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Research article
Ερευνητικό άρθρο

ABSTRACT: This study was conducted to evaluate the effects of non and nano encapsulated thyme essential oils with 
saturated and unsaturated lipids (tallow and canola oil) and two levels of diet crude protein (standard and low than 
standard) on intestinal microbial population and blood anti-oxidation status of broilers. In this study, 384 Ross-308 
broiler chickens in a factorial engagement of 2×2×2 (2 form of thyme medicinal plant essential oils, two sources of 
lipids, and 2 levels of diet crude protein) were used in a completely randomized design with 8 treatments, 4 replicates, 
and 12 bird in each replicate for 42 days. Experimental periods included starter (1-10 days), grower (11-24 days), and 
finisher (25-42 days). Canola oil significantly reduced the intestinal coliforms population, whereas tallow increased 
them (P<0.05), a similar effect was observed with thyme forms, so the lowest coliform population blogged to the nano 
encapsulated form of thyme. In contrast, the highest coliform population resulted in non-capsulated thyme essential 
oil (P<0.05). In an interaction between thyme essential oil form and diet crude protein level, the lowest coliform pop-
ulation was observed with diet contained nano encapsulated thyme essential oil and low level of diet crude protein 
(P<0.05). Regarding antioxidant status, reducing the diet crude protein increased Malondialdehyde and Glutathione 
peroxidase (P<0.05). In an interaction between diet crude protein and thyme form, a diet with low crude protein and 
capsulated thyme increased the level of Superoxide dismutase (P<0.05). In general, results of the current experiment 
indicated that in Ross-308, broiler chickens, using capsulated thyme essential oil with canola oil and low crude protein 
improves intestine microbial population and antioxidant status of broilers. 
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 INTRODUCTION

Nanotechnology is a general term that refers to all 
advanced technologies in the field of nanoscale 

work. Nanocapsules, are capsules with a nanometer 
diameter and can be inserted and encapsulated (El-
bazet al., 2020; Ji et al., 2019). Nano-capsulation of 
aromatic substances can improve the healing proper-
ties and facilitates their access. Because of their small 
size, these substances increase the mechanism of cel-
lular uptake and increase their efficiency (Bayramza-
deh et al., 2019). Encapsulation acts as a barrier to 
oxygen transfer and prevents the growth of aerobic 
bacteria and delays lipid oxidation. Therefore, it leads 
to increasing the stability and durability of essential 
oils (Zhaveh et al., 2015). On the other hand, encap-
sulation controlled and sustained release of a certain 
amount of essential oils from the carrier (Khalili et 
al., 2015).

The use of medical plants has recently increased 
in poultry diets. Medical plants are added to poultry 
diets for different reasons such as antibacterial, an-
tioxidant, growth improvements, reduction of using 
drugs and chemical additives, improving taste, market 
considerations of poultry products, and improvement 
of blood and immune parameters (Rossi et al., 2020; 
Torun Kumar Paul et al., 2020; Pandey et al., 2019). 
Thyme is more considerable than the other medicinal 
plants. Its constituents (thymol and carvacrol) have 
been used in many experiments (Galli et al., 2020; 
Ghanima et al., 2020; Karam et al., 2019; Yin et al., 
2017).

Naturally, antioxidant ingredients abound in vari-
ous medical plants like thyme. The use of thyme es-
sential oil and saturated and unsaturated oils in poul-
try ration decreases oxidation side effects. Ghasemi 
Shansabadi et al. (2014) indicated that low-density 
thyme powder in the ration of Japanese quails in-
creases their growth and prevents oxidation of fats, 
and performs as a highly effective antioxidant. The 
use of Shirazi thyme powder in broiler chickens ra-
tion increased chickens’ performance. It reduced the 
carcass’s oxidation process and, consequently, in-
creases the durability of poultry meat in the refrigera-
tor (Salehi et al., 2015). Kalanta et al. (2015) studied 
the effect of drinking essential oil of thyme on perfor-
mance traits, antibody level against Newcastle virus 
diseases, Gumboro and bronchitis, and blood parame-
ters in broiler chickens. Essential oils comprise main-
ly hydrocarbon terpenes (isoprenes) and terpenoids, 
which their synergistic effects could lead to antifungal 

and antimicrobial effects (Zhaveh et al., 2015). They 
showed that various levels of thyme essential oil sig-
nificantly influence performance indexes and blood 
parameters. Present experiment carried out to evalu-
ate the effects of using normal and nano encapsulated 
thyme essential oils with saturated and unsaturated oil 
on intestinal microbial population and anti-oxidation 
condition of broiler.

MATERIALS AND METHODS
The present experiment was performed in broiler 

chicken farming of Islamic Azad University of Mar-
agheh in March 2019 for 42 days. In this study, a to-
tal of 384 male Ross-308 broilers (one-day-old) were 
selected and analyzed using 2×2×2 factorial experi-
ments consisting of two thyme essential oils (normal 
and encapsulated), two oil type (saturated and unsatu-
rated), and two crude proteins (standard and 5% low-
er) in a random design with eight treatments and four 
repetitions in each treatment in 32 experimental units. 
The experimental rations were adjusted based on 
food requirements in Ross-308 broiler nutrition spec-
ification guidelines by formulated using the UFFDA 
program. Diet ware for the periods including a starter 
(1 to 10 days), growing (11 to 24 days), and finisher 
(25 to 42 days) (Table 1). The thyme essential oil was 
prepared from Barij Assurance Company (Kashan, 
Iran). The thyme essential oil was mixed with the fats 
used in the meal (Firstly dissolved in the vegetable oil 
component of the ration), and the final homogeneous 
mixture was added to the meal. For capsulation, the 
loading capacity of essential oil at a concentration of 
0.5 - 2% sodium alginate was first investigated, then 
was encapsulated with biocompatible calcium algi-
nate hydrogel (Dima et al., 2013). Two fatty sources, 
including tallow (saturated) and canola oil (unsaturat-
ed), were used.

When chickens lived for 42 days, two chickens 
from each repetition (total n = 64) were selected ran-
domly (Hamidi et al., 2021), and after slaughter, 1 
cm long pieces samples was taken from the bottom 
of the ileum (Ghazanfari et al., 2015). The number 
of Lactobacillus bacteria in the culture environment 
(MRS-Agar) was reported, then numbering of Esch-
erichia coli (Eosin methylene-blue) was done in the 
culture environment. After preparation of the sample 
from ileum content, consecutive dilutions (from 10-1 
to 10-6) were prepared. Then to count the total bacte-
ria, they were cultured in specific cultivation environ-
ments (Heir et al., 2018). The total number of bacte-
ria in every dilution of ileum was calculated, and the 
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mean of them as the total number of bacteria in diges-
tive content per gram was reported in every treatment 
repetition (He et al., 2021). 

To specify an antioxidant condition of serum 
blood was collected before slaughtering of the birds, 
the Total Antioxidant Capacity of Serum (TAC.S) and 
the level of Malondialdehyde (MDA.S) were identi-
fied. The liver samples (washed with PBS (Sigma), 
and minced with scissors) were centrifuged after ho-
mogenization in the buffer solution (1.15% potassi-
um chloride, pH=7.4, centrifuged in 4oC for 15M/ 
5000R), and the surface solution was used for mea-
suring the activity of Glutathione peroxidase enzymes 
(GPX.L), Superoxide dismutase (SOD.L), and the 
level of Malondialdehyde (MAD.L). GPX.L activity 
and SOD.L were measured using the method applied 
by Ishaq et al. (2021) using every unit per mg protein. 
MDA level, an index of lipid peroxidation, was mea-
sured in the serum and liver of broiler chicken based 
on Mousavi et al. (2018)’s method. 

The statistical analysis of data was analysed using 
GLM software (9.1) SAS, and the mean levels were 
compared with the Tukey method (P ≥0.05) (SAS, 

2008). The statistical model of the design was as fol-
lows:

Yijkl = μ+Ai+Bj+Ck+ABij+ACik+BCjk+ABCijk+εijkl

where: Yijkl = a dependent variable, μ = overall 
mean, Ai = the effect of Thyme essential oil, Bj = the 
effect of oil type, Ck = the effect of crude protein le-
vels, ABij = Interaction of Factors A×B, ACik = Inter-
action of Factors A×C, BCjk = Interactivity of Factors 
B×C; ABCijk = Interaction of Factors A×B×Cand εijkl = 
the random error.

RESULTS 

Intestinal microflora 
The effects of experimental treatments on intestinal 

microbiology are presented in Table 2. Concerning the 
results of experimental diets on the small intestine’s 
microbial population in chickens, the type of oil and 
form of essential oil have significant effects on the 
population of coliform in the intestine (P <0.05). The 
protein level did not have significant effects on the 
microbial population of the small intestine (P >0.05). 
This result was also observed in the effects of thyme 
essential oil so that the use of encapsulated thyme es-

Table 1. Nutritional contents of diets fed to broilers during the starter, growing and finishing periods
Starter period Growing period Finishing period

Meal content (%) 1-10 days 11-24 days 25-42 days
Standard CP 5% Lower Standard CP 5% Lower Standard CP 5% Lower

Corn 75.47 77.51 93.54 71.58 75.56 55.60
Soybean meal 50.44 7.40 90.37 77.34 71.36 63.33
Oil 26.3 71.3 39.3 94.2 05.3 58.2
Bone meal 26.2 3.2 18.2 06.2 87.1 75.1
Oyster powder 29.0 27.0 29.0 35.0 33.0 34.0
Salt 46.0 43.0 47.0 44.0 42.0 39.0
Vitamin supplement * 0.25 0.25 0.25 0.25 0.25 0.25
Mineral supplement* 0.25 0.25 0.25 0.25 0.25 0.25
DL-Methionine 0.37 0.32 0.34 0.22 0.38 0.25
Sum 100 100 100 100 100 100
Chemical compounds of nutrient meals 
Metabolic energy (Kilocalorie/kg 3000 3000 3000 3000 3000 3000
Crude protein (%) 27.50 26.12 20.95 19.90 20.64 19.60
Calcium (%) 1.05 0.99 0.88 0.83 0.80 0.76
Usable phosphorus(%) 0.50 0.47 0.43 0.41 0.39 0.37
Sodium (%) 0.32 0.30 0.21 0.20 0.19 0.18
Lysin (%) 1.67 1.59 1.26 1.20 1.23 1.17
Methionine + Cysteine (%) 1.18 1.12 0.99 0.94 0.85 0.81
Tryptophan (%) 0.35 0.33 0.28 0.27 0.28 0.27

*Provides per kg of diet:trans-retinol 3784mg, cholecalciferol 125mg,-tocopherol acetate 100 mg, vitamin K33 mg, vitamin B12 mg, 
vitaminB25 mg, vitamin B64 mg, vitamin B120017 mg, niacin 40 mg, folic acid 18 mg,D-biotin 015 mg, calciumD-pantothenate 15 
mg, Mn 100 mg,Fe 80 mg, Zn 80 mg, Cu 8 mg, I 2 mg, Co 05 mg, Se 015 mg.
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Table 2. The effects of experimental treatments on intestinal microbiology
Effects TAB Coliform Lactobacillus
Main effects
Fat
Canola 8.63 6.32b 5.00
Tallow 8.53 7.29a 4.36
SEM 0.4709 0.2845 0.3045
p-value 0.8799 0.0238 0.1499
Thyme
Capsulated thyme 7.69 6.08b 3.93
Thyme 9.47 7.53a 5.43
SEM 0.4709 0.2845 0.3045
p-value 0.0131 0.0014 0.0019
Protein
Normal 8.29 6.65 4.55
Low 8.87 6.95 4.82
SEM 0.4709 0.2845 0.3045
p-value 0.3897 0.4548 0.5271
2. Interactions
Fat × thyme
Canola capsulated 7.72 5.55 4.41
Canola thyme 9.54 7.09 5.60
Tallow capsulated 7.66 6.60 3.46
Tallow thyme 9.40 7.97 5.27
SEM 0.6660 0.4023 0.4306
p-value 0.9527 0.8312 0.4737
Fat × protein
Canola normal 8.59 6.28 4.84
Canola low 8.67 6.35 5.17
Tallow normal 7.98 7.02 4.26
Tallow low 9.07 7.55 4.47
SEM 0.6660 0.4023 0.4306
p-value 4529/0 0.5745 0.8878
Thyme × protein
Capsulated normal 7.15 5.14d 4.03
Capsulated low 8.22 7.01b 3.84
Thyme normal 9.42 8.16a 5.06
Thyme low 9.52 6.90c 5.81
SEM 0.6660 0.4023 0.4306
p-value 0.4705 0.0007 0.2885
3. Interactions
Fat × Thyme × Protein
Canola Capsulated Normal 7.79 4.45 4.69
Canola Capsulated Low 7.64 6.64 4.12
Canola Normal Normal 9.39 8.11 4.98
Canola Normal Low 9.69 6.06 6.22
Tallow Capsulated Normal 6.51 5.83 3.57
Tallow Capsulated Low 8.80 7.38 3.55
Tallow Normal Normal 9.45 8.21 5.15
Tallow Normal Low 9.35 7.73 5.39
SEM 0.9418 0.5690 0.6090
p-value 0.2952 0.1833 0.3167

Means with different Latin letters in each column has significant difference (P<0.05).
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sential oil reduced the level of intestinal coliforms in 
chickens (P <0.05). In the mutual effects of the form 
of thyme essential oil and the crude protein level in the 
diets, the use of encapsulated thyme essential oil and 
the common crude protein in the meals of chickens 
reduced intestinal coliforms population (P <0.05).

Antioxidant compounds 
The effects of experimental treatments on the lev-

els of antioxidant compounds in the blood serum of 

chickens are shown in Table 3. Decreasing the level 
of crude protein in the meals increased MDA.L and 
GPX.L in chickens (P <0.05). In triple mutual effects 
of fat source type, essential oil form and crude pro-
tein level of meals, the use of tallow, normal thyme 
essential oil, and low protein meal increased SOD.L 
(P <0.05) in chickens. The experimental treatments 
had no effect on serum TAC.S and MDA.S levels (P 
<0.05) of chickens.

Table 3. The effects of experimental treatments on the levels of antioxidant compounds in the blood serum of chickens
Effects MDA.L SOD.L GPX.L MDA. S TAC. S
Main effects 
Fat 
Canola 1.28 16.12 2.83 4.84 1.73
Tallow 1.14 16.04 2.84 4.81 1.66
SEM 0.0639 0.4840 0.1052 0.3897 0.1203
p-value 0.1599 0.9165 0.9239 0.9642 0.7112
Thyme 
Capsulated thyme 1.25 16.07 2.90 5.08 1.69
Thyme 1.17 16.09 2.76 4.58 1.70
SEM 0.0639 0.4840 0.1052 0.3897 0.1203
p-value 0.3782 0.9813 0.3543 0.3734 0.9826
Protein 
Normal 1.11b 15.47 2.62b 4.82 1.73
Low 1.31a 16.68 3.05a 4.82 1.66
SEM 0.0639 0.4840 0.1052 0.3897 0.1203
p-value 0.0319 0.0901 0.0078 1.0000 0.6580
2.Interactions
fat × thyme
Canola capsulated 1.35 16.62 3.00 5.15 1.80
Canola thyme 1.20 15.61 2.66 4.51 1.65
Tallow capsulated 1.15 15.52 2.81 4.99 1.58
Tallow thyme 1.14 16.56 2.87 4.64 1.74
SEM 0.0904 0.6845 0.1488 0.5511 0.1701
p-value 0.4548 0.1497 0.1878 0.7878 0.3713
fat × protein 
Canola normal 1.25 15.53 2.67 4.79 1.78
Canola low 1.30 16.70 2.98 4.89 1.68
Tallow normal 0.96 15.42 2.56 4.86 1.70
Tallow low 1.32 16.66 3.12 4.76 1.63
SEM 0.0904 0.6845 0.1488 0.5511 0.1701
p-value 0.0971 0.9611 0.4025 0.8576 0.9652
Thyme × protein 
Capsulated normal 1.19 16.01 2.64 4.96 1.70
Capsulated low 1.31 16.13 3.16 5.19 1.69
Thyme normal 1.02 14.94 2.59 4.69 1.77
Thyme low 1.31 17.24 2.94 4.46 1.63
SEM 0.0904 0.6845 0.1488 0.5511 0.1701
p-value 0.3782 0.1244 0.5706 0.6867 0.7058
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3.Interactions
Fat × Thyme × Protein 
Canola Capsulated Normal 1.30 15.82b 2.79 5.15 1.72
Canola Capsulated Low 1.40 17.42a 3.20 5.18 1.88
Canola Normal Normal 1.20 15.24b 2.56 4.42 1.81
Canola Normal Low 1.20 15.99b 2.76 4.60 1.49
Fat Capsulated Normal 1.08 16.21ab 2.50 4.78 1.67
Fat Capsulated Low 1.22 14.84c 3.12 5.20 1.49
Fat Normal Normal 0.85 14.63c 2.62 4.95 1.72
Fat Normal Low 1.42 18.48a 3.12 4.32 1.76
SEM 0.1279 0.9680 0.2105 0.7794 0.4206
p-value 0.1599 0.0364 0.8975 0.5913 0.3173

Means with different Latin letters in each column has significant difference (P<0.05).

DISCUSSION

Intestinal microflora 
Thymol and carvacrol found in thyme plant and 

EOs has antimicrobial and antibacterial effects; there-
fore, in the intestines of broilers, it eliminates patho-
genic elements (such as Salmonella, Enterobacter 
sakasaki, and Clostridum difficile) and thereby pro-
motes better growth and productivity of the herd 
(Takaloli et al., 2006; Mitsch et al., 2004; Bart and 
Reinderz, 2003). Intestinal microflora can hydrolyze 
bile salts essential for the digestion and absorption of 
fats (Wang et al., 2022). Intestinal microflora, by re-
ducing bile acids’ availability, disrupts fat digestion 
in broilers; therefore, adding thyme-with its antimi-
crobial effects may reduce the microbial dissolution 
of bile acids by reducing the intestinal microbial load. 
Differences in results can be due to the type of bird, 
the production level, health condition, and other food 
items used in the meals. Our findings showed that in-
creasing encapsulated thyme essential oils reduced 
the colony of pathogenic bacteria (coliforms) but have 
no significant effect on beneficial bacteria (Lactoba-
cillus) in the cecal contents of chicks. These results 
indicated that the PF (positive effects of bacteria in 
the digestive system) had a positive impact on regu-
lating the intestinal flora. In previous research, thyme 
essential oils have been shown to suppress harmful 
bacteria, stimulate beneficial bacteria by controlling 
the intestinal microbial ecosystem, inhibit coloniza-
tion, and favor healthier microbial groups (Lin et al., 
2020). Encapsulations have improved the efficiency 
of their use in various fields, including reducing the 
population of harmful microbes such as coliforms, 
by optimally delivering the active ingredients to the 
target tissues, compared to conventional sources. In 
the present experiment, the use of thyme encapsulated 

form in comparison with the usual form has reduced 
the total microbial population in the small intestine. 
Unsaturated fatty acids in vegetable oils such as lin-
olenic, linoleic and arachidonic have many benefits 
for the proper functioning of the gastrointestinal tract, 
including reducing harmful microbial populations, 
compared to the saturated fatty acids such as oleic 
acid and myristic acid, which are abundant in saturat-
ed fats. Microbial populations beneficially increased 
by using this types of fatty acids. The reduction in the 
number of coliforms in the intestines of broilers in this 
experiment could also be related to the positive effects 
of high unsaturated fatty acids in canola oil compared 
to tallow fat. High dietary nutrients such as high pro-
tein stimulate the growth of gastrointestinal microbes 
while reducing the level of crude protein in the diet 
can have the opposite effect. The decrease in intestinal 
coliforms by the reduction in the level of crude pro-
tein in the diet was probably due to the lack of amino 
acids necessary for the growth and multiplication of 
the microbial population. In general, it can be stated 
that by using the encapsulated form of thyme essen-
tial oil, along with canola oil and reducing the level 
of crude protein in the diet, it is possible to reduce 
the microbial population of the intestine, improve the 
health of broilers, reducing mortality and improve the 
performance. The herd economy increased and pro-
duction of healthy and customer-friendly products is 
possible.

Antioxidant compounds 
Oxidative stress is an ordinary action in life, which 

arises out the imbalance between the production of 
free radicals and the body’s antioxidant system’s abili-
ty to remove these reactive species (Mohebodini et al., 
2021). Glutathione peroxidase and malondialdehyde 
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enzymes are the first defenses against free radicals 
(El-Senousey et al., 2018). Total antioxidant capacity 
is an indicator of anti-radical activity, enzymatic and 
non-enzymatic antioxidants (Sen et al., 2010). There-
fore, according to the liver’s measured parameters, 
reducing the level of crude protein in meals, using 
caw tallow and thyme essential oil improves the anti-
oxidant condition of the liver and the serum of broil-
ers. By improving antioxidant condition, the level of 
malondialdehyde-which is an indicator of lipid per-
oxidation in the body- decreases. Results of the study 
were in line with the findings of Youdim and Deans 
(2000), Hoffman-Pennesi and Wu (2010), and Roof-
chaee et al. (2011). Youdim and Deans (2000) found 
that supplementing the mouse meal with 42.5 mg/day 
with thyme and thymol essential oils improves gluta-
thione peroxidase activity, superoxide dismutase, and 
total antioxidant capacity of the brain. Antioxidant 
activities of essential oils such as thyme and orega-
no occur due to antioxidant compounds of essential 
oils (Hoffman-Pennesi and Wu, 2010; Roofchaee et 
al., 2011). Thymol and carvacrol in medicinal plant 
oils such as thyme have strong antioxidant proper-
ties and can prevent the oxidation of dietary nutrients 
such as unsaturated fatty acids in vegetable oils such 
as rapeseed oil and increase the antioxidant properties 

of serum. This may be more effective by lowering di-
etary amino acid levels in low-protein foods. Positive 
results of improving serum antioxidant parameters in 
the present experiment can also be due to the above 
causes.

CONCLUSIONS
Based on this experiment’s results, it can be stated 

that in broilers, the capsulated form of dietary thyme 
essential oil and oil type has affected the intestinal 
microbial population on behalf of coliform. Also, a 
reduction in the level of crude protein in the diet had 
no adverse effects on measured traits and should be 
recommended.

CONFLICT OF INTEREST 
The authors declare that they have no known com-

pering financial interests or personal relationship that 
could have appeared to influence the work reported in 
this paper.

ACKNOWLEDGMENTS
The article was extracted from the Ph.D. thesis 

prepared by Mohsen Eyvazzadeh Ardabili, under 
supervision of Prof. Alireza Safamehr and Prof. Ali 
Nobakht.

REFERENCES

Bayramzadeh N, Mehrkhou F, Pourmirza A A, Mahmoudian M (2019) 
Fumigant toxicity of two nano capsulated essential oils with sublethal 
rate of phosphine against three stored-product pests. J Agric Sci Tech-
nol 21(4): 857-872.

Dima C, Gitin L, Alexe P, Dima S (2013) Encapsulation of coriander es-
sential oil in alginate and alginate/chitosan microspheres by emulsifi-
cation external gelation method. Ins Food Sym 9: 1-6.

Elbaz N M, Owen A, Rannard S, McDonald T O (2020) Controlled syn-
thesis of calcium carbonate nanoparticles and stimuli-responsive 
multi-layered nanocapsules for oral drug delivery. Int J Pharm 574: 
118866.

El-Senousey HK, Chen B, Wang JY, Atta AM, Mohamed FR, Nie QH 
(2018) Effects of dietary vitamin C, vitamin E, and alpha-lipoic acid 
supplementation on the antioxidant defense system and immune-re-
lated gene expression in broilers exposed to oxidative stress by dexa-
methasone. Poult Sci 97(1): 30-38. 

Galli G M, Gerbet R R, Griss L G, Fortuoso B F, Petrolli T G, Boiago M M, 
Da Silva A S (2020) Combination of herbal components (curcumin, 
carvacrol, thymol, cinnamaldehyde) in broiler chicken feed: impacts 
on response parameters, performance, fatty acid profiles, meat quality 
and control of coccidia and bacteria. Microb Pathog 139: 103916.

Ghanima M M A, Alagawany M, Abd El-Hack M E, Taha A, Elnesr S S, 
Ajarem J, Mahmoud A M (2020) Consequences of various housing 
systems and dietary supplementation of thymol, carvacrol, and eu-
ganol on performance, egg quality, blood chemistry, and antioxidant 
parameters. Poult Sci 99(9): 4384-4397.

Ghazanfari S, Moradi M A, Niat F R (2015) Effects of different levels of 
Artemisia sieberi essential oil on intestinal morphology characteris-
tics, microflora population and immune system in broiler chickens. J 
Vet Res 70(2):195-202.

Hamidi O, Chamani M, Ghahri H, Sadeghi A A, Malekinejad H, Palangi 
V (2021) Effects of supplemental chromium nanoparticles on IFN-γ 
expression of heat stress broilers. Biol Trace Elem Res 200: 339-347.

He Y, Liu X, Dong Y, Lei J, Ito K, Zhang B (2021) Enterococcus faecium 
PNC01 isolated from the intestinal mucosa of chicken as an alterna-
tive for antibiotics to reduce feed conversion rate in broiler chickens. 
Microb cell fact 20(1): 1-14. 

Heir E, Møretrø T, Simensen A, Langsrud S (2018) Listeria monocyto-
genes strains show large variations in competitive growth in mixed 
culture biofilms and suspensions with bacteria from food processing 
environments. Int J Food Microbiol 275: 46-55. 

Ishaq A, Gulzar H, Hassan A (2021) Ameliorative mechanisms of tur-
meric-extracted curcumin on arsenic (As)-induced biochemical al-
terations, oxidative damage, and impaired organ functions in rats. 
Environ Sci Pollut Res 28: 66313-66326.

Ji W, Zhang T, Lu Z, Shen J, Xiao Z, Zhang X (2019) Synthesis and char-
acterization of novel biocompatible nanocapsules encapsulated lily 
fragrance. Chinese Chem Let 30(3): 739-742.

Karam L, Roustom R, Abiad M G, El-Obeid T, Savvaidis I N (2019) Com-
bined effects of thymol, carvacrol and packaging on the shelf-life of 
marinated chicken. Int J Food Microb 291: 42-47.

Khalili ST, Mohsenifar A, Beyki M, Zhaveh S, Rahmani-Cherati T, Ab-
dollahi A, Tabatabaei M (2015) Encapsulation of Thyme essential oils 
in chitosan-benzoic acid nanogel with enhanced antimicrobial activi-
ty against Aspergillus flavus. LWT-Food Sci Technol 60(1): 502-508. 

Lin TL, Lu CC, Lai WF, Wu TS, Lu JJ, Chen YM, Lai HC (2020) Role of 
gut microbiota in identification of novel TCM-derived active metab-
olites. Protein Cell 1-17.

Mohebodini H, Jazi V, Ashayerizadeh A, Toghyani M, Tellez-Isaias G 
(2021) Productive parameters, cecal microflora, nutrient digestibil-



J HELLENIC VET MED SOC 2022, 73 (3)
ΠΕΚΕ 2022, 73 (3)

4364 M. EYVAZZADEH ARDABILI, A. NOBAKHT, A.R. SAFAMEHR, Y. MEHMANNAVAZ, A. ZANEBURE

ity, antioxidant status, and thigh muscle fatty acid profile in broiler 
chickens fed with Eucalyptus globulus essential oil. Poult Sci 100(3): 
100922.

Mousavi SN, Faghihi A, Motaghinejad M (2018) Zinc and selenium 
co-supplementation reduces some lipid peroxidation and angiogene-
sis markers in a rat model of nafld-fed high fat diet. Biol Trace Elem 
Res 181: 288-295. 

Pandey A K, Kumar P, Saxena M J (2019) Feed additives in animal health. 
In Nutraceuticals in Veterinary Medicine. Springer, Cham.pp 345-
362.

Rossi B, Toschi A, Piva A, Grilli E (2020) Single components of botan-
icals and nature-identical compounds as a non-antibiotic strategy to 
ameliorate health status and improve performance in poultry and 
pigs. Nut Res Rev 1-17.

Torun Kumar Paul M, Hasan M, Haque M A, Talukder S, Sarker Y A, 
Sikder M H, Kumar A (2020) Dietary supplementation of Neem (Aza-

dirachtaindica) leaf extracts improved growth performance and re-
duced production cost in broilers. Vet World 13(6): 1050.

Wang Y, Zhang T, Liu R, Chang M, Wei W, Jin Q, Wang X (2022) Re-
views of medium-and long-chain triglyceride with respect to nutri-
tional benefits and digestion and absorption behavior. Food Res Int 
111058. 

Yin D, Du E, Yuan J, GaoJ, Wang Y, Aggrey S E, Guo Y (2017) Supple-
mental thymol and carvacrol increases ileum Lactobacillus popula-
tion and reduces effect of necrotic enteritis caused by Clostridium 
perfringes in chickens. Sci Rep 7(1): 1-11.

Zhaveh S, Mohsenifar A, Beiki M, Khalili ST, Abdollahi A, Rahma-
ni-Cherati T, Tabatabaei M (2015) Encapsulation of Cuminum cymi-
num essential oils in chitosan-caffeic acid nanogel with enhanced 
antimicrobial activity against Aspergillus flavus. Ind Crops Prod 69: 
251-256.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

