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ABSTRACT:The current trial was aimed to examine impacts of feeding ea peppermint leaves
powder (PLP) and its respective L-menthol crystal (LMC) supplementations on production
performance, blood biochemistry, antioxidant parameters, immunity indices, microbial content,
digestibility and digestive enzymes in growing Japanese quail. At ten-day-old, 700 unsexed
Japanese quail were randomly splated into seven treatments, every treatment had five replecates
of twenty chicks per each. The 1% treatment was given a normal diet (control), while other
treatments from the 2™ to the 4™ were %iven a standard diet with PLP at 1.5, 2.0, and 2.5%,
respectively. Groups from the 5™ to the 7" were received a control diet plus LMC at levels of 17,
22, and 27 part per million (ppm), respectively. Trypsin and amylase levels were significantly
greater in the birds fed a diet containing 27 ppm LMC and 2.5% PLP compared to the control
group, but lipase levels were not significantly different.. All nutrient digestibility (ND) and
economic efficiency were significantly improved in chicks fed a diet supplemented with 27 ppm
LMC compared to the control. Birds that given a diet supplemented with 27 ppm LMC and 2.5%
PLP had the better-feed conversion ratio, live body weight and body gain, without any influence
in feed intake. Finally, birds received 27 ppm LMC and 2.5% PLP had a dramatically lower lipid
amount, liver enzymes, Escherichia coli and Salmonella population and the highest T3 and T4
levels, antioxidant parameters and Lactobacilli population number with the best impregnability
compared to the control group. In conclusion, the addition of LMC at 27 ppm followed by PLP
at 2.5%; to the basal diet improved the nutrients digestibility, digestive enzymes, performance,
antioxidant, plasma biochemical, immunological indices, intestinal microbiota and economical
efficiency in Japanese quails during growing phase.
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1| INTRODUCTION

Using antibiotics as growth promoter to
decrease mortality and improve poultry
production was one of the popular nutritional
strategy. Nevertheless, in poultry feeding this
plan unpleasant because of bacterial resistance
(Neu, 1992 and Hoffman-Pennesi and Wu,
2010). Many studies were performed to know
the important of application phytochemicals
as natural alternative in poultry nutrition, for
example herbal, their extracts and oils as
useful alternatives to antibiotics to improve
feed utilization and growth production (Kalia
et al.,, 2018 and Abdel-Wareth et al., 2019).
Jang et al. (2004) evidenced that the use of
phytochemical compounds as natural feed
additives is becoming necessary because of
stimulatory influences on digestive system
and antimicrobial effects. In addition,
phytochemicals considered a perfect natural
feed additive in animal production in
comparing with synthetic antibiotics or
inorganic chemicals due to less toxic and
residue free (Hashemi and Davoodi, 2010).
Moreover, medicinal plants such peppermint
have many active component that are used to
improve the intestinal microflora and growth
performance throughout increasing poultry
immunity, which is a prerequisite for cost
suitable and organic poultry production (Guo
et al., 2004 and Windisch and Kroismayr,
2006). In broiler farms, increasing use of
these antibiotics caused some problems such
as altitude cost and negative effects on society
health because of residues generated.
Therefore, using herbal and medicinal plants
such as peppermint leaves and menthol can use
for producing safety foods (organic) with
increasing production (Baharvand et al.,
2016).

Mint (Mentha piperita L.) is commonly used
in medicinal herbal and is regarded to be
highly helpful in immune system constructing,
as well as for its antimicrobial and strong
antioxidant properties, its ability to enhance
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appetite, digestion  stimulating, and
antimicrobial properties (Dorman et al., 2003
and Yalcin et al., 2012). Mint leaves and
menthol have a variety of beneficial effects,
including  antibacterial  activity against
pathogenic microorganisms, antiviral activity,
appetising,  digestion  stimulating, and
antimicrobial properties (Alcicek et al., 2004,
Schelz et al., 2006, Bupesh et al., 2007 and
Sharifi; et al., 2013).

Mint is a Labiate member of the family and
one of world's oldest medicinal herbs
(Bahmani et al., 2015). Peppermint is widely
grown throughout the world, including Egypt
(Abdel-Wareth and Lohakare, 2014; Beigi et
al., 2018), and it is widely used in food,
flavour, and pharmaceutical manufacturing
(Farhadi et al., 2016). Peppermint contains the
chemicals menthol and menthone.
Additionally, mint plant contains nearly 0.5 to
4% oils that are composed of 25 to 78%
menthol, 2.8 to 10 % menthyl acetate, 14 to
36% menthone, 1.5 to 10% isomenthone, and
3.5 to 14% cineol: (Grigoleit and Grigoleit,
2005; Bupesh et al., 2007; Aziz et al., 2011;
Beigi et al.,, 2018). Menthol is the most
important and predominant  polyphenol
component in peppermint oil and it has
antimicrobial properties as well as other
activities that assist enhance broiler
production (Cabuk et al., 2006). According to
researches, peppermint contains antibacterial,
spasmolytic, and disinfecting effects that can
improve performance and carcass characters
in poultry industry (Demir et al., 2003 and
Gross and Siegel, 1983).

Nowadays, quail farming can become
important in the industry and contribute to
filling the deficit and the increasing demand
for poultry meat. Furthermore, in recent years,
the use of quail meat and its products has
significantly increased (Awan et al., 2017).
Moreover, quails meat have a nutritional
value and has great important to support
poultry industry, the data available about the
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use of Mentha piperita leaves powder and his
bioactive components (L-menthol) as a
natural feed additives in quail feeding is
limited. So, the current experiment was
designed to investigate the influences of
feeding peppermint leaves powder (PLP) and
L-menthol supplementations on production
performance, blood biochemistry, antioxidant
parameters, immunity indices, microbial
content, digestibility and digestive enzymes in
growing Japanese quail.

2 | MATERIALS AND METHODS
The current study's research was carried out at
the EL-Azab Poultry Research Station, EL-
Fayoum Governorate, Egypt, from March to
May 2022. The chemical analysis of the trial
diets and mint leaves powder was carried out
in the Animal Production Research Institute,
Agricultural Research Center, Ministry of
Agriculture laboratories in Dokki, Giza,
Egypt.

2.1 | Experimental design, birds and diets

During the experiment, the birds' lodging and
maintenance approaches were in accordance
with  Fayoum  University's  Institutional
Animal Care Committee rules and procedures
(Code No. of the proposal: AEC 2216). An
aggregate number of 1200 1-day-old Japanese
quail chicks were reared in battery system,
and fed a control diet that includes 24% crude
protein with 2900 Kcal ME/kg diet from one
to ten day old, according to National Research
Council (NRC, 1994). At day 10" of age, 700
unsexed quail chicks (average weight of 60.35
+ 0.33 g) were randomly disturbed to seven
equal treatments, each one containing 100
birds in five replicates of 20 chicks each. The
1% treatment fed a basal diet without additives
(control group), treatments from the 2" to the
4™ were received the control diet plus 1.5, 2.0
and 2.5% PLP, respectively. While groups
from the 5™ to the 7" fed the control diet plus
17, 22 and 27 ppm LMC, respectively, where
addition levels were selected based on
menthol concentrations in mint leaves and
chicks were individually wing-banded by

using small size plastic bands. Water and feed
ad libitum with a continuous lighting program
were applied during the experimental period.
The experimental diets' feed ingredients and
chemical composition are shown in Table (1).
Peppermint dried leaves (4kg; 20 LB/ Kkg)
were purchased from EI-Rehab Company for
the processing and export of aromatic and
medicinal plants (Ibshawi, Fayoum, Egypt),
and stored in a favorable environment until it
was consumed. The L-menthol crystal was
imported from Arora Aromatics Company
(India) by Free Trade Egypt Company for
Import and Export (Kafr EI Dawar- Behira-
Egypt), at February 2022 (Batch No. TLMC-
160956). L-menthol was manually combined
into the diets with a small portion of feed,
then the amount was increased with better
combining until reaching the desired uniform
distribution, then, the mixture was saved in
sealed and labelled bags according to every
therapies to maintain the additives'
effectiveness

2.2 | Chemical composition of peppermint
dried leaves

According to determined analysis, PLP
contain (air-dried) 11.0%, 18.2%, 4.35%,
8.58%, 10.1 and 47.77% for moisture, crude
protein, crude fat, crude fiber, ash content and
nitrogen-free extract (NFE) respectively, with
1.1 g/kg menthol. The concentration of
menthol in L-menthol crystal 99.5%.

2.3 | Nutrient digestibility measurement

At the end of the trial (38 day), in metabolism
cages 35 quail (one male around the average
LBW of each replicate—were individually
housed to study the faecal digestibility. Each
cage had a drawer covered by filter paper
cheat suitable for collecting the bird's excreta.
The digestibility experiment was carried out
over a 5-day collection period, and the excreta
was daily sprinkle using H,SO, (0.2 N) to
avoid bacterial fermentation during collection.
The collected excreta were pooled,
homogenized in each replicate, and the
excreta of each bird was collected and placed
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in aluminum dishes, and dried by oven on 60—
70°C for 36 h till dryness. Before analysis, the
excreta samples were milled through a 0.5
mm mesh screen. The nutrients analyses were
performed as outlined by AOAC (2001).
According to Jakobsen et al. (1960) method,
urinary nitrogen was separated from faecal
nitrogen. Calculation of nutrient digestibility
coefficients was performed as follows:
Nutrient digestibility (%)

Nutrient intake,g — nutrient excreted,g
X 100

nutrient intake,g
2.4 | Growth performance
Chicks were individually weighed and feed
intake (FI, g) per cage was recorded through
the test period (10 —38 days of age), the body
weight gain (BWG, g) was calculated by the
following: BWG1 33 = BW33-BWy and feed
conversion ratio (FCR), was calculated as
follows: FI (g)/BWG (g).
2.5 | Blood biochemistry, immunity and
antioxidant parameters
At the end of the experiment (38 days), a
blood sampling was collected from the
slaughtered quails using randomly two birds
(1 male and 1 female) from each replicate.
The birds were initially weighed to the nearest
g, slaughtered by cutting the Jugular vein
(Islamic method), samples were gathered and
centrifugated at 3000 rpm for 15 minutes,
serum was isolated then stored at —20°C in a
tube of Eppendorf till analysis. Total
cholesterol  (Chol), triglycerides (TG),
cholesterol high-density lipoprotein (HDL)
and cholesterol low-density lipoprotein (LDL)
were estimated by James (2001). According to
Paglia and Valentine (1967) total antioxidant
capacity, glutathione peroxidase (GPx) and

thiobarbaturic ~ acid-reactive  substances
(TBARYS) were measured. Alanine
aminotransferase (ALT), aspartate

aminotransferase (AST) uric acid, creatinine,
amylase and lipase enzymes were assayed by
Friedman and Young (2005) and trypsin
enzyme was determined according to Bovine
Trypsin ELISA Kit MBS706461. Total T3
and T4 levels were analyzed by the ELISA
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technique using a commercial kit. Conforming
to Erhard et al. (1992) the tool used to test
birds immunoglobulins (IgG, IgA and IgM) in
Sandwich ELISA was the absorbance
measured on a 450 nm ELISA plate reader.
2.6 | Microbial analysis

Intestinal content was immediately collected
in sterile glass containers, digesta was
evacuated and mixed. Samples (1 g of the
mixed fresh mass) were taken into sterile test
tubes, diluted 1:10 in sterile 0.1% peptone
solution, and homogenised for 3 min. in a
stomacher homogeniser. Ten-fold serial
dilutions of up to 10—7 of each sample were
prepared in 9 ml of 0.1% sterile peptone
solution. Viable counts of Salmonella ssp,
Escherichia coli (E. coli) and Lactobacilli ssp.
were performed. One milliliter of the serial
dilution was incubated into sterile Petri dishes
and sealed with an appropriate medium.
Lactobacillus  spp. colony count was
determined using MRS agar (Biokar
Diagnostic) after incubation in an anaerobic
chamber at 37°C for 72 h. Salmonella and E.
coli colonies were counted on a brilliant green
agar plate and incubated at 37°C for 24 h.
After cultivation in Petri dishes, the total
colony count for Lactobacilli, Salmonella and
E. coli was then calculated as the number of
colonies by reciprocal of the dilution. The
microbial counts were estimated as colony-
forming units per gram (cfu/g) of the sample.
2.7 | Economical efficiency

Feeding cost was calculated on basis that the
number of kg of feed intake (FI) from
experimental diets per the number of kg of
meat produced multiplied by the costs of the
respective diets. The selling price (total
revenue) was calculated by multiplying the
number of kg of meat by 5000 Piasters
(P.T.) which represents the selling price of
one kg meat commonly offered in the
market. The economic efficiency (net return
per unit feed cost) of meat production for the
different experimental treatments was
calculated using the following equations:
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Total Feed Cost = a x b = ¢, Total Revenue =
d x e = f, Net Revenue = f-c =g and E. EF. =
g/ c., Where: a = Average FI (Kg/ hen /
period), b = Price / kg feed (PT). ; c= total
feed cost (a x b), e = Price / kg meat (PT), d
= meat (Kg/ hen/ period), f = Total Revenue
(d x €). g = Net Revenue (f- ¢). It is worthy
to note that, financial calculations were
carried out according to the local market
price of feed ingredients and additives
dominated at the experimental, whereas
other productive costs were disregarded
since they were constant.
2.8 | Statistical analysis
The results obtained studied using the
statistics tools (analysis of variance) of
Infostat (Di Rienzo, 2017). As the following
model:
Yij = p+ Ti + eij
Where: Yij: observation of traits, p: overall
mean, Ti: treatment effect, eij: random error.
All means were compared using multiple
range test (Duncan, 1955). At significance
level of 0.05.

3| RESULTS
3.1 | Digestive enzymes and nutrients
digestibility
Quails that given diets accompanied by LMC
at 27 ppm and PLP at 2.5% recorded
significantly (P < 0.001) higher trypsin
(191.72 and 188.78) and amylase (674.90 and
670.00) levels for treatments LMC 27 ppm
and PLP 2.5% compared to that received the
control diet, being 125.22 and 485.50
respectively, without any important different
in lipase levels in all experimental groups.
Additionally, all nutrients digestibility (ND)
were significantly (P < 0.001) influenced by
all dietary groups. Where, quails fed diets
supplemented with 27 ppm LMC and 2.5%
PLP showed higher ND for dry matter (DM),
organic matter (OM), crude protein (CP),
ether extract (EE), crude fiber (CF), nitrogen
free extract (NFE), and protein retention (PR),
in comparison with those fed the basal diet.
The best values were obtained in birds fed

diets supplemented with 27 ppm LMC being
74.95, 79.68, 89.90, 79.65, 46.61, 79.59 and
81.14 for DM, OM, CP, EE, CF, NFE and PR
respectively, followed by those 2.5% received
PLP , being 73.16, 75.48, 89.33, 75.83, 43.74,
77.76 and 78.06 as showed in Table (2).

3.2 | Growth performance

The data summarized in Table (3) presented
that the experimental groups significantly
affected (P < 0.001) growth performance
during the studied period from 10 to 38 days
of age (growing period). Where quail chicks
fed diets supplemented with 27 ppm LMC
presented the best LBWjzg5, BWGio.33 and
FCR103s being; 273.42, 212.54, and 3.02;
respectively compared to the control group
which recorded significantly (P < 0.001) the
worst LBW3gq, BWG1g.38 and FCR10-38 being;
245.65, 185.20g and 3.64; respectively. While
there was no significant difference in Fly.3g
values for all experimental groups.
Additionally, both groups fed 27 ppm LMC
and 2.5% PLP recorded the best values in
comparison with the control group and nearly
the other treated groups.

3.3 | Serum biochemistry

The results presented in Table (4) displayed
that feeding PLP and LMC had a significantly
substantial (P < 0.001) influence total blood
lipids (total cholesterol, TG, LDL and HDL),
kidney performance (uric acid and creatine),
liver enzymes (ALT and AST), and thyroid
hormones (T3 and T4) compared to the control
group. Birds fed a diet supplemented with 27
ppm LMC had dramatically (P < 0.001) lesser
cholesterol (192.80mg/dl), TG (136.60mg/dl),
and LDL (118.16mg/dl), in addition to better
HDL (49.50mg/dl) when compared to the
control treatment. In comparison with other
PLP and LMC treatments, there were no
substantial variations. In terms of renal
function (uric acid and creatine levels), the
LMC at 27 ppm therapies had substantially
lower values of 2.53 and 0.28U/L than the
other groups. Except for the LMC at 17 ppm
level, all diets augmented with PLP and LMC



M.M.M. Aly’et al.

generated a significant (P < 0.001) declines in
ALT and AST when compared to the control
group. Treatment supplemented with 27 ppm
LMC resulted in lower ALT and AST levels
(1.81 and 186.50U/L), respectively. Thyroid
hormone levels (T3 and T,) were dramatically
(P < 0.001) higher over all different
treatments supplemented with PLP and LMC
compared to the control group. Thyroid
hormones (T3 and T4) were 39.52 and 2.43 in
chicks fed 2.5% PLP, respectively. Lastly,
complementing diets with varying levels of
PLP and LMC enhanced renal, hepatic and
thyroid hormone activity.

3.4 | Intestinal bacteria

Table (5) showed the effect of dietary PLP
and LMC on gut bacteria in Japanese quail at
growing period. In our research, feeding PLP
and LMC supplementation enhanced the
healthy gut bacterial population (Lactobacillus
population), while dramatically lowering (P >
0.001) the harmful diverse microbial
population  (Salmonella and E. coli
population). Also, adding the PLP and LMC
to diets substantially increased the total

population  of intestinal  advantageous
Lactobacilli while decreasing the population
count of small intestine E. coli and

Salmonella, particularly in treatment fed diet
supplemented with 27 ppm LMC, which had
the least E. coli and Salmonella population
levels (4.73 and 4.99), respectively, and the
greatest Lactobacilli  population number
(7.13).

3.5 | Antioxidant capacity and immunity
Table (6) showed that both antioxidant
characteristics (T-AOC, GPx, and TBAR) and
immune response index were strongly (P <
0.001) affected by PLP and LMC therapies
compared to the control treatment. Birds fed
diets supplemented with PLP and LMC
recorded the best IgG, IgA, IgM, T-AOC and
glutathione  peroxidase, with  reduced
thiobarbaturic  acid-reactive ~ compounds.
Moreover, for T-AOC, GPx, TBAR, IgG,
IgA, and IgM, the better impact was proved in
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the treated group with LMC at 27 ppm, with
values of 1.54, 10.40, 0.86, 1201.41, 234.70,
and 115.71, respectively. In terms of TBAR
level, there was a substantial (P < 0.001)
variation preferring for 27 ppm LMC group
(0.86) over all different treatments, while, the
control group having the worst effect (1.45).
In general, increasing dietary PLP and LMC
rates enhanced values of immune index (IgM,
IgA, and IgG), T-AOC and GPx.
3.6 | Economical efficiency
As showed in Table (7), diets containing LMC
increased economical efficiency values
compared to the control group. Quails fed
diets supplemented with 27 ppm LMC had the
greatest value of economical efficiency
(165.16 %) followed by 22 ppm LMC (153.19
%), then the control and other groups. While,
the worst economical efficiency value was
recorded for  chicks  received  diet
supplemented by 17 ppm LMC (115.12 %)
and those in the control group (100 %). It can
be noted that 27 ppm LMC was the best diet
regarding to the economical point of view and
this result supported by the best performance
for quails.

4 | DISCUSSION
In the present study, birds fed a diet
supplemented with 27 ppm LMC and 2.5%
PLP have significantly higher trypsin and
amylase levels compared to the control group,
without any significant variance in lipase
levels in all treated groups. The increased
levels of digestive enzymes (trypsin and
amylase) may be due to PLP, which contains
a lot of active ingredients like oils that
enhance the production of endogenous
digestive enzymes, thus also enhancing the
effectiveness of poultry production (Cross et
al., 2007). The exiting study in the same line
with Mimica- Dukiae et al. (2003) discovered
that the medicinal effects of mint oil and other
bioactive components could increment
intestinal microbiota, total bile secretion, and
increment growth production and diet
consumption. Additionally, Nobakht (2011)
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reported that carvacrol enhancing pancreatic
secretions with increase the enzymes which
enhance absorption of more nutrients such as
amino acids and increasing digestion in the
digestive tract. The role of oils being in the
modulation of gut microbiota and that
increment nutrient utilization and enhancing
production in poultry (Bento, et al., 2013).
Furthermore, mint have functional compounds
can be increment feed digestion through of
stimulating digestive system, boost liver
function and rise secretion of  digestive
enzymes from pancreatic, which leads to
improves the metabolism of carbohydrates
and proteins (Mellor, 2000).

Concerning  nutrients  digestibility,  all
nutrients digestibility (ND) were significant
influenced by all studies groups. Where, birds
fed diets completed by 27 ppm LMC and
2.5% PLP showed higher ND for DM, OM,
CP, EE, CF, NFE, PR in comparison with
birds fed other diets. In this consideration,
essential oils and other main ingredients such
menthol in mint caused significant improving
in digestibility coefficients, this could be
because mint has antibacterial characteristics,
which restrict the damaging growth of
bacteria in the digestive tract, resulting in
enhanced absorption and digestion
(Movaseghi, 1990). The present findings in
agree with Spirling and Daniels (2001) who
showed that mint has a beneficial impact on
digestive process and can dramatically
increase feed consumption. Furthermore,
Khan et al. (2011) revealed that including
antioxidants in the diet protects pancreatic
tissue from oxidative damage and may
support the pancreas function properly which
increasing enzymes secretions and nutrient
digestibility.  Additionally, Radwan and
Abdel-Khalek (2007) explained that 0.5%
supplementation level of a herb mixture of
equal parts (sage, oregano, and sweet basal)
increased crypt depth, villi height and
absorption area, as well as increment
production of rabbits. Emami et al. (2012)

discovered that supplementing a broiler diet
with 400 mg/kg peppermint oil significantly
increased CP  digestibility. Meanwhile,
Khempaka et al. (2013) demonstrated that
experimental diet that includes 0.5-2.0%
peppermint powder had no negative
influences on DM, OM, and CF digestibility
or nitrogen retention in compare to the basal
diet. In contrast, Morshedy et al. (2019)
reported that various supplements on DM, CP,
OM, EE, and CF digestibility were not
significant when compared to the influence on
the control group. Clearly, all experimental
treatments have non-significant positive
influence in nutritive values for DCP and
TDN occurred in comparison with those of
the basal diet.

The exiting trial's findings revealed that birds
fed a diet accompanied with LMC at 27 ppm
presented the good LBW3gy, BWGio.33 and
FCR10.33 compared to control group with non-
significant difference in Flyp.3g values for all
experimental groups. Additionally, both
groups fed LMC at 27 ppm and PLP at 2.5%
recorded the best values in comparison with
control and nearly other treated groups.
Peppermint leaves have active components
(menthol and citral) have antioxidant and
antimicrobial properties, as well as the ability
to enhance absorption and digestion of feed

ingredients, which may have increment
performance  (Bupesh et al., 2007).
Furthermore, the beneficial effect of

peppermint leaves on rising daily weight gain
was due to its anti-inflammatory properties,
which enhanced the digestive system and
improved feed utilization (Ocak et al., 2008).
In the same trend, Abdel-Wahab et al. (2018)
found the same results in quails fed a diet
augmented with 3% peppermint. Similarly,
Abdel-Wareth, et al., (2019) found that the
addition of mint leaves at 5, 10, or 15 g/kg,
and menthol at 26, 52, or 78 ppm in chicks
diets improved weight gain compared to the
control, with a significant impact on the
conversion of digested feed into body gain
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and birds have better health. According to
Abbas et al., (2021) the final body weight of
quail birds fed diets containing of basil oil and
mint oil was greatly higher than that of the
control treatment birds. Prior researches in
chicks discovered that basil oil and mint oil
had a positive influence on body weight and
weight gain (Witkowska et al, 2019) and in
quails (Benchaar et al, 2007). In addition,
Alallawee, et al. (2020) found that birds fed
mint leaves (300 mg/kg diet) had a substantial
increase in live weight compared to the
control diet. The impact of peppermint's
various active ingredients on digestive
process, saliva production, bile acid synthesis
in the liver, and bile excretion, which
influences digestive process and fatty acid
absorption, which, may clarify the increment
in live weight and gains for treated groups
(Frankic et al, 2009). Furthermore, Lee et al.
(2003) found that oils of Mentha Piperita
stimulate the secretion of endogenous
digestive  enzymes,  which  increment
digestibility, and increases resistance against
pathogens bacterial population, all of which
can increment production. In contrast, Arab
Ameri et al. (2016) revealed that chicks fed
with 1% mint powder had lower average daily
gain. Similarly, Akbari and Torki (2014)
discovered that female broiler chicks fed mint
oils had no impact on average live weight or
gain. Also, Morshedy et al. (2019) revealed
that various supplements had no significant
impact on final live weight and gain of V-line
growing rabbits during the feeding trial
compared to control group.

Regarding to FI and FCR, birds given a diet
augmented with 27 ppm LMC have the best
FCR10-33 compared to control group with non-
significant difference in Flyo.3g values for all
experimental groups. In this respect,
peppermint leaves and menthol have many
useful compounds that improve feed
utilization and appetite caused increasing feed
consumption and improved feed conversion
ratio (Akbari et al., 2016). The current results
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in agreement with Emami et al. (2012) who
demonstrated that dietary supplementation
with mint oil at a level of 200 mg/kg DM in
broiler diets of enhanced FCR compared to
control treatment. Similarly, Arab Ameri et al.
(2016) demonstrated that consumed mint
powder  significantly  enhanced FCR.
Furthermore, Gole, et al. (2018) demonstrated
that the addition of organic acids, mint oil, or
their mixture resulted in significantly (P<
0.01) best FCR, with non-significant
variations in  feed intake. Moreover,
Alallawee, et al. (2020) reported that feed
consumption of broilers fed dried mint leafs
diets at 35 days of age was reduced with
improving in FCR compared to the control,
which may be due to menthol properties
(Lovkova et al., 2001). Similarly, Mimica-
Dukiae et al. (2003), used mint oil in broilers
diet and noticed an increment in bile secretion
yield, intestinal safety, enhanced growth with
reduction feed consumption, which all
resulted in a best FCR. Furthermore, adding
both of mint and basil powder (leaf or seed),
plant extracts and essential oil to broiler diets
increment feed consumption with improved
FCR (Riyazi et al., 2015 and Abbas et al.,
2021). El-Speiy et al. (2020) found that feed
conversion was improved without statistical
difference in feed intake compared to the
control treatment. In contrast, Abdel-Wareth,
et al. (2019) reported that feed consumption
increment with increasing mint powder and
menthol concentrations during study period,
with the better FCR.

In the present research, all serum biochemical
indices were significantly affected by feeding
PLP and LMC. Where, all serum biochemical
T. cholesterol, LDL, HDL, TG, creatine, uric
acid, AST, ALT, T3 and T4 were affected by
PLP and LMC supplemented diets. Birds
received a diet supplemented with 27 ppm
LMC showed enhanced total Chol, TG, LDL,
uric acid, creatine, ALT, AST levels with
better (higher) HDL, T3 and T4 levels
compared to the control group. This can be
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explained that, peppermint powder has a lot of
component phenolic and volatile phenolic
such as oils (menthone, menthol and
menthofuran) caused good impacts on all
serum biochemical indices, these substances
have antioxidative impacts that enhanced
quails health. The decrease in cholesterol
level could be caused by changes in the
intestine microorganism surroundings that
tends to increase lactic bacteria, which could
create an acidic environment for the intestine,
resulting in reduced lipid uptake in the
intestines (Ghazaghi et al., 2014). The present
findings of the lipids agreed with Arab Ameri
et al, (2016) who discovered that quails fed
mint oils enriched diets had lower serum
cholesterol.  This decrease could be
attributable to active compounds that have
inhibitory influence on hepatic reductase and
hepatic 3-hydroxy-3-methylglutaryl
Coenzyme A (HMG-CoA), which controls
cholesterol synthesis in liver. A beforehand
study demonstrated that natural components
in mint extract could reduce or inhibit
absorption of cholesterol by the digestive
tract, resulting in reduced blood cholesterol
and serum fat levels (Crossland, 1980).
Recently, Abbas et al., (2021) observed that
birds received diets augmented by mint oil
had dramatically lower TC compared to
control group. Similarly, Abdel-wahab et al.
(2018) noticed that quail chicks given diet
augmented with 3% peppermint had best
cholesterol with lower TG, LDL and AST
levels in comparison with control group. Ali
et al., (2007) showed that the reduction in
lipid and cholesterol could be attributed to the
influence of oil present in these herbal
ingredients on lipid accumulation.
Furthermore, El-Speiy et al. (2020) confirmed
that, the alternative therapies significantly
enhanced blood serum chlosterol, HDL,
triglyceride and LDL levels compared to
control. In contrast, Toghyani et al., (2010)
revealed that mint diet had no influence on
cholesterol amounts in chicken blood.

Furthermore, Riyazi et al. (2015) found that
broilers fed diets supplemented with 200, 400,
and 600 ppm basil oil had no influence on
blood lipid. In the same trend, Morshedy et al.
(2019) observed that various treatments had
no important impact on triglyceride, total
lipid, cholesterol, HDL, LDL, and VLDL
amounts compared to control treatment.
Regarding to T3 and T4, Alallawee, et al.
(2020) demonstrated that birds received diets
supplemented with 200 mg/kg of mint leaves
powder had highly influenced plasma T3 and
T4 levels. Where, the concentrations of T3
and T4 in broiler blood increased in in
comparison with other therapies. The reason
in improving thyroid hormones may be due to
peppermint contains polyphenolic
components that have significant antioxidant
properties (Dorman et al., 2003), and this may
be enhance thyroid activity by encouraging
the production of T3 and T4 from the thyroid
gland into chicken plasma which leads to
enhanced all performance parameters.
Furthermore, (Abdel- Latif et al. 2004) linked
the increment in performance and FCR for
birds fed thyme leaves to a raise in thyroid
action and the biological impact of such
natural herb in hormone biosynthesis and
metabolic activities. The above finding
contradicts Ahmadi (2010) who explored that
adding rapeseed meal to the diet did not
enhance T3 and T4 amounts in chicken
plasma.

Feeding the PLP and LMC-treated diets
substantially enhanced the population number
of small intestine favorable Lactobacilli while
decreasing the harmful population count of
small intestine E. coli and Salmonella,
particularly in the LMC (27 ppm) therapies.
The increase in useful bacteria and decrease in
harmful bacteria could be attributed to
polyphenols found in peppermint, which act
as antibacterial agents by adjusting the pH
within the digestive tract and improving the
intra-intestinal environment. Also, Flavonoids
and tannins that found in peppermint leaves
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and extracts act antibacterial agents, may also
be accountable for the decrease of total
microbial and E-coli count (Pramila et al,
2012). The present findings in the same line
with Abdel-Wahab et al. (2018) noticed that
adding mint at 3% and 1% to quail diets
improved Lactobacillus numbers  while
decreasing E- coli and Salmonella numbers
when comparison to those received diets
treated by avilamycin and the control group.
According to Darabighane et al. (2017) the
Lactobacilli population was enhanced in birds
fed a peppermint-aloevera combination, and
the antimicrobial activities of peppermint
essential oil are attributed with menthol (Iscan
et al. 2002). Furthermore, Abbas et al. (2021)
reported that there was a significant (P>0.05)
decrease in E. coli. bacteria number and
overall fungi  population, while, the
Lactobacilli numbers was substantially
enhanced in groups treated by BEO and PEO
compared to the control group. Additionally,
Kang et al. (2019) discovered that peppermint
essential oil (PEO) has antibacterial properties
against harmful bacteria such staphylococcus
aureus. Where, PEO caused damage the cell
membrane of S. aureus and that have a strong
inhibitory  influence on S.  aureus
formalization and in activating and removing
the mature biofilm formed by S. aureus.

In the existing study, all antioxidant indices
(T-AQC, GPx and TBAR), and
immunological indices were significantly
influenced by PLP and LMC treatments.
Where, diets containing PLP and LMC
enhanced values of immune responses (IgG,
IgA  and IgM), T-AOC, glutathione
peroxidase and decreased thiobarbaturic acid-
reactive substances as compared to the control
treatment. In this regard, peppermint has
antioxidant potential and therefore can combat
free radicals and oxidative stress and
enhancing the immune response (Fallah et al.,
2013).  Because antioxidants have been
demonstrated to combat many diseases,
peppermint, which has antioxidant property,
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may have defensive and improving impacts on
birds (Arab Ameri et al., 2016). Results in the
present experiment agree with El-Speiy et al.
(2020) who demonstrated that rabbits raised
through the Egyptian summer interval have a
substantial reduction in serum TAC compared
to control treatment. Where, VALex,
peppermint oil and their mixture addition
dramatically reduced the influence of stress
during the summer season, which reducing
plasma MDA concentration and substantially
improving TAC for treatments given
peppermint oil and AEVex compared to the
control treatment. Heat stress had a lower
impact on broiler performance and viability
when peppermint leaves or its active
components  were  used.  Phytogenic
supplements can enhance poultry tolerance
against heat stress and total antioxidant
capacity (Song et al., 2018).

In terms of immunological, Awaad et al.
(2010) observed that birds treated by 0.25 mL
of mint oils in drinking water increases levels
of antibodies against the Newcastle virus
vaccine. Additionally, Abdel-Wahab et al.
(2018) reported that peppermint addition
dramatically improved 1gG, IgA, and IgM
levels in quails. On another side, El-naggar
and El-Tahawy (2018) observed that chicks
augmented with mint had better 1gG levels.
Besides that, Morshedy et al. (2019)
demonstrated that birds treated by basil oils
and mint oils addition caused in numerical
adjustments in plasma IgG and IgM levels
compared to the control treatment.

In the current study, diets containing LMC
increased economical efficiency values in
comparison with control group. Quails fed
diets supplemented with 27 ppm LMC had the
greatest value of economical efficiency
followed by 22 ppm LMC than the control
diet and other treatments. In this regard,

peppermint has active ingredients, and
essential oils that can enhance nutrients
utilization, resulting in better economic

efficiency in broiler meat production (Amad
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et al., 2011). The -current findings are
consistent with those of (Abdel-Wareth, et al.,
2019), who found that peppermint leaves and
menthol dietary supplements substantially
enhanced the European  performance
efficiency factor (EPEF) and economic
efficiency values. Besides that, Abd El-Latif
et al. (2002) noted that the addition of
medicinal herbs as feed additives to the
Japanese quail diets tends to lowering feed
cost/Kg gain with the best percentage of
economical efficiency compared to the control
treatment. Abdo et al. (2003) obtained similar
results, reporting that the inclusion amounts of
medicinal herbs as feed additives in diets
recorded lower cost/kg gain, with best
percentage of economical efficiency when

compared to basal diet. Moreover, Hassan et
al. (2004) mentioned that the economical
efficiency value at seven weeks of age was
enhanced in chicks fed diets supplemented
with medicinal herbs as feed additives
compared to control treatment.
5| CONCLUSION

Supplementing quails diet with 27 ppm LMC
and/ or 25% PLP enhance nutrient
digestibility, digestive enzymes, productive
performance, lipid profile, kidney and liver
functions, thyroid hormones, antioxidant
parameters, immunological indices, intestinal
microflora count and economic efficiency.
Thus, LMC and PLP are able to encourage
growth and improve the health of Japanese
quail at growing period
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Table (1): Composition and analysis of experimental diets containing peppermint leaves powder
(Mentha piperita L.) and L-Menthol crystal during the growing period in Japanese quail.

Ingredients Control | PLP PLP PLP LMC LMC LMC
0.0% 1.5% |2.0% 2.5% | 17ppm 22ppm 27ppm
Corn, % 50.12 | 50.12 | 50.12 | 50.12 50.12 50.12 50.12
Soya bean meal, 44% 3753 | 3753 | 37.53 | 37.53 37.53 37.53 37.53
Wheat bran, % 3.00 1.50 1.00 0.50 3.00 3.00 3.00
Corn gluten, 60% 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Corn oil 1.90 1.90 1.90 1.90 1.90 1.90 1.90
L-Lysine 0.13 0.13 0.13 0.13 0.13 0.13 0.13
DL Methionine 0.11 0.11 0.11 0.11 0.11 0.11 0.11
L-Thrionine 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Calcium carbonate 1.63 1.63 1.63 1.63 1.63 1.63 1.63
Di calcium phosphate, 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Salt, NaCl 0.35 0.35 0.35 0.35 0.35 0.35 0.35
PLP 0.00 1.50 2.00 2.50 0.00 0.00 0.00
LMC 0.00 0.00 0.00 0.00 0.0017 0.0022 0.0027
Premix, poultry * 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.0017 | 100.0022 | 100.0027
Cost (P.T.) /Kg 940.8 | 959.3 | 966.8 | 978.3 939.3 940.1 940.8
Calculated analysis:**
Dry Matter, % 86.95 86.95 | 86.95 |86.95 |86.95 86.95 86.95
Crude Protein, % 24.00 24.04 | 24.05 | 24.07 | 24.00 24.00 24.00
M.E. kcal/kg 2900 2927 2936 2945 | 2900 2900 2900
Ether Extract, % 4.28 430 | 4.28 431 | 4.28 4.28 4.28
Crude Fiber, % 4.58 4.55 4.58 4.53 4.58 4.58 4.58
Calcium, % 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Phosphorus non phytate % 0.30 0.30 0.30 0.30 | 0.30 0.30 0.30
Lysine, % 1.30 1.29 1.29 1.29 1.30 1.30 1.30
Methionine, % 0.50 0.49 | 0.49 0.49 |0.50 0.50 0.50
Methionine + Cysteine, % 0.89 0.88 |0.88 0.87 0.89 0.89 0.89
Determined analysis:
Dry Matter, % 90.73 | 90.93 | 90.83 | 90.70 90.60 90.60 90.60
Crude Protein, % 24.03 | 23.93 | 2350 | 24.07 23.73 23.47 23.83
Ether Extract, % 4.70 4.53 4.77 4.30 4.63 4.77 4.53
Ash, % 5.60 5.43 5.73 5.43 5.60 5.60 5.27
Crude Fiber, % 4.16 4.27 4.60 4.17 4.40 4.43 4.27
NFE, % 5224 | 52.77 | 52.23 | 52.73 52.23 52.33 52.70

* Each 3.0 kg of premix supplies one ton of the diet with: Vit. A, 12000000 I.U; Vit. E, 10g; *Vit. D3,
2500000 I.U; Vit. K3, 2.5g; Vit.B1,1g; Vit.B2,5g; Vit.B6,1.5¢g; Vit.B12,10g; Biotin 50mg; Folic acid, 1g;
Nicotinic acid, 30g; Capantothenate, 10g; Zn, 55¢g; Cu, 10g; Fe, 35¢g; Co0,250mg; Se, 150mg; I, 1g;
Mn,60g; and antioxidant, 10g.

** According NRC, 1994.
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Table (2):

Effect of dietary peppermint leaves powder (Mentha piperita L.) and L-
Menthol crystal on digestive enzymes, nutrients digestibility (%) and protein retention
during growing period in Japanese quail.

Items Control | PLP PLP PLP LMC LMC LMC |[SE |P-
Treat. | 0.0% 1.5% 2.0% 2.5% 17ppm | 22ppm | 27ppm value

Digestive

Enzymes

Amylase U/L | 485.50° | 573.70%® | 601.00* | 670.00° | 594.70° |631.60* | 674.90% | 33.88 | 0.0035

Lipase U/L 79.20 | 96.70 | 98.80 99.40 | 93.80 99.30 99.80 |7.29 |0.4142

Trypsin U/L | 125.22° | 15457 | 157.64° | 188.78% | 156.21°* | 168.93%"° | 191.72% | 10.79 | 0.0008

Digestibility

Coefficients

DM 68.93" | 69.64% | 72.20"° | 73.16® | 66.59° | 72.93* | 74.95° | 1.81 | 0.0500

oM 71.66° | 74.18™ | 74.73" | 75.48° | 73.36° | 76.56® | 79.68* | 1.12 | 0.0020

CP 82.65° | 86.62° | 87.99% | 89.33* | 88.29% | 88.65° | 89.90° | 0.77 | 0.0001

EE 74.15° | 74.35° | 74.64° | 75.83° | 75.69° | 76.61° | 79.65* | 0.90 | 0.0049

CF 31.53% | 35.75% | 42.24%° | 43.74% | 37.83" | 40.90%*° | 46.61% | 2.33 | 0.0031

NFE 73.81° | 77.14* | 77.92* | 77.76% | 73.10° | 77.21% | 79.59% | 0.95 | 0.0009

PR 73.65° | 75.12" | 75.80" | 78.06% | 75.13° | 77.11"° | 81.14* | 1.12 | 0.0028

Abbreviations: DM: Dry Matter, OM: Organic Matter, CP: Crude Protein, EE: Ether Extract, CF: Crude
Fiber, NFE: Nitrogen Free Extract, PR: Protein retention, SE: Standard Error, PPM: Part Per Million,
PLP: Peppermint leaves Powder, LMC: L-Menthol Crystal, a-d: Means within the same row with
different superscript.

Table (3): Effect of dietary peppermint leaves powder (Mentha piperita L.) and L-Menthol
crystal on growth performance in growing Japanese quail.

Items Control | PLP PLP PLP LMC |LMC |LMC |SE |P-
0.0% 1.5% 2.0% 2.5% 17ppm | 22ppm | 27ppm value
eat.
Initial LBW | 60.45 60.36 | 60.40 60.30 |60.14 |59.93 [60.88 |0.33 |0.5985
LBW38d, g | 245.65° | 257.21 | 257.42° | 263.45 | 255.57% | 265.54" | 273.42% | 2.29 | 0.0001
BWG10-38,g | 185.20° | 196.85° | 197.02°° | 203.15° | 195.43" | 205.61° | 212.54% | 2.23 | 0.0001
F110-38,g | 650.73 |652.49 |655.87 |656.26 |655.99 |656.38 |656.28 |3.36 | 0.8361
FC 10-38 3.64° 3.34¢ 3.29¢ 3.26° 3.48° |3.12° [3.02 |0.05 |0.0001
Abbreviations: LBW: Live Body Weight, BWG: Body Weight Gain, Fl: Feed Intake, FCR: feed

conversion ratio, SE: Standard Error, PPM; Part per Million, PLP: Peppermint leaves Powder, LMC: L-
Menthol Crystal,
% Means within the same row with different superscript.
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Table (4): Effect of dietary peppermint leaves powder (Mentha piperita L.) and L-Menthol

crystal on lipid profile, kidney, liver functions and thyroid Hormone in growing Japanese quail.

Items Control | PLP PLP PLP LMC |LMC |[LMC |SE |P-
Treat. | 0.0% 1.5% 2.0% 2.5% 17ppm | 22ppm | 27ppm value

lipids profile

Total chol. mg/dL | 280.90% | 233.40° | 217.70° | 198.60°° | 224.50°° | 210.00™ | 192.80° | 12.38 | 0.0001

TG, mg/dL 232.90* | 188.90* | 167.00% | 153.10° | 161.90° | 146.10° | 136.60° | 22.17 | 0.0591

HDL, mg/dL 38.30° | 43.10% |45.70° |47.10* |47.90° |48.90*° |49.50° |2.23 |0.0099

LDL, mg/dL 169.25% | 161.11% | 142.55% | 139.77% | 142.71% | 132.94% | 118.16° | 12.73 | 0.1151

Kidney

functions

Uric, mg/dL 4.06° |3.16° 2.70° 2.69° 2.69° 2.50° 2.53° [0.23 |0.0001

Creatine, mg/dL | 0.43* | 0.33" [0.32° 0.29° 0.34° 0.28" 0.28" |0.02 |0.0008

liver functions

ALT, U/L 2.55° 1.94° 1.89° 1.82° 2.09®° [1.95° 1.81° [0.16 |0.0328

AST, U/L 383.90* | 245.70° | 217.00° | 188.00° | 217.80° | 189.70° | 186.50° | 22.70 | 0.0001

Thyroid

Hormones

T3 30.04° [36.15% [38.53* [39.52% |[35.39° [37.87%° [39.07%° |1.63 [0.0016

T4 2.07° 2.34% | 2.42° 2.43° 222 238" |242° |0.10 |0.1135

Abbreviations: Total Chol: Total Cholesterol, TG: triglycerides, HDL: High-density lipoprotein, LDL:
Low-density lipoprotein, ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, SE:
Standard Error, PPM: Part per Million, PLP: Peppermint leaves Powder, LMC: L-Menthol Crystal,
¢ Means within the same row with different superscript.

Table (5): Effect of dietary peppermint leaves powder (Mentha piperita L.) and L-Menthol

crystal on intestinal bacterial count in growing Japanese quail.
Items Control | PLP PLP | PLP LMC |LMC |LMC |SE |P-
Treat. 0.0% 1.5% [2.0% |2.5% | 17ppm | 22ppm | 27ppm value
E.coli log 10 cfug 6.20° 557 [5.00°|4.89™ [544° [4.93 [4.73° [0.22 |0.0002
Salamonella log 10 cfug | 6.70° 5.95* | 551°[5.02° |6.07* |5.34™ |4.99° |0.27 |0.0002
Lactobacillus log 10 cfug | 4.98° |5.30° |6.17° |6.58® |549° |6.41° |7.13* |0.20 | 0.0001
Abbreviations: SE: Standard Error, PPM; Part per Million, PLP: Peppermint leaves Powder, LMC: L-

Menthol Crystal,
a-c: Means within the same row with different superscript,
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Table (6): Effect of dietary peppermint leaves powder (Mentha piperita L.) and L-Menthol
crystal on antioxidant parameters and immune response in growing Japanese quail.
Items Control | PLP PLP PLP LMC LMC LMC SE P-value
Treat. | 0.0% 1.5% 2.0% 2.5% 17ppm 22ppm 27ppm
Antioxidant
Parameters
T-AOC pgg 0.87° 1.21% 1.38% 1.48° 0.99% 1.40° 1.54° 0.10 | 0.0001
GSH-PX pgg | 6.32° 7.74® 9.53° 10.30° 7.71% 9.32° 10.40° 0.98 | 0.0335
TBARS pgg 1.45° 1.26% 1.07° 0.92¢ 1.21%° 0.98% 0.86" 0.08 | 0.0001
Immune
Response
IgG 996.73% | 1131.24™ | 1161.80™ | 1194.33® | 1125.18° | 1176.99® | 1201.41° | 21.99 | 0.0001
IgA 145.37° | 187.79 | 204.23 | 22557% | 174.86° | 209.97* | 234.70* | 9.63 | 0.0001
IgM 87.37° 97.66" 103.20™ | 108.38° | 99.42* | 105.74" | 11571° | 1.77 | 0.0001
Abbreviations: T-AOC: Total Antioxidant Capacity, GSH-PX: Glutathione Peroxidase TBARS:
Thiobarbaturic Acid- Reactive Substances, IgG: Immunglobin G, IgA: Immunglobin A, IgM:
Immunglobin M, SE: Standard Error, PPM: Part Per Million, PLP: Peppermint leaves Powder, LMC: L-
Menthol Crystal,
#¢: Means within the same row with different superscript.
Table (7): Effect of dietary peppermint leaves powder (Mentha piperita L.) and L-Menthol
crystal on economical efficiency of growing Japanese quail.
Items Control | PLP PLP PLP LMC LMC LMC
Treat. | 0.0% 1.5% 2.0% 25% | 17ppm | 22ppm | 27ppm
Av. Feed intake, Kg feed/ Kg a 3.64 3.34 3.29 3.26 3.48 3.12 3.02
Price Kg feed (P.T.) *b 940.8 959.3 966.8 | 978.3 | 939.3 940.1 940.8
Total feed cost C= (axb) 3,425 3,204 3,181 | 3,189 | 3,269 2,933 2,841
Price / one Kg gain** d 5000 5000 5000 5000 5000 5000 5000
Net revenue (P.T) =d-c=e 1,575 1,796 1,819 | 1,811 | 1,731 2,067 2,159
Economic efficiency *** (e/c) 0.460 0.561 0.572 | 0.568 | 0.530 0.705 0.760
Relative efficiency **** 100 121.86 124.34 | 123.41 | 115.12 | 153.19 | 165.16

* Based on average price of diets during the experimental time. ** According to the local market price at
the experimental time. *** Net revenue per unit feed cost. **** Assuming economic efficiency of control

group equal 100.
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