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ABSTRACT. This study was carried out to evaluate the effects of herbal mixture on the growth
performance, intestinal microbial population, and immune responses of broiler chickens. In all, 600 day-
old as-hatched Ross 308 broiler chickens were assigned in a completely randomized design with four
treatments, five replicates, and 30 birds in each replicate. The four treatments were: the control group (not
treated) and, the second group received 1 mL L! herbal solutions (Bioherbal®), and two other groups were
received 16.6, and 33.3 mL L' commercial herbal solutions (Orex®), respectively. Results showed that while
water supplementation of the herbal mixture had no significant effect on feed intake (FI), body weight (BW),
and feed conversion ratio (FCR) of broiler chickens (p > 0.05), the productive efficiency index (PEI) improved
by dietary inclusion of herbal blend at 33.3 mL L' (p < 0.05). Furthermore, the lactobacilli population
increased and E. coli population was reduced by both herbal mixture addition (p < 0.05). The application of
both Herbal growth promoters (Orex® and Bioherbal®) boosted cellular and humoral immunity and
decreased the heterophil-to-lymphocyte ratio (p < 0.05). The present study indicated the positive effect of
Orex® addition to water at both concentrations (16.6 or 33.3 mL L) on livability, PEI, ileal microbial
populations, and immune system function.
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Introduction

In recent years, the application of antibiotics has been confined in the poultry industry due to several limiting
factors such as bacterial resistance and accumulation in animal products. On the other hand, there is increasing
general attention to food safety and environmental health (Attia et al., 2010; Oliveira et al., 2020). Considering
these issues, it is the poultry scientist's new responsibility to shoulder and introduce possible antibiotic
alternatives to improve feed efficiency along with economic profit per unit (Baurhoo et al., 2009).

Medicinal and herbal plants found in nature have the potential to be substituted by antibiotics because of
their inherent antioxidant, antimicrobial, and biochemical modulation. The beneficial effects of dietary of a
wide range of medicinal herbs on feed efficiency, microbial population, coccidiosis, and immunity in farm
animals have been reported due to bioactive compound (Tajodini et al., 2015; Al-Mashhadani et al., 2013;
Ancsin et al., 2009; Ogwuegbu et al., 2021).

Rosemary (Rosmarinus officinalis) (known to be an aromatic, dense, and evergreen perennial small shrub)
contains compounds such as carnasol, rosmanol, a-pinene, myrcene, 1, 8-cineole. The positive impacts of
dietary inclusion of rosemary on intestinal function and morphology (Ogwuegbu et al., 2021), reduction of
free radicals and the amount of malondialdehyde in the liver (Ancsin et al., 2009), and the performance of
broiler chickens (Ghazalah & Ali, 2008) is well documented.

Mugwort (Artemisia vulgaris) is characterized by isocoumarin, coumarin, diterpenelactone, and flavonoids
which appear to have anti-inflammatory properties (Kang et al., 1995). In addition, Monoterpene compounds
found in cherry blossom (Prunus yedoensis) have enabled this plant to show antipathogenic properties (Kim
ChunSuk et al., 2013; Zhang et al., 2014). Sargassum sp. is a naturally brown alga that has been widely used in the
animal industry as a growth promotor and it is claimed improved the growth of broilers alongside with increase
stability of broiler’s meat and reduce cholesterol in poultry products (Armin et al., 2015; Hussein, 2018).
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Although some researchers investigated the effects of rosemary and algae supplementation to broiler
chicken’s diets, there are limited or no studies related to the drinking water supplementation of a blend of
mugwort (Artemisia vulgaris), colt’s foot (Tussilago farfara) and cherry blossom (Prunus yedoensis) alone or in
combination on broilers performance. Therefore, the current trial aimed to examine the effects of drinking
water supplementation of the herbal mixture containing alcoholic extract of rosemary (Rosmarinus officinalis),
mugwort (Artemisia vulgaris) colt’s foot (Tussilago farfara), cherry blossom (Prunus yedoensis) and brown algae
(Sargassum sp.) on the growth performance, immune responses and intestinal microbial population of broiler
chickens. In addition, the results were compared to another common herbal drinking water mix.

Material and method

Composition of the herbal blend and microbial safety

The commercial herbal extract compound called as Orex® (Shamim Vision Asia, Theran, Iran) used in the
current study consisted of rosemary (Rosmarinus officinalis), mugwort (Artemisia vulgaris), colt’s foot
(Tussilago farfara), cherry blossom (Prunus yedoensis), and brown algae (Sargassum sp . To examine microbial
safety, the herbal mixture extract was analyzed using Eaton et al. (2005) method. The active compounds of
Orex® was measured using SPME-GC-MS method as described by (Siqueira et al., 2013).

Experimental site

The experiment was carried out at the poultry farm of the Animal Science Research Institute of Iran (ASRI),
Agricultural Research Education and Extension Organization (AREEO), Karaj, Iran.

Ethics approval

Experimental procedures regarding to the chicken rearing and care in this study were reviewed and
approved by the Animal Ethics Board of Animal Science Research Institute of Iran (Experimental
Authorization No. ASRI-2019- 961079).

Birds and diets

A total of 600 Ross 308 chicks (1 d old), males and females obtained from a local commercial hatchery were
allocated randomly to 4 dietary treatments using a randomized complete block design. Each treatment
replicated 5 times containing 30 chicks per each floor pen. A corn-soybean meal diet formulated to meet or
exceed Ross 308 broiler nutrition specifications for macro- and micronutrients at starter, grower, and finisher,
and its calculated composition is presented in Table 1. Four treatments were applied in our experiment in
such a way that each group had commercial feed ad libitum and drinking water with or without supplement.
Group 1 was not received any supplement in drinking water and considered as control treatment, the second
group received 1 mL L herbal solutions (Bioherbal®), and two other groups were received 16.6, and 33.3 mL
L' commercial herbal solutions (Orex®) (rosemary, mugwort, colt’s foot, cherry blossom, and brown algae),
respectively. Environment temperature was kept at 34°C during the first 3 days of the trial and then reduced
gradually according to age until reaching 22 at 21°C.

Table 1. Ingredient and calculated nutrient contents (%) of the experimental diets given to broiler chickens at starter, grower and

finisher period.
Feed Ingredients Starter Grower Finisher
(1 to 14 days) (15 to 28 days) (29 to 42 days)
Corn 58.27 59.95 65.11
Soybean meal 36.12 33.62 28.39
Soya oil 1.44 2.96 2.81
Dicalcium phosphate 1.74 1.5 1.56
Caco3 1.34 1.11 1.15
Common salt 0.2 0.2 0.2
Vitamin premix1 0.25 0.25 0.25
Mineral premix2 0.25 0.25 0.25
L-lysine-HCL 0.15 - 0.1
DL- methionine 0.24 0.16 0.18
Calculated nutrient contents
Metabolizable energy (kcal kg™!) 2094 3024 3070
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Protein (%) 21.11 20.16 17.92
Calcium (%) 1 0.87 0.86
Available phosphorous (%) 0.48 0.43 0.4
Sodium (%) 0.1 0.1 0.1
Chloride (%) 0.17 0.17 0.17
Digestable lysine (%) 1.21 1.06 0.94
Digestable methionine (%) 0.56 0.47 0.44
Digestable methionine+cystine (%) 0.9 0.8 0.73

'Provided the following (per kg of diet): vitamin A (transretinyl acetate), 9,000 IU; vitamin Ds (cholecalciferol), 2,000 IU; vitamin E (alfa- tocopherol
acetate), 18 IU; vitamin K (bisulfate menadione complex), 2 mg; riboflavin, 6.6 mg; pantothenic acid (D-calcium pantothenate), 10 mg; pyridoxine
(pyridoxine HCl), 3 mg; folic acid, 1 mg; thiamin (thiamin mononitrate), 1.8 mg; vitamin B,» (cyanocobalamin), 15 pg; D-biotin, 0.1 mg; niacin, 30 mg;
choline (choline chloride), 500 mg and ethoxyquin, 0.1 mg. *Provided the following (per kg of diet): Se (Na2Se03), 0.2; I (KI), 1; Cu (CuSO4 .5H20), 10; Fe
(FeS04 .7H20), 50; Zn (Zn0O), 85 and Mn (MnSO4.H20), 100 mg.

Growth performance

The growth performance was evaluated by recording feed intake (FI), body weight (BW) at days 14, 28, and
42. The feed conversion ratio (FCR) was calculated accordingly for each period. Productive efficiency index
(PEI) and the livability was calculated using the following equation for whole period.

The components of the PEI formula are body weight, livability, bird age, and feed conversion ratio, and
then calculated:

Body weight (kg) X livability (%) x 100
Age(days) X feed conversion ratio

PEI (%) =

Carcass characteristics

At 42 days of age, two birds per pen were selected (with near-average body weight) and slaughtered to
measure carcass characteristics. Breast, thigh, liver, spleen, bursa of Fabricius, and abdominal fat were
weighed separately and the results were expressed as a percentage of live weight.

Ileal microbial populations

On d 42, the 2 chicks were slaughtered by neck cut for extraction of ileal contents. The ileal contents of
each bird were pooled for serial dilution. Microbial populations were determined by serial dilution (10-4 to
10-6) of ileal samples in anaerobic diluents before inoculation onto Petri dishes of sterile agar as described by
(Bryant & Burkey, 1953). Lactobacilli were grown on Rogosa SL agar, E. coli was grown on eosin methylene
blue agar, and coliforms were grown on McConkey agar (Darmstadt, Germany). Plates for Lactobacillus were
incubated anaerobically (73% N: 20% C02:7% H2) at 37°C. Escherichia coli and coliforms were incubated
aerobically at 37°C. colonies were counted 24 hours after inoculation. Colony-forming units were defined as
distinct colonies measuring at least 1 mm in diameter.

Immune response
Cell-mediated responses

To assess cell-mediated responses, phytohemagglutinin-induced cutaneous basophil hypersensitivity was
used (Corrier & DeLoach, 1990). At d 14, the thickness of toe web between the two and third digit of the right
foot was measured in millimeters. Then, 100 pg of phytohemagglutinin (suspended in 0.10 mL of sterile
saline) was injected into the toe web (two birds per pen). The toe web swelling was measured 24 (1%
measurement) and 48 (2" measurement) hours after injection. The response was determined by subtracting
the skin thickness of the first measurement from the skin thickness of the second measurement (Corrier &
DeLoach, 1990). On the same day, two other birds from each replicate were selected and the skin of the birds
was anointed with 0.1 mL of DNCB solution. An area of approximately 10 cm2 without feathers on the left lateral
abdomen was chosen for the challenge with DNCB. The same area on the right side was treated with the solvent
alone. The skin thickness (on both sides) before and 24h after the challenge was measured to assess reactions.
Differences before and after the challenge were calculated to determine the mean increase in skin thickness in each
bird. For each bird, the average of 3 repeat measurements was used for analysis (Verma et al., 2004).

Heterophils, lymphocytes, and SRBC antibodies

At 42 d of age, two birds per pen were selected and their blood samples were collected using heparin-
containing syringes to avoid blood clot formation for hematological analysis. Blood smears were prepared on
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slides and painted by Giemsa method (Lucas, 1961). One hundred leukocytes per sample were counted by
heterophil and lymphocyte separation under an optical microscope, and then the heterophil/lymphocyte ratio
(H/L) was measured. For antibody Response, 3 birds per pen were injected intravenously with sheep red blood
cells (SRBC) at d 21 and 28 d, 1.0-mL suspension (5% vol/vol) of SRBC was injected intraperitoneally. At 7 d
after the second injection, the serum from each sample was collected, heat-inactivated at 56°C for 30 min.,
and then analyzed for total and IgM (mercaptoethanol-sensitive) and IgG (mercaptoethanol-resistant) anti-
SRBC antibodies as described by (Peterson et al., 1999). The antibody data were expressed as the log of the
reciprocal of the highest dilution displaying visible agglutination.

Statistical analysis

All data were analyzed as a randomized complete design using SAS (SAS, 2002) and the general linear
model procedure, and Duncan’s multiple range test was used to compare treatments mean (p < 0.05).

Results and discussion

Chemical composition

The major components found in the herbal mixture were 1,8-cineol, thymol, a-Pinene, camphor, B —
Pinene, p-cumaric acid, linalool, carnosol, caffeic acid, borneol, carvacrol, and rosmarinic acid. According to
the company recommendation, the main compounds observed in the bioherbal® solution were aliicin,
thymol, carvacrol, rosmarinic acid, a-Pinene, p-Cumaric acid, Linalool, and quercetin.

Productive performance

The effect of treatments on the performance of broiler chicks in all periods is presented in Table 2.
Throughout the entire period, feed intake (FI), body weight (BW), average daily gain (ADG), and feed
conversion ratio (FCR) of broilers were not significantly affected by the treatments (p > 0.05). Only at the
starter phase, the broilers fed Bioherbal® showed a significantly lower BW than the control group (p < 0.05).
The results of growth performance during the whole period are consistent with Botsoglou et al. (2004) and
Hernandez et al. (2004). Ahsan et al. (2018) reported that the addition of phytogenic compounds to diet did
not influence the feed intake and FCR of broiler chickens. On the contrary, Peri¢ et al. (2010), and
Scheuermann et al. (2009) reported that herbal components enhance the growth performance parameters may
be due to increasing the efficiency of nutrient utilization in the gastrointestinal tract.

Table 2. Effect of dietary treatments on the growth performance of broilers in each experimental periods.

Treatments
Periods Control Bioherbal® (1 mL L") Herbal mixtgre (16.6 Herbal mix_tlure (33 P-value
mLLY) mLL?Y)
Daily Feed Intake (g day™!)
1-14 35.7 32.8 35.6 34.3 0.159
0-28 65 61.8 63.9 63.7 0.318
0-42 97.3 94.6 99.8 99.3 0.41
Live body weight (g)
14 459° 428.8° 454.3® 439.5%® 0.115
28 1325.9 1297.9 1303.9 1315.5 0.834
42 2316.9 2292.2 2402.7 2331.4 0.459
Average daily gain (g day™!)
0-14 284 26 28 26.9 0.224
0-28 43.7 42.1 43.2 43.6 0.685
0-42 52.4% 50.6° 54.8° 53.7%® 0.107
Feed conversion ratio
0-14 1.25 1.26 1.27 1.27 0.697
0-28 1.49 1.47 1.48 1.46 0.576
0-42 1.86 1.87 1.82 1.85 0.664
Livability (0-42d) (%) 94° 87.3¢ 98.6* 98.6* 0.001
Productive efficiency Index be . a b
(0-42d) 293.5 268.2 326.2 310.9 0.007

abeMeans with different superscript for the same parameters in each row are significantly different (p < 0.05).
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The effects of medicinal plants and their derivatives on the performance of broiler chickens were diverse
from having positive effects (Khattak et al., 2014; Tajodini et al., 2015), showing no effect (Ahsan et al., 2018)
or depressing the growth (Ghazalah & Ali, 2008; Lee et al., 2004). The effects of herbal supplementation on
broilers depend on several factors such as the derivatives, the part of the plant, the method, and the number
of additives (plant powder in feed, essential oil in feed, extract in feed or drinking water, or infused in drinking
water) (Al-Mashhadani et al., 2013); Even though the herbal mixture addition had no significant effect on
growth parameters in our trial, FCR and ADG were numerically better for both herbal-treated groups in comparison
with the control group. The livability significantly increased by dietary inclusion of herbal blends at both levels of
supplementation. The PEI at 33.3 mL L! of the herbal blend was improved which is consistent with the results of
Devi et al. (2018). According to the formula, the group that drank 33.3 mL L showed significantly higher PEI,
possibly as a result of higher livability, and numerically better FCR and body weight of broiler chickens.

Carcass characteristics

According to Table 3, There was no significant difference among treatments in terms of carcass yield and
the relative weight of thigh, breast, heart, liver, pancreas, gizzard, bursa of Fabricius, spleen, and abdominal
fat (p > 0.05). Our findings on carcass characteristics are in agreement with the observations of Amouzmehr
et al. (2012), but in contrast with the reports of Alcicek et al. (2004).

Ileal microbial populations

As can be seen from the Table 3, adding the herbal mixture or Bioherbal® to drinking water significantly
enhanced the population of lactobacillus and decreased E.coli population of ileal contents (p < 0.05). The
improvement observed in the population of microbial composition in the ileum contents by the herbal extract
mixture supplementation in the present study was similar to the results of Mathlouthi et al. (2012), who
observed that a blend of essential oils containing rosemary had antimicrobial activity against pathogenic
bacteria such as Escherichia coli, Salmonella indiana, and Listeria innocua. The addition of colt’s foot t to the
diet resulted in decrease in the population of E.coli, and Saccharomyces cerevisiae in the in vitro studies
(PetrovA et al. (2013). It has been reported that water-soluble polysaccharides and phenolic compounds such
as dicaffeoylquinic acids, and quercetin pentoside are responsible for antimicrobial properties associated with
colt’s foot application (Dobravalskyte et al., 2013). Mugwort has been used as an analgesic and antimicrobial
agent in rats (Kwon et al., 1993). Moreover, Kim ChunSuk et al. (2013) reported that the inclusion of mugwort
increased the total phenol content and 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in
broiler meat. According to our literature, there is a lack of information regarding the effect of cherry blossom
on poultry species, but using methanol extracts and the ethyl acetate fraction demonstrated anti-
inflammatory properties in the in vitro studies (Stankovic et al., 2014).

Table 3. Carcass yield and relative weight of organs of broiler chickens as affected by treatments at 42 day.

Parameters (% of LW) - Tr.eatments -
Control Bioherbal® (1 mL L) Herbal mixture (33 mL L) Herbal mixture (16.6 mLL"') P-value
Carcass yield 64.95 66.17 65.12 64.23 0.643
breast 25.11 25.77 25.09 25.07 0.916
thigh 18.19 17.10 17.65 17.14 0.19
Heart 0.53 0.47 0.42 0.49 0.22
liver 2.37 2.62 2.48 2.38 0.63
Gizzard 2.86 3.3 2.97 3.1 0.819
Pancreas 0.19 0.14 0.24 0.17 0.334
bursa of Fabricius 0.07 0.05 0.06 0.06 0.25
Spleen 0.11 0.11 0.11 0.12 0.992
Abdominal fat 1.06 1.28 1.18 1.03 0.811
log10 cfu g! of DM
Lactobacillus 6.12¢ 6.47¢ 7.8% 7.24° 0.001
E.coli 7.73% 6.82° 6.21¢ 6.54¢ 0.001

abedMeans with different superscript for the same parameters in each row are significantly different (p < 0.05).

Another possible reason for the reduced E.coli population is brown algae. Al-Khalaifah et al. (2022) stated
that dietary supplementation of brown algae (Sargassum sp.) promoted the health of the gastrointestinal tract
of broiler chickens via reducing E.coli and Salmonella sp. population. Similarly, Kang et al. (1995) observed an
improvement in the production of Lactobacillus bacteria in the intestinal microflora when seaweed was added
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to the diet. It seems some antimicrobial, antiviral, and antioxidant compounds such as polyphenols and
carotenoids extracted from brown algae may be responsible for these microbial regulations (Cho et al., 2007;
Mehdinezhad et al., 2016). However, the highest population of lactobacillus and the lowest population of E.
coli belonged to the control group fed 33.3 mL L level of herbal mixture (p < 0.05).

Immune response

The Table 4 demonstrates the effect of experimental treatments on Humoral immune responses, skin
hypersensitivity reaction 24 hours after the injection of dinitrochlorobenzene (DNCB) and
phytohemagglutinin phosphate (PHA-P) at the age of 30 days, as well as the differential count of white blood
cells at 42 d. The birds received either Bioherbal® or herbal mixture extract showed significantly higher total
antibody titer and IgY in the serum as compared to unsupplemented group (p < 0.05), the IgM titer showed
no difference among treatments (p >0.05) (Table 4). The highest IgY antibody titers belonged to the herbal
plant mixture treated group at 16.6 mL L significantly different with control and herbal mixture groups (p <
0.05) and not differ with Bioherbal®-supplemented group (p > 0.05).

Table 4. Immune response of broiler chickens as affected by treatments.

Treatments
Parameters Control Bioherbal® Herbal mixture Herbal mixture P-value
(1 mLL"Y) (33 mL L") (16.6 mL L)

PHA-P’ thickness (mm) (30 day) ~ 1.328° 1.4522 1.4522 1.438° 0.006
DNCB™ thickness (mm) (30 day) 1.236° 1.396* 1.37% 1.37¢ 0.002
Total antibody 4.20? 6P 5.6" 6.4° 0.001
IGM (32 day) 1.2 1.2 1.6 1.2 0.642
IGY (32 day) 3¢ 4.8% 4P 5.22 0.001
Hetrophil (%) (42 day) 11.6* 8.2° 9b 8.6" 0.001
Lymphocyte (%) (42 day) 88.4° 91.82 912 91.42 0.001
Hetrophil/ Lymphocyte (42 day)  0.131° 0.089° 0.099° 0.094° 0.001

sbeMeans with different superscript for the same parameters in each row are significantly different (p < 0.05). *Phytohemagglutinin-P.
**Dinitrochlorobenzene

The addition of Bioherbal® or plant extract mixture strengthened cellular immunity (increased skin
sensitivity response to PHA-P and DNCB injection) (p < 0.05). Besides, there was a significant decrease in the
percentage of heterophils and the ratio of heterophil-to-lymphocyte (stress index) (p < 0.05) when plant
extract mixture or Bioherbal® was added to the diet. On the other hand, the percentage of lymphocytes
significantly increased when both herbal additives were used (p < 0.05).

Similar to our findings related to the improvement in immunity occurred by herbs supplementation,
Khazaei et al. (2017) showed that Rosemary extract or leaves increased the antibodies titer against infectious
viral disease. Moreover, Elnaggar (2016) indicated that dietary inclusion of rosemary stimulated innate and
adaptive immunity. In their study, the levels of cytokine, as an indicator of cell-mediated Immunity, increased
when rosemary was supplemented. Zhang et al. (2017) reported that mugwort improved the immune stress
induced by lipopolysaccharide in broilers. Similarly, cherry blossom acted as an effective inflammatory
inhibitor against lipopolysaccharide-induced Nitric Oxide production in the in vitro study (Zhang et al., 2014).

The improvement in the immune response of animals when herbal blends were added to water could be
due to the presence of some bioactive compounds (especially thymol, linalool, carvacrol, and pinene) in both
herb mixtures that have been confirmed by previous researchers (Kusuhara et al., 2019; Nouri, 2019). In
accordance with our trial, Hashemipour et al. (2013) reported that thymol and carvacrol supplementation to
diet modified the immune response of broiler chickens. However, the mechanism is not clear, but it seems that
herbal bioactive compounds improve the activity of lymphocytes and macrophages, enhance phagocytosis, or
stimulate interferon synthesis (FrAnKIC, et al., 2009). Furthermore, phenolic and flavonoid compounds in the
herbal blend can play a key role in reducing the activity of free radicals (Kim ChunSuk et al., 2013). So, the reduction
of heterophil-to-lymphocyte ratio, as an indicator of stress, may be attributed to these compounds.

Conclusion

It is concluded that drinking water supplementation of the herbal blend (Orex®) at both concentrations
(16.6 or 33.3 mL L) can significantly improves livability, the immunity and microbial population of broiler
chickens, while only addition of 33.3 mL L! of herbal plant increased PEI of birds.
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