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ABSTRACT

Herbs greatly influence broiler chickens’ performance and may alternate the use of antibiotics in the poultry
sector. The study investigated the effects of local natural herbs on Ross 308 broiler chickens’ physical
characteristics and meat quality. A total of 702-day-old broiler chickens were divided into two trials consisting
of 13 treatment groups fed 11 diets. Treatments included control groups (CGla and CGIb); Basal diet (BD)
free of antioxidants and antibiotics, and CGlla, CGllb; BD complemented with antioxidants and antibiotics,
and experimental groups (EG); EGIII (1% peppermint + BD), EGIV (1% thyme + BD), EGV (0.5%
peppermint + 0.5% thyme), EGVI (1% rosemary + BD), EGVII (1% chamomile flowers + BD), EGVIII (0.5%
rosemary + 0.5% chamomile), EGIX (1% onion powder + BD), EGX (1% garlic powder + BD), and EGXI
(0.5% onion powder + 0.5% garlic powder). Maximum and minimum feed intake averages were in EGV and
EGIIl (94.90 and 77.74 kg/group, respectively). Live body weight gains of both EGVI and CGlla were
significantly higher than EGIV, EGVIII, and CGla. Chicks of EGVIII showed the lowest net weight
percentage in relation to live body weight (carcass yield). Breast meat pH ranged between 5.26 and 6.14 (in
EGVII and EGIV, respectively) 24 hours after cooling, and between 5.86 and 6.11 (in CGla and EGVI,
respectively) one month after freezing. Breast meat lightness was significantly higher in EGVI than EGVIII at
24 hours after cooling, and it was the highest in EGVI 1 month after freezing. Breast meat redness was the
highest in CGlla at 24 hours after cooling. EGIX showed a significantly higher redness value one month after
freezing than EG X, CG Ib, and CG Ilb. Yellowness ranged between 7.58 and 13.54 for EGX and CGla,
respectively, 24 hours after cooling, and between 8.29 and 13.95 a month after cooling for EGX and EGV,
respectively. Tested herbs had comparable effects to antibiotics on chicken growth and meat quality.
Rosemary (1%) had an ameliorative effect on chickens’ body growth. Chamomile (1%) as well as thyme and
peppermint mix (0.5% each), improved the palatability for feed.
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INTRODUCTION

The poultry industry’s current goals are to improve the
well-being of chickens and reduce the negative
environmental effects. Regarding price and organoleptic
qualities, broiler meat ought to be of adequate nutritional
quality and palatable to the majority of consumers.
Chick’s growth and/or laying capacity augmented, the
diseases were reduced and prevented, and the feed
exploitation improved due to the use of feed additives.
However, these additives were mainly antioxidants,
antimicrobials, emulsifiers, enzymes, and pH control

agents in poultry diets. Criticism is being directed at the
use of antibiotics as growth enhancers, as reported by lji et
al. (2001) and Issa and Abo Omar (2012). Antibiotic
resistance limits the use of antibiotics in microorganisms
and drug residues in meat (CAFA, 1997). The elimination
of antibiotics from chicken diets led to poor performance
and increased susceptibility to diseases. Therefore, efforts
were undertaken to discover other solutions to these
problems. The European Union (EU) has also prohibited
the use of antibiotics as growth promoters (Castanon,
2007), and research was done to find effective alternatives
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for use in chicken. In case of poor management, herbs and
herb extracts showed promise as natural feed additives and
alternatives in flocks (Cross et al., 2003; Lewis et al.,
2003; Hernandez et al., 2004) and have antioxidative and
antibacterial effects on animals (Odoemelam et al., 2013).
For instance, rosemary (Rosemarinus officinalis) has
antimicrobial properties and stimulating effects on the
digestive system (Al-kassie, 2008). The presence of
thymol and carvacrol Thyme (Thymus vulgaris) has
antibacterial and antioxidant properties (Wareth-Abdel et
al., 2012). Active compounds of chamomile (Matricaria
chamomilla)  flowers increase resistance against
microorganisms and improve final body weight gain
(Mahmmod, 2013). Peppermint (Mentha piperita) added
to basal diets enhanced feed conversion and broiler
appetite (Ocak et al., 2008). Onion (Allium cepa L.) and
garlic (Allium sativum L.) plant parts contain compounds
that have antibacterial and antifungal properties (Goodarzi,
2013). Poultry production is one of the major components
of the Lebanese agricultural sector (Darwish, 2003), and
antibiotic use is needed to reduce production costs and
produce healthier meat to meet European standards.
Therefore, the current research aimed to investigate the
effects of feeding broiler chickens with peppermint meals,
rosemary, chamomile, thyme, garlic, and onion powders
on performance, carcass traits, breast cuts, and physical
quality during the growing period.

MATERIALS AND METHODS

Ethical approval

The research was approved by the Bioethics
Committees of the Lebanese University, Faculty of
Agriculture, Department of Animal Production, and the
University of Forestry, Sofia, Bulgaria. and strictly
conformed with the internationally accepted standard
ethical guidelines for laboratory animal use and care as
described in the European Community guidelines; EEC
Directive 86/609/EEC, of November 24, 1986.

Population under test

A total of 702 one-day-old unsexed broiler chickens
(Ross 308 breed) were used for 31 days in an opened
poultry house in Lebanon. From day one to day 10 of age,
chicks were placed under an artificial gas brooder located
at a height not exceeding 1 m above floor level. A circular
cardboard guard of 40 cm in height was used to keep the
chicks inside. Chicks were receiving continuous light for
24 hours. The house was supplied with 75W Tungsten
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pulp lamps and adjusted to achieve light intensity between
5-10 lux at floor level.

The experiment consisted of two trials conducted at
two different timings; the first trial on 432 chickens and the
second trial on 270 chickens. In both trials, chicks were
exposed to the same experimental conditions. The first trial
investigated the effects of peppermint, thyme, chamomile,
and rosemary, whereas the second one studied those of
garlic powder and onion powder. In the first trial, chicks
were randomly distributed among eight separate groups
(treatments) of 54 chicks each and three replicates per
group (18 chicks in each replicate). In the second trial,
they were divided into five distinct groups (treatments) of
54 chicks each and three replicates per group (18 chicks in
each replicate). Each group was provided approximately 5
m? of floor space.

All chicks were vaccinated against Gumboro disease
(at days 10 and 20) via drinking water within two hours
after the chickens were kept thirsty (Nobilis® Gumboro
D78, MSD, Netherlands). Moreover, chickens were
vaccinated against Infectious Bronchitis disease (Nobilis®
IB Ma5, MSD, Netherlands) via drinking water (on day
15) and against Newcastle disease (Newcastle Disease
Vaccine N-63, MSD, Netherlands) via drinking water (on
day 20).

Feeding at starter period

During the starter period, all chicks received the
same starter basal ration of commercial broiler starter diet
(230 g CP/kg and 13.1 MJ ME/Kkg, Table 1) labeled and
guaranteed by the manufacturer based on yellow corn-
soybean meal mixture mash for 19 days (starting period)
with neither addition of antibiotics and antioxidants nor
herbs and spices.

Feeding at grower period

From day 20 to day 31, chicks were fed a
commercial broiler grower diet (210 g CP/kg and 13.4 MJ
ME/Kkg, Table 1) supplemented or not with the predefined
herbs. Basal diets (BD) were formulated to meet minimum
nutrient requirements established by the NRC (1994).
Therefore, trial one consisted of eight treatment groups,
including control groups (CGla: BD free of antioxidants
and antibiotics, and CGlla: BD supplemented with
antioxidants and antibiotics), and experimental groups
(EGIII: 1% peppermint + BD, EGIV: 1% thyme + BD,
EGV: 0.5% peppermint + 0.5% thyme, EGVI: 1%
rosemary + BD, EGVII: 1% chamomile flowers + BD and
EGVIII: 0.5% rosemary + 0.5% chamomile).
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Trial 11 consisted of five groups, including control
groups (CGlb: BD free of antioxidants and antibiotics, and
CGllb: BD supplemented with antioxidants and
antibiotics) and experimental groups (EGIX: 1% onion
powder + BD, EGX: 1% garlic powder + BD, and EGXI:
0.5% onion powder + 0.5% garlic powder).

Recorded indicators

Live body weight gain (LBWG) of chicks was
recorded every time the feeding phase was changed using
a digital balance (+ 0.01g): at 19 days of age, marking the
end of the growing period, and at 31 days, referring to the
end of the finishing period on the total number of chicks of
each group, then the average value of LBWG was
calculated for each group. Feed intake (FI) was recorded
to calculate feed conversion ratio (FCR) as follows:
FCR=FI/LBW.

From each replicate of each group, three chicks aged
31 days of age were selected and left to fast for 24 hours
and then weighed before and after slaughter, where they
were left to completely bleed, after which the feather was
manually plucked, and the troops eviscerated to obtain the
net weight to live body percentage (Ragaa et al., 2016).

Post mortem breast muscle pH was measured at the
two-time interval, 24 hours after cooling (4°C) and a
month after freezing at (-5°C) using a portable pH meter
(Adwa AD 131 Ph/mV Meter), equipped with a Piercing
Tip Micro Probe. Each sample was measured in triplicate

by direct insertion of the probe at 1-inch-deep in the
muscle, and the average pH value was calculated for each
treatment.

A whole piece of breast meat was evaluated for color
in triplicates at 24 hours after cooling (4°C) and 1 month (-
5°C) after freezing using the Hunter Lab colorimeter
(ADCI-60-C instrument). The color of the breast meat was
evaluated using the CIE color system, including L*
(lightness), a* (greenness and redness), and b* (blueness
and yellowness). All measurements were carried out on
the surface of the scallop, in an area free of color defects
(bruises, blood spots, and hemorrhages).

Left raw breast muscles were individually weighed
at 24 hours post mortem, then they were reweighed after
blotting dry by a paper towel. The samples were then
placed in sealed polyethylene plastic bags, vacuum-
packaged, and stored in a chiller at 4°C. The drip loss was
calculated as a percentage relative to the initial muscle
weight.

Drip loss (%) = ([Weight before treatment - weight
after treatment] / weight before treatment) x 100.

Statistical analysis

One-way analysis of variance was conducted using
“statistical 10 software” to evaluate significant differences
between treatments and replicate means. The significance
level was set at p < 0.05. The means (X) and standard
deviation are used to display the results (SD).

Table 1. Recommended composition and nutrient content of the basic commercial diet

Nutrient Starter diet (0-19 days of age) Grower diet (20 to 31 days of age)
Energy (Kcal) 3100 3200
Protein (%) 215 195
Calcium (%) 0.87 0.79
Phosphorus (%) 0.435 0.395
Sodium (%) 0.16-0.23 0.16-0.20
Methionine (%) 0.51 0.47
Methionine+ cysteine (%) 0.99 0.91
Lysine (%) 1.29 1.16
Vitamin E (mg) 65 55
Vitamin B2 (mg) 6.5 54
Vitamin B12 (mg) 0.017 0.011

The diet is balanced based on NRC (1994), and recommendations of Ross 308 guideline (Aviagen, 2014)

RESULTS AND DISCUSSION

Daily observations revealed no health issues with the
chicks. The chickens had strong legs, good size, and no
signs of illness or inadequate nutrition. Among the 702
studied chickens, a total of 55 (7.83%) mortalities were
recorded. However, a remarkable mortality rate was
recorded in EGX (25.45%), where the diet fed to the
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chickens was supplemented with garlic. EGVII, EGVIII,
CGlb, and CGllb showed the lowest mortality rate
(1.82%), followed by EGV (3.64%), EGIII, EGIV and
CGla (5.45%), CGlla (7.57%), EGVI (10.91%), EGXI
(12.73%), and EGIX (14.55%). Since all chickens were
fed the same basic diet free of antibiotics and antioxidants,
management and breeding practices can be blamed for the
mortality rate. According to Yassin et al. (2009),
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management parameters adopted at breeder farms,
including the breeder age, strain, and feed company, and at
hatcheries, such as the management of egg storage and
hatching, are related to mortality at broiler farms. Besides,
the quality of the day-old broiler directly impacts a chick’s
chance of survival. Different factors affect the quality of
day-old chick, such as breeder age and genetic line, egg
storage conditions and weight, and incubation conditions
(Decuypere et al., 2001; Tona et al., 2004).

The collected data showed that combining
peppermint with thyme (EGV) resulted in the highest FI

(94.90 kg/group, Table 2). Feed intake was also high
(92.29 kg/group) when the chickens were fed with
chamomile (EG VII). Moreover, chickens of groups
EGIII, EGIV, and EGX showed the lowest values of FI
(77.74, 77.87, and 77.89 kg/group, respectively). Feed
conversion was inferior in EGX (1.72) and EGXI (1.68),
compared to the remaining groups. The most effective
FCR values were in EGIV (1.29) and EGVI (1.3). At the
end of the starter period (19 days old), the average feed
intake (FI) of the chickens was 657.14 g/chicken. The
chickens’ appetite was consistent among all groups.

Table 2. Feed intake and feed conversion ratio at 1-31days of age in Ross 308 broiler chickens

Group

Feed intake (kg) Feed conversion ratio

EGIII (1% peppermint + BD)

EGIV (1% thyme + BD)

EGV (0.5% peppermint + 0.5% thyme)

EGVI (1% rosemary + BD)

EGVII (1% chamomile flowers + BD)

EGVIII (0.5% rosemary + 0.5% chamomile)

EGIX (1% onion powder + BD)

EGX (1% garlic powder + BD)

EGXI (0.5% onion powder + 0.5% garlic powder)

CGla (BD free of antioxidants and antibiotics)

CGlb (BD supplemented with antioxidants and antibiotics)
CGlla (BD free of antioxidants and antibiotics)

CGlIb (BD supplemented with antioxidants and antibiotics)

77.74 1.36
77.87 1.29
94.90 1.59
83.02 1.30
92.29 1.63
88.21 1.53
80.92 1.50
77.89 1.72
86.92 1.68
88.49 1.54
88.35 1.49
82.89 151
79.69 1.41

BD: Basal diet, CGI: Control groups in trial I, CGlI: Control groups in trial I, EG: Experimental group

These findings are at odds with those of Langhout
(2000), Kamel (2001), Williams and Losa (2001), and
Hernandez et al. (2004), who claimed that increased feed
intake is attributed to the enticing effects of borneol, the
active ingredient of rosemary. However, Panda (2005),
Santurio el al. (2007), and Windisch et al. (2009)
supported the findings of the current study by reporting
that chamomile enhances FI because of its active
components; coumarin glycosides, azulene, flavonoids,
and fatty acids possess sedative, anti-inflammatory,
antiseptic, and carminative activities. Improvement of
LBWG and FCR for chickens fed diets containing one
percent each of peppermint and rosemary was consistent
with those reported by Al-Kassie (2008). It also supports
the findings of Ertas et al. (2005), who found that adding
200 ppm of an essential oil mixture made of oregano,
clove, and anise to broiler feed increased LBW and FCR
in comparison to control groups. Rahimi et al. (2011)
claim that thymol, carvacolo, borneol, and geraniol, the
volatile components of thyme, increase enzymes and
endogenous hormones’ secretion, which in turn affect
broiler performance when plant extracts are added
(amylase and chymotrypsin). This will increase the
intestine’s absorption rate, which will benefit the FCR
(Feizi et al., 2013). According to Amouzmehr et al.
(2012), the broilers’ performance in terms of feed intake,
weight gain, and feed conversion ratio were unaffected by
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the addition of thyme. According to Goodarzi et al.
(2013), diets supplemented with onions decreased feed
conversion compared to those supplemented with
antibiotics.

The highest numerical results concerning LBWG
(Figure 1) were obtained in EGVI supplemented with
rosemary and CG lla, where antibiotics and antioxidants
were added to the basal diet. LBWG results of both groups
were significantly higher (p < 0.05) than EG 1V (1061.41
+ 63.82 g), EG VIII (1048.3 + 30.36 g), CG la (1073.1 +
191.25 g). This may be because the active substances in
rosemary green meal inhibit the overgrowth of harmful
intestinal microorganisms and increase the activity of the
thyroxin hormone, which speeds up the biochemical
reactions and metabolites of nutrients (Mahmmaod, 2013).
These effects have a positive impact on the health and
productivity of poultry. This confirms the findings of
Kolacz et al. (1997), Al-Kassie (2008), Osman et al.
(2010), and Sarker et al. (2010), which demonstrated an
improvement in LBW as a result of the primary
ingredients of herbs and essential oils, responsible of the
majority of the antimicrobial activity (Abaza, 2003; Cross
et al., 2007). Additionally, Spernakova et al. (2007)
observed that the addition of rosemary powder at 500
mg/Kkg in the poultry diet resulted in a larger body weight
gain.
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Carcass yield in EGVIII was significantly lower (p <
0.05) than in all remaining groups (around 63.77%, Figure
2). For the edible organs and carcass yield, the result of
this experiment matched those of Sarica et al. (2005),
indicating that the effects of the supplementation of thyme
powder did not significantly differ on the weights of
internal organs, such as heart and liver.

Breast meat pH 24 hours after cooling and one
month after freezing were assessed for all the studied
groups, and the results are reported in figures 3 and 4,
respectively. There was a remarkable significant
difference (p < 0.05) in meat pH 24 hours after cooling at
the level of EGVII whose chickens were fed a basal diet
supplemented with chamomile, with pH (5.26 = 0.16)
being the lowest among all groups. It is well-known that
chicken carcasses’ pH changes during rigor mortis.
Glycolysis, lactic acid production, and muscle oxygen
liability reduction all contribute to the abrupt pH drop.
This outcome is consistent with Schreurs (2000) findings.
According to Olivo (1999), a low rate of pH fall
throughout the slaughter process shows that the animals
are not under stress, which is frequently correlated with
increased meat softness (Ali et al., 1999). As shown in
Figure 4, there were no significant differences in pH
across the tested groups a month after freezing, which is
consistent with the research conducted by Sang-Oh et al.
(2013), who found that the pH of chicken flesh did not
alter significantly among groups fed various herb extracts.

Lightness (L*), redness (a*), and yellowness (b*)
were all assessed for the experimental groups 24 hours
after cooling and a month after freezing.

Lightness measured 24 hours after cooling of
EGVIII (51.13 + 2.76) whose chickens were fed with a
basal diet supplemented with a combination of rosemary
and chamomile was significantly lower (p < 0.05) than the
lightness of EGVI where rosemary was added only to the
basal diet of the chickens (58.43 + 1.9, Figure 5). After 1
month of freezing, EGVI showed a high L* value (53.43 +
1.73), significantly differing from EGX (45.9 + 0.43), EG
X1 (46.46 + 0.58), CG Ib (46.24 + 0.66), and CG Ilb
(46.32 + 0.57, Figure 6). Moreover, EG X and EG XI
showed significantly lower L* values (4.59 + 0. 43; 46.46
+ 0.58), respectively, as compared to EGVI (53.43 + 1.73),
CGla (52.33 + 0.07), and CGlla (51.62 = 0.17). In
addition, CGla (52.33 £ 0.07) and CGlla showed higher
significantly different L* values than CGlb (46.24 + 0.66)
and CGllb (46.32 + 0.57, p < 0.05).

Obtained results of redness measured at 24 hours
post mortem did not differ significantly among all the
treatments (p < 0.05, Figure 7). However, the highest
redness value was obtained in the positive control group
CG Ila (8.33 + 0.1), whereas the lowest values were in
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EGVII (6.39 + 0.5) and EGVIII (6.39 * 0.2). The chickens
of EGIX showed a significantly higher (p < 0.05) a* value
(9.91 = 0.91) than EGX (6.57 = 052), CGlb (7.25 + 0.68)
and CGllIb (7.1 + 0.73). Moreover, a* value obtained for
EGX was significantly lower (p < 0.05) than those of
EGIX (9.91 + 0.91), CGla (9.37 £ 0.19, and CGlla (10.27
+ 0.31) as shown in Figure 8.

As for yellowness, chickens belonging to EGIX
(8.95 £ 0.51), EGX (7.58 £ 0.7), EGXI (8.31 = 0.56),
CGIb (8.41 £ 0.51) and CGlIb (8.45 = 0.42) showed
significant differences when compared to EGIII (12.9 +
0.24), EGIV (12.1 = 0.08), EGV (12.41 £ 0.19), EGVI
(12.84 = 0.03), EGVII (13.62 £ 0.06), EGVIII (12.07
0.06), CGla (13.54 + 0.22) and CGlla (11.57 + 0.65,
Figure 9).

According to yellowness variation, samples frozen
for 1 month significantly differed from each other (p <
0.05, Figure 10). Chickens of EGV showed a significantly
higher (p < 0.05) b* value (13.95 % 0.15) than EGVIII
(10.93 + 0.68), EGIX (10.87 £ 0.45), EGX (8.29 £ 0.55),
EGXI (9.27 £ 0.59), CGIb (9.01 + 0.34) and CGlIb (9.00
+ 0.44). Moreover, yellowness of EGX (8.29 £ 0.55),
EGXI (9.27 £ 0.59), CGIb (9.01 + 0.34) and CGlIb (9.00
+ 0.44) were significantly lower (p < 0.05) than b* of
EGIII (12.7 + 0/06), EGIV (12.58 + 0.32), EGV (13.95 +
0.15), EGVI (12.91 £ 1.11) and EGVII (12.88 + 1.27).

One of the main criteria used to assess the quality of
meat is the color of the flesh, a sensorial quality that
highly influences the consumers’ acceptance of meat
(Listrat et al., 2016). Lightness value is particularly
significant in white muscles and is connected to pH and
drip loss. Lightness value is the primary factor influencing
the color of poultry flesh, according to Barbut (1997). The
ideal lightness range (L*) for poultry fillets is between 49
and 50. While fillets with values above that range are
lighter in color and have low pH (pH 5.6), those with
values below that range are darker and have high pH (pH
> 5.9). In the current study, among color indicators, only
a*(redness) was affected by herbs added to the diet; at 24
hours after cooling, it was lower than control (CGlla)
following the addition of peppermint, thyme rosemary and
chamomile, and one month after freezing it was higher
than control (CGlb and CGlIb) following the addition of
onion powder to the diet. Earlier, Tashla et al. (2019)
reported a non-significant difference in meat color (L*, a
*, and b*) as a result of diet supplementation with garlic.
On the other hand, Kirkpinar et al. (2014) found that diet
supplementation using garlic oil did not affect the pH
and yellowness of breast meat, but it significantly
decreased its meat’s lightness. Keokamnerd et al. (2008)
reported non-significant changes in meat redness due to
dietary supplementation with rosemary. Supplementation
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of diets with thyme oil significantly affected redness
values but did not affect the lightness and yellowness of
breast fillets (Aksu et al., 2014). It was reported that the
effects of supplementation of Echinacea purpurea, Nigella
sativa, and their combined application on the meat color of
broiler chickens are lower in L* than the control group
(Nasir, 2009). Barbut (1997) found that L* (lightness)
value was significantly higher in the cinnamon powder
groups than in the control group, but there was no
significant difference in a* (redness) and b* (yellowness)
values among groups. Overall, the variation between L*
and a* and b* values reflect the broad distribution of
muscle pH values and myoglobin content in broiler breast
meat, respectively (El Rammouz et al., 2004).

Drip loss measured 24 hours after cooling showed
that chickens belonging to EGIV was significantly (p <
0.05) lower (1.6 + 0.02%) than EGIII (3.17 + 0.04%),
EGV (3.24 £ 0.05%), EGVI (2.94 £ 0.12%), EGVII (3.4 £
0.05%), CGla (2.63 £ 0.07%) and CGlla (3.16 + 0.07%).
EGVII whose chickens received chamomile as feed
additive showed a significantly (p < 0.05) higher (3.4 £
0.05%) yellowness than EGIV (1.6 + 0.02%), EGVIII
(2.28 £ 0.13%), EGIX (2.37 £ 0.3%), EGX (2.3 £ 0.47%),
EGXI (1.8 + 0.2%), CGlb (2.15 £ 0.17%) and CGlIb (2.1
+ 0.26%). The present result contradicted the findings of
Begum et al. (2014) who postulated that drip loss did not
differ among treatment groups fed with different types of
herbs. According to Santos et al. (2004), who provided an
illustration, fresh meat from slaughtered animals retains
about 70% water, which is crucial to its quality but starts
to leak away shortly after the animal dies. Additionally,
boning and cutting may cause losses of 1% to 2%, and
additional long-term storage may result in losses of up to
12%.
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CONCLUSION

Tested herbs had varying impacts on the overall chickens’
performance. Their effects on physiology and meat quality
were mostly comparable and sometimes better than that of
antibiotics. In particular, adding rosemary to the diets
could enhance chickens’ body growth. Moreover,
supplementing the diets with chamomile or a mixture of
thyme and peppermint could increase the palatability of
feed. Rosemary and thyme are more effective on feed
conversion alone than in combination with other
herbs. Although garlic (1%) and onion (1%) powders did
not ameliorate feed conversion, they are well-known for
enhancing chickens’ immune systems. Overall, the use of
the tested herbs as growth stimulants may reduce the
need for antibiotics while offering farmers a practical
answer. Future studies should be conducted on using
the different herbs in other combinations and higher
inclusion rates.
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