greater than that of vitamin E
(Visavadiya et al., 2009). Furthermore, various studies
have demonstrated that licorice root extract exhibits
broad-spectrum antimicrobial effects (Gupta et al.,
2008; Alagawany et al., 2019). Considering all these
properties, the use of licorice root in animal nutrition
has been investigated in recent years. A study by Dorhoi
et al. (2006) found that adding licorice root extract,
along with garlic, plantain herb, and sea buckthorn
extracts, to the feed of 55-week-old laying hens (Rhode
Island Red crossbreeds) strengthened their immune
systems. Another study indicated that adding 6 g/kg of
licorice root extract to the feed of Japanese quails
reduced abdominal fat, but had no significant effect on
other production parameters (Sedghi et al., 2010a).
The Plantago lanceolate, commonly known as ribwort
plantain, is a narrow-leaved plant that grows easily
around the world, particularly in temperate regions, and
is widely found in pastures and green areas. It has
approximately 275 subspecies. Based on its active
components, it has been widely used in both traditional
and modern medical practices from ancient times to the
present day for its healing effects on skin wounds,
respiratory and digestive organs, reproductive system,
and blood circulation disorders (Beara et al., 2009,
2012). Research has shown that the Plantago genus, to
which plantain belongs, contains active compounds
belonging to five different chemical classes: flavonoids,
monoterpenoids, triterpenoids, iridoid glycosides, and
phenolic compounds (Stewart, 1996; Moore et al., 2006)
and these active components have been shown to give
plantain antimicrobial, anti-inflammatory, antioxidant,
and immunomodulatory properties (Samuelsen, 2000).
This study was carried out to determine the synergistic
and individual effects of licorice root and plantain herb
by drinking water on laying performance and egg quality
in laying hens. In the study, the supplementation of
plant extracts was applied by drinking water, due to its
high bioavailability and fast metabolism. Based on
current literature, the supplementation of plantain herb
in poultry nutrition, especially laying hens, has not
studied regarding various factors during production
period. Besides, this study, focused on usage of plant
extract combination, could potentially provide
beneficial results to understand of phytogenic synergy,
which put forward the strategic use of hybridizing
multiple plant extracts in poultry nutrition.

Materials and Methods
Animal Material

The study was conducted for 8 weeks (March—
May 2025) on a commercial egg-laying poultry farm in
Izmir province. A total of 280 Lohmann Brown laying
hens, 30 weeks of age and with similar body weight,
were used in the experiment. The hens were randomly
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allocated to four experimental groups, each consisting
of seven replicates (pens) with ten hens per replicate.
Thus, each treatment group included 70 hens, and the
total number of hens used in the study was 280.

Method

Daily egg production was monitored during a 2-
week adaptation period prior to the start of the study. At
the end of this period, the hens were randomly assigned
to the experimental pens and started the experimental
treatment (during 8 weeks). Four experimental groups
were according to the supplementation different plant
extracts in the drinking water:

Group-1: Control group (no plant extract added)

Group-2: Licorice root extract (Glycyrrhiza glabra)

Group-3: Plantain herb extract (Plantago lanceolata)
Group-4: Licorice root and plantain herb extract combination

The active ingredients of the plant extracts used in
the experiment are shown in Table 1 (Greenext Global
Organic Chemistry, lzmir, Turkey). The plant extract was
added daily and regularly at a level of 3 ml/l to the drinking
water in the tanks located in each pen. The combination
of licorice root and plantain herb extract was added at a
total of 3 ml/l, with 1.5 ml/I of each extract. The drinking
water in the experimental groups was monitored and
refreshed daily, and the supplementation of plant extract
were applied on daily basis.

Commercial layer feed based on corn and soybean
meal (16.8% crude protein and 2730 ME kcal/kg) was
used for feeding the laying hens, and the feed ingredients
and nutrient contents of the feed are given in Table 2.
Feed and water were provided ad libitum throughout the
experimental period. A lighting program of 8 hours of
darkness/16 hours of light was applied, and both
environmental and indoor temperature and humidity
values were recorded daily (Figure 1).

Performance Parameters

At the beginning and end of the study (weeks 30
and 38), the body weights of the laying hens in the
experimental groups were determined individually with
a precision of £ 0.1 g. Throughout the experimental
period, feed consumption (weekly), number of eggs
(daily), and egg weight (daily) were determined for each
pen. Using these data, the egg mass and feed efficiency
(Zhai et al., 2013) were calculated using the following
formulas:

Egg mass = Egg weight X Egg yield

Amount of Feed Consumed
Egg Mass

Feed conversion ratio =

During the experiment, eggs were collected daily
and at the same time each day. To monitor changes in
egg weight, the collected eggs were weighed using a
digital scale with +0.01 g accuracy on the same day of
the week in two-week intervals.
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Egg Quality Parameters

At the end of the trial (38 weeks of age), internal
and external quality analysis were performed on 28 eggs
from each trial group (4 eggs randomly selected from
each pen). The eggs were weighed with an accuracy of
$0.01 g and then measured for length and width using a
digital caliper (£0.01 mm accuracy, Mitutoyo, 300 mm,
Neuss, Germany). These values were used in the formula
provided by Reddy et al. (1981) to determine the egg
shape index:

Egg width
Egg length

Egg shape index (%) = X 100

Eggshell breaking strength was determined in
kg/cm? using a special breakage resistance measuring
device developed by Rauch (1958) (Akbas et al., 1996).
After the eggs were broken on a flat surface, the height
of the yolk and albumen was measured with a tripod
micrometer with a sensitivity of + 0.01 mm (Froning and
Funk, 1958). The length and width of the albumen and
the diameter of the yolk were measured using a digital
caliper with a sensitivity of £ 0.01 mm. The pigmentation
of the egg yolk was determined using the DSM egg yolk
color chart (Roche Ltd., Switzerland), with the lightest
yolk color scored as 1 and the darkest egg yolk color
scored as 15 on this scale (Beardsworth and Hernandez,
2004). The egg yolk was then carefully separated from
the albumen and weighed using a 0.01 g precision
balance. The shells from each broken egg were carefully
washed to remove membrane residue and then were
numbered. The shells were then dried in an oven at
105°C for 24 hours and weighed at the end of this period
using a scale with a sensitivity of £0.01 g. The shell
thickness of the eggs was measured using a micrometer
with a sensitivity of £0.01 mm on membrane-covered
shell samples taken from the pointed, middle, and blunt
ends (Ehtesham and Chowdhury, 2002).

The albumen weight was determined by subtracting
the total yolk and shell weight from the egg weight
specified at the beginning of the analysis. Subsequently,
the yolk, white, and shell weight values were calculated
as percentages relative to the egg weight.

The albumen index was calculated using the
following formula based on the height, length, and
width of the albumen (Wilhelm and Heiman, 1936). The
yolk index was calculated using the following formula
based on the height and diameter of the yolk (Sharp and
Powell, 1930). The Haugh unit was calculated according
to the formula given below (Haugh, 1937).

White height (mm)

~ White length (mm) + White width (mm)
X 100

Albumen Index (%)

Yolk Index(%) Yolk Height (mm) 100
= = X
o indextzo Yolk Diameter (mm)

Haugh Unit=100x Log1o (H+7.57-1.7G37)
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The measurement of, pH in yolk and albumen samples
from each experimental group were performed using a
digital pH meter (Mettler Toledo FiveEasy Plus FP20
benchtop model).

Statistical Analyses

The study was conducted according to acompletely
randomized design. The replicates were considered as
replicatesin determining the differences in performance
parameters between the experimental groups (n: 10
hens/pen, 7 pens/experimental group). For the egg
quality analyses, egg samples representing each
experimental group were taken randomly, and each egg
was considered a replicate. Statistical analyses of the
data obtained in the study were performed using one-
way ANOVA with the Minitab 17 software package. The
following statistical model was used to determine the
effects of the addition of plant extracts on the
parameters examined in the experiment:

Yij = W+ i + e

Here, u = overall mean, aij = effect of extract
applications, eij = random error, and Yij = dependent
variable.

The percentage values obtained in the experiment
were subjected to variance analysis after applying the arc-
sin transformation. Statistical differences between the
experimental groups were determined by comparing
them using the Tukey test. Statistical analyses of the data
were performed at a probability level of P<0.05.

Results and Discussion

The effects of adding licorice root extract and
plantain herb extract to the drinking water of laying
hens on performance parameters are presented in Table
3. The highest mean value for egg weight was observed
in the licorice root extract group (62.85 g), while the
lowest value was observed in the control group (61.60
g) (P<0.05). Egg weight in the group supplemented with
plantain herb extract was 62.54 g, which was higher
than both the control and licorice root+plantain
herb groups. Similarly, egg production was found to be
higher in the licorice root extract (94.11%) and plantain
herb (93.47%) groups than in the other experimental
groups (P<0.05). These findings clearly demonstrate that
the individual supplementation of licorice root and
plantain herb extracts to drinking water has an egg
weight-increasing effect. Better results were obtained in
the licorice root extract (59.15 and 1.92, respectively)
and plantain herb extract (58.46 and 1.93, respectively)
groups in terms of egg mass and feed conversion ratio
(P<0.05). There were no statistically significant
differences between the experimental groups in terms
of feed consumption and water consumption (P>0.05).
The positive effects of licorice root extract and plantain
herb extract on egg weight, production, mass, and feed
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conversion ratio is similar to the results of previous
studies. These beneficial effects of licorice root extract
could be explained by the content of glycyrrhizin and
glycyrrhetinic acid in licorice root extract, has a
promoting effect for steroid sex hormones including
estrogen and prolong its action effect (Al-Daraji et al.,
20009). Besides, licorice improves digestive and utilisaion
of nutrients (Al-Daraji et al., 2006), which could
potentially increase egg production in this study.
Indeed, Awadein et al. (2010) emphasized that adding
0.1% and 0.5% licorice root to the diet of Mandarah
chickens had a positive effect on both egg production
and egg weight. Similar results were also reported by
Dogan et al. (2018a) and Dosoky et al. (2021). On the
other hand, Safari and Zahedi (2016) stated that adding
licorice root to the diet of Japanese quails had no effect
on egg weight. The number of studies investigating the
effects of plantain herb on performance parameters in
laying hens is quite limited. However, when the studies
conducted are examined, it is emphasized that the use
of plantain herb alone or in combination with other
medicinal and aromatic plants has positive effects on
performance parameters, and it is stated that these
effects may originate from the active components
contained in the plant (Temur and Uslu, 2019; Redoy et
al.,, 2021). However, in this study, it was observed that
the combined use of licorice root and plantain herb
extract did not have an enhancing effect on the
performance parameters examined. This observation
suggests that there may be an antagonistic relationship
between licorice root and plantain herb. Furthermore, it
should be considered that the differences observed
between studies may be related to various factors such
as the use of herbal extracts at different doses,
differences in the active content of the extracts used,
and the age and health status of the herd.

In our study, similar average values were
determined between the experimental groups in terms
of feed consumption and water consumption, and this
finding is similar to the findings reported by Sedghi et al.
(2010b). On the other hand, Dogan et al. (2018b)
reported that adding licorice root powder to the feed of
laying hens at increasing levels (0.5%, 1.0%, and 2.0%)
resulted in a decrease in feed consumption, and that this
effect may be related to the plant's distinctive aromatic
odor. Contrary to these findings, there are also research
results reporting that the addition of licorice root extract
to feed or drinking water has an effect in increasing both
feed consumption and live weight (Safari and Zahedi,
2016; Salary et al., 2014).

The effects of adding licorice root and plantain
herb extract to drinking water on egg composition in
laying hens are presented in Table 4. In the quality
assessment conducted in the final week of the
experiment, the average weights and yolk weights (%) of
the eggs used were found to be similar among the
experimental groups. The egg albumen weight was
found to be proportionally highest in the licorice root
extract and licorice root + plantain herb experimental
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groups, with average values of 64.10% and 64.32%,
respectively (P<0.05). The eggshell weight ratio was
observed to be highest in the plantain herb extract
group, with an average value of 10.44% (P<0.01). When
previous studies are examined, there are significant
differences in the reported results regarding the
effects of adding licorice root extract or plantain herb
extract to the diet of laying hens on egg composition.
In a study by Zeweil et al. (2019), it was suggested that
adding licorice root to the diet of Japanese quails (500
mg/kg) resulted in a significant increase in egg weight
and yolk weight. Aghdam et al. (2018) also found that
yolk weight was higher in the groups supplemented
with licorice root extract (0.5%, 1%, 1.5%, and 2%)
compared to the control group, but there was no
difference between the experimental groups in terms
of albumen and shell weight ratios.

The effects of adding licorice root and plantain
herb extract to drinking water in the diet of laying hens
on egg internal quality characteristics are presented in
Table 5. The shape index was found to be higher in the
groups supplemented with plantain herb and licorice
root extract compared to the control group (P<0.05).
The yolk color was found to be darker in the control
group with a value of 13.0 (P<0.05). The yolk and
albumen indices were similar among the experimental
groups (P>0.05). In the evaluation based on Haugh units,
the highest average values were observed in the licorice
root extract (74.76%) and licorice root + plantain herb
extract (74.37%) groups (P<0.05). Zeweil et al. (2019)
reported that in their study, in which Tylosin and licorice
root were added to the diets of 180 nine-week-old
Japanese quails, the vyolk index in the group
supplemented with 1000 mg/kg licorice root was
448.40. Dogan et al. (2018c) examined the effects of
licorice root supplementation, different storage
temperatures, and storage times on the quality of quail
eggs. The study reported that licorice root
supplementation at levels of 0, 0.5%, 1.0%, and 1.5% had
no significant effect on the Haugh unit value, but the
highest value was 86.84% in the group supplemented
with 1.5% licorice root. The egg albumen weight was
found to be highest at 4.14% in the group with 1.0%
licorice root addition (P<0.05). The egg albumen index
was reported to be 9.62% in the 1.0% licorice root group,
while the egg yolk index was reported to be 39.08% in
the group with 0.5% licorice root addition (P<0.05).

The study clearly showed that adding plant
extracts to drinking water had no effect on egg yolk color
in laying hens. This finding differs from the results
reported by Ghasemi et al. (2010), Pottowicz and Wexyk
(2001), and Aghdam et al. (2018). This difference may be
related to the potential for licorice root extract added to
feed to directly affect yolk color. On the other hand, the
increase observed in Haugh units is similar to the results
reported by Aghdam et al. (2018), Al-Daraji et al. (2009),
and Zeweil et al. (2019). The effect of supplementing
different plant extracts on eggshell quality is shown in
Figure 2. Shell thickness and shell breaking strength
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were significantly higher in the experimental groups
supplemented with plantain herb extract (0.455 mm
and 2.133 g/cm2, respectively) and licorice root + plantain
herb extract (0.433 mm and 1.968 g/cm2, respectively)
(P<0.01). These findings reveal that plantain herb
potentially has a positive effect on eggshell quality. This
may be related to the fact that plantain herb contains
flavonoids, which have a function in regulating calcium
metabolism (Bahadori et al., 2020). On the other hand,
the fact that the eggs in the group supplemented with
licorice root extract had similar values to the control
group eggs indicates that licorice root has no effect on
shell quality. However, this finding differs from the
findings of Hanafy et al. (2022), who reported that licorice
root has a beneficial effect on shell quality. The
differences observed in studies on egg quality may be
related to the use of different amounts of plant extracts.
The effect of different plant extracts on egg pH is
shown in Table 6. The egg yolk pH value was found to be
highest in the licorice root extract (6.12) and licorice
root + plantain herb (6.13) groups (P<0.05). On the other
hand, the egg albumen pH value was found to be lower
in the licorice root extract (8.81) and licorice root +
plantain herb (8.89) groups than in the control (9.07)
and plantain herb extract (9.08) groups (P<0.05). These
groups showed a pH-lowering effect. Although there are
not enough studies in the literature where pH values
have been measured, Dogan et al. (2018c) stated in a
similar study that the pH level of egg albumen decreased
as the level of licorice root powder added to the ration
increased, but there was no statistically significant
difference.

CONCLUSION

When the findings obtained as a result of the
study were examined, it was observed that licorice root
extract could rank first among the experimental groups
in terms of its potential effect on improving
performance in laying hens. This was followed by
plantain herb extract in terms of egg production and
egg weight. In terms of egg quality, licorice root extract
was found to be more effective on Haugh unit, while
plantain herb extract was more effective on shell
quality. However, the limited number of studies
conducted specifically on plantain herb restricts the
broader evaluation of the current findings. Therefore,
new studies are needed that take into account more
variables, particularly related to the plantain herb, in
the nutrition of laying hens.
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Table 1. Active ingredients of licorice root (Glycyrrhiza glabra) and plantain herb (Plantago lanceolata) extracts

Extracts

Active substances*

Glycyrrhiza glabra

Triterpenoid saponin (5-13%)
Glycyrrhizin (10%)
Glycyrrhetic acid

Isoliquiritin

Isoflavones

Plantago lanceolata

Iridoid glycosides (aucubin)

Flavonoids (rutin, baicalin, %1-2)

Phenolic acids (caffeic acid)

Mucilage (1-3%)

Other Molecules: Allantoin (0.5-1%), iridoid glycosides (0.1-0.5%), aucubin (0.1-
0.3%), catalpol (0.05-0.1%)

* The active ingredients have been reported by the manufacturer

Table 2. The composition of the feed used in the trial and its nutrient content

Raw materials % Nutrient content %
Corn 58.00 Metabolic energy (ME, kcal/kg) 2742
Soybean meal (44%) 23.70 Crude protein 16.56
Corn gluten 4.80 Calcium 3.84
Vegetable oil 2.00 Available phosphorus 0.42
Limestone 5.20

Marble dust 3.60

Dicalcium phosphate 1.60

NaCl 0.35

L-lysine-HCL 0.05

DL-methionine 0.20

Premix* 0.50

*Vitamin premix provided per kg of ration: Vitamin A: 2.40 mg; Vitamin D3: 75.00 pg; Vitamin E: 5.00 mg; Vitamin K3: 2.20 mg; Vitamin
B1: 1.50 mg; Vitamin B2: 4.00 mg; Vitamin B3: 8.00 mg; Vitamin B5: 35.00 mg; Vitamin B6: 2.50 mg; Vitamin B9: 0.50 mg; Vitamin B12:
10.00 pg; Vitamin H2: 0.15 mg; Choline: 468.70 mg; Mn: 80.00 mg; Fe: 75.00 mg; Zn: 64.00 mg; Cu: 6.00 mg; Se: 0.30 mg

Table 3. Effect of different plant extract additions on performance parameters

Test groupst

Parameter Licorice Plantain Licorice root +  Standard error Significance
Control root . level
Herb extract Plantain herb
extract
Egg weight (g) 61.60¢ 62.852 62.542b 61.90abc 0.31 0.004
Egg yield (%) 90.93b 94.112 93.472 92.592b 0.74 0.004
Egg mass 56.01¢ 59.152 58.462 57.31b 0.46 <0.001
Feed consumption (g) 116.72 111.78 112.78 116.17 4.87 0.548
Water consumption (ml) 250.88 277.27 276.54 263.32 13.31 0.120
FCR 2.08? 1.92b 1.93b 2.002b 0.05 0.027

1Control: no plant extract added; Licorice root extract: 3 ml/I drinking water, Plantain herb extract: 3 ml/I drinking water;
Licorice root + Plantain herb 1,5 + 1,5 ml/I drinking water; FCR: Feed conversion ratio
a< Differences between values indicated by different letters in the same row are significant (P<0.05).

Table 4. Effect of different plant extract additions on egg composition

Test groups?! Standard
Parameter . - . .
Licorice root Plantain Licorice root + error Significance level
Control .
extract herb extract  Plantain herb
Egg weight (g) 63.88 64.97 64.34 64.07 1.14 0.176
Egg yolk (%) 27.12 26.25 27.26 25.94 1.63 0.214
Egg albumen (%) 63.892 64.10% 62.31° 64.322 1.58 0.029
Eggshell (%) 8.99b 9.652b 10.442 9.742b 0.77 0.002

1Control: no plant extract added; Licorice root extract: 3 ml/I drinking water, Plantain herb extract: 3 ml/I drinking water;
Licorice root + Plantain herb 1,5 + 1,5 ml/I drinking water;
a< Differences between values indicated by different letters in the same row are significant (P<0.05).
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Table 5. Effect of different plant extract additions on egg internal quality characteristics
— Test groups - — Standard -
Parameter Licorice root Plantain Licorice root + Significance level
Control ) error
extract herb extract Plantain herb

Shape index 77.30° 79.402 79.602 79.102b 1.73 0.020

Egg yolk color 13.002 11.600 12.802k 12.202b 1.10 0.031

Egg yolk index 40.29 41.67 40.02 42.31 5.58 0.764

Egg albumen index 5.10 5.99 5.26 5.91 1.04 0.152

Haugh unit 70.81b 74.762 70.24b 74.37°2 2.69 <0.01
1Control: no plant extract added; Licorice root extract: 3 ml/I drinking water, Plantain herb extract: 3 ml/I drinking water;
Licorice root + Plantain herb 1,5 + 1,5 ml/I drinking water;
a< Differences between values indicated by different letters in the same row are significant (P<0.05)
Table 6. Effect of different plant extract additions on egg pH

—— Test groups’ - —— Standard N
Parameter Control Licorice root Plantain Licorice root + error Significance level
extract herb extract  Plantain herb

Egg yolk pH 6.03bc 6.122b 6.02¢ 6.132 0.07 0.002

Egg albumen pH 9.072 8.81b 9.08?2 8.89b 0.10 <0.001
1Control: no plant extract added; Licorice root extract: 3 ml/I drinking water, Plantain herb extract: 3 ml/I drinking water;
Licorice root + Plantain herb 1,5 + 1,5 ml/I drinking water;
a¢ Differences between values indicated by different letters in the same row are significant (P<0.05).
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