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Evaluation of the Effects of Different Natural Dietary Feed Additives on
Performance and Intestinal Histomorphology in Quails

D. Yesilbag'*©, E. Abdullahoglu’®, E. Urkmez*@, A. Acar*®, D. Asmaz*®, M. Kara®
12346 Department of Animal Nutrition, Faculty of Veterinary Medicine, University of Uludag, 16059 Bursa, Turkey
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ABSTRACT: The aim of the present study was to investigate the influence of a commercial probiotic and a commer-
cial essential oil blend and their mixture, as a natural feed additive, on growth parameters live weight (LW), live weight
gain (LWGQ), feed intake (FI), feed conversion ratio (FCR), carcass yield (CY) and small intestinal histomorphology of
quails. A total of 200 1-day-old Japanese (Coturnix coturnix Japonica) quails, including both males and females, were
divided into four groups containing 50 quails and treated as follows: (1) a control treatment without medication (2) 18
g ton! probiotic; (3) 300 g ton™! essential oil blend and (4) 18 g ton™! probiotic plus 300 g ton™! essential oil blend. Each
experimental group consisted of 5 replicated groups. The results of the research show that the additives added to quail
diets do not have a significant effect on the performance parameters of LW, LWG, FI and FCR (P> 0.05). However, sig-
nificant differences were found in the CY, which is one of the performance parameters (P < 0.05). A probiotic addition
of 18 g ton ! (treatment 1) to the quail diet resulted in a significant increase in carcass yield (P < 0.05). Moreover, the
addition of natural feed additives such as probiotics, essential oil blends and mixture to quail diets caused significant
(P <0.001) increases in villus heights and crypt depth in the duodenum and ileum segments. In addition, significant
enlargements were found in the villus surface area in the experimental groups compared to the control group (P <0.05).
In conclusion, in this study, it was determined that the addition of feed additives, which are developed as an alternative
to antibiotics to the quail diet did not have a negative effect on performance and caused significant differences in the
effective parameters in the evaluation of intestinal health.
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INTRODUCTION
Intestinal health is an important concept for main-
taining efficient and effective gastrointestinal (GIT)
physiology (Choct, 2009; Salois et al., 2016). The in-
tegrity of the gastrointestinal tract (GIT) and the gut
microbial community play vital roles in the absorp-
tion of nutrients, the development of immunity, and
disease resistance. In addition, in the Gastrointesti-
nal system (GIT), the development of the microbiota
community in favor of beneficial microorganisms and
the preservation of cellular structure integrity are very
important for animal health and then performance
(Shang et al ., 2018). In the small intestine is the site
of absorption of nutrients, so maintaining gut health is
very important for animal performance (Pan and Yu,
2014). The small intestine epithelium is a very im-
portant structure that secretes hormones and acts as a
physiological barrier against pathogens by producing
glycoprotein and defensin, containing nutrient carri-
ers and digestive enzymes (Peterson and Artis, 2014).
The folds formed by the inward folding of the small
intestinal epithelium form the intestinal crypts, while
the outward folds that are directly exposed to the lu-
men environment form the intestinal villi (Crosnier
et al.,, 2006). The density and size of villi of small
intestine are directly related with absorption capacity
of the poultry. Villi height is the best measurement to
show changes on surface area of absorptive cells (Sil-
va et al., 2007). Performance parameters are the most
widely used way of evaluating nutritional studies.
However, today it is known that many additives can
affect the development of intestinal villi and animal
performance is evaluated by examining the histologi-
cal structure of the gastrointestinal system.

Natural feed additives with plant origins are gener-
ally believed to be safer, healthier and less hazardous.
Special herbs have been used as food for medicinal
purposes for centuries and some of them have played
a significant role in maintaining human health and
improving the quality of human life for thousands of
years (Kassie, 2008). Many herbs and plant extracts
have both antimicrobial and antioxidant activities that
make them useful as natural feed additives for ani-
mals (Yesilbag et al., 2013; Yesilbag et al., 2014; Cen-
gizetal., 2015; Lee et al., 2015; Tufarelli et al., 2021).
Moreover, herbs contain active substances that can
improve digestion and metabolism. They also stim-
ulate antibacterial and immunostimulant activities in
animals (Giannenas et al., 2003; 2005). The use of
probiotics stimulates the growth of beneficial micro-
organisms rather than the growth of potentially patho-

genic bacteria (Galdeano et al.,2019). Many studies
have examined the effects of probiotics added to the
poultry diet on the presence of intestinal microorgan-
ism and performance (Souza et al., 2010; Dominguez
et al., 2014; Ramos et al., 2014; Patel et al., 2015).
However, the effects of probiotics on intestinal histo-
logical structure have been less studied.

MATERIAL AND METHODS

The trial was conducted in the Uludag University
Animal Health and Production, Research and Appli-
cation Centre Poultry Research Unit. The animal pro-
tocol was approved by the Animal Ethics Committee
of Bursa Uludag University Animal Experiments Lo-
cal Ethics Committee (2020-02/05).

Animals, Managements and Experimental Design

Atotal 0f 200 1-day-old (8.87+0.08) Japanese (Co-
turnix coturnix japonica) quails, including both males
and females, were obtained from Uludag University
Animal Health and Production, Research and Appli-
cation Centre quail breeding unit. The quails were
randomly allocated to one control and three treatment
groups containing 50 quails. Each group was random-
ly divided into five subgroups, comprised of 10 quails
each and quails were tried to be distributed equally to
each study group. Newly hatched chicks in all of the
groups were reared under the same growing condi-
tions, in brooding cages (colony type) in an open-sid-
ed house with mechanical ventilation. Gender deter-
mination was made in the third week of the trial. The
quails were transferred randomly at the fourth week
of age from the growing cages to laying cages (100
cm wide, 45 cm deep, 21 cm high in front, and 17
cm high in the rear, 112.5 cm? per quail) and housed
there until the end of the study. All of the chicks were
brooded and reared at 28 °C for the 1st wk, 27 °C for
the 2nd wk, 24 °C for the 3rd wk, and 18-21 °C from
the 28th day until the quails reached 42 days of age.
The lighting schedule was 23 hr light with 1 hr dark
period during the first 3 days, after then birds were
subjected to 16 hr light with 8 hr dark until the end of
the experiment.

Diets and Experimental Treatments

A basal diet was formulated and considered as
control according to recommendation of NRC (1994).
The composition of the diets and the content of nu-
trients are shown in Table 1. Group feeding was
used in all treatment groups. Three experiment diets
were formulated by supplemented the basal control
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diet with probiotic (CYLACTIN® LBC ME20 plus;
DSM) (18 g ton), essential oil blend (CRINA® Poul-
try plus; DSM) (300 g ton™') and mixture of probiotic
and essential oil blend, respectively. The level of nat-
ural feed additives were based on the manufacturer
recommendations. Cylactin LBC ME20 plus (DSM
Nutritional Products Ltd., Basel, Switzerland) is a
commercial micro-encaptulated microbial feed ad-
ditive (probiotic) for the stabilization of the intesti-
nal microbiota. The probiotic contains Enterococcus
faecium in the amount of 2.0 x 10'° colony forming
units (CFU) per gram. Crina poultry (DSM Nutrition-
al Products Ltd., Basel, Switzerland) is a commercial
essential oil. According to the information obtained
from the manufacturer, the EO components used in
this study mainly include thymol, eugenol, piperine
and benzoic acid. It is a carefully balanced combina-
tion of essential oil compounds of high purity with a
content of 872 g/kg in their natural/ nature-identical
form on a carrier. The diet was fed to the quails in
the form of mash and water ad libitum throughout the
entire experimental period (42 d).

The nutritional composition of the diets was deter-
mined according to the AOAC (2000). Metabolisable
energy (ME) levels of diets were estimated using the
equation of Carpenter and Clegg (Leeson and Sum-
mers 2001): ME, kcal/kg = 53+ 38 [(CP, %) + (2.25
x ether extract, %) + (1.1 x starch, %) + (sugar, %)].

Performance Parameters

The quails were weighed individually at the begin-
ning of the experimental period, after which the an-
imals were weighed weekly to calculate live weight
gains (LWG). Mortality was recorded when it occurred.
Feed intake was recorded weekly and expressed as g
per quail per week. The feed conversion ratio (FCR)
was calculated as kg feed per kg body weight gain.
Feed was weighed weekly to evaluate intake and FCR
per cage. At the end of the experimental period, the sex
ratio was established in each group and 20 male quails
of each group (4 male quails from each replicate) were
randomly selected and weighed to determine the car-
cass yield (CY). The quails were slaughtered by sev-
ering the jugular vein. The inert organs, heads and feet
were removed after the carcasses were passed through
a poultry defeathering machine. The chilled carcass
weights were determined after allocation 18 hours at
4°C, and then the CY was calculated.

Intestine Histomorphology
At the end of the feeding trial (d 42), 4 quails

per pen (20 quails/group/male female mixed) were
slaughtered and collect duodenum and, ileum for a
histological examination. Intestinal segment sam-
ples (approximately 2 cm in length) were excised and
flushed with 0.9% saline to remove the contents. Gut
segments were fixed in 10% neutral-buffered forma-
lin for histology. The tissues were dehydrated with in-
creasing alcohol concentrations, cleared in xylene and
embedded in paraffin. Five um thick sections were cut
from paraffin blocks, mounted on slides, and dried
overnight. After dewaxing and rehydration, sections
were used for Crossman’s trichrome staining to de-
termine morphological changes in tissue samples by
light microscopy (Nikon 80i microscope) according
to Culling et al. (1985). The morphometric indices
evaluated were villus height from the tip of the villus
to the crypt, crypt depth from the base of the villi to
the submucosa, and the villus height to crypt depth
ratio (Zhang et al., 2009). Villus absorptive surface
area was calculated using the formula: Villus absorp-
tive surface area = 2 7 x (average villus width/2) x
villus height.

Statistical Analysis

Statistical analysis was performed using the SPSS
(1997) software package for Windows (SPSS Inc.,
Chicago, IL, USA). One way ANOVA was used to
evaluate the effects of natural feed additives on per-
formance. For intestine Duncan’s test was used as a
post-hoc test. The effects of plant volatile oil combi-
nations on the sex ratio in quails were evaluated by
the chi-square (0.117) test and the level of signifi-
cance used in all of the tests was p<0.05 (Dawson and
Trapp, 2001). A Kruskal-Wallis test was used for the
comparison of numerical variables among the groups
for histological examination.

RESULTS

The ingredient and chemical composition of the di-
ets is presented in Table 1. The mortality rate and the
respective numbers of males and females did not sig-
nificantly (P > 0.05) differ between the experimental
groups (Table 3). Although there was no difference in
the mortality rate between the groups, animal deaths
were observed in the control group. The effects of us-
ing probiotic and essential oil blend separately and
together on LW, LWG, feed intake, FCR and carcass
characteristics are shown in Table 3. In the study, the
addition of probiotic and essential oil blend to quail
diet did not cause any difference in LW, LWG, FI and
FCR parameters. In contrast, CY obtained at the end
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of the study was statistically significant between the
control and experimental groups (P < 0.001). The
highest carcass yield (P < 0.001) and carcass weight
(P > 0.05) were measured in the experimental group
animals with probiotics.

The effects of dietary treatment on the duodenum
and ileum villus heights, crypt depths, villus surface
areas and villus heights to crypt depth in the study are
shown in Table 4. In addition, duodenum and ileum
villus heights (Figure 1, Figure 3) and crypt depths
(Figure 2, Figure 4) of the control and experimental
groups, respectively, were examined histomorpho-

Table 1. Ingredients (%) and chemical composition of the basal diet

logically and presented as figures. These parameters,
which are an indicator of intestinal health, differed
significantly (P < 0.001) between the groups. In the
study, duodenal the villi heights and crypt depths were
measured in the highest experimental groups com-
pared to the control group. The highest villus height
and crypt depths were determined in the experimental
group materials in which probiotic and essential oil
blend were used together. The largest villus surface
area in the duodenum was detected in the experimen-
tal group animals with probiotics. Measurements in
the parameters we specified showed the same results
in the ileum section.

Ingredients, g/kg Basal diet
Corn, grain 433.0
Soybean meal, CP 44% 360.0
Wheat 80.0
Corn gluten, CP 43% 60.0
Vegetable oil 30.0
CaCO, 16.0
Dicalcium phosphate, DCP 6.20
Salt 3.00
L Lysine 3.50
DL Methionine 4.00
L Threonine 0.80
Vitamin mineral premix” 3.50
Analyzed Values, g/kg

Metabolisable energy **, MJ/kg 12.56
Crude protein 243.6
Crude fiber 38.7
Ether extract 514
Ash 72.4
Dry matter 882.3

*Supplied the following per kilogram of diet: 3.000.000 IU vitamin A,

1.200.000 IU vitamin Ds, 0,36 g vitamin E, 1 mg vitamin K, 3 mg vitamin B1,

4 mg vitamin B2, 3 mg vitamin B6, 0.003 mg vitamin B12, 10 mg pantethonic acid,
20 mg niacin, 40 mg folic acid, 1 g choline, 0.3 mg biotin, 6 mg Cu, 300 mg I,

100 mg Fe, 0.2 mg Se, 60 mg Mn, 50 mg Zn

" Metabolisable energy content of diets was estimated using the equation

of Carpenter and Clegg (Leeson and Summers, 2001)

Table 2. Study design for control and treatment groups of the feed additives

Feed Additives Control Treatment 1 Treatment 2 Treatment 3
CYCLACTIN LBC ME 20 Plus (probiotic) - 18 g ton’! - 18 g ton’!
CRINA Poultry Plus (essential oil blend) ' - - 300 g ton”! 300 g ton!

. CYLACTIN® LBC ME 20 Plus is the best protected micro-encapsulated form, Enterococcus faecium NCIMB 10415 Min: 2x10'°

cfu per gram

. CRINA® Poultry Plus is the additive comprising a specific blend of essential oil components including thymol, eugenol and

piperine. (benzoic acid 80%+ essential oil blend 10%).
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Table 3. Live weight (LW), live weight gain (LWG), feed intake (FI), feed conversion ratio (FCR) and carcass characteristic of quails
fed diets containing probiotic, essential oil blend and a mixture of both

Control Treatment 1 Treatment 2 Treatment 3 P- values
Mortality (%) 4.00 0 0 0 0.261
Number of death 2 0 0 0
Sex ratio (M/F) 29/19 31/19 30/20 30/20 1.00
LW (9)(n=50)
1d 884 + 0.16 884 + 016 912 + 0.14 868 <+ 0.15 0.264
21d 99.34 + 1.80 9868 + 215 9922 £+ 1.77 9836 <+ 1.61 0.979
42d 191.00 + 3.81 194.54 + 3.59 200.75 £ 4.03 192.74 + 3.27 0.267
LWG (g)(n=35)
1to21d 90.51 £ 259 90.12 £ 4.13 9026 = 245 8986 = 1.60 0.999
22t042d 9125 + 341 9676 + 277 101.52 =+ 441 9437 <+ 2.17 0.235
1to42d 181.76 + 5.05 186.86 = 3.09 191.78 + 2.60 18424 =+ 4.24 0.332
FI (g) (n=5)
1to21d 287.82 + 9.75 340.54 + 11.74 333.84 = 24.66 35324 + 17.56 0.070
22to42d 500.16 + 26.56 497.68 + 13.87 482.80 + 18.65 493.76 =+ 1575 0.923
1to42d 787.98 + 29.43 83822 + 9.76 816.64 + 16.07 847.00 + 20.92 0.214
FCR (g/g) (n=5)
1to21d 319 + 018 382 + 028 372 + 034 394 + 0.26 0.271
22to42d 549 £ 029 517 £ 026 481 + 035 523 + 0.14 0.390
1to42d 434 £+ 017 448 + 0.071 426 =+ 0.11 460 + 0.17 0.349
Carcass characteristic (n=20)
Body weight (g) 193.84 + 628 19484 + 545 20346 + 878 19381 = 549 0.687
Carcass weight (g) 136.79 + 322 14243 + 3.57 138.67 £ 4.69 13634 + 346  0.658
CY (%) 71.00 =+ 098 7326 + 0.58 6877 + 0.92° 7048 + 0.42° 0.001

+b¢ Mean values with different superscripts in the same row differ significantly (p< 0.05) M: Male F: Female LW: Live weight LWG:
Live weight gain FI: Feed intake

FCR: Feed conversion rate CY: Carcass Yield Mortality and M/F: Groups were tested by homogeneity test (chi-square)

Treatmentl: probiotic Treatment2: essential oil blend Treatment3: probiotic+essential oil blend

Table 4. Histomorphological characteristics of dudenum and ileum of quails fed diets containing probiotics, essential oils, and a mix-
ture of both

Parameters Control Treatment 1 Treatment 2 Treatment 3 P- values
DUODENUM (n=20)

Villus height, um 824.75 + 18.66* 992.00 + 32.55° 886.80 + 13.52® 113795 + 15.52¢ 0.001
Crypt depth, um 36425 £ 15.49* 44571 £ 24.99* 43820 + 14.89® 47595 £ 22.12*¢  0.001
Villus surface area, 047 £+ 0.04* 083 + 004 0.64 £ 0.037° 078 £+ 0.04° 0.05
mm?

Villus height to crypt 234 =+ 0.11°> 235 + 0.14® 2,06 =+ 0.06° 249 £ 0.12% 0.05
depth
ILEUM (n=20)

Villus height, um 890.00 £ 19.96> 955.65 = 13.42¢ 829.05 + 17.75* 1021.55 £ 12.21¢ 0.001
Crypt depth, pm 238.40 £ 15.30* 266.75 £ 7.71° 307.65 £ 12.29° 31470 £+ 13.89¢ 0.001
Villus surface area, 0.82 £ 0.004* 095 =+ 0.05® 095 <+ 0.06® 1.00 =+ 0.04° 0.05
mm?

Villus height to crypt  3.95 =+ 0.22° 3.63 =+ 0.10® 276 =+ 0.10° 336+ 0.15° 0.05
depth

abed Mean values with different superscripts in the same row differ significantly (p< 0.05)
Treatmentl: probiotic Treatment2: essential oil blend Treatment3: probiotic+essential oil blend
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Control (A), Probiotic (B), Essential oil blend (C) and Probiotic + Essential oil blend (D) groups.
Crossman’s triple stained. Bar: 25 pm.

Figure 1. Morphological evaluation of mean villi height for duodenal cross sections for control and experimental groups

Control (A), Probiotic (B), Essential oil blend (C) and Probiotic +Essential oil blend (D) groups.
Crossman’s triple stained. Arrow head (crypt depth measurement) Bar: 50 pm.

Figure 2. Morphological evaluation of mean crypt depths for duodenal cross sections for control and experimental groups.
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Control (A), Probiotic (B), Essential oil blend (C) and Probiotic + Essential oil blend (D) groups.
Crossman’s triple stained. Bar: 25 pm.

Figure 3. Morphological evaluation of mean villi height for ileum cross sections for control and experimental groups

Control (A), Probiotic (B), Essential oil blend (C) and Probiotic + Essential oil blend (D) groups.
Crossman’s triple stained. Arrow head (crypt depth measurement) Bar: 50 um.

Figure 4. Morphological evaluation of mean crypt depths for ileum cross sections for control and experimental groups

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



4414

D. YESILBAG, E. ABDULLAHOGLU, E. URKMEZ, A. ACAR, D. ASMAZ, M. KARA

DISCUSSION

After most anticoccidial and performance en-
hancing antibiotics were banned, the poultry industry
faced problems such as growth performance and dis-
ease control. It should not be forgotten that disease
control can only be achieved with a healthy digestive
tract. If the digestive tract is healthy, an improvement
in performance can be observed by obtaining max-
imum benefit from nutrients. Therefore, new period
research has focused on feed additives that are nat-
ural, have no residue and are effective in intestinal
health. Probiotic and essential oils which are among
these additives, form the basis of this research. For
this purpose, it was aimed to investigate the use of
probiotics, essential oil blend and their combined use,
primarily performance data, digestive tract histomor-
phological structure and digestion-absorption areas.

In the study, the addition of probiotic, essential oil
blend and combination use of 1-day-old quails to the
diet for 6 weeks did not affect mortality, LW, LWG,
FI, FCR and carcass weight. Although the mortality
and number of death did not make a significant dif-
ference between the control and experimental groups,
the highest number of deaths was determined in the
control group. Awad et al. (2009) found in their study
that the probiotic addition of lactobacillus to broil-
er diets caused a decrease in mortality compared to
the control group. Through competitive exclusion,
probiotics could potentially reduce mortality with a
negative effect on enteric pathogens, but in trials with
broilers given Lactobacillus preparations, the effects
on mortality were inconsistent (Jin et al., 1998, 2000;
Zulkifli et al., 2000). The addition of essential oils to
diets has a positive effect on the mortality rate in an-
imals due to their antimicrobial effects (Zhai et al.,
2018; Sevim et al., 2021). However, many studies
have been conducted with essential oils, and studies
have found that their effectiveness on performance
is variable. The main reasons for this variability are
related to essential oils, animals, diets and the envi-
ronment.

In this study, the addition of probiotics into quail’s
feed had no effect on the performance, contrary to
previous studies that have showed improvements.
Ramos et al. (2014) reported increased FI and WG
with the probiotics utilization (Lactobacillus aci-
dophilus, Bifidobacterium bifidum and Streptococ-
cus faecium). Cengiz et al. (2015) reported that di-
etary probiotic increased the FI and WG in broilers
as compared to those fed un-supplemented diets. On

the other hand, other researchers have not verified the
effect of probiotic supplementation on performance
(Shargh et al., 2012; Nosrati et al., 2017). Among the
performance parameters in the study, only the car-
cass yield was found to be significantly higher in the
experimental group animals that were supplemented
with probiotics. Jin et al. (1998) considered that the
variation in the efficiency of probiotics might occur
due to different bacterial species, strains, or method of
preparation of the probiotic supplement. Also, it can
be explained in terms of variation in product stability,
viability, type, and dose. Including this study, probi-
otics belonging to Enterococcus species have a dis-
tinct advantage over performance. These are highly
competitive mainly due to their resistance to a wide
range of pH and temperature. Their competitiveness
also owes their ability to produce bacteriocins, known
for their wide-ranging action on pathogenic bacteria
(Hanchi et al., 2018).

In the current digesstudy, the effects of two dif-
ferent natural feed additives presented as an alterna-
tive to antibiotics on intestinal morphology were also
examined. Among these natural additives, probiotics,
essential oil mixes and their combined use caused sig-
nificant differences on the small intestine morphology.
The small intestine is an important organ responsible
for the digestion and absorption of nutrients from the
diet. The duodenum and ileum, where nutrients are
absorbed extensively from the small intestine, were
examined in the study. As a result, the use of nutri-
ents in the feed structure is closely related to the in-
testinal structure and villus health. In the study, villus
heights in both small intestine segments were found
to be higher in the experimental groups compared to
the control group. Among the experimental groups,
the highest small intestine villi heights were found
in the animals in which feed additives were used to-
gether. In the study, the surface area of the samples
with high villi height was determined to be wide. It is
clear that longer villi lead to increased villus surface
area in the small intestine. This is in agreement with
the findings of Pelicano et al. (2005) who observed a
greater crypt depth in the intestinal mucosa of broilers
fed probiotics based on Bacillus spp. In another study,
supplementations of probiotic, prebiotic and synbiotic
groups increased the length and surface area of villi
in the ileum and jejunum, compared with the posi-
tive control and antibiotic groups (Al-Baadani et al.,
2016). These findings are in line with the results of
Samanya and Yamauchi (2002), who reported that B.
subtilis led to an increase in villus height in the small
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intestine. Abdel-Raheem et al. (2012) and Sen et al.
(2012) reported that dietary supplementations of B.
subtilis increased villus length in comparison with the
dietary control. Unlike these studies Chichlowski et
al. (2007) demonstrated that the villus width was not
affected by probiotic and antibiotic flavomycin com-
pared to the basal diet of broilers.

Essential oils significantly improved gut morphol-
ogy (Du et al., 2016). The height of intestinal villi is
connected with the capacity of the bird to absorb nu-
trients from feed. Longer villi are typically associated
with excellent gut health and high absorptive efficien-
cy. Studies show that organic acids such as benzoic
acid (Giannenas et al., 2014; Tzora et al., 2017; Gong
et al.,2021) and essential oils obtained from aromat-
ic herbs (Mohammadi et al.,2014; Zeng et al., 2015;
Zhang et al., 2021) are widely used as effective addi-
tives to improve gut health and thus performance in
monogastric animals. Giannenas et al. (2014) deter-
mined in their studies that the addition of a mixture
of essential oil and benzoic acid to the diet caused
significant increases in the height of the jejunal and
ileal villi. Studies have shown that an increase in vil-
lus length is typically excellent gut health and per-
formance (Giannenas et al., 2014; Tzora et al., 2017;
Gong et al.,2021), whereas short villi and deep crypts
may lead to poor nutrient absorption, increased toxin
secretion in the gastrointestinal tract and worse per-
formance (Miles et al., 2006). Yang et al. (2018) de-

termined that the addition of thymol mixture with fu-
maric and sorbic acid to the diet during broiler growth
period caused a significant increase in villi height.
In this study, a significant increase was noted in the
duodenal and ileal villus heights of the experimental
groups. The lowest villi height was measured in the
samples of the control group. However, the difference
in villus height did not cause a significant effect on
performance parameters. Histological parameter val-
ues were found to be higher especially in the experi-
mental groups in which the probiotic and essential oil
mixture was used together.

CONCLUSIONS

As a result, the combination of probiotic and es-
sential oil, which are feed additives effective on in-
testinal health by affecting the intestinal histomor-
phology, strengthened the effect of each other and led
to more significant results. In short, it was concluded
that the use of feed additives separately and together
for this study is effective in maintaining the important
intestinal histomorphological structure in the intesti-
nal balance
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