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Abstract

Background: Probiotics and phytogenics in the poultry diet have many positive effects
on productivity. The combination of these feed additives has not been studied.
Objective: This study was designed for evaluation of synergistic effects of protexin (P)
and Gunnera (Gundelia tournefortii L.) extract (GX) on growth, biochemical, hemato-
logical and antioxidant status of broiler chickens.

Methods: Totally, 300 chicks were divided into 4 groups that fed the basal diet, diet
containing P, GX, and GX plus P (GX-P) in all over the growing period. At 42 days of age,
blood samples were collected from all chickens. The concentration of aspartate trans-
ferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), triglyceride
(TG), cholesterol (CHL), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
superoxide dismutase (SOD), total antioxidant capacity (TAC), Glutathione peroxidase
(GPx), haematological parameters, and humeral antibody against Newcastle disease
vaccine was measured.

Results: The Results showed that the feed conversion ratio in chickens fed GX-P was
significantly lower than others. Also, in chickens fed GX or GX-P, the TG and CHL con-
centration was significantly lower and GPx and TAC concentration was significantly
higher than others, while chickens that received P or GX-P showed higher haemoglobin
and TP concentration. The antibody response was significantly higher in chickens fed
P. The ALT, AST, ALP, and SOD concentration did not show any significant difference in
all chickens.

Conclusion: Continuous utilization of P along with GX in broiler diets can induce syner-
gist effect on feed efficacy and antioxidant status, lowering lipid profiles with no effect
on liver function in chickens.
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1 | INTRODUCTION

Probiotics have long been used as a live beneficial microbe in livestock
and poultry diets that improve the microbial balance of the gastroin-
testinal tract and have positive effects (Sekhon et al., 2010). According
to the definition provided by the Food and Agriculture Organization
and the World Health Organization (2001), probiotics are living
microorganisms that can cause positive effects in the host. Probiotics
may contain one or more strains of bacteria or yeast. The types of bac-
teria used as probiotics include Bacillus, Bifidobacterium, Lactobacillus,
Enterococcus, Streptococcus, and yeasts, mainly Saccharomyces cerevisiae
and Saccharomyces species (Pandey et al, 2015). Probiotics alter
the gastrointestinal tract by reducing the dominance of pathogenic
bacteria and microbial populations and stimulate the immune
response, lower lipids, and increase vital organ health (Sekhon et al.,
2010).

The use of medicinal plants in poultry production provides beneficial
effects for poultry due to the presence of valuable compounds in plants
(Farkhondeh et al., 2011; Attia et al., 2011, 2014; Gheisar & Kim 2018).
Phytobiotics include a wide range of plant-derived products, including
herbs, essential oils, spices, and extracts, which are added to livestock
and poultry diets to enhance performance and increase product quality
(Attia et al., 2017; Windisch et al., 2008). Active substance and chem-
ical composition of phytobiotics depend on the part of the plant used
(flowers, leaves, seeds, etc.), geographical origin, and harvest season.
Due to the active ingredients in different plants belonging to different
families, different effects of plants are expected (Gholami-Ahangaran
etal.,, 2021; Bakkali et al., 2008). However, these phytobiotics can have
immunostimulatory, antimicrobial, anti-inflammatory, and antioxidant
properties (Kumar et al., 2014).

Based on the literature, there is evidence of the effect of phytobi-
otics on the modulation of pathogenic bacteria and inhibition of their
attachment to the intestinal wall (Gholami-Ahangaran et al., 2020).
Also, phytobiotics can increase secretion of digestive tract and excrete
the pathogenic bacteria and fermentation of their toxic metabolites
(Farkhondeh et al., 2011; Shargh et al., 2012). It seems that all men-
tioned effects are involved in improving growth performance following
phytobiotic supplementation in the poultry diet (Gheisar & Kim, 2018).

Gundelia tournefortii L. (Gunnera) belonging to Asteraceae (Composi-
tae) family is a medicinal plant, native to Western Asia, for example,
Iran, Turkey, Azerbaijan, and Turkmenistan. Gunnera is one of the most
abundant plants in the steppe and mountainous regions of Iran, which
is easily propagated and grows in all mountainous regions of Iran (Cara-
petian & Zarei, 2005). The flowers, leaves, seeds, and stems of Gunnera
are used as food sources. This plant is considered a useful food and tra-
ditional medicinal plant due to its abundance of vitamins A, B, C, and
minerals (Ertug, 2000). Artichoke-like properties have been mentioned
for the stem of this plant, and it is believed that it is useful for lowering
blood lipids, especially cholesterol. Dry seeds of Gunnera are known to
be effective for the treatment of vitiligo disease in Eastern Anatolia folk
medicine. Fresh seeds of Gunnera are used in pickles and are also effec-
tive diuretics. The seed oil of this plant is mainly linoleic and oleic acid,
which has a high nutritional value (Coruh et al., 2007).

Previously, the antioxidant activities of Gunnera extracts were
demonstrated for their radical scavenging and lipid peroxidation inhi-
bition capacities. Furthermore, the effects of Gunnera extracts on
glutathione-S-transferase (GST) activities for detoxification of lipid
peroxidation by-products were revealed. This medicinal plant contains
phenolic compounds. Phenolic content of the seed extracts of Gunnera
was higher (105.1 Ig/mg extract) than the aerial parts of this medic-
inal plant (64.4 Ig/mg extract). Plant extracts with high polyphenols
are known to have important inhibitory effects on GST (Coruh et al.,
2007).

Therefore, in a recent study, the performance of a commercial stan-
dard probiotic (protexin) with a phytobiotic (Gunnera extract) was
compared to evaluate the effectiveness of each product in increasing

performance and health indices in broiler chickens.

2 | MATERIALS AND METHODS

2.1 | Experimental design

In this study, 300 broiler chicks (Ross 308) were randomly divided
into four groups with five replicates, so that 15 chickens were allo-
cated in each replicate (1 x 1.5 m) until 42 days of age. All chick-
ens received freely feed and water (ad libitum) and reared under the
same growing condition in closed system comprising continuous 24 h
lighting programme, mechanical ventilation, at least 50% air relative
humidity, and comfortable temperature (start from 32°C and gradu-
ally decreased weekly to 20°C). All chickens received Newcastle dis-
ease (ND) vaccine at 7, 18, and 35 days of age. The basal diet of all
groups was balanced according to NRC (NRC, 1994) (Table 1). Chick-
ens in the first group received a commercial probiotic (Protexin, Probi-
otics International Ltd.) according to the manufacturer’s recommenda-
tion: one gram per litre of drinking water in the first week, 150 g per
ton in the starter, 100 g per ton in the growing, and 50 g per ton in the
final diet. The chickens in the second group received phytobiotic (Gun-
nera extract) and 100 mg/L drinking water. Chickens in the third group
received mentioned probiotic and phytobiotic (protexin and Gunnera
extract), and chickens in the fourth group, as control, did not receive
any additives in basal diet. The weight gain (WG), feed intake (FI), and
feed conversion rate (FCR) were measured weekly and calculated in 42
days of age.

At 42 days of age, all chickens were weighed, and non-heparinized
and heparinized blood samples were taken from wing vein. The non-
heparinized samples were used for the preparation of serum sam-
ples. The serum samples were utilized for measuring humoral anti-
body against ND vaccine according to Allan and Gough (1976) based
on four haemagglutinin units. The blood samples were divided into two
same parts to measure the biochemical parameters in whole blood and
plasma. For the separation of plasma, the heparinized blood samples
were centrifuged at 3000 x g for 15 min at 4°C. All samples were stored
at -80°C until analysis was carried out.

Haematology examinations were performed on blood samples con-

taining anticoagulant and covered haematocrit percentage, white and
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TABLE 1 Thedietingredients and nutrients value

Starter diet Finisher diet
Ingredients (1-3 weeks) (4-6 weeks)
Corn 57.00 57.50
Soybean meal 37.00 34.00
Vegetable oil 2.50 4.00
Salt (sodium chloride) 0.30 0.30
Dicalcium phosphate 1.30 1.70
Shell 1.00 1.50
Methionine 0.25 0.30
Lysine 0.15 0.20
Commercial premix 0.50 0.50
Total 100 100

Starter diet Finisher diet
Calculated values (1-3 weeks) (4-6 weeks)
Metabolic energy (kcal/kg) 2970 3050
Protein (%) 21.30 20.00
Calcium 1.00 1.20
Available phosphate 0.45 0.55
Methionine + cysteine 0.80 0.70
Lysine 1.20 1.10

red blood cells count, neutrophile, lymphocyte, monocyte, eosinophile,
and basophile percentage. In addition, mean cell volume (MCV), mean
cell haemoglobin (MCH), and mean concentration of haemoglobin cell
(MCHC) were measured.

The concentration of plasma total protein (TP), triglyceride (TG),
cholesterol (CHL), high-density lipoprotein (HDL), low-density lipopro-
tein (LDL), aspartate transferase (AST), alanine aminotransferase (ALT),
and alkaline phosphatase (ALP) levels was determined using commer-
cial kits, spectrophotometrically (Technicon RA1000, H83014 model,
Technicon Industrial Systems) according to the manufacture’s instruc-
tion (Pars-Azmoon Co.). Furthermore, plasma total antioxidant capac-
ity (TAC) was determined using Randox total antioxidant capacity test
kit (Randox Laboratories Ltd.) as described by Milleret et al. (1993).
Blood superoxide dismutase (SOD) activity was measured by Ransod
spectrophotometric kit (Ransod, Randox Laboratories Ltd.) according
to the method of Woolliams et al. (1983). Blood Glutathione peroxidase
(GPx) activity was assessed by Ransel spectrophotometric kit (Ransel,
Randox Laboratories Ltd.) as described by Paglia and Valentine (1967).

2.2 | Protexin

This commercial probiotic presented at a concentration of 2 x 107
CFU/g containing Streptococcus faecium, Streptococcus termophilus, Lac-
tobacillus plantarum, Lactobacillus johnsonii, Lactobacillus bulgaricus, Lac-
tobacillus acidophilus, Bifidobacterium bifidum, Aspergillus ourozai, and
Candida pentolopsy. This probiotic is a product of Probiotics Interna-
tional Ltd. UK.

TABLE 2 The growth parameters in broiler chickens fed probiotic
and/or Gunnera extract at 42 days of age

Index/groups Fl WG FCR
Probiotic 3700 + 188° 2200 + 190? 1.68 +0.042
Gunnera extract 3600 + 250? 2150 + 1502 1.67 +0.05%
Probiotic plus 3500 + 190° 2300 + 1822 1.53+0.08°
Gunnera
extract
Control 3600 + 210°? 2100 + 1932 1.72 +0.03?

Abbreviations: FCR, feed conversion rate; Fl, feed intake; WG, weight gain.
Note: The different superscript letters in each column represent significant
differences between treatment group (p < 0.05).

2.3 | Gunnera extract

In spring of 2018, Gunnera leaves were collected from Lorestan
province (western area of Iran) and dried in the shade. Then, the pow-
der grind and suspended in water and ethanol (50:50) for 48 h. The
extract was prepared by the maceration method according to Gholami-
Ahangaran et al. (2019). The extract was filtered with Whatman paper
2.0 and concentrated in the oven for 72 h.

24 | Statistical analysis

The data was statistically analyzed based on the one-way analysis of
variance (ANOVA) method, using SPSS (version 22) statistical package
(SPSS Inc.). Significant differences among the treatments were recog-

nized at p < 0.05, using Tukey’s test.

3 | RESULTS

3.1 | Growth performance

The growth indices in 42 days of age represent that there was no statis-
tical differences in the WG and Fl of chickens in different groups, while
the FCR was changed by adding probiotic, Gunnera extract, or probi-
otic plus Gunnera extract to diet. At 42 days of age, the lowest FCR was
seen in chickens received probiotic plus Gunnera, while there was no
significant difference in FCR between chickens Gunnera extract or pro-
biotic with chickens fed probiotic plus Gunnera extract (Table 2).

3.2 | Biochemical parameters
In chickens received protexin or protexin plus Gunnera extract, the
TP was higher than control chickens. Also, TG and CHL were signifi-
cantly lower in chickens fed Gunnera extract or probiotic plus Gunnera
extract (p < 0.05) (Table 3).

The comparison of ALT, AST, and ALP in different treatment groups
represent that there is no significant difference between different

groups (Table 3).
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TABLE 3 The biochemical parameters in broiler chickens fed probiotic and/or Gunnera extract at 42 days of age

Index/Group Probiotic
TP (gr/dl) 4.24 +0.20°
TG (mg/dl) 104 + 20°
CHL (mg/dl) 150 + 232
HDL (mg/dl) 80+ 192
LDL (mg/dl) 50 + 25
ALT (U/L) 4.62+0.92
AST (U/L) 150 + 35°
ALP (U/L) 2.80+0.212
SOD (U/mg Hb) 1106 + 109?
GPx (U/mg Hb) 160 + 352
TAC (mmol/L) 0.59 +0.11%
HI titre (NDV) 5.25+0.60°

Probiotic plus
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Gunnera extract Gunnera extract Control
3.52+0.62% 4.00 +0.35? 3.05+0.32°
80 + 20¢ 60 + 25¢ 135+ 23°
118 +29° 126 + 20° 160 + 25°
70+21* 82+12% 70 +20°
35+18° 42+ 152 60 + 15°
4.70+0.5° 4.80+0.5° 4.90+0.8°
149 + 452 144 + 40° 145+ 39°
2.80+0.29° 2.70+0.307 2.95+0.20°
1150 + 1452 1140 + 1322 1106 +115°
190 + 242 210+ 252 126 + 30°
0.77 +0.09° 0.86 +0.10° 0.45 +0.14°
42+0.9% 4.5+0.6% 3.77 +0.80°

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transferase; CHL, cholesterol; GPx, glutathione peroxidase; HDL,
high-density lipoprotein; HI, haemagglutination inhibition; LDL, low-density lipoprotein; SOD, superoxide dismutase; TAC, total antioxidant status; TG,

triglyceride; TP, total protein.

Note: The different superscript letters in each line represent significant differences between treatment group (p < 0.05).

TABLE 4 The haematological indices in broiler chickens fed probiotic and/or Gunnera extract at 42 days of age

Index/groups Control

PCV (%) 35+3.6
RBC (10¢/mm®) 3.05+0.40
WABC (10%/mm3) 2.70+0.30
Neutrophils (%) 36.10 +2.70
Lymphocytes (%) 6149 +2.94
Monocytes (%) 3.80+0.99
Eosinophils (%) 1.11+0.60
Basophils (%) 0.48+0.13
Hb (g/dl) 10.00 +0.32°
MCV (fl) 90.23 +0.25
MCH (pg) 30.56 +0.19
MCHC (%) 30.19+0.31

Probiotic plus

Abbreviations: MCH, mean cell haemoglobin; MCV, mean cell volume; MCHC, mean concentration of haemoglobin cell.
Note: The different superscript letters in each row represent significant differences between treatments (p < 0.05).

The concentration of SOD in all treatment groups did not have any
significant difference. The blood GPx and TAC concentration were sig-
nificantly higher in chickens fed Gunnera extract or probiotic plus Gun-
nera extract (p < 0.05), while the addition of probiotic did not have any
significant difference with other groups (Table 3).

The IgG antibody titre against ND vaccine in control group was sig-
nificantly lower than other groups (p < 0.05). Also, ND titre in chickens
received probiotic was higher than other chickens (p < 0.05) (Table 3).

Gunnera Gunnera

extract extract Probiotic
37+3.8 35+4.5 34+3.6
3.13+0.46 3.11+0.58 3.22 +0.50
2.75+0.40 2.80+0.35 2.63+0.30
35.76 +£2.53 37.97 +£3.17 39.15+2.20
58.65 +2.60 56.70 +2.60 56.05 +2.105
4.33+0.40 4.30+0.30 3.64 +0.46
1.78+0.75 2.40+0.27 1.85+0.59
0.39 +£0.208 0.50+£0.19 0.70+0.16
12.33+0.39° 10.30+0.50° 11.81+046°
90.04 +0.33 90.10 + 0.40 90.50 +0.40
33.33+0.12 32.12+0.18 3145+0.15
35.36 +0.31 34.35+0.29 32.50+0.39

3.3 | Haematology

As the results showed, haematocrit, white blood cell (WBC) and red
blood cell (RBC) count, neutrophil, lymphocyte, monocyte, basophil
percentage, haemoglobin, MCV, MCH, and MCHC were not signifi-
cantly different among the chickens in all groups. Only Hb level in the
chickens received probiotic or probiotic plus Gunnera extract was sig-
nificantly higher than control chickens (p < 0.05) (Table 4).
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4 | DISCUSSION

The results of the present study have shown that continuous utiliza-
tion of probiotic plus Gunnera extract in chicken diets improve FCR, but
consumption of probiotic or Gunnera extract has no effect on growth
indices alone. This finding can explain synergistic effect of Gunnera
extract with probiotics in growing indices. A review of previous studies
on the effect of probiotics on growth indices showed that the results
of using probiotic in the diet are very diverse, and the range of results
varies from not affecting growth indices to improvement in all growth
indices (Gunal et al., 2006; Shargh et al. 2012). Variation in the results
of studies on probiotics seems to be affected by growing conditions,
diet ingredients, type of probiotic, gastrointestinal pH, stress, dose, and
period of probiotic administration (Wang et al., 2017).

Although there is no report related to Gunnera application in
chicken diet, various studies have been performed on the effects of the
artichoke plant in poultry. Artichoke has a close homology in respect
of phytobiological characteristics by Gunnera. These plants belonging
to Asteraceae family, and Gunnera is a traditional species in Iran. Previ-
ously, the effect of artichoke in liver protection of Japanese quails (Kho-
ramshahi et al., 2015; Nateghi et al., 2013), improving the performance
index of laying hens (Nadia et al., 2007; Yildiz et al., 2006) and lowering
cholesterol (Abdo et al., 2007; Fallah et al., 2013) have been studied.
The results of these studies varied from no effect on growth indices
(Mirderikvandi et al., 2016; Tajodini et al., 2015) to decrease FCR at
the end of the growing period (Rouzmehr et al., 2014), increase body
weight (Lertpatarakomo et al., 2015), increase WG and FI (Boroumand-
nia et al,, 2014), increase body weight and Fl, decrease FCR (Shokri
etal.,2018), and even decrease in final weight (Abdo et al., 2007). How-
ever, our results on Gunnera extract effect on chicken growth repre-
sented that administration of Gunnera extract had no effect on growth
indices. Certainly, the geographical area of the cultivation, plant chem-
ical composition, harvest season, dose, duration of administration, and
phytobiotic type can affect the results.

Various studies have been performed on the effects of probiotics on
the antioxidant system. In this study, the use of probiotics had no effect
on the SOD but increased the GPx and TAC significantly. Cross et al.
(2002) and Erdogan et al. (2010) showed that probiotics had no effect
on GPx level. In addition, Aluwong et al. (2013) showed that the use of
yeast probiotics significantly increased GPx activity without affecting
SOD in broilers. It seems that the strains of probiotics can be effective
on antioxidant results.

In this study, the use of Gunnera extract could increase GPx and
TAC, and it even seems that the combination of probiotic and Gun-
nera extract has synergistic activity in increasing GPx and TAC so that
the combination significantly increased GPx and TAC, which showed
significant differences with the probiotic received groups. There is no
clinical research on the antioxidant properties of Gunnera in poultry.
However, the increase in antioxidant activity in the present study after
the use of Gunnera is related to the level of scavenging activity of
Gunnera. The radical scavenging activity and phenolic contents (in the
form of chlorogenic acid) of Asteraceae family mainly contribute to the
effect of Gunnera on antioxidant capacity. The role of chlorogenic acid

as a potent antioxidant has been previously demonstrated in vivo and
in vitro (Sato et al., 2011). The nutrients and antioxidant capacity of
Gunnera extract can supply essential nutrient for metabolism of RBC
and improve haematological profiles in chickens that received Gunnera
extract or Gunnera extract with probiotic. The increasing Hb in chick-
ens fed Gunnera extract with or without probiotic is in line with this
hypothesis.

This study shows that continuous consumption of Gunnera extract
can reduce lipid serum but probiotic no effect on lipid level. The syn-
ergistic effect of Gunnera extract and protexin showed lowering of
lipid profile including CHL and TG in serum. There are several stud-
ies on the effect of probiotics on serum lipids in poultry. A study by
Amer and Khan (2012) showed that the supplementation with probi-
otic contained Lactobacillus acidophilus, Bacillus subtilis, Saccharomyces
cerevisiae, and Aspergillus oryzae significantly decreases cholesterol in
serum after 6 weeks. Further to the ability of probiotic in elimination
of lipids, these microorganisms can adsorb and detoxify the microbial
toxin in the gastrointestinal tract and prevent the intestinal absorp-
tion. Detoxification of poisons in gastrointestinal tract (GIT) inhibits the
effect of toxins on hepatocytes (Markowiak et al., 2019). The increase
of TP in the present study may be related to the influence of probi-
otic on secretory function of GIT that leads to increase digestion and
adsorption and subsequently can elevate total protein in plasma. It
seems that the positive effects of probiotics on physiological function
lead to an increase in health status and increase immunity defence
in chickens. Increasing total protein following administration of pro-
texin in this study can positively affect on the synthesis of antibodies.
So, the chickens that received probiotics have best response to ND
vaccine. Previously the effect of useful microorganisms on immunity
was demonstrated and our finding agrees with previous reports (Awad
etal, 2009).

There are few studies on the effect of probiotics on liver enzymes.
Bityutskyy et al. (2019) showed that the use of probiotics in quail could
reduce the levels of liver enzymes of ALT and AST. Damage to the liver
cell membrane causes these enzymes to be released into the blood-
stream (Gholami-Ahangaran et al., 2016). Therefore, lack of increase
in liver enzymes indicates no liver damage following probiotic supple-
mentation.

In this study, Gunnera was able to affect serum lipid profile,
reduce CHL and TG. Regarding the effect of Asteraceae family on lipid
metabolism, various studies have been performed in humans, animals,
and poultry. In most of these studies, there is an agreement that
artichoke belonging to Asteraceae family can have potent effect on
lipid metabolism. There is no study related to Gunnera effect on lipid
metabolism in chickens, but there are some reports related to arti-
choke. Rouzmehr et al. (2014) reported that addition of 200 g per ton
of dried artichokes to the diet can reduce abdominal fat and blood
CHL. Also, Abdo et al. (2007) stated that consumption of 6% dried arti-
choke leaves in the diet causes a reduction in the amount of abdom-
inal fat. However, Asteraceae family seems to reduce plasma choles-
terol levels by increasing bile secretion and decreasing cholesterol
biosynthesis (Edwards et al., 2015). In addition, there is evidence that
the active ingredients in this phytobiotic have the ability to inhibit
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3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase (Geb-
hardt, 1998). No effect on hepatic enzymes including ALT, AST, ALP, and
decreased plasma lipid profiles may support this hypothesis that lipids
accumulated in hepatocytes can destroy hepatocyte and elevate hep-
atic enzymes in plasma. No effect on liver enzymes following the use
of Gunnera extract or the simultaneous use of probiotics and Gunnera
extract can be a marker of liver health and no hepatotoxicity. Certainly,
no effect on liver function is in line with the increase in antioxidant
capacity and can be due to the increased ability of antioxidants to pro-
tect liver cells against toxins and oxidants.

In conclusion, continuous use of probiotic (protexin) (recommended
dose in each growing period) along with Gunnera extract (100 mg/L)
in broiler diets can improve FCR, increase antioxidant status, decrease
serum lipids, and has no adverse effect on liver function in broiler

chickens.
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