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ABSTRACT: This study was conducted to determine the effects on the growth performance and antioxidant capacity
of broiler chickens, which were fed an herbal extract mixture (HEM), including Honokiol-Magnolol and Sanguinarine
as natural feed additives in broiler diets. A total of 300 one-day-old male Ross 308 broilers were used in this study and
randomly divided into four groups with five replicates of 15 broiler chicks each. For the experimental groups, herbal
extract mixture was supplemented in their diet at the levels of 0.00% (C), 1.00% (HEM1), 1.50% (HEM2) and 2.00%
(HEM3), respectively. At the end of the experiment, it was concluded that HEM influenced final body weight (FBW),
body weight gain (BWG), feed Consumption (FC), feed conversion ratio (FCR), slaughter weight, carcass weight
and carcass yield (P<0.05). Also, HEM decreased malondialdehyde level (P<0.05) and increased glutathione of the
breast and liver tissues (P<0.05). Herbal extract mixture showed strong cytoplasmic manganese superoxide dismutase
immunoreactivity in duodenal crypts. It is concluded that HEM supplementation to broiler diets may improve the
growth performance and antioxidant activity. Thus, HEM may use natural feed additives to improve broiler health and
performance.
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INTRODUCTION
Antibiotics have been used for many years to sup-
port growth in the production of poultry meat,
which constitutes an essential part of animal food
sources. As a result of antibiotic residue in tissues,
consuming these products may have many pathologi-
cal effects, such as carcinogenic, mutagenic, pharma-
cological, immunopathological, microbiological and
toxicological in humans (irkin et al., 2019). Hence,
it is necessary to determine the methods to get rid of
the negative effects of antibiotics in poultry. Medici-
nal and aromatic herbs or their derivatives are among
the types of non-antibiotic feed additives that can
help maintain health and improve the growth perfor-
mance of poultry (Cimrin et al., 2020; Karadagoglu
et al., 2020; Olmez et al., 2021).Highly-concentrated
diets have increased poultry meat production and en-
abled the animals to reach slaughter weight (SW) in
a short time. However, they have negatively affected
the metabolism by releasing various compounds into
the bloodstream and affecting the organism’s redox
homeostasis. Antioxidants have eliminated harmful
free radicals when they were above the normal levels
to prevent oxidative stress in living organisms (Celi,
2010). Aromatic plants and their active substances are
known as phytobiotics. Recent studies on animal nu-
trition have been identified by an increasing interest
in the potential effect of phytobiotics on the growth
performance and antioxidant status of poultry. There-
fore phytobiotics are used as natural feed additives
(Hussein et al., 2020; Yesilbag et al., 2020). Research
plans have been developed, however, studies have not
been consistent on the perception of the specific style
of action and the functional aspects of phytobiotics
(Faix et al., 2009; Barbarestani et al., 2020).Various
studies have shown that phytogenic feed additives af-
fect on performance and stimulate digestion (Akbari
et al., 2020; Khoobani et al., 2020).

Honokiol - Magnololis the two major compounds
found in the Magnolia officinalis. Sanguinarine
(which is a quarternary benzo [c] phenanthridine alka-
loid component), found in the seeds, stems and leaves
of the Macleaya cordata. Many studies showed that
Honokiol - Magnolol and Sanguinarine have antioxi-
dant effects as free radicals and lipid peroxidation in-
hibitors (Ni et al., 2016; Park et al., 2020). Addition-
ally, these major compounds have antibacterial and
antifungal effects besides having an antioxidant activ-
ity (Niu et al., 2012; Wei et al., 2015).It has been re-
ported that Honokiol - Magnolol and/or Sanguinarine
can alter gut microbiota and nutrient digestibility due

to antioxidant activity (Vieira et al., 2008a; Goodarzi
Boroojeni et al., 2018).

The aim of this study is to evaluate the effects of
the supplementation of commercial natural herbal
extract mixture (HEM) containing active ingredients
of Honokiol - Magnolol and Sanguinarine on growth
performance and antioxidant parameters in broilers.

MATERIAL AND METHODS

Ethical approval

The Animal Experiments Local Ethics Committee
of Kafkas University approved this research (Approv-
al no: KAU - HADYEK /2019 - 160).

Animals and experimental design

A total of 300 male one-day-old Ross 308 chicks
were supplied for this study from a special hatchery
farm and fed in the broiler unit at Kafkas University
Research Farm. After a one week adaptation period,
the chicks were distributed to four main groups (with
75 chicks in each group), with no significant differ-
ences between mean body weight (161.57 = 0.06
g). Each group was divided into five subgroups (15
chicks/cages). The chicks were housed in cages with
a size of 140%200 cm. The temperature of the broil-
er unit was kept at 32 °C during the first three days.
It was reduced 1 °C every two days, fixed at 24 °C
and this temperature was maintained throughout the
study. Water and feed were available to the animals
ad-libitum. Trial lasted 42 days, including seven days
of adaptation and 35 experimental periods. The chicks
were fed with diets (grower and finisher) that were
provided according to the requirements for broilers
(NRC, 1994). Also, the chicks were fed a grower diet
(23.5% CP and 3020 kcal/kg Metabolic Energy, ME)
during the adaptation period. Metabolizable energy
(ME) values of the diets are calculated according to
TSE (1991). The composition of the diets is indicated
in Table 1.

Herbal extract mixture (HEM) was added at the
levels of 0.00% (C), 1.00% (HEM1), 1.50% (HEM2)
and 2.00% (HEM3), respectively. The level of HEM
was determined as per the manufacturer’s instructions.
Commercial natural HEM was provided from a man-
ufacturer (Filopower®, Yem-Vit AS Izmir, Turkey).
Herbal extract mixture (HEM) was a mix of 24.00%
blend of plant flavoring compounds (magnolia and
macleaya), 23.50% calcium carbonate, 50.00% wheat
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Table 1. Composition of experimental diets

Ingredients, (%) Grower (d 7 - 21) Finisher (d 22 - 42)
Corn, yellow 50.85 52.78
Soybean meal, 48% CP 31.35 18.26
Rice bran - 5.00
Wheat 5.00 5.00
Bran 5.00 4.00
CDDGS (Corn dried distillers’ grains with ) 4.00
solubles), 30% CP '
Corn protein, 62% CP 2.00 4.00
Sunflower oil 1.01 2.82
Meat and bone meal, 50% CP 2.40 2.32
Dicalcium phosphate 1.05 0.52
Salt 0.25 0.15
Threonine 0.18 0.11
L-lysine 0.45 0.45
DL-methionine 0.10 0.28
Vitamin- Mineral premix® 0.25 0.20
Sodium bicarbonate 0.11 0.11
Chemical Analysis

Crude protein (%) 23.54 19.80
Metabolic energy (kcal / kg ME) 3020.80 3190.60
Lysine (%) 1.29 1.10
Methionine + cystine (%) 0.90 0.87
Calcium (%) 1.00 0.90
Available phosphorus (%) 0.50 0.45

*: Vitamin-mineral premix per kg of diet. Vitamins: Vit A 10000 IU Vit D3: 4000IU Minerals: Fe (iron sulfate monohydrate): 30 mg,
Se (selenium selenite); 0.3 mg, I (calcium iodine anhydride): 2 mg,Cu (copper sulfate pentahydrate); 5 mg, Mn (manganese oxide);
80 mg, Co (cobalt carbonate monohydrate); 0.5 mg, Zn (zinc oxide); 80 mg.

middlings, 2.00% by-products of tuber and root feeds,
and 0.50% barley meal (amounts given by the pro-
ducer).

Performance

Average body weight (BW) and feed consumption
(FC) in subgroups were determined weekly. This was
used to calculate the feed conversion ratio (FCR). At
42 days of age, eight broilers were randomly select-
ed from each group (five replicates), weighed and
slaughtered by cervical dislocation. The viscera from
the slaughtered broilerswere removed. Cold carcass
weights were recorded after the carcasses were stored
for 24 hours at + 4 °C. The cold carcass yields were
calculated by dividing carcass weight by body weight.

Antioxidant parameters sampling and procedure

Biochemical procedure

Breasts and livers were harvested, and the tissues
were rinsed with 0.9% NaCl. Tissues were homoge-
nized in a phosphate (pH 7.4) buffer in 0.1 M KCI,

and the homogenates were subsequently centrifuged
at 1500 rpm for 5 min. The supernatants obtained
from the breast meat and liver were stored at - 20
°C for later measurement of glutathione (GSH) and
malondialdehyde (MDA) contents. Analyses of GSH
and MDA concentrations were carried out by the
methods defined by Beutler (1963) and Yoshioka et
al. (1979) respectively.

Immunohistochemical Procedure

Duodenum tissue samples taken from the broil-
ers were fixed in a 10% formalin solution, and the
routine histological procedure was followed by em-
bedding the tissue samples in paraffin. Serial tissue
sections with five um thickness were cut from the
paraffin blocks, and Mallory’s modified triple staining
method (Triple) was applied to the sections (Munro,
1971). The sections were taken from paraffin blocks
on chrome alum gelatin-coated slides for immunohis-
tochemical examinations. The slides were obtained
from paraffin blocks incubated in 3% H,0, (hydro-
gen peroxide) prepared in 0.1 M phosphate-buffered
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saline (PBS) for 15 min in order to inhibit endoge-
nous peroxidase activity after deparaffinization and
rehydration procedures. Then, slides for releasing the
antigenic receptors were boiled with microwaves at
600 watts for 10 minutes in a Citrate Buffer solution
(pH: 6.0). The Avidyne-Biotin-Peroxidase protocol
was used on the slides (Hsu et al., 1981). Slides were
incubated with Large Volume Ultra V Block (Ther-
mo Scientific / Waltham, MA, USA) for 10 minutes
and then manganese-dependent superoxide dismutase
(Mn-SOD) (B-1) (Santa Cruz Sc133254) (1 / 500 di-
lution) primary antibody diluted with PBS was ap-
plied. Slides were incubated at + 4 °C for 24 hours.
Then Biotinylated Goat Anti (B) Polyvalent (Ther-
mo Scientific / Waltham, MA USA) and Streptavidin
Peroxidase (Thermo Scientific / Waltham, MA USA)
were applied for 30 minutes. DAB - H,O, (Diamino-
benzidinehydrogenperoxide) was applied to the PBS
washed slides as an encolouring substrate (Shu et
al., 1988). After adding a chromogen solution on the
slides, the reaction was terminated with PBS depend-
ing on the status of immunoreactivity by controlling
under the light microscope. Hematoxylin was applied
on the slides for counterstaining after washing with
distilled water. Slides were then dehydrated and cov-
ered with immunmount. The staining level was ac-
cepted as a criterion and scoring was performed with

Table 2. The effect of HEMon performance parameters

a semiquantitative method. The ratio of the Mn-SOD
immunoreactive cells were categorized as (+) weak,
(++) moderate, (+++) or strong-immunolabeling.
Slides prepared for histological and immunohisto-
chemical investigations were examined and photo-
graphed with a light microscope (Olympus BX51,
Japan).

Statistical analysis

The data was analyzed using a one-way analysis of
variance (ANOVA) in statistical software (IBM SPSS
portable 18). The post-hoc test (Duncan’s multiple
range test) measured the significance of the means.
A statistical significance was present at P < 0.05 and
P<0.01.

RESULTS

HEM significantly affected the performance as
FBW and BWG. The 2% added HEM group had the
highest FBW and average BWG (P<0.01). Also, treat-
ments of HEM influenced the FC and FCR (P<0.01)
(Table 2).

The treatments of HEM affected slaughter weight
(SW) (P<0.01), cold carcass weight (P<0.01) and
carcass yield (P<0.01). The highest SW (3114.38 g)
and carcass weight (2307.00 g) were found in the 2%

Parameters Groups™ P
Control HEMI1 HEM?2 HEM3

W (g) 161.46+2.59 161.754+3.30 161.54+2.29 161.54+2.11 0.997
FBW? (g) 2925.75+36.29° 2985.79+18.76% 3052.50+24.98* 3118.79+17.95° 0.001
BWGS (g) 2764.29+36.55¢ 2824.04+18.73% 2890.96+24.64® 2957.25+17.21*# 0.001
FC™(g) 5279.79+64.57 5252.714£52.55° 5082.08+71.59° 5086.47+88.68° 0.001
FCR? (g/g) 1.91+0.03® 1.86+0.02° 1.76+0.04° 1.72+0.03° 0.001
*HEM1:1.00% Herbal extract mix, HEM2: 1.50% Herbal extract mix, HEM3: 2.00% Herbal extract mix.

fIW: Initial weight

YFBW:Final body weight

SBWG: Body weight gain

"FC: Feed consumption

‘FCR: Feed conversion ratio

* Mean + SEM amounts in the same column with different superscripts differ significantly (P<0.05).

Table 3. The effect of HEM on carcass parameters

Groups*

Parameters Control HEM1 HEM2 HEM3 P
Slaughter weight (g) 2925.13+11.14°  2983.254+29.95% 3033.13+33.17° 3114.38+£28.12° 0.001
Cold carcass weight (g) 2136.50+9.80¢ 2203.00+18.33" 2242.75+24.26° 2307.00+22.70° 0.001
Carcass yield (%) 73.04+0.13° 73.87+0.52* 73.94+0.14* 74.07+0.11° 0.018

*HEM1:1.00% Herbal extract mix, HEM2: 1.50% Herbal extract mix, HEM3: 2.00% Herbal extract mix.
*¢; Mean £ SEM amounts in the same column with different superscripts differ significantly (P<0.05).

JHELLENIC VET MED SOC 2022, 73(2)
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Table 4. The effect of HEMon antioxidant parameters (nmol / g)

Parameters Groups™ P
Control HEMI1 HEM?2 HEM3
Breast GSHf 3.96+0.13¢ 5.05+0.18* 5.15+0.228 4.48+0.04° 0.001
MDA? 4.554+0.232 3.88+0.14° 4.78+0.172 3.86+0.17° 0.003
Liver GSHf 4.3240.03¢ 5.89+0.15% 4.74+0.11° 5.71£0.092 0.001
MDA? 3.35+0.26° 2.454+0.13° 3.19+0.31° 2.66+0.12%® 0.039

*HEM1:1.00% Herbal extract mix, HEM2: 1.50% Herbal extract mix, HEM3: 2.00% Herbal extract mix.
fGSH=Glutathione

"MDA= Malondialdehyde

* Mean + SEM amounts in the same column with different superscripts differ significantly (P<0.05).

Figure 1. Broiler duodenum tissues

A: Control, B: HEM1, C: HEM2, D: HEM3. Arrowhead: Tunica muscularis, arrow: intestinal crypt. Mn-SOD immunoreactivity.
HEM1:1.00% Herbal extract mix, HEM2: 1.50% Herbal extract mix, HEM3: 2.00% Herbal extract mix.

added HEM group. Additionally, adding increasing- The levels of antioxidant parameters (GSH and
HEM levels to the rations positively affected the car- MDA) of breast and liver tissues were significantly
cass yield in the experimental groups compared to the affected in HEM supplemented groups compared with
control group (Table 3). the control group (P<0.05) (Table 4).

JHELLENIC VET MED SOC 2022, 73(2)
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Table 5. The effect of HEM on Mn-SOD immunoreactivity in duodenal tissues

Parameters Groups*

Control HEM1 HEM?2 HEM3
Intestinal Crypts ++ +++ 4+ T+
Tunica Muscularis + + + +

*HEM1:1.00% Herbal extract mix, HEM2: 1.50% Herbal extract mix, HEM3: 2.00% Herbal extract mix.

Weak staining (+); moderate staining (++); strong staining (+++)

Mn-SOD immunoreactivity was determined in
the duodenum tissues of the broiler chickens in all
groups. However, the density of the immunoreactivi-
ty differed between the control and treatment groups
(Table 5). In the control group, moderate cytoplasmic
Mn-SOD immunoreactivity in intestinal crypts and
weak cytoplasmic in the tunica muscularis layer was
detected. Owing to supplemented HEM in the broiler
diets, strong cytoplasmic Mn-SOD immunoreactivity
in intestinal crypts and weak Mn-SOD immunoreac-
tivity in the tunica muscularis layer were observed
(Figure 1).

DISCUSSION

The study was conducted to evaluate the effect of
HEM as a natural feed additive on performance, an-
tioxidant parameters and duodenal Mn-SOD immu-
noreactivity in the broiler chickens. Increasing levels
of HEM significantly affected the performance as
FBW and BWG. The highest FBW and overall BWG
were observed in the HEM3 group. Supplementation
of HEM decreased the FC and increased the FCR.
Also, HEM increased carcass weight and carcass
yield. There was evidence that the HEM improved
growth performance by showing antioxidant effects
(Lee et al., 2014; Lin et al., 2017). This study con-
firmed several previous studies that reported that di-
etary phytobiotics could increase the performance of
poultry because of the antioxidant activity (Hashemi
and Davoodi, 2011; Fonseca-Garcia et al., 2017; Lin
et al., 2017; Abu Hafsa and Ibrahim, 2018). In con-
trast, some researchers reported that Honokiol-Mag-
nolol and Sanguinarine, which were used combined
or alone, did not affect performance (Karimi et al.,
2014; Yesilbag et al., 2020). It was suggested that the
supplemented Sanguinarine significantly increased
digestibility compared to the control group by increas-
ing the enzymatic activity (Franz Vienna et al., 2005;
Yesilbag et al., 2020). Also, Vieira et al. (2008b)re-
ported that active components of natural feed additive
supported growth performance by increasing amino
acid utilization. This result may explain the improve-
ment in BW and FCR in HEM supplemented groups

despite the decrease in FC. Hassan et al. (2018) found
that carcass weight and dressing percentage of broil-
ers fed antibiotic or feed additives supplemented diets
increased significantly compared to those fed the con-
trol diet. Increasing digestibility might cause higher
carcass weight and yield. However Zdunczyk et al.
(2010) showed that protein utilization was ineffective
and did not support performance. Also, it was report-
ed that HEM did not affect on the carcass weight, and
carcass yield (Yesilbag et al., 2020).

In the present study, the biochemistry of GSH and
MDA in the breast meat and liver tissues of broiler
chickens was evaluated to determine the antioxidant
activity of HEM. Further, Mn-SOD, which is the lo-
calized mitochondrial form of superoxide dismutase,
was examined histologically in broiler duodenal tis-
sue. Breast and liver antioxidant parameter (GSH and
MDA) levels were influenced by supplementation of
HEM compared to the control group. Additionally,
the density of the immunoreactivity differed between
the control and the HEM groups. In the control group,
moderate cytoplasmic Mn-SOD immunoreactivity
in intestinal crypts and weak cytoplasmic Mn-SOD
immunoreactivity in the tunica muscularis layer was
detected. Strong cytoplasmic Mn-SOD immunoreac-
tivity in intestinal crypts due to the supplementation
of HEM to broiler diets was observed. Free radicals
produce reactive oxygen types in tissues, causing
damage to cells and tissues. Antioxidants are in-
volved in protecting cell homeostasis by eliminating
the damage caused by protein and lipid peroxidation.
GSH and SOD protect cells against oxidative stress
by eliminating undesirable free radicals in the organ-
ism such as O, -, ROOH, hydrogen peroxide (H,0,).
MDA, which is a parameter that is frequently evalu-
ated in determining peroxidation, is the last product
of lipid peroxidation (Nita et al., 2001; Ermak and
Davies, 2002). In the current study, breast and liver
GSH levels increased while the MDA level decreased
in HEM1 and HEM2 groups (P<0.05). Similarly, Oh
et al. (2018) reported magnolia has higher antioxidant
activity in broilers andLee et al. (2014) also found

JHELLENIC VET MED SOC 2022, 73(2)
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that the level of MDA in sanguinarine was lowered.
This data shows that phenolic compounds have a pro-
tective effect on meat tissue and form a meat struc-
ture including less oxidative fatty acid (Juskiewicz et
al., 2011). On the other hand, it was reported that the
supplementation of sanguinarine in laying hens low-
ers serum MDA level (Bavarsadi et al., 2017; Liu et
al., 2020) and increases the antioxidant activity of the
honokiol-magnolol compound in mice (Pang et al.,
2013). Likewise, it has been determined that phyto-
genic additives increase antioxidant activity in many
studies (Barbarestani et al., 2020; Skomorucha et al.,
2020).

In the previous studies, it has been determined that
various phytogenics affect increasing SOD activity in
tissues (Mahmoud et al., 2013; Qwele et al., 2013).
It has been reported that phenolic compounds could
boost antioxidant activity by increasing the expres-
sion of the SOD gene in broilers (Puvaca et al., 2018).
In another study, phytobiotics in broiler chickens in-
creased the level of Mn-SOD in the jejunum, but did
not influence this level in the liver (Barbarestani et
al., 2020). Phytogenic products can affect the antiox-
idant enzyme, such as SOD, which in turn decreas-

es the reactive oxygen types known as inflammatory
agents on tissues, provoking atrophy and epithelial
barrier disorder of the intestine (Moretti et al., 2018).
In this way, the SOD activity of HEM in the duode-
num might manage to develop the intestinal health of
broiler chickens. All studies showed that natural feed
additives increase growth performance and nutrients
digestion due to the active ingredients of natural feed
additives.

CONCLUSION

The present results demonstrate that the HEM
may improve growth performance. Also, HEM can
improve the antioxidant activity in breast, liver and
duodenum of broilers. These parameters showed that
HEM has potential to be a natural antioxidant prod-
uct for performance improvement and disease pre-
vention. In particular, up to 2% HEM may be used
in broiler diets without a negative effect on growth
performance, carcass yield and antioxidant status.
Besides, future research on the antioxidant activity of
HEM will enrich result explication.
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None declared.
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