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Abstract

The paper presents the effect of a dietary phytogenic mixture on intestinal microflora of broilers raised under
thermoneutral conditions (TN) and heat stress (HS). The feeding trials were conducted on 120 Cobb 500 broilers (60
chicks/trial) raised in environmentally- controlled digestibility cages. Up to 14 days the chicks were fed a conventional
diet. On the 14" day, they were divided in four homogeneous groups (2 groups/ trial, 30 chicks/ group). In the first trial,
two groups (C-TN and PM-TN) were kept in TN. In the second trial, two other groups (C-HS and PM-HS) were kept in
HS (32°C). Both trials used the same structure of diets. Compared with the control diet (C), the experimental diet (PM)
included the addition of 1% phytogenic mixture (bilberry leaves, peppermint leaves, fennel leaves and sea buckthorn
meal). Both in TN and HS, dietary PM lowered the number of staphylococci and increased the lactobacilli populations
in the intestinal and caecal content. E. coli populations have decreased only in the intestinal content of broilers fed PM
diet. In conclusion, dietary PM could be an efficient alternative to modulate the intestinal microflora of broilers even in

heat stress conditions.
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INTRODUCTION

The balance of the intestinal microflora of
broilers is crucially affected by exposure to heat
stress. This consequence is important because the
intestine health is related to the general health
of the broiler. In the recent years, many efforts
have been redirected for the improvement of
intestine microflora. A common strategy for
ensuring gut health has been nutritional
manipulation. In this regard, many researchers
have focused on the use of several dietary
supplements, including phytobiotics
considering effective stress-alleviating agents
(AL-Sagan et al., 2020; Gheorghe et al., 2019;
Saracila et al., 2020). They can be included in
the diet for broilers as essential oils, powder
from different parts of the plant or a
combination of plants or oils. In the poultry
industry, herbs and herbal products are used to
substitute synthetic products to stimulate or
promote the development of the chicken gut,
ensuring a proper balance between bacterial
communities that colonize the intestine, etc.
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Bilberry leaves have attracted attention for
inclusion in the broiler diet due to the important
content of polyphenols, Zn, vitamin E, lutein
and zeaxanthin and important antioxidant
capacity (Mékinen et al., 2020; Untea et al.,
2020; Varzaru et al., 2020). Popescu et al.
(2020) reported that the dietary bilberry leaves
positively influence the microbiota of laying
hens. Peppermint is a plant with a long history,
with strong antibacterial and antioxidant effects
in poultry (Abdel-Wareth et al., 2019). The
beneficial effects of using peppermint in the
broiler diet have included growth promoting
efficacy (Toghyani et al., 2010), reduced abdo-
minal fat deposition, and improved antioxidant
status (Khempaka et al., 2013). Fennel contains
health-promoting volatile essential oil com-
pounds (e.g., fenchone, anethole, myrcene,
etc.), amino acids, phenolic compounds, and
flavonoids and have been reported to decrease
intestinal E. coli populations (Ghiasvand et al.,
2021), and have had a beneficial impact on
growth performance and carcass quality of
broilers under heat stress conditions (AL-Sagan



et al., 2020). Sea buckthorn has been studied
extensively due to its antioxidant, anti-inflam-
matory and immunostimulatory properties.
Saracila et al. (2020) did not report effects on
the coefficients of absorption and performance
of broilers fed diet supplemented with sea
buckthorn meal and raised under HS.

The aim of this study was to investigate the
efficacy of a dietary phytogenic mixture (PM)
on the intestinal microflora of broilers raised
under thermoneutral conditions (TN) and heat
stress (HS).

MATERIALS AND METHODS

The experimental trials were conducted in
agreement with the guidelines established by
the Ethics Commission of the National
Research Development Institute for Biology
and Animal Nutrition (IBNA-Balotesti,
Romania). Briefly, a total of 120 Cobb 500
broilers were assigned to two feeding trials (for
28 days) with 60 broilers/trial and housed in
environmentally- controlled digestibility cages.
Until the age of 14 days, a commercial diet
(based on corn, gluten and soybean meal) with

22% CP and 3102 kcallkg ME was
administered to broilers. At the age of 14 days,
the chicks were weighted and on this criterion
were assigned to four homogeneous groups
(2 groups/ trial with 30 chicks/group). In the
first trial, two groups (C-TN and PM-TN) were
raised in thermoneutral (TN) conditions. In the
second trial, two other groups (C-HS and PM-
HS) were raised in heat stress (HS) conditions
(32 £ 1°C). During the experimental period, the
light regimen was set to 23h light/ 1h darkness.
Feed (mash form) and water were administered
ad libitum. Compared to the control diets
(C-TN; C-HS) that contained a commercial
diet, the experimental diets (PM- TN; PM-HS)
included the addition of 1% phytogenic mixture
of 40% bilberry leaves, 20% peppermint
leaves, 20% fennel leaves and 20% sea
buckthorn meal) (Table 1). The mixture is
characterized by a high content of polyphenols
and a superior antioxidant capacity, as reported
by Saracila et al. (2020). The dried and
grounded plants used for the mixture were
obtained from pharmacies, while sea buckthorn
meal was Dbought from E-Prod SRL,
Teleorman, Romania.

Table 1. Diet composition*

Ingredient Grower stage (14-35 days) Finisher stage (35-42 days)
C PM C PM

Corn 62.00 61.00 60.50 60.00
Soybean meal 26.58 26.58 25.46 25.00
Gluten 4.00 4..00 6.00 6.00
Oil 2.50 2.50 3.75 3.71
Phytogenic mixture (PM) 0 1.00 0 1.00
Calcium carbonate 1.40 1.40 1.33 1.33
Monocalcium phosphate 1.36 1.36 1.13 1.13
Salt 0.37 0.37 0.33 0.33
Methionine 0.26 0.26 0.25 0.25
Lysine 0.48 0.48 0.20 0.20
Choline 0.05 0.05 0.05 0.05
Vitamin-mineral premix* 1.00 1.00 1.00 1.00

Total 100 100 100 100
*1kg premix contains: = 1100000 IU/kg vit. A; 200000 [U/kg vit. D3; 2700 IU/kg vit. E; 300 mg/kg vit. K; 200 mg/kg Vit. B1; 400 mg/kg vit. B2; 1485
mg/kg pantothenic acid; 2700 mg/kg nicotinic acid; 300 mg/kg vit. B6; 4 mg/kg Vit. B7; 100 mg/kg vit. B9; 1.8 mg/kg vit. B12; 2000 mg/kg vit. C; 8000
mg/kg manganese; 8000 mg/kg iron; 500 mg/kg copper; 6000 mg/kg zinc; 37 mg/kg cobalt; 152 mg/kg iodine; 18 mg/kg selenium.

*Diet structure published previously by Saracila et al. (2020)

At 42 days of age, 6 birds per treatment were
slaughtered by cervical dislocation.
Consequently, the entire intestine was removed
from the oesophagus to the cloaca. Samples of
intestinal and caecal contents were collected in
aseptic medium, in sterilized plastic tubes and
stored at -20°C until Dbacteriological tests
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(Escherichia coli, staphylococci, lactobacilli,
Salmonella spp.).

Bacteriological analyses were performed
according to the test described by Saracila et al.
(2020). Briefly, for the E. coli assay, the
decimal dilutions (up to 107) in lauryl-sulphate
medium, were inoculated in 2 Petri dishes on



Levine medium and incubated, and after this
the colonies were counted.

The staphylococci assay was performed by
immersing the sample in hyper-chlorinated
liquid medium, then inoculating in successive
dilutions on hyper-chlorinated solid medium
and incubated and finally counted. For the
lactobacilli method, MRS broth and MRS agar
were used as the selective medium and then the
forming colonies were counted. Salmonella
spp. was determined according to SR EN ISO
6579/2003/A1:2007. Scan 300, Interscience
(France) was used to count bacterial colonies.
The results were reported as a log base 10
colony-forming units (CFU) per gram of
intestinal and caecal contents.

Statistical analysis

Data were analysed by 2-way ANOVA using
Graph-Pad Prism v. 9.02 (San Diego, CA),
with diet (C, E) and temperature (TN, HS) as
factors using the following model:

Yij = p+ it fj + (af)i+ eijk

Where: y = the dependent variables; p = the
general mean; i and fj = diet and temperature
effects; (0ff)ij = the interaction between diet and
temperature; &; = the random error. When
significant main effects were detected, means
were compared using Tukey’s multiple range
test. Significance was set at a p<0.05.

RESULTS AND DISCUSSIONS

Table 2 shows that in HS conditions, dietary
PM significantly reduced the number of E. coli
and staphylococci in the intestinal content. In
particular, while staphylococci were signifi-
cantly lower in the PM-supplemented group
than in group C, in TN, E. coli populations did
not differ between the two groups.

Both diet and temperature significantly influen-
ced the number of E. coli and staphylococci
populations.

Table 2. Effect of diet supplementation and temperature on intestinal bacterial populations
(log10 CFU*/g wet intestinal digesta)

TN HS p-values summary
Variable . Diet x
C-TN PM-TN C-HS PM-HS Diet Temp. temp
E. coli 6.36" 6.35° 5.31° 5.24¢ * HEE ns
Staphylococci 6.16* 6.15° 5.94¢ 5.83¢ HoAkk HoAkk o
Lactobacilli 7.422 7.432 6.36° 6.89¢ oo oo oAk
Salmonella spp. absent absent absent absent NA NA NA

b.¢.dMeans in the same column with different superscripts differ significantly (p<0.05). Data are presented as mean SEM (n = 6 broilers/group).
Asterisks denote statistical significance (p > 0.1234 ns, *p < 0.0332, **p < 0.0021, ***p< 0.0002, ****p<0.0001).

Interestingly, the lowest populations of E. coli
and staphylococci were recorded in the
intestinal contents of broilers raised under HS.
Similarly, in HS the number of lactobacilli was
significantly higher in the intestinal content of
broilers fed PM diet than in those fed the C
diet. If we compare the stress conditions with
the normal ones, we see that the lactobacilli
have been affected by the applied heat stress,
their populations number being smaller.

Ragab et al. (2013) reported a decrease in
intestinal pH and the total microflora count of
broilers fed a diet supplemented with fennel
seeds. The authors explained that these results
could be related to the antimicrobial effect of
feed seeds. Safaei-Cherehh et al. (2020)
showed that the inclusion of 200 ppm fennel
extract in broiler (42 days) diet decreased the
ileal E. coli count due to the antibacterial
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activity of fennel extract. In a study conducted
on Ross broiler chicks, Vase-Khavari et al.
(2019) showed that the dietary addition of 0.5%
peppermint reduced the total number of E. coli
and enhanced the caecal populations of
lactobacilli.

Vlaicu et al. (2019) reported that a blend of
commercial oils (20% roschip oil, 20% sesame
oil, 20% buckthorns oil, 20% nut oil and 20%
grapeseed oil) included in the broiler diet (14-
42 days) reduced the proliferation of patho-
genic bacteria and increased the lactobacilli in
the intestine and cecum.

Popescu et al. (2020) explain that dietary
bilberry powder influences positively the
microbiota by modulating several digestive
enzymes that promote the development of
lactobacilli and decrease pathogenic bacteria
such as Enterobacteriaceae.
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Figure 1. Effect of diet and temperature on E. coli:
lactobacilli ratio in the intestinal content of broilers
Main effects of diet, temperature, and the interaction are presented in
each graph (Prism Graph 9.02). Data are presented as mean SEM (n= 6

broilers/group). Asterisks denote statistical significance (p > 0.1234 ns,
*p <0.0332, **p < 0.0021, ***p< 0.0002, ****p<0.0001)

The Figure 1 depicted the influence of dietary
PM supplementation and temperature on E.
coli: lactobacilli ratio. Both temperature and
dietary PM supplementation exerted a signi-
ficant influence on E. coli: lactobacilli ratio in
the intestinal content.

Under thermoneutral conditions, the ratio was
not significant between two groups, but in HS,
PM supplementation decreased the ratio. As
expected, under HS, the E. coli: lactobacilli
ratio was lower than that recorded under TN.
The dietary PM supplementation significantly
reduced staphylococci populations in caecal
content of broilers raised in either TN or HS
conditions (Table 3). But dietary PM supple-
mentation had no effect on the intestinal and
caecal number of E. coli. Regardless of tempe-
rature conditions, the number of lactobacilli
was significantly higher in groups fed a diet
supplemented with PM (PM-TN; PM-HS) than
in those fed a diet C (C-TN; C-HS).

Table 3. Effect of diet supplementation and temperature on caecal bacterial populations
(log10 CFU*/g wet caecal digesta)

Variable ™ HS p-values summary
C-TN PM-TN C-HS PM-HS Diet Temp. Diet x temp.
E. coli 10.30 10.16 10.37 10.33 ns ns ns
Staphylococci 8.832 8.75° 8.65¢ 8.344 ok ok ok
Lactobacilli 11.56 11.79° 10.66¢ 10.794 *okokesk HAkK sk
Salmonella spp. absent absent absent absent NA NA NA

b ¢ dMeans in the same column with different superscripts differ significantly (p<0.05). Data are presented as mean SEM (n=6 broilers/group).
Asterisks denote statistical significance (p > 0.1234 ns, *p < 0.0332, **p < 0.0021, ***p< 0.0002, ****p<0.0001).
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Figure 2. Effect of diet and temperature on E. coli:
lactobacilli ratio in the caecal content of broilers
Main effects of diet, temperature, and the interaction are presented in
each graph (Prism Graph 9.02). Data are presented as mean SEM (n= 6
broilers/group). Asterisks denote statistical significance (p > 0.1234 ns,
*p <0.0332, **p < 0.0021, ***p< 0.0002, ****p<0.0001)
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The Figure 2 shows that both diet and
temperature had a significant influence on the
E. coli: lactobacilli ratio in the caecal content
of broilers. In HS, dietary PM supplementation
had no effect on E. coli: lactobacilli ratio, while
in TN, it showed a significantly lower value.
Compared to TN, the values of the E. coli:
lactobacilli ratio were lower than in HS. This
observation confirms the negative effect of HS
on the balance of the broiler microflora.

CONCLUSIONS

Dietary PM had a positive effect in reducing E.
coli populations only in the intestinal contents
of broilers subjected to TN and HS. In both HS
and TN, the PM diet decreased staphylococci
populations and increased lactobacilli in the
caecal and intestinal contents of broilers.
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