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Antimicrobial susceptibilities of  Aeromonas species isolated from medical  
leeches

Dilek Öztürk1, Sibel Yaman1, Azra Demirci Özdemir1

ABSTRACT
The aim of  this study was to determine the antibiotic susceptibility of  Aeromonas species isolated 
from leeches are grown for use in medical treatment. The water samples and two leeches which 
2-10 g weight from a leech hatchery were brought to Burdur Mehmet Akif  Ersoy University, Fa-
culty of  Veterinary Medicine, Department of  Microbiology. The samples were cultured on blood 

the samples were incubated on two Sabourrauds’ Dextrose agar supplemented chloramphenicol 
-

monas spp. by conventional microbiological methods such as Gram staining, haemolysis, catalase, 
-

romonas veronii on species level by Matrix Assisted Laser Desorption Ionization-Time of  Flight 
Mass Spectrometry, too. According to antimicrobial susceptibiliy tests, while Aeromonas hydrop-
hila and Aeromonas veronii isolates were found resistant to amoxicillin, ampicilin, gentamicin, 

Aeromonas veronii from medical leeches and environmental, and determine antimicrobial resistan-
ce to several antibiotics of  Aeromonas species thought maybe a potential public health problem 
for humans of  leeches.

1Department of  Microbiology, Faculty of  Veterinary Medicine, Burdur Mehmet Akif  Ersoy University, Burdur, Türkiye

Medit Vet J, 10(1): 416-420, 2025
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INTRODUCTION

Hirudotherapy, also known as leech therapy, has been used 
for the treatment of  various diseases since ancient times. This 
traditional practice has gained renewed interest due to the 
discovery of  numerous bioactive compounds in leech saliva. 
More than a hundred distinct compounds have been identi-

-

leech’s gut contains a predominantly Aeromonas hydrophila ba-

blood. Leeches do not produce digestive enzymes themselves; 
instead, they rely on various bacteria, such as Aeromonas, to 
help break down the blood they consume. Medicinal leeches 
are employed across a range of  medical specialties, including 
traumatology, microvascular replantation, and plastic and re-
constructive surgery. They have the ability to reduce edema 

of  microcirculation, restoring the vascular permeability of  
-

ting immunity, and alleviating pain. However, complications 
following leech therapy can include bleeding, anemia, allergic 
reactions, and infections such as local abscesses and cellulitis, 
as well as more severe conditions like myocarditis, peritonitis, 
and meningitis. Aeromonas species have been isolated from a 
wide range of  aquatic environments. Many of  these species 
have been shown to be opportunistic pathogens affecting not 

amphibians. (Nonomora et al., 1996). Gram-negative bacte-
ria, especially Aeromonas spp., have been isolated from leeches 
and their environments. Research has shown that A. hydrophi-
la and A. veronii biovar sobria are the predominant symbiotic 
species in the leech digestive system. (Worthen et al., 2006; 
Litwinowicz and Blaszkowska, 2014). However, the primary 
pathogens responsible for patient infections are the symbiotic 
bacterial species A. veronii biovar sobria and A. hydrophila, which 

-
lactic administration of  antibiotics is recommended to mitiga-
te the risk of  bacterial infections before and during leech the-
rapy. Additionally, there are notable variations in the antibiotic 
susceptibilities of  Aeromonas spp. (Maetz et al., 2012; Jaberi et 
al., 2014; Çeviker et al., 2019; Korun et al., 2019). Although 
numerous studies have examined the antibiotic sensitivity of  
Aeromonas
research on the antibiotic sensitivity of  Aeromonas spp. isolated 

2019; Li et al., 2020; Silva et al., 2022).

The aim of  this study was to assess the antibiotic suscep-
tibility of  Aeromonas species isolated from leeches and their 
environment.
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MATERIALS and METHODS

Samples

Two leeches (2-10 g weight) from a leech hatchery were 
brought to Burdur Mehmet Akif  Ersoy University, Faculty of  
Veterinary Medicine, Department of  Microbiology. Inhalati-

also taken from water, skin and inside of  leeches. 

The samples were taken from the skin and inside of  leec-
hes by the sterile swab and sterile pasteur pipets, respectively. 
The samples were cultured on blood agar base (Oxoid Ltd., 

-

-

ds’ Dextrose agar (SDA, Oxoid Ltd., Hampshire, UK) supp-
lemented chloramphenicol (Oxoid Ltd., Hampshire, UK) at 

obtained in blood agar. The colonies were detected to be Ae-
romonas spp. by conventional microbiological methods such as 
Gram staining, haemolysis, catalase, oxidase, triple tube met-

be Aeromonas hydrophila and Aeromonas veronii on species level 
by Matrix Assisted Laser Desorption Ionization- Time of  Fli-

ght Mass Spectrometry (MALDI-TOF-MS) (Bruker Daltonics 
GmbH, Bremen, Almanya). There was no in SDA.

The antimicrobial susceptibility of  A. hydrophila and A. 
veronii were determined on Muller-Hinton agar (Oxoid Ltd., 
Hampshire, UK) for 14 antibiotics (amoxicillin (25μg, Bioa-
nalyse, Türkiye ), ampicillin (10μg, Bioanalyse, Türkiye), ceft-

Antimicrobial susceptibilities of...
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Figure 1. The leeches applied the inhalation anasthesia.

Antibiotics A. hydrophila A. veronii
Amoxycillin R R
Ampicillin R R

S S
S R
S S

Erythromicin R R
Florfenicol S S
Gentamicin R R
Nalidixic Acid R S
Oxacillin R R
Oxytetracycline S R
Penicillin R R
Tetracycline S R
Trimethoprim-sulphamethaxazole S S

Table 1. The antimicrobial susceptibility of  A. hydrophila and A. veronii isolates to 14 
antibiotics.

R: resistance; S: susceptible



Bioanalyse, Türkiye), gentamicin (10μg, Bioanalyse, Türkiye), 

-

units, Oxoid Ltd., Hampshire, UK), trimethoprim-sulphamet-
haxazole (25μg, Bioanalyse, Türkiye) by disc diffusion method 
(Ozturk et al., 2007).

RESULTS

In bacteriological cultures, two distinct colonies exhibi-
ting beta-hemolysis were isolated from all leech samples. The 
microorganisms showed no growth on Sabouraud Dextrose 
Agar (SDA). The colonies were characterized as Gram-negati-
ve, motile, and positive for catalase and oxidase activities, and 

Aeromonas -
se colonies as A. hydrophila and A. veronii was achieved using 

Mass Spectrometry (MALDI-TOF-MS), a technique that anal-

In this study, Aeromonas isolates were found to be resistant 
to at least seven antibiotics. These isolates exhibited resistance 
to amoxicillin, ampicillin, gentamicin, erythromycin, oxacillin, 
and penicillin. Additionally, the A. hydrophila isolate was resis-
tant to nalidixic acid, while the A. veronii isolate was susceptible 
to nalidixic acid. However, A. veronii isolates were resistant to 
chloramphenicol, oxytetracycline, and tetracycline. In contrast, 
the A. hydrophila isolate was susceptible to ceftriaxone, chlo-

-
cycline, and trimethoprim-sulfamethoxazole. The A. veronii 

-
nicol, nalidixic acid, and trimethoprim-sulfamethoxazole, but 
resistant to other antibiotics as well. (Table 1).

DISCUSSION 

Medical leeches have been used for post-traumatic woun-
ds to maximize tissue salvage in severed tissue replantation or 

-
tent wounds that do not heal, such as pressure ulcers, venous 
leg ulcers, and diabetic foot ulcers. In medical leech applica-
tions, several problems may be encountered, including long-
term bleeding, wound infections, anemia, and allergic reactions 
(Al et al., 2011; Garça et al., 2011; Kaya et al., 2011; Maetz et 

2022; Sproll et al., 2022). Researchers (Nonomuro et al., 1996; 
Jaberi et al., 2014; Sproll et al., 2022) have reported that medi-
cal leeches can harbor opportunistic pathogens. Leech therapy 
can lead to several infections in humans due to pathogenic 

al., 2019; Sproll et al., 2022). After leech therapy, Gram-nega-
tive bacteria, particularly Aeromonas species, may cause several 
infections (Korun et al., 2019; Nonomura et al., 1996; Gönen 

medical leeches and their surrounding water were investigated 
for the presence of  pathogenic bacteria. The results indica-

ted that medical leeches may harbor Aeromonas spp., which are 
pathogenic to humans. In this study, two different Aeromonas 
spp. were isolated from all samples using bacteriological met-

A. hydrophila and A. veronii by 
MALDI-TOF MS.

Aeromonas 
other marine animals have been found to exhibit resistance 

Hatha et al., 2005; Ozturk et al., 2007; Odeyemi and Ahmad, 
Aeromonas isolates 

from well water samples were sensitive to trimethoprim-sulfa-

to erythromycin and ampicillin. Hatha et al. (2005) found that 
Aeromonas -
picillin, 40% resistant to oxytetracycline, 10% resistant to nali-
dixic acid, and sensitive to streptomycin. Odeyemi and Ahmad 

Aeromonas isolates obtained from sea 
cucumber, seawater, sediment, and bivalves were resistant to 
ampicillin, novobiocin, and trimethoprim-sulfamethoxazole, 
with 24 isolates resistant to nalidixic acid, 49 to penicillin, and 
25 to trimethoprim-sulfamethoxazole, but sensitive to tetra-
cycline. However, the isolates showed varying susceptibility to 
gentamicin and oxytetracycline. Karun et al. (2019) found that 
nine Aeromonas isolates were 100% resistant to ampicillin and 
100% sensitive to streptomycin. These isolates were 77.7% 
sensitive to nalidixic acid and 66.6% sensitive to tetracycline, 
and 66.6% resistant to trimethoprim-sulfamethoxazole. Her-

A.hydrophila isolates 
from leeches were resistant to ampicillin but sensitive to chlo-
ramphenicol, cefoperazone, cefotaxime, cefoxitin, gentamicin, 
tetracycline, and trimethoprim-sulfamethoxazole. Maetz et al. 
(2012) obtained two A. veronii isolates from patients after leech 
therapy. These isolates were resistant to amoxicillin and amoxi-
cillin-clavulanic acid but sensitive to cefotaxime, gentamicin, 

cephalothin. Sun et al. (2016) reported two different A. veronii 
isolates from Gibel carp. One isolate was resistant to oxacillin, 

-
razone, cefotaxime, erythromycin, gentamicin, streptomycin, 
and chloramphenicol. The other A. veronii isolate was resistant 

-
ycin, but sensitive to cefoperazone, cefotaxime, erythromycin, 
gentamicin, streptomycin, and chloramphenicol. In another 

A. veronii isolates from 
carp were resistant to oxacillin, ampicillin, penicillin, amoxicil-

-
halexin, erythromycin, and chloramphenicol but sensitive to 
cefoperazone, gentamicin, neomycin, kanamycin, and tetracyc-
line. Sproll et al. (2022) found that A. veronii isolates from a 
patient and leeches were resistant to ampicillin but sensitive 
to amoxicillin, sulbactam-amoxicillin, cefuroxime, gentamicin, 

In the present study, the research results showed that these 
two Aeromonas isolates were resistant to six antibiotic agents. 
Some researchers have reported that Aeromonas isolated from 
leeches exhibit multiple resistances (Korun et al., 2019). Both 
A. hydrophila and A. veronii were found resistant to ampicil-

Öztürk, Yaman, Demirci Özdemir
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al., 2022). In this study, A. hydrophila and A. veronii were found 
sensitive to trimethoprim-sulfamethoxazole. Hermansdorfer 

A. hydrophila isolates were sen-
sitive to trimethoprim-sulfamethoxazole. Karun et al. (2019) 
reported varying rates of  resistance to trimethoprim-sulfamet-
hoxazole among Aeromonas isolates. 

CONCLUSION

In conclusion, leech, which contains many bioactive com-
pounds in its saliva, has been used for therapeutic purposes 
since ancient times. However, Aeromonas species, which are 

-
mans and animals. The pathogenic microorganisms associa-
ted with leeches used in hirudotherapy may cause infections 
following leech therapy in humans.  Antibiotic susceptibility 
results of  Aeromanas species isolated from leeches have the po-
tential to guide the treatment of  infections in humans. 
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Evaluation of  egg consumption and nutritional knowledge levels among  
pregnant women in Konya city centre

Sümeyra Kula1, Nihat Telli2

ABSTRACT
This study evaluated the sociodemographic characteristics, health information, frequency of  food 
group consumption, egg consumption and nutritional knowledge levels among pregnant women. 
The study sample included 449 pregnant women living in Meram, Selçuklu and Karatay, the central 
districts of  Konya province. The mean age of  the participants was 28.88 ± 5.99 years. When edu-
cational status was evaluated, it was found that 31.6% of  the participants had a primary education, 
55.2% were employed and the average age at marriage was 23.55 ± 3.01 years. In terms of  body 

-
dition was diabetes. The higher educational level of  pregnant women was associated with higher egg 
consumption. Moreover, the average scores for egg consumption among individuals with normal 
body mass index were higher than those who were overweight and obese. Thus, we determined that 

-
dge levels (p < 0.05) and that higher nutritional knowledge levels were associated with increased egg 
consumption. The majority of  the pregnant women had a moderate level of  nutritional knowledge; 

-
dings of  the study, we conclude that increasing the nutritional knowledge levels of  pregnant women 
and ensuring that an adequate amount of  eggs are included in their dietary plans during pregnancy 
is important for maternal health.
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INTRODUCTION

Pregnancy, which can be characterized as an allograft, in-
volves numerous adaptive mechanisms from the mother. 
During this process, numerous physiological changes occur, 
such as the differentiation of  nutritional requirements and 
metabolic activities (Haider and Bhutta, 2017). The optimisa-
tion of  required energy and nutrient intake, increased nutrient 
absorption from the intestines, and decreased elimination of  
nutrients through the gastrointestinal system are among the 
primary adaptations observed during pregnancy. The prima-
ry purpose of  all adaptations is to maintain physiological and 
anatomical balance, support fetal growth and prepare for lac-
tation (Soma-Pillay et al., 2016). To achieve successful preg-
nancy, maternal diet should meet the nutritional needs of  the 
developing fetus and the requirements of  the lactation (Haider 
and Bhutta, 2017). It has been observed that pregnant wom-
en are among the most affected individuals facing inadequate 
and unbalanced nutrition-related problems globally. Clinical 

have negative effects on maternal and fetal health (Mendez 
and Kogevinas, 2011).

Many factors, such as socioeconomic status, illnesses and 
-

tional characteristics. Determining an individualised, appro-
priate nutrition plan not only facilitates favorable gestation 

but also helps protect the health of  the mother and fetus. At 
this point, the consumption of  animal-based foods, which are 
sources of  protein, fats and certain vitamins and minerals, is 
recommended, during pregnancy. Eggs should be prioritised 
in the dietary programmes of  pregnant women because of  
their high biological value protein content, their positive ef-
fects on maternal nutrition and intrauterine development and 

as growth factors (Iannotti et al., 2017; Gray, 2019).

Higher levels of  nutritional knowledge among consumers 
is known to facilitate the adoption healthy eating habits, cre-
ate adequate and balanced nutrition conditions and reduce the 
incidence of  nutrition-related diseases. During pregnancy, it is 
particularly important for pregnant women to have a high level 
of  nutritional knowledge to maintain nutrient reserves, sup-
port healthy fetal development and maintain the health of  the 
mother and offspring after birth. The aim of  this study was 
to evaluate the sociodemographic characteristics, health infor-
mation, food group consumption frequency, egg consumption 
and nutritional knowledge levels among pregnant women liv-
ing in Meram, Selçuklu and Karatay, the central districts of  
Konya province.

MATERIALS and METHODS

The study sample consisted of  450 pregnant women in 
different trimesters. Participants were selected using a simple 

Research Article

Key Words: 
body mass index
egg consumption 
food groups
nutritional knowledge
nutrition during pregnancy

Received              : 9 September 2024
Revised : 10 December 2024
Accepted             : 19 December 2024
Published             : 30 April 2025
Article Code        : 1545837

Correspondence:
N. TELLI
(ntelli@ktun.edu.tr)

ORCID
S. KULA    : 0000-0002-9611-7638
N. TELLI  : 0000-0002-4121-4588



random sampling method based on voluntary participation. In 
this context, descriptive research methods were used initially 
to explain the concepts related to the subject. Subsequently, a 
survey, as a data collection tool, was conducted to seek answers 

-
ministered surveys were then analysed and evaluated. Upon 
evaluation of  the data, one participant’s survey was deemed 
invalid and the data from 449 participants were subjected to 
statistical analysis.

-
tions. ‘Sociodemographic Characteristics’ and ‘Health Infor-

sections. The sections titled ‘Food Group Consumption Fre-
quencies’, ‘Nutritional Knowledge Levels’, and ‘Assessment of  
Egg Consumption’, developed by the researcher using various 
sources of  related literature, constituted the remaining sec-
tions of  the survey.

Statistical analyses were performed using the SPSS (Statisti-
cal Package for the Social Sciences, IBM Corp., Armonk, NY, 
US) software version 25.0. To examine the sociodemographic 
characteristics, health information and egg consumption of  
the participants, the frequency and percentage distributions 
of  the variables were analysed using descriptive statistical 
methods. To assess whether egg consumption varied accord-
ing to the participants’ descriptive characteristics, independent 

samples t-tests and one-way ANOVA tests were utilised. To 

post-hoc (LSD) test was performed. A p value of  <0.05 was 

RESULTS

Information regarding the participants’ sociodemographic 
characteristics is presented (Table 1).

The participants’ ages at marriage ranged from 19-32 years, 
with an average age of  23.55 ± 3.01 years. The mean body 
weights before and during pregnancy were 63.03 ± 11.25 and 
68.60 ± 11.25 kg, respectively. Based on pre-pregnancy body 
mass index (BMI), 3.8% of  the participants were underweight, 
53.9% had a normal weight, 33.2% were overweight and 9.1% 
were obese. During pregnancy, the BMI distributions were 
44.8%, 34.1% and 21.2% for normal weight, overweight and 
obese, respectively. Moreover, 6% and 90% of  the participants 
had experienced miscarriage and had planned pregnancies, re-
spectively. No smoking or alcohol consumption was reported 
during the pregnancy period among the participants. The rates 
of  those who had never consumed tobacco and alcohol were 
92.2% and 96.4%, respectively. However, 4.9% of  the partic-
ipants reported having previously smoked cigarettes, where-
as 0.9% reported that they had consumed alcohol. Moreover, 
2.9% stated that they quit smoking and 2.7% stated that they 
quit alcohol after the diagnosis of  pregnancy. Among the par-
ticipants 75.1% had no history of  illness during their pregnan-
cy. The most common condition observed was diabetes, with 
a prevalence of  9.4%. When examining pre-pregnancy health 
conditions, 81.3% of  participants had no pre-existing health 

issues, whereas 8.2% reported a history of  thyroid disease.

Information regarding participants’ health check-ups and 
their knowledge level about pregnancy is presented (Table 2).

The most consumed foods according to consumption 
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Characteristics Group n f  (%) ±

Age
18–25 176 39.2

28.88 ± 5.9926–35 201 44.8
36–45 72 16.0

Educational status

Illiterate 9 2.0

-

Literate 43 9.6
Primary education 142 31.6
High School 130 29.0
University 113 25.2
Postgraduate 12 2.7

Employment status
Employed 248 55.2

-Unemployed 201 44.8

Social security status

Social Insurance Institution 254 56.6

-
Green Card 53 11.8
Private Insurance 26 5.8
Pension Fund 81 18.0
No 35 7.8

Number of  family members

2 204 45.4

2.81 ± 0.883 148 33.0
4 77 17.1
5 20 4.5

Table 1. Sociodemographic characteristics of  the participants.

n: number of  people, f: frequency,  : arithmetic mean, SD: standard deviation.



scores were as follows: fresh fruits excluding citrus and dried 
fruits (78.8%), fresh vegetables excluding leafy greens and po-
tatoes (78.5%), yogurt and cheese (71.1%) and bread (70.4%). 
The least consumed foods were as follows: ready-made vege-
table juices (0.3%), ready-made fruit juices (2.4%) and turkey 
meat (6.6%). Additionally, it was observed that the egg con-
sumption score of  the participants was 69.8%.

Information regarding the frequency of  food consumption 
during pregnancy among participants is presented (Table 3).

When evaluating the results of  the analysis conducted to 
determine the nutritional knowledge levels, majority of  the 
participants (97.3%) claimed that the foods consumed during 
pregnancy affect the health of  the baby, 86.1% of  the partici-
pants stated that those of  normal weight should increase their 
food intake during pregnancy and 66.6% stated that a weight 
gain ranging 9-14 kg is necessary. The foods considered to be 

and dairy products. Overall, 360 (80.2%), 52 (11.6%) and 37 
(8.2%) participants had a moderate level, inadequate level, and 
good levels of  nutritional knowledge.

-
ducted on egg consumption, it was found that 82.2% of  preg-
nant women consumed eggs. Moreover, the participants pre-
ferred standard natural eggs the most, with a preference rate 
of  21.6%. The most common time for egg consumption was 
during breakfast, with a preference rate of  66.8%. The reasons 
for consumption were reported as 37% for the nutritional val-
ue of  eggs and 34.1% for being pregnant. During pregnancy, 
48.1% of  the participants increased their egg consumption, 
14% decreased it and 20% had no change. The most common-
ly reported reason for not consuming eggs was ‘disliking the 
smell’. Moreover, the participants predominantly consumed 
large-sized eggs (55.2%) and none preferred egg products, 

such as liquid or dried eggs, and the preferred place of  pur-

preferred alternative to chicken eggs, with a preference rate of  
-

tion and cholesterol levels, 6.2% of  the participants stated that 
‘eggs raise cholesterol levels in healthy individuals and should 
be consumed in moderation’, 50.1% indicated that ‘individuals 
with elevated cholesterol should limit their egg consumption, 
whereas normal individuals do not need to restrict their in-
take’, and 14.5% expressed the belief  that ‘eggs do not raise 
cholesterol levels’. Although 84% of  the participants indicated 
that the presence of  double yolk in eggs was not a reason for 
their preference, 77.7% did not consider the brand import-
ant. Moreover, 92% of  the participants were unaware of  the 
meanings of  the codes on the eggs available for sale and 90.9% 

-

the opinion that eggs should be washed before consumption 
and stored in the refrigerator without washing until they are 
consumed. Additionally, 80% of  the participants expressed 
the opinion that ‘hygiene measures are not implemented in 
places where eggs and egg products are produced and sold’. 
In response to the question, ‘What is the shelf  life of  eggs?’ 
majority of  the participants (62.8%) answered, ‘28 days from 
the date of  laying’. Overall, 36.3%, 30.5% and 33.2% of  the 
participants had inadequate, moderate and good knowledge 
about egg consumption, respectively.

The results of  the analysis on the differences in egg con-
sumption among pregnant women based on age, education 
level, social security status, number of  family members, BMI 
and nutritional knowledge level are presented (Table 4).

As observed in Table 4, the effects of  variables, such as age, 
educational status, number of  family members and current 
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Variable Group n f  (%)

Month of  starting health check-ups

1st month 27 6.0
2nd month 302 67.3
3rd month 94 20.9
4th month 26 5.8

Frequency of  health check-ups

Once a week 18 4.0
57 12.7

Once a month 295 65.7
Less frequent 79 17.6

Status of  obtaining information about pregnancy
Yes 92 20.5
No 357 79.5

Source of  information about pregnancy

Doctor 14 3.1
Dietitian 18 4.0
Nurse-midwife 37 8.2
Relatives, newspapers, radio or 
television, etc. 23 5.1

Table 2. Health check-ups of  the participants and knowledge level about pregnancy.
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BMI, among pregnant women with respect to egg consump-
-

(P < 
0.05). From post-hoc analysis, it was determined that the mean 
scores of  pregnant women with high nutritional knowledge 
levels were higher than those with medium and inadequate nu-
tritional knowledge levels and the mean scores of  pregnant 
women with medium nutritional knowledge levels were higher 
than those with inadequate nutritional knowledge levels.

Egg consumption among pregnant women did not differ 
statistically according to their employment status (P > 0.05). 
From the post-hoc analysis, it was found that the mean scores 
of  egg consumption of  participants with higher food con-

those with lower food consumption frequency. From the cor-
relation analysis, it was found that egg consumption among 
pregnant women was most affected by cereal group food con-
sumption followed by meat products and fat and milk prod-
ucts. However, egg consumption was least affected by food 
consumption by the fruit and vegetable groups.

DISCUSSION

The mean age of  the participants was 28.88 ± 5.99 years 
and all were in their reproductive phase, which is considered 
as physiologically healthy. In fact, according to the Turkey De-
mographic and Health Survey, the age group with the highest 

as being a mother over the age of  35 years, and, in recent years, 
the number of  mothers with advanced maternal age has been 
increasing especially in developed countries (Lean et al., 2017). 
Frederiksen et al. (2018) stated that chromosomal abnormali-
ties, preterm birth and miscarriage are more likely in pregnant 

by the World Health Organization as those between the ages 
of  10 and 19 years, are known to cause serious public health 
problems in the short and long term (Sen and Kavlak, 2011). 
Askari et al. (2020) suggested that the risk of  birth complica-
tions is high in pregnant women during adolescence as physio-
logical development is not fully completed during this period.

There is an increasing trend towards obesity from 9.1% 
to 21.2% in terms of  BMI during pregnancy. Above average 
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Variable Group n SD F P

Age

18–25 176 18.41 10.718
5.726 0.004*26–35 201 19.60 10.312

36–45 72 23.19 7.841

Educational status

Illiterate 9 10.00 .000

12.200 0.000*

Literate 43 10.47 12.479
Primary education 142 21.80 10.112
High School 130 20.92 8.371
University 113 19.42 9.746
Postgraduate 12 25.00 7.385

Social security status

Social Insurance Institution 254 19.04 9.108

35.106 0.000*
Green Card 53 28.77 2.172
Private Insurance 26 27.50 2.550
Pension Fund 81 11.98 12.265
No 35 23.00 8.062

Number of  family members

2 204 16.99 11.452

14.472 0.000*
3 148 21.72 9.326
4 77 24.29 6.108
5 20 15.00 5.130

BMI (Current)

Normal 201 22.91 8.238
19.254 0.000*Overweight 153 17.19 11.193

Obese 95 17.00 10.604

Nutrition knowledge level

Inadequate 52 1.46 0.670
Middle 360 1.97 0.834 24.187 0.000*
Good. 37 2.65 0.484

Table 4. Analysis of  the differences in egg consumption among pregnant women based on age, education level, social security 
status, number of  family members, BMI, and nutritional knowledge level.

*P < 0.05. n: number of  people, 



pre-pregnancy weight and excessive weight gain during preg-
-

turition. Thus, BMI assessment in the prenatal follow-up of  
pregnant women and regulation of  weight gain is of  great 
importance in terms of  pregnancy and intrauterine health. 
Considering that 6% of  the pregnant women in the study had 
previously experienced miscarriage, it can be suggested that 
obesity may create a predisposition for recurrent miscarriage 
cases. As a matter of  fact, the relationship between obesity 
and recurrent miscarriages is a topic that has been addressed. 
Cavalcante et al. (2019), in a meta-analysis aiming to reveal the 
relationship between obesity and recurrent miscarriage, re-
vealed that the rate of  miscarriage is higher in pregnant wom-
en with obesity. Ku et al. (2015) conducted a study consisting 
of  119 pregnant women between the 6th and 10th gestational 
weeks who presented to obstetricians with a miscarriage case. 
Researchers found that 25.2% of  pregnant women had early 
pregnancy loss. Early pregnancy loss is one of  the most com-
mon complications of  pregnancy and du Fossé et al. (2020) 

-
sult in miscarriage. 

that majority of  pregnant women had never smoked (96.7%) 
and drank alcohol (83.3%). It is known that tobacco use 
among pregnant women in European countries is ~20% (Can-

smoking during pregnancy has serious negative health effects 
on the pregnant women and the developing fetus (Miguez et 
al., 2017). Mardby et al. (2017) tried to determine the alcohol 
consumption habits and the effects of  alcohol consumption 
in 7905 pregnant and in women postpartum. The researchers 
found that 15.8% of  the participants consumed alcohol reg-
ularly and 39% consumed alcohol once a month. The high-
est consumption by country was reported to be in the UK 
(28.5%), Russia (26.5%), Switzerland (20.9%), Poland (9.7%), 
Sweden (7.2%) and Norway (4.1%). Moreover, they suggested 
that higher education level and smoking were predictors of  
alcohol consumption during pregnancy. Similarly, Lanting et al. 
(2015) found that maternal age of  mother, cigarette consump-
tion and higher education level had a parallel relationship with 
alcohol consumption.

In the light of  the data obtained in our study, it was de-
termined that 24.9% of  the participants had at least one ill-
ness during pregnancy, such as diabetes, hypertension, anemia, 
thyroid diseases, kidney diseases and bone and joint diseases 
according to the frequency of  occurrence. When the pre-preg-
nancy disease history (18.7%) is considered, thyroid diseases, 
diabetes, liver diseases, gallbladder diseases, anemia, hyperten-
sion and kidney diseases were the most frequently reported 
diseases. The fact that pregnant women have a known chronic 
disease before pregnancy is important for the health of  the 
mother and newborn. Chronic diseases may also be associat-
ed with the dietary characteristics and BMI of  the pregnant 
mother. Gumus et al. (2010) found that the rates of  gestational 

in individuals who were obese before pregnancy. 

women who participated in the study did not receive any in-
formation on nutrition during pregnancy and that the majority 
of  those who received information received information from 
nurses-midwives. Aktac et al. (2018) aimed to evaluate the nu-
tritional knowledge of  pregnant women according to their so-
ciodemographic characteristics. They found that 50.9% of  the 
participants received nutrition information. Additionally, they 

-
net, newspapers, magazines, television, and radio. Similar to 

-
ber of  participants who consulted a dietitian for information 
on nutrition was low. Bryant et al. (2019) reported that 63% 
of  women who applied to antenatal clinic in Australia received 
information on nutrition. Since adequate and balanced nutri-
tion during pregnancy has a great impact on the psychological 
and physiological needs of  pregnant woman before and after 
giving birth as well as on the mental and physical development 
of  the fetus, it is important for pregnant women to receive in-
formation on nutrition during pregnancy. As a matter of  fact, 
Blondin and LoGiudice (2018), in their study on increasing 
the nutritional knowledge level of  pregnant women, provided 
nutrition education during the study. It has been reported that 

-
ing practices.

In the evaluations based on consumption scores, it is note-
worthy that fresh fruits (fruits other than citrus fruits and dried 
fruits) and fresh vegetables (vegetables other than green leafy 
vegetables and potatoes) are the most consumed foods and 
the relatively high scores obtained for egg consumption are 

amounts required during pregnancy period should be 400-600 
ml of  milk and yogurt, 60 g of  cheese, 3-4 portions (~100 g) 

portions of  fresh vegetables and fruits, 6-10 slices of  bread 
and none or 2-3 portions of  rice, bulgur, pasta, etc. (Dibek, 
2007). Nogay (2011) aimed to evaluate the nutritional status of  
pregnant participants aged 18-42 years. The researcher found 
that pregnant women did not change the amount of  food 
consumption during the gestation period and the foods that 
they increased the most were fruit (47.1%) and milk and yo-
gurt (42.9%). Pregnant women stated that citrus fruits (30.0%) 
were the food they most desired and chicken meat (22.9%) was 
the food they not prefer the least. Goksin Cihan et al. (2012) 
tried to reveal the level of  knowledge among pregnant women 
about healthy pregnancy and nutrition. Pregnant women who 
participated in the study reported that the foods that should 

-
gurt (75.2%), vegetables and fruits (57.4%) and meat and eggs 
(54.0%).

In the study, 77.5% of  the participants stated that con-
sumption of  non-heat-treated meat and dairy products is risky 

suggested that one-third of  pregnant women were unaware of  
the foods that should be avoided during pregnancy. Consider-
ing that raw meat and its products are among the main foods 
responsible for toxoplasmosis, the tendency of  the participants 

Kula, Telli

Medit Vet J, 10(1): 421-431, 2025
427



meat consumption parameters and Toxoplasma gondii seroposi-
tivity in pregnant women. 

It can be stated that egg consumption of  pregnant women 
(P < 0.05) 

and egg consumption of  the participants increased with age. 
However, it is observed that egg consumption differed statis-

(P < 0.05) 
and the mean scores of  egg consumption increased with the 
increase in educational level in all groups. According to the 
social security status of  the participants, egg consumption 

(P < 0.05) and as a result of  
the post-hoc analysis, it was determined that those who were 
members of  the Retirement Fund had the lowest average, fol-
lowed by Social Insurance Institution and those without social 
security. Moreover, it has observed that the number of  indi-
viduals in the family has an effect on egg consumption, which 

(P < 0.05). It was determined that 
those who had 4 members in their families had a statistically 

When the effect of  the participants’ BMI on egg consumption 
-

cantly according to BMI. Post-hoc analysis shows that those 
with normal BMI have higher mean scores on egg consump-
tion than those who are overweight and obese. Additionally, 
those who are obese had the lowest mean score. It is important 

participants) had a moderate level of  knowledge about nutri-
tion during pregnancy and their egg consumption increases 
with the increase in their level of  nutritional knowledge. Dibek 
(2007) found that 46.9%, 36.2%, 15.8% and 1.1% of  pregnant 
women had very good, good, fair and poor nutritional knowl-
edge, respectively. 

It is important to note that pregnant women reported con-
suming eggs at a considerable level, 87.8% of  the participants 
reported consuming eggs during pregnancy. Schnefke et al. 
(2019) stated that 50% of  pregnant women in Kenya con-
sumed eggs during pregnancy. Christian et al. (2006) report-
ed that egg consumption during pregnancy is low in Nepal, 
resulting from religious reasons. Similarly, Hong et al. (2016) 
found that a small proportion of  participants (5.0%) did not 
consume eggs during pregnancy in Zambia and suggested that 
religious beliefs were the main reason for not consuming eggs. 
Jardi et al. (2019) determined that the amount of  egg con-
sumed by pregnant women during pregnancy was not at the 
recommended level. Although the annual egg consumption 
per capita in our country is slightly above the global average, it 
remains well below the levels in developed countries (Mizrak 
et al., 2012). Therefore, eggs should be an important part of  
the diets of  all consumer groups, especially pregnant women, 
because of  their high nutritional value and easy availability.

In terms of  the preferred egg types, it is seen that there is 
a ranking from most to least; standard natural eggs, organic 
eggs, village eggs and free-range chicken eggs. It was observed 

not know what the codes on egg stamps meant. Although it 
is known that cage-free eggs are the most consumed egg type 
globally, it is stated that the market for free-range and organic 

eggs is growing rapidly because of  factors, such as increasing 
income and education levels. Derebasi (2019) aimed to exam-
ine egg consumption awareness and consumer behaviours. 
Similarly, the researcher found that 63.5% of  the respondents 
consumed eggs primarily for breakfast, 45.0% of  them bought 
eggs from the market, and 52.22% of  them bought medium 
size eggs. The high quality protein contained in eggs contrib-
utes to the protein requirements of  the body. Moreover, eggs 
are considered an ideal food recommended to be consumed 
during pregnancy as they have a high essential amino acid con-
tent. However, eggs are an important source of  essential fatty 
acids. Egg consumption is reported to increase the positive ev-
idence for maternal and intrauterine nutrition during pregnan-
cy (Iannotti, 2017). In this context, it is noteworthy that 48.1% 
of  the participants’ egg consumption increased during preg-
nancy. Wallace and Fulgoni (2017) reported that adults who 
consume eggs have a higher healthy eating index than those 
who do not. However, they noted that adults who consumed 
eggs had approximately twice the choline intake compared to 
those who did not.

Mizrak et al. (2012) stated the reasons for not consuming 
eggs in Turkey as health problems (54.50%), dislike of  eggs 
(31.80%) and high price of  eggs (13.70%). Hillier and Olander 

-
termine the nutritional changes in women before and during 

-
mined that the amount of  eggs consumed by women before 
pregnancy was 22.2 g and the amount consumed during preg-
nancy was 11.1 g.

It is thought that all of  the pregnant women who partic-
ipated in the study reported that they did not consume egg 
products should be taken into consideration. The amount of  
eggs allocated for egg products in Turkey is 2.77% of  the total 
amount of  eggs produced. As egg products can be used as 
an alternative source for people who cannot consume eggs, 
it is thought that developing and expanding the use of  egg 
products will increase egg consumption. Indeed, it is known 
that egg products such as frozen, dried and pasteurised liquid 
eggs have a large consumption volume, especially in developed 
countries For example, it is reported that ~25% of  total egg 
production in the USA is used in the production of  egg prod-
ucts (Dogruer et al., 2015). 

It was found that about half  of  the pregnant women who 
participated in the study stated that ‘individuals with elevat-
ed cholesterol should consume eggs in a limited way, normal 
individuals do not need to consume eggs in a limited way’ in 
relation to eggs and cholesterol. Derebasi (2019) tried to de-
termine the knowledge of  consumers about the relationship 
between eggs and cholesterol and reported that 47.80% of  the 
participants reported that eggs had no effect on blood cho-
lesterol levels. The researcher stated that the consumer per-
ception that eggs contain high levels of  cholesterol and cause 
cardiovascular diseases by increasing blood cholesterol levels 
is the main reason why egg consumption amounts have not 
reached the desired levels. The relationship between dietary 
cholesterol and atherosclerotic cardiovascular disease remains 
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effects of  dietary cholesterol on serum cholesterol concentra-
tions and cardiovascular disease. Shin et al. (2013) investigated 
the effect of  egg consumption on cardiovascular diseases and 

egg consumption and cardiovascular diseases. Rosenson and 
Wen-Liang (2019) reported that egg consumption may alter 
the atherogenicity of  triglyceride-rich lipoproteins such as 
low-density lipoprotein and that guidance on egg consumption 
should continue in dietary guidelines and recommendations. 

There is a tendency that the places where eggs and egg 
products are produced and sold do not comply with hygienic 
standards. Similarly, Derebasi (2019) reported that 56.99% of  

-

-
ed.

Through the ~10,000 pores in the eggshell, microorganisms 
can contaminate the interior of  the egg and create microbial 
contamination. This can lead to numerous infections caused 
by pathogens and public health problems. Coronel-Reyes et al. 
(2018) reported that the maximum storage period of  eggs at 
room temperature should be 14 days. Kosa et al. (2015) aimed 
to reveal the egg consumption behaviours of  consumers and 
found that 61.8% of  the participants checked the expiry dates 
before purchasing eggs. The Turkish Food Codex Communi-
qué on Eggs and Egg Products states that the expiry date of  
Class A eggs cannot be more than 28 days after the laying date.

It was determined that 36.3% of  the pregnant women par-
ticipating in the study had inadequate, 30.5% moderate and 
33.2% good level of  knowledge about egg consumption. 
Lutter et al. (2021) suggested that egg consumption should 
increase to reduce neonatal mortality. The researchers stated 
that trainings to increase the level of  nutritional knowledge of  
pregnant women could be an effective strategy. Mizrak et al. 
(2012) conducted a study with 2241 families to determine egg 
consumption and consumer habits in Turkey and found that 
24.67% of  the participants were aware of  the nutritional value 
of  eggs. In addition, they argued that for a healthy society, 
consumers should be made aware of  the nutritional value of  
eggs through effective promotions. 

When the egg consumption of  pregnant women accord-
ing to their educational status was analysed, it was determined 
that the egg consumption of  the participants differed statis-

of  pregnant women increases, their egg consumption also in-
-

el of  knowledge of  pregnant women about nutrition during 
pregnancy. The researchers found that the level of  nutritional 
knowledge of  pregnant women with high school education 
and above was higher. 

CONCLUSION

It is thought that it is important to increase the nutritional 
knowledge levels of  pregnant women by preparing educational 
programmes. Pregnant women should be directed to nutrition-
ists in health institutions where they go for regular follow-up 

during pregnancy and they should be helped to access the right 
information. Pregnant women should be made aware of  the 

should be organised to increase egg consumption. Pregnant 
women who cannot consume eggs for some reason should be 
encouraged to consume egg products.
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Sensitivity of  pure cultures of  some Gram-positive and Gram-negative rumen 
bacteria to sigla storax (Liquidambar orientalis)

Ahu Demirtas1

ABSTRACT
Extracted from the wounded bark of  the Liquidambar orientalis tree, sigla storax is a semi-viscous, bal-
samic resin. This study aimed to evaluate the effects of  sigla storax on the growth of  pure cultures 
of  select Gram-positive and Gram-negative rumen bacteria, thereby elucidating its potential mode 
of  action on rumen metabolism as an alternative antibiotic feed additive. Under strictly anaerobic 
conditions, the antimicrobial activity of  sigla storax was assessed using the broth microdilution met-
hod. With the exception of  Streptococcus bovis, storax demonstrated potential antimicrobial activity on 
all bacteria at doses starting from 1-2 mg/ml (P<0.05). The most susceptible bacterium was Rumi-

, which was completely inhibited at 4 mg/ml sigla, while the most resistant was S. 
bovis, which showed no complete inhibition. For other Gram-positive bacteria, the minimum inhibi-
tory concentration (MIC) varied: 16 mg/ml for , and 32 mg/ml for Ruminococcus 
albus, Eubacterium ruminantium, and . Interestingly, at lower doses, sigla sto-
rax exhibited a growth-stimulating effect on E. ruminantium (0.06-0.125 mg/ml) and S. bovis (0.125-2 
mg/ml) (P<0.05). The Gram-negative Megasphaera elsdenii also showed a slight stimulatory response 
to sigla storax at concentrations of  0.06-0.5 mg/ml (P<0.05). However, at 32 mg/ml, sigla storax 
completely inhibited both Gram-negative bacteria tested: M. elsdenii and Fibrobacter succinogenes. While 
Gram-positive bacteria generally exhibited higher sensitivity to sigla storax compared to Gram-ne-
gative bacteria, the study concluded that its mechanism of  action differs from typical antibiotic feed 
additives. This distinction is due to sigla storax’s antibacterial activity against Gram-negative bacteria 
and its stimulatory effects on certain Gram-positive bacteria. 
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INTRODUCTION

The rumen hosts one of  the most diverse and densely po-
pulated microbial ecosystems known. A symbiotic relationship 
has evolved between ruminant animals and their ruminal mic-

provides a hospitable environment within the rumen, while 
the microorganisms supply the animal with essential energy 
and nitrogen sources in the form of  volatile fatty acids and 
microbial protein. Approximately half  of  the rumen’s mic-
robial population consists of  bacteria (Genzebu and Tesfay, 
2015).

-
-

arch focus. This emphasis stems from the fact that Gram-po-
sitive rumen bacteria produce higher quantities of  hydrogen, 
formate, lactate, and ammonia compared to their Gram-nega-
tive counterparts, resulting in energy and protein losses (Cas-
tillejos et al., 2007). Hydrogen released by acetate and buty-
rate-producing Gram-positive bacteria is used for methane 
synthesis by methanogenic archaea. On the other hand, pro-
pionate, which is produced by mostly Gram-negative bacteria, 
consumes reducing equivalents for methanogenesis (Bharani-
dharan et al., 2021; Knapp et al. 2014). Methane is ultimately 
eliminated by belching, which is widely reported to represent 
a loss of  feed energy of  up to 2-15% (Martin et al., 2021). 

Enteric methane is also a greenhouse gas responsible for 15-
24% of  global warming (Steinfeld et al., 2006). Ionophore 

-
ve hydrogen producers and alter the microbiota in favour of  
Gram-negative propionate producers (Callaway et al. 2003). In 
cattle treated with monensin, methane production is reduced 
by up to 30% as a result of  a shift in fermentation towards 
propionate production (Callaway et al., 2003; Wedegaertner 
and Johnson, 1983). Monensin also limits lactate production 
by inhibiting lactate-producing bacteria such as Gram-positi-
ve Streptococcus bovis, which is often involved in the develop-
ment of  rumen acidosis. Accordingly, cattle fed monensin had 
lower lactate concentrations and higher ruminal pH (Russell 
and Strobel, 1989). Reducing nitrogen losses by restraining 
deamination and proteolysis by Gram-positive ammonia pro-
ducers and protozoa is another favourable effect of  monensin 
on rumen fermentation (Russell and Strobel, 1989). Thus, io-
nophoric antibiotics have been employed as feed additives for 
years to modify rumen microbiota and rumen fermentation to 
improve animal productivity (Thompson et al., 2021). Howe-
ver, following the prohibition of  antibiotics as feed additives 
(OJEU 2003), researchers have intensively explored the use of  
natural, plant-derived antibacterial agents to modulate rumen 

2021). This shift in focus represents an ongoing effort to op-
timize rumen function while adhering to current regulatory 
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standards and addressing concerns about antibiotic resistance. 

phytochemicals on rumen bacteria, which may depress rumen 
fermentation, is one of  the major challenges in rumen studies 
(Bodas et al., 2012; Demirtas et al., 2021).

Commonly known as “sigla oil,” sigla storax (Styrax liquidus) 
is a semi-liquid, balsam-like resin extracted from the wounded 
bark of  the Liquidambar orientalis
endemic member of  the Hamamelidaceae family is native to 
Turkey’s southwestern regions, particularly around
Ula, Marmaris, and Fethiye. In Anatolian traditional medicine, 

ulcers, stomach aches, burns, wounds, cracked lips, bronchitis, 
and both parasitic and fungal infections (Atmaca et al., 2022). 
Recent research has explored its potential beyond traditional 
uses. Studies have investigated its cytotoxic effects on human 
cancer cells (Atmaca et al., 2022; Çetinkaya et al. 2022) and 
its neuroprotective properties (Zhang et al. 2019; Zhou et al. 
2022). Sigla storax has demonstrated a broad spectrum of  an-
timicrobial activity, particularly against various Gram-positive 

Savas 2021). Notably, surgical silk sutures coated with sigla sto-
rax exhibited the most potent anti-adhesion activity against the 
oral Gram-positive pathogen S. aureus
addition, storax-loaded polymeric scaffolds demonstrated an-

S. aureus, which 
is known to cause infections in chronic wounds (Demir et al., 
2022). Given its pronounced antimicrobial effects, especially 
against Gram-positive bacteria, sigla storax shows promise as 
a potential antibiotic alternative for modifying rumen micro-
organism composition and activity. Supporting this potential, 
a recent study reported that sigla storax reduced rumen met-
hane production without adversely affecting short-chain fatty 
acid (SCFA) production or feed digestibility. Importantly, it did 

not substantially alter the microbiota compared to monensin, a 
common antibiotic feed additive (Demirtas et al., 2023). How-
ever, to date, the literature lacks data on sigla storax’s effects 
on pure cultures of  rumen bacteria. An assessment of  sigla 

-
dating its mechanism of  action on rumen metabolism. There-
fore, the present study aimed to investigate the effects of  sigla 
storax on the growth of  pure cultures of  select Gram-positive 
and Gram-negative rumen bacteria.

MATERIALS and METHODS

Sigla storax

General Directorate of  Forestry, Ministry of  Environment and 
Forestry, Turkey. Until its use, the storax was stored at +4ºC. 

sigla storax is as follows: In early spring (around April), the 
trunks of  L. orientalis trees are deliberately damaged, prompt-
ing the inner bark to absorb an exudate. By early July, the outer 
bark is shaved using specialized knives, and the balsam, along 
with the inner bark, is boiled in water for 10 to 30 minutes. As 
the mixture boils, the storax rises to the surface and is skimmed 
off. Afterward, the remaining bark is pressed to separate any 

in balsam form was used in the experiments.

Bacterial strains and anaerobic medium

The study examined several Gram-positive bacterial strains. 
These included Ruminococcus albus (ATCC 27210) and Rumino-

 Sijpesteijn C97 (ATCC 49949), both known for 
producing hydrogen and formate. Butyrate producers Butyri-
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Component*

Mineral solution 1** 15
Mineral solution 2*** 15

**** 15
NaHCO3 (Sigma S5761) 0.6
Yeast extract (Sigma Y1625) 0.25
Trypticase peptone (BD 211921 Bacto™) 1
Resazurin (%0.1, v/v) (Sigma R7017) 1
Cysteine HCl (Sigma C7880) 0.1
Cellobiose (Sigma 22150) 0.5
Deionized water 55

Table 1. Composition of  the anaerobic medium (for 100 ml) (Orpin 1976)

*Units are ml for liquid components and g for solid components.
**Mineral solution 1: 3 g/l K2HPO4  (Sigma P3786)
***Mineral solution 2: 3 g/l KH2PO4 (Sigma P9791), 6 g/l (NH4)2SO4 (Sigma A4915), 6 g/l NaCl 
(Sigma S7653), 0.6 g/l MgSO4•7H2O (Sigma 230391) and 0.6 g/l CaCl2 (Sigma C1016)

of  cheesecloth to seperate into liquid and solid (digesta) fractions. The liquid fraction was centri-
fuged at 15,000 rpm and, the clear supernatant was used as a component of  the anaerobic medium.



 D1 (ATCC 19171) and Eubacterium ruminantium 
GA 195 (ATCC 17233) were also studied, along with the lacta-
te producer Streptococcus bovis (ATCC 33317). Methanobacterium 

 (ATCC 33274), a mesophilic methanogen, served as 
the methane producer. Additionally, two Gram-negative ba-
cteria were included: Megasphaera elsdenii LC1 (ATCC 25940) 
and Fibrobacter succinogenes S85 (ATCC 19169), both known for 
producing succinate and propionate. To maintain anaerobiosis, 
anaerobic medium was prepared under CO2 following Orpin’s 
(1976) method. Table 1 details the chemical composition of  
the anaerobic media. The medium was heated to 60ºC in a hot 
water bath while being bubbled with CO2 to eliminate oxygen. 
Resazurin (0.1%, v/v), an indicator of  redox potential, was 
used to monitor oxygen elimination, with a color change from 
bluish-purple to dull yellow signifying successful oxygen re-

stoppered and autoclaved. Anaerobic bacteria were cultivated 
for 24 to 72 hours in an anaerobic cabinet (Whitley DG250, 
Don Whitley, West Yorkshire, UK) maintained at 37ºC with a 
N2-CO2-H2 (80:10:10) atmosphere. 

Antimicrobial susceptibility assay

To assess the impact of  sigla storax on rumen bacterial 
growth, a broth dilution technique was employed in an anaero-
bic cabinet, adhering to the Clinical and Laboratory Standards 
Institute guidelines (CLSI, 2016). The process began with the 
preparation of  a sigla storax stock solution (350 mg/ml) by 
dissolving sigla in ethanol (99.8% purity, Sigma 32221). This 
stock was then serially diluted two-fold in anaerobic medium to 
achieve concentrations of  32, 16, 8, 4, 2, 1, 0.5, 0.25, and 0.125 

μl of  each dilution was pipetted into designated wells. Each 
well was then inoculated with 20 μL of  bacterial suspension 
(4×1010 cells/ml). For reliability, triplicate wells were used for 
each concentration. The experimental design included negati-
ve control wells (pure medium without sigla storax solution) 
and medium control wells (without bacteria) for each set. Fol-
lowing preparation, the plates were incubated in an anaerobic 
chamber at 37ºC for 24 hours. Microbial growth was subsequ-
ently assessed using a microplate reader (Epoch, BioTek, USA) 

set at 600 nm. Interpretation of  results followed established 
guidelines: The minimum inhibitory concentration (MIC) was 

control dose (0 mg/ml) were considered indicative of  poten-

higher OD600 values were interpreted as evidence of  stimula-
tory activity (Das et al., 2015).

Statistical analyses

Each well of  the 96-well plate served as an experimental 
unit. Each sample has three replicates. Data of  observed op-
tical density (OD600) were statistically analysed by one-way 
ANOVA followed by Dunnet’s test. A P

RESULTS

Table 2 summarizes the MIC values of  sigla storax, whi-
le Figures 1 and 2 illustrate its effects on Gram-positive and 
Gram-negative rumen bacteria, respectively. Among the tes-
ted species,  exhibited the highest sensitivity, with 
growth inhibition occurring at 4 mg/ml of  sigla storax. R. 
albus showed complete inhibition at 32 mg/ml, but potential 
antimicrobial effects were observed at 2-16 mg/ml (P<0.05). 
For , potential antimicrobial activity was noted 
from a concentration of  1 mg/ml (P<0.05), with complete 
inhibition at 16 mg/ml. Sigla storax showed potential antimic-
robial activity against both E. ruminantium and  at 
1-16 mg/ml (P<0.05) and complete inhibition at 32 mg/ml. 
Interestingly, sigla storax stimulated growth of  E. ruminanti-
um and S. bovis at lower concentrations: 0.06-0.125 mg/ml and 
0.125-2 mg/ml, respectively (P<0.05). S. bovis emerged as the 
most resistant species. While no complete inhibition was ob-
served, potential antimicrobial effects were noted at 8-32 mg/
ml (P<0.05). Regarding Gram-negative bacteria, sigla storax 
exhibited a slight stimulatory effect on M. elsdenii at 0.06-0.5 
mg/ml concentrations (P<0.05). Sigla storax showed potential 
antimicrobial activity against both M. elsdenii and F. succinogenes 
starting from 2 mg/ml (P<0.05), with complete inhibition at 
32 mg/ml.
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Rumen bacteria MIC values (mg/ml)

Gram-positives

R. albus 32
4

 16
E. ruminantium 32
S. bovis -

32
Gram-negatives

F. succinogenes 32
M. elsdenii 32

Table 2. Minimum inhibitory concentration (MIC) values of  sigla storax on rumen bacteria



DISCUSSION

Phytochemicals have been extensively studied as potential 
alternatives to antibiotics for modifying rumen microorganis-
ms and fermentation (Kholif  and Olafadehan, 2021). The de-
sired effect of  these agents is antibacterial activity, particularly 
against Gram-positive rumen bacteria that produce acetate 
and butyrate. These bacteria release more hydrogen, which is 
subsequently utilized in methane synthesis (Demirtas et al., 
2018). In this study, sigla storax demonstrated inhibitory ef-
fects on representative species of  acetate and butyrate-produ-

 and  were 
inhibited at doses of  4 and 16 mg/ml, respectively. For other 
members of  these groups, namely R. albus and E. ruminanti-
um, the MIC was 32 mg/ml. A previous study using the same 
storax (Demirtas et al., 2023) employed an in vitro semi-con-
tinuous rumen microbial culture system (rumen simulation 

technique; Rusitec). With 0.5 mg/ml sigla storax supplemen-
tation, this study observed a reduction in the abundance of  
acetate-producing bacteria from the Ruminococcaceae family, 
including genera Ruminococcus 2 and Ruminococcaceae UCG-013, 
and uncultured Ruminococcaceae NK4A214 species. Additional-
ly, some butyrate producers such as Lachnospiraceae UCG-002 
and Lachnospiraceae UCG-006 were also suppressed. Notably, 
the same study reported suppression of  the methane-produ-
cing genus Candidatus Methanomethylophilus and an uncultured 

the observed mitigating effect of  sigla on methane production. 
Likewise, in this study, sigla exhibited potential antimicrobial 
activity at concentrations ranging from 1 to 16 mg/ml, while 
demonstrating inhibitory effects on the methane-producing 

 at 32 mg/ml. The discrepancies in effective sigla 
dosages across studies may be attributed to variations in bac-
terial species and the possible transformation of  sigla within 
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Figure 1. Effects of  sigla storax on Gram-positive rumen bacteria by the broth 
microdilution method. The results represent the mean ± standard error. *P<0.05, 
difference of  sigla storax-treated culture compared with the control. Control 
level was 0 mg/ml of  the storax. MIC: Minimum inhibitory concentration.

Figure 2. Effects of  sigla storax on Gram-negative rumen bacteria by the broth microdilution method. The 
results represent the mean ± standard error. *P<0.05, difference of  sigla storax-treated culture compared 
with the control. Control level was 0 mg/ml of  the storax. MIC: Minimum inhibitory concentration.



the Rusitec’s mixed culture environment, potentially yielding 
derivatives with enhanced antibacterial properties. The anti-
microbial impact of  sigla storax on methanogenic archaea and 
certain Gram-positive bacteria has been linked to cinnamic 

-
ponents in the essential oil composition of  storax: E-cinnamyl 
cinnamate (38.8%) and 3-phenylpropanyl cinnamate (38.1%). 
As secondary plant metabolites, essential oils are renowned for 
their wide-ranging antimicrobial effects (Seow et al., 2014). In 
line with this, cinnamic acid derivatives have been reported to 
possess antibacterial, antiviral, and antifungal properties (Sova, 
2012; Tawata et al., 1996).

Interestingly, at low concentrations, sigla storax exhibited a 
mild growth-promoting effect on certain bacteria. This inclu-
ded Gram-positive species like E. ruminantium and S. bovis, as 
well as the Gram-negative M. elsdenii. Demirtas et al. (2023) re-
ported that supplementing Rusitec with 0.5 mg/ml sigla incre-
ased the abundance of  some butyrate-producing Gram-positi-
ve bacteria and propionate-producing Gram-negative bacteria. 
The used storax has been found to have high phenolic content, 
measuring 79.2 mg/g in catechin equivalents or 57.9 mg/g in 
gallic acid equivalents (Demirtas et al., 2023). Phenolic subs-

phytochemicals or secondary plant metabolites that can intera-
ct both positively and negatively with microorganisms (Brou-
discou et al., 2000). Many polyphenols, such as tannic acid, 
gallic acid, catechol, and catechin, can be hydrolyzed by rumen 
bacteria and used as carbon and energy sources for growth 
(Bhat et al., 1998). Thus, the phenolic compounds in sigla sto-
rax might be responsible for stimulating the growth of  some 
of  the studied bacteria. However, at higher doses, sigla de-
monstrated antibacterial activity against both Gram-negative 
bacteria. This dual effect is reminiscent of  saponins, another 
type of  secondary plant metabolite, which have been shown 
to promote the growth of  certain rumen bacteria in vitro at 
low doses while potentially inhibiting bacterial growth at high 
doses (Patra et al., 2012). 

One of  the phytochemicals contained in sigla storax used in 
our study was the essential oil, dominated by E-cinnamyl cin-
namate and 3-phenylpropanyl cinnamate. Essential oils, due to 

bacterial cell membranes. Their antibacterial properties appear 
to be linked to their lipophilic nature (Benchaar et al., 2008). 
The interaction with the cell membrane induces conformati-
onal alterations, leading to ion leakage across the membrane. 
This disruption causes a loss of  the transmembrane ionic gra-
dient, which results in energy depletion and ultimately leads to 

enhances the effectiveness of  essential oils against Gram-po-
sitive bacteria, as their cell membranes can directly interact 
with the hydrophobic components of  the oils. In contrast, 
Gram-negative bacteria have a hydrophilic outer layer around 
their cell membrane that serves as a barrier to the penetration 
of  hydrophobic compounds (Patterson et al., 2019). Howe-
ver, essential oils with small molecular weight such as thymol 
and carvacrol can penetrate the outer hydrophilic cell wall of  
Gram-negative bacteria and act on them (Calsamiglia et al., 
2007). It has also been reported that this mechanism reduces 

the selectivity of  essential oils against certain bacterial popu-
lations in the rumen (Calsamiglia et al., 2007)
sigla storax against Gram-negative as well as Gram-positive 
bacteria in this study may be attributed to a similar mechanism 
of  action of  sigla storax essential oil. Thus, considering the 
antibacterial activity of  sigla storax against Gram-negative ba-
cteria along with stimulatory effect on certain Gram-positive 
bacteria, the impact of  sigla on rumen bacteria appears to be 
less selective than that of  antibiotic feed additives.

CONCLUSION

In this study, sigla storax demonstrated inhibitory effects 
against Gram-positive rumen bacteria at concentrations ran-
ging from 4 to 32 mg/ml, while Gram-negative bacteria were 
inhibited at 32 mg/ml.  Although Gram-positive bacteria ge-
nerally showed higher sensitivity to sigla storax compared to 

-
nism of  action differs from that of  typical antibiotic feed ad-

sigla storax’s antibacterial activity extended to Gram-negative 
bacteria, and second, it exhibited growth-promoting effects on 
certain Gram-positive bacteria. These dual actions indicate a 
more complex interaction with rumen microbiota than traditi-
onal antibiotics. To fully elucidate sigla storax’s mode of  acti-
on and its potential for modifying rumen metabolism, further 

broader range of  bacterial species within the rumen ecosystem 
would provide valuable insights. 
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Morphometric study of  the intraorbital muscles (musculi bulbi) in chinchilla 
(chinchilla lanigera)

Ömer Gürkan Dilek1, Emine Karakurum1

ABSTRACT
The intraorbital muscles (musculi bulbi) are critical for the movement and stabilization of  the eye-
ball, enabling essential ocular functions such as rotation, convergence, and visual tracking. While 
much is known about the ocular musculature of  larger mammals, little research has been conducted 
on the musculi bulbi in small rodents, particularly the chinchilla (Chinchilla lanigera), a species with 
specialized nocturnal adaptations. This study presents a detailed morphometric analysis of  the int-
raorbital muscles in adult chinchillas, examining the size, shape, and structural variations of  these 
muscles. Using dissection and digital caliper measurements, we analyzed 12 chinchillas (6 males and 

-

The study also reveals potential sex-based differences in ocular muscle morphology, which may have 
implications for eye movement and visual acuity. This work contributes to the understanding of  the 
functional adaptations of  ocular musculature in rodents, offering a comparative basis for further 
studies on the evolution and biomechanics of  eye movement in mammals. 

1Department of  Anatomy, Faculty of  Veterinary Medicine, Burdur Mehmet Akif  Ersoy University, Burdur, Türkiye

Medit Vet J, 10(1): 453-457, 2025
DOI: 10.24880/meditvetj.1603876

To cite this article: 
Dilek ÖG, Karakurum E. Morphometric study of  the intraorbital muscles (musculi bulbi) in chinchilla (chinchilla lanigera). Medit Vet J. 2025; 10(1): 453-457.

INTRODUCTION

The intraorbital muscles, or musculi bulbi, are a group of  
specialized skeletal muscles responsible for the movement and 
stabilization of  the eyeball within the orbit. These muscles 
play a crucial role in various ocular functions, including eye 
rotation, convergence, and stabilization during visual tracking, 
which are vital for optimal visual performance and spatial 

these muscles have been well-documented in larger mammals, 
there is a notable lack of  comprehensive studies on the muscu-
li bulbi in small rodents, particularly species like the chinchilla 
(Chinchilla lanigera -
turnal and crepuscular lifestyles (Chesney & Nogueira, 1999; 
Nowak, 1999).

Chinchillas, native to the Andes Mountains, possess large, 
highly specialized eyes that are well-adapted to their low-light 
habitats, allowing them to detect predators and navigate their 
environment at dusk or dawn. These adaptations necessitate 
precise eye movements and control, a function facilitated by 
the intraorbital muscles (Koenig, 2003). However, despite the 

little is known about the morphometry and detailed structure 
of  the musculi bulbi in Chinchilla lanigera. Existing studies on 
ocular musculature in rodents generally focus on species like 
rats and mice (Karten & Hodos, 1967; Haring et al., 2007), 
leaving a gap in our understanding of  how these muscles may 

-
al systems.  In the literature, the morphometry of  intraorbital 

muscles in rabbits has been analyzed; however, no morpho-
metric studies on chinchillas have been reported (Gultiken et 
al., 2006).

This study aims to conduct a detailed morphometric analy-
sis of  the intraorbital muscles in Chinchilla lanigera, focusing 
on their size, shape, and variations in structure. Through a 

to characterize these muscles’ anatomical features and exami-
ne potential adaptations related to the chinchilla’s specialized 
visual ecology. In addition to contributing to the existing li-

of  this study will offer valuable insights into the evolutionary 
adaptations of  the chinchilla’s visual system, as well as provi-
de a comparative basis for understanding eye movements and 
motor coordination in other rodent species. Ultimately, this 
research aims to expand the knowledge base on the functio-
nal and structural diversity of  intraorbital musculature across 
mammals, shedding light on the intricate relationship between 
anatomy and behavior in visually adapted species.

MATERIALS and METHODS

In this study, the right and left eyes of  6 adult female and 
6 adult male chinchillas were used. The eyes carefully were re-
moved from the orbit along with the muscles. After the ocular 
muscles were made prominent through dissection, the length, 
thickness, width, and the distances from the sclera attachment 
points to the limbus cornea of  all muscles, except for the m. 
retractor bulbi, were measured. The measurements were made 
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Female Right Male Right Total
M. rectus dorsalis 
length 13,9733±0,33584 14,3517±1,03225 14,5700±1,02927 13,6733±0,42688 14,1421±0,80626

M. rectus dorsalis 
width 3,7867±0,16801 4,0183±0,27682 3,6933±0,23500 3,7200±0,28580 3,8046±0,24819

M. rectus dorsalis 
thickness 0,50000±0,073485 0,65667±0,255786 0,64833±0,034881 0,55400±0,038262 0,58975±0,143101

M. rectus dorsalis 
distance 2,2717±0,35969 2,1650 ±0,44711 2,0483±0,14838 2,2817±0,34114 2,1917±0,33316

M. rectus ventralis 
length 12,9150±0,71436 14,3517±0,52500 14,2267±0,53504 12,7550±1,02150 13,2858±1,05250

M. rectus ventralis 
width 3,0083±0,38902 2,9283±0,35897 3,3783±0,33385 3,1750±0,09670 3,1225±0,34381

M. rectus ventralis 
thickness 0,9067± 0,30111 0,9617±0,18681 0,8317±0,13790 0,8683±0,09109 0,8921±0,18882

M. rectus ventralis 
distance 2,1117±0,82715 1,7633±0,32934 1,7650±0,14625 1,8167± 0,56740 1,8642±0,51840

M. rectus lateralis 
length 9,4433± 1,12313 9,4433±1,12313 9,3900±0,83876 9,8300±0,44860 9,5267±0,88183

M. rectus lateralis 
width 2,7650±0,27682 2,7650 ±0,27682 2,4983±0,24750 2,6950 ±0,49136 2,6808± 0,33400

M. rectus lateralis 
thickness 0,9083 ±0,10167 0,9083±0,10167 0,64833±0,15471 0,9683±0,14511 0,9108±0,12594

M. rectus lateralis 
distance 4,8017±0,41053 4,8017±0,41053 4,4533±0,44194 4,2467±0,50808 4,5758±0,48025

M. rectus medialis 
length 9,6100±0,53669 9,6100±0,53669 8,8250±0,53504 10,1850±0,74363 9,5575±0,74284

M. rectus medialis 
width 3,0950±0,33804 3,0950±0,33804 2,5783±0,25309 2,8367±0,47260 2,9013±0,40005

M. rectus medialis 
thickness 0,6433±0,12469 0,6433±0,12469 0,5517± 0,09988 0,5900±0,16432 0,6071±0,12791

M. rectus medialis 
distance 5,3150±0,62478 5,3150±0,62478 4,5183±0,58663 4,2483±0,41431 4,8492±0,71958

M. obliguus dorsalis 
length 15,2983±1,33309 15,2983±1,33309 13,5667±1,28813 13,4233±0,37195 14,3967 ±1,41933

M. obliguus dorsalis 
width 2,5433±0, ,24196 2,5433±0, ,24196 2,4467±0,42917 2,3100± 0,20100 2,4608± 0,28951

M. obliguus dorsalis 
thickness 0,5517±0,11089 0,5517±0,11089 0,6083±0,04792 0,5383±0,04262 0,5625±0,08368

M. obliguus dorsalis 
distance 2,5033± 0,53921 2,5033± 0,53921 2,4500±0,33184 2,8933± 0,99875 2,5875±0,63264

M. obliguus ventralis 
length 11,2450±0,94847 11,2450±0,94847 11,7267± 0,58483 11,0950±1,07964 11,3279± 0,88210

M. obliguus ventralis 
width 2,8650±0,42241 2,8650±0,42241 2,9433±0,46603 3,2367±0,28147 2,9775±0,40798

M. obliguus ventralis 
thickness 0,4717±0,12703 0,4717±0,12703 0,5833±0,17694 0,4283±0,07521 0,4888±0,13598

M. obliguus ventralis 
distance 2,5083±0,74352 2,5083±0,74352 1,5950±0,38868 2,2133±0,47848 2,2063±0,68415

M. retractor bulbi 
cranialis daimeter 1,7133±0,42547 2,1833±0,22580 1,8167±0,14404 2,2117±0,35975 1,9813±0,36521

M. retractor bulbi 
caudalis daimeter 7,4200±1,13275 7,8717±1,17598 8,6350±0,31002 8,1217±0,42673 8,0121±0,91707

M. retractor bulbi 
distance 6,9733±0,39338 7,4967± 0,35280 7,6433±0,62292 7,6217±0,55127 7,4338±0,53677

Table 1. Morphometric measurements (mm, mean ± SD) of  intraorbital muscles in the chinchilla.
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Figure 1. Ventro-lateral view of  the right eye. a. musculus 

rectus lateralis, d. musculus retractor bulbi.

Figure 2. Medial view of  the right eye. a. musculus rectus 
medialis, white star. Attachment of  the muscle to the sclera with 
a tendinous character.

Figure 3. Dorso-medial view of  the right eye. a. musculus rectus 

rectus medialis.



using a Mitutoyo Digital Caliper. Statistical analyses were per-
formed using the SPSS 19.0 program. The dissected eyes were 

RESULTS

The m. rectus dorsalis was observed to attach to the sclera 

with typical muscular descriptions. It was determined that the 

medialis and the m. rectus dorsalis. Just in front of  the ter-

observed extending toward the m. rectus dorsalis, and it was 
found to terminate ventrally beneath the m. rectus dorsalis. 

tendinous in nature.

It was determined that the m. rectus medialis and m. rectus 
lateralis attach to the sclera in a straight line with a tendinous 
character. The m. rectus ventralis was observed to terminate 
on the sclera as muscular describes.

-
minal end of  the m. rectus ventralis toward the m. rectus la-
teralis. It was observed that the terminal portions of  the m. 
rectus ventralis and m. rectus lateralis terminate on the sclera 

limbus cornea.

structure among the ocular muscles in females.

DISCUSSION

The present morphometric study of  the intraorbital musc-
les (musculi bulbi) in Chinchilla lanigera provides new insights 
into the anatomical arrangement and positions of  the ocular 

described in other mammals, while also highlighting some spe-

and attachment of  the extraocular muscles.

The m. rectus dorsalis was observed to attach to the sclera in 
a straight line just above the m. obliquus dorsalis, which is con-
sistent with typical descriptions of  ocular muscle attachment 
patterns in other rodents and mammals (Gacek, 1985; Aoki 
et al., 2011). This muscle’s arrangement aligns with its role in 

orientation and attachment. Additionally, the m. obliquus dorsalis 
was found to extend cranially between the m. rectus medialis and 
m. rectus dorsalis, which corresponds to its usual anatomical po-
sitioning in other species (Meyer, 1983).

One noteworthy observation was the presence of  a distinct 
m. 

retractor bulbi, which extends toward the m. rectus dorsalis and 

in the stabilization or functional integration of  the extraocular 
muscles, potentially contributing to the precise control of  eye 
movement (Cushing & Haring, 1984). The tendinous nature 
of  the terminal portion of  the m. obliquus dorsalis is another 

observed in ocular muscles, which generally end in more mus-
cular attachments (Hering, 2010). This tendinous termination 
could confer additional stability to the muscle attachment, po-

The m. rectus medialis and m. rectus lateralis were found to at-
tach to the sclera along a straight line with tendinous charac-

-

straight-line attachment of  these muscles to the sclera has 
been described in various species (Berman et al., 2012), and 

attachment.

The m. rectus ventralis exhibited a terminal attachment to 
the sclera as described in previous anatomical studies, where 
it contributes primarily to downward eye movement (Jampel, 
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Figure 4. 
lateralis, white arrow. Attachment of  the muscle to the sclera 
with a tendinous character.



1993). Similarly, the m. obliquus ventralis was observed to travel 
over the terminal end of  the m. rectus ventralis toward the m. 
rectus lateralis, with its attachment line to the sclera being ob-

the m. obliquus ventralis is consistent with its role in controlling 
rotational and vertical eye movements, as previously noted by 
Cummings (2005).

A particularly striking result from this study was the obser-
vation that the m. obliquus dorsalis was the longest ocular muscle 
in female Chinchilla lanigera
sex-based morphological difference that could be associated 
with functional variations in eye movement. Such sexual di-
morphism in ocular muscle structure has been observed in 
other species, where it is thought to relate to differences in 
visual acuity, behavioral roles, or the biomechanics of  eye mo-
vements (Kikuchi et al., 2012). The longer m. obliquus dorsalis in 

precise vertical eye movements, although further studies are 
-

ference.

CONCLUSION

The morphometric analysis of  the intraorbital muscles in 
Chinchilla lanigera has provided a detailed description of  the 
attachment and structure of  these muscles, reinforcing some 
established anatomical features while also uncovering novel 
observations, particularly in the arrangement of  the m. obliquus 
dorsalis
ocular motor control in this species and provide comparative 
insights into the evolutionary and functional adaptations of  
the ocular musculature in mammals. 
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