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a geometric morphometric study

Yasin DEMIRASLAN"*%, Ozcan OZGEL'", iftar GURBUZ'*, Ozlem ZUMRE?>¢

"Burdur Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Anatomy, 2Akdeniz University, Health
Services Vocational School, Antalya, Turkey.
30RCID: 0000-0003-3612-6142; PORCID: 0000-0003-0394-5678; “©ORCID: 0000-0001-9460-0645;
4ORCID: 0000-0003-4427-7442.

*Corresponding author: yasindemiraslan@hotmail.com
Received date: 29.06.2020 - Accepted date: 11.11.2020

Abstract: The aim of the study was to analyze mandible of the Honamli and Hair goats according to the sex factor by geometric
morphometric methods. A total of 36 adult goat mandibles including 9 males and 9 females for each breed, were used in the study.
After the mandibles were photographed from the left lateral side, 10 homolog landmarks were marked. Generalized Procrustes, Relative
Warp, and Principal Component Analysis were performed for the data of landmark coordinates. In the study, the first principal
component explained 28.752% and 37.325% of the total shape difference in the Honamli and Hair goat, respectively. In the analysis
made among goat breeds according to the sex factor, the first principal component explained 40.809% of the total shape difference in
females and 30.486% of the total shape difference in males. Consequently, the Hair goat showed a significant sex difference compared
to the Honamli goat. Besides, it was remarkable that male goats clustered clearly compared to female goats in terms of the breed factor.

Keywords: Geometric morphometry, Honamli goat, mandible, Principal Components Analysis.

Honamh ve Kil kecisi (Capra hircus) mandibula’si; geometrik morfometrik bir calisma

Ozet: Calismada geometrik morfometrik metotlarla Honamli ve Kil Kegisi mandibula’sinin cinsiyet faktorii ile birlikte analiz
edilmesi amaglandi. Caligmada her 1k igin 9’ar adet erkek ve disi olmak {izere toplamda 36 adet ergin ke¢i mandibula’s1 kullanildi.
Mandibula’lar sol lateral yonden fotograflandiktan sonra 10 adet homolog landmark isaretlendi. Landmark koordinat verileri General
Procrustes, Relative Warp ve Temel Bilesenler analizine tabi tutuldu. Calismada Honamli ve Kil Kegisinde cinsiyetler arasi yapilan
karsilastirmada birinci temel bilesen toplam sekil farkliliginin sirastyla %28,752 ve %37,325’ini agikladi. Cinsiyet faktoriine gore kegi
wirklar1 arasinda yapilan analizde ise birinci temel bilesen disilerde toplam sekil farkliliginin %40,809’unu, erkeklerde %30,486’s1m
acikladi. Sonug olarak Kil Kegilerinin Honamli Kegilerine gore oldukga belirgin bir cinsiyet farkliligi gostermesi, ik faktorii
bakimindan erkek kegilerin, disi kegilere kiyasla net bir sekilde kiimelesmesi dikkat ¢ekiciydi.

Anahtar sozciikler: Geometrik morfometri, Honamli kegisi, mandibula, Temel Bilesenler Analizi.

Introduction foreheads and legs of purebred Honamli goat reared in
The domesticated goat, also known as Capra Hircus, Taurus region are white or brown and their bodies are
is a species from the genus Capra belonging to the family covered with black hairs (6). Being found in all the regions

Bovidae (2, 24). Being one of the first domesticated ~ of Turkey, Hair goat is another goat breed commonly
animal species along with sheep (37). Goat is an animal ~ reared in the mountainous areas, forestry, and maquis

species that is commonly reared for its meat, milk, skin, shrublands like Taurus mountains (33).

and hair products from the first periods of mankind. This Geometric morphometry is a shape analysis method

animal species can adapt to different environmental and that has been commonly used in recent years and is

breeding conditions and is resistant to many diseases; developed by subjecting geometric methods to the form

therefore, it is commonly reared (7, 19). difference analysis. Form is the geometric data obtained
Honamli goat is a new goat species under protection by removing variation differences from an object (38).

that has been registered based on the communique of the ~ Shape is the geometric properties which are steady based

Turkish Ministry of Agriculture and Forestry (34). The  on environmental compatibility, location, and scale (31).
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In geometric morphometry, homolog landmarks (LM) are
used and the geometric structure of the samples are
digitized at Cartesian coordinates (23). Thus, only the
shape of sample is analyzed but not its form (20, 32). Slice
(32) has reported that the geometric morphometry method
offers more appropriate data for statistical analyses when
compared to the traditional morphometric studies. There
are studies in the literature using different types of
geometric morphometry (8, 12, 13, 22, 36). However,
there is no geometric morphometric study in Hair and
Honamli goat breeds in the literature. For this reason, the
aim of the study was to determine the shape differences in
the mandibles of Hair and Honamli goat breeds in terms
of sex factor using geometric morphometry method.

Materials and Methods

The study was approved by the Local Ethics
Committee of Burdur Mehmet Akif Ersoy University
(Approval number 2020/645). Mandibles of 36 (4 groups)
adult Honamli and Hair goats, including 9 males and 9
females from each breed, were used in the study. The
materials were removed from the skin and soft tissue and
macerated by boiling.

Geometric morphometric analysis: The mandibles
were photographed from a 30-cm distance on the left
lateral side by focusing on the third premolar tooth (Canon
EOS 650D, Japan). The images were saved in JPEG
format in the computer. These images were converted into
tps format using TpsUtil (Version 1.79) software (30). 10

homolog LMs (36) (Figure 1) were marked on the images
through TpsDig2 (Version 2.31) (28) software so that the
Cartesian coordinates of LMs were determined. Homolog
LM confirmatory test was performed by using TpsSmall
(Version 1.34) (27) software. Also, the slope and
correlation values were determined as 0.999777 and 1.0 in
Honamli goat, and 0.999694 and 1.0 in Hair goat,
respectively.

As there were differences between the mandibles in
terms of size, position and direction, Generalized
Procrustes ~ Analysis  (superimposition-GPA)  was
performed (32). PAST (Version 4.02) (14) software was
used for this analysis. Principal Components Analysis
(PCA) was performed on the new coordinates obtained as
a result of Procrustes Analysis. Thus, the degree of
distinguishing the samples based on breed and sex was
determined by applying Covariance Analysis between the
factors (38). In addition, MorphoJ (16) software was used
to indicate LM levels and directions where the shape
differences were observed.

In the study, Relative Warp Analysis (RWA) was
performed by TpsRelw (Version 1.70) (29) software and
the consensus graphics of the groups were formed. The
distribution of the groups on graphic was also tested by
this analysis.

Statistical analysis: The statistical analysis of LM
coordinate values based on the groups was performed by
ANOVA test in PAST (Version 4.02) (14) software.

Figure 1. The view of Landmarks on mandible of the Honamli goat. LM1. Aboral cranioventral end point of alveoli dentales of I1,
LM2. Cranioventral margin of P1, LM3. Caudoventral margin of M3, LM4. End-middle point of processus coronoideus, LM5.
Medioventral point of incisura mandibula, LM6. Caudal end point of condylus mandibulae, LM7. Caudoventral corner of angulus
mandibulae, LM8. Incisura vasorum facialium. LM9. Cranial junction point of the dorsal and ventral axes of fossa masseterica, LM10.

Caudal margin of foramen mentale.
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Results

Table 1 shows the results of the PCA in the study.
Accordingly, the first Principal Component (PC)
accounted for 28.752% and 37.325% of the total shape
difference in the sex-based comparison made in Honamli
and Hair goat breeds, respectively. In the analysis
performed between the goat breeds based on the sex
factor, the first PC accounted for 40.809% of the total

Table 1. Results of the PCA, S: sex, B: breed.
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shape difference in females and 30.486% of the total shape
difference in males.

Figure 2 shows the results of the first PC based on
the breed and sex factors. Accordingly, the sexual
dimorphism in terms of the first PC was more apparent
in Hair goat compared to Honamli goat (Figure 2 a, d).
Also, based on the first PC, the distinction of the male
Honamli and Hair goats was more apparent compared to
the female counterparts (Figure 2 b, c).

PC Honamli goat (S) Hair goat (S) Female goat (B) Male goat (B)
Eigenvalue Variance %  Eigenvalue = Variance %  Eigenvalue = Variance %  Eigenvalue  Variance %
1 0.000588581 28.752 0.000749422 37.255 0.000836954 40.809 0.000598768 30.486
2 0.00047459 23.183 0.000421354 20.946 0.000480911 23.449 0.000400184 20.375
3 0.000316428 15.457 0.000210353 10.457 0.000199762 97.402 0.000335132 17.063
4 0.000248741 12.151 0.00018255 90.748 0.000161586 78.788 0.000180213 91.753
5 0.000151471 73.992 0.000131645 65.442 9.99E-01 48.717 0.000137439 69.976
6 8.51E+00 41.575 9.90E+00 49.232 7.73E+00 37.685 0.000109006 55.499
7 5.56E+00 27.172 7.88E+00 39.194 7.23E+00 3.525 6.07E-01 30.895
8 3.81E+00 18.624 4.70E+00 23.353 4.66E+00 22.714 4.74E+00 24.133
9 3.04E+00 14.864 3.54E+00 17.615 2.61E+00 12.712 3.36E+00 17.126
10 2.00E+00 0.97888 2.25E+00 11.163 1.59E+00 0.77733 2.64E+00 13.463
11 1.45E+00 0.70964 1.30E+00 0.64772 1.34E+00 0.6526 1.48E+00 0.75217
12 1.01E+00 0.49278 8.77E-01 0.43618 8.84E-01 0.431 1.40E-01 0.71142
13 7.84E-01 0.38304 6.49E-01 0.32281 5.14E-01 0.25051 4.02E-01 0.20489
14 3.37E-01 0.16467 3.60E-01 0.17875 4.02E-01 0.19613 1.73E-01 0.08831
15 1.94E-01 0.094936 1.19E-01 0.059029 1.34E-01 0.065548 6.40E-02 0.032603
16 1.86E-02 0.009079 4.55E-02 0.022642 8.27E-02 0.040322 5.22E-03 0.0026602
17 3.23E-03 0.0015775 1.03E-03 0.00051376 3.74E-03 0.0018216 1.76E-05 8.98E-02
a B b -
=4 =
|
€ d

Figure 2. Graphic representation of the results obtained based on the first PC. a. Honamli goat (Sex), b. Female Honamli and Hair goat
(Breed), c. Male Honamli and Hair goat (Breed), d. Hair goat (Sex).
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Figure 3 shows the consensus graphics obtained as a
result of RWA along with variation vectors in the study.
Accordingly, vectoral variation density was determined at
LM3, 4 and 9 levels in the female Honamli goat and at
LM3,4,7, 8 and 9 levels in the male Honamli goat (Figure
3 a, ¢). The individual shape variation density was
determined at LM1, 4, 7, 8, and 9 levels in the female Hair
goat and at LM3 and 4 levels in the male Hair goat (Figure
3 b, d). Also, Figure 4 shows the graphics obtained as a
result of the RWA made between the groups. According

to the result of this analysis, it was remarkable that the
sexual dimorphism was more apparent in Honamli goat
than Hair goat (Honamli goat RWA1: 51.12%, RWA2:
26.68%, RWA3: 13.01%; Hair goat RWAIL: 58.45%,
RWA2: 19.11%, RWA3: 15.88%). It was observed in the
breed distinction performed based on the sex factor by
RWA that the male goat was diverged more apparently
from the female goat (Male goat RWA1: 57.23%, RWA2:
22.18%, RWA3: 12.35%; Female goat RWATL: 53.81%,
RWAZ2: 24.50%, RWA3: 13.72%).
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Figure 3. Consensus graphics based on groups, a. Female Honamli goat, b. Female Hair goat, c. Male Honamli goat, d. Male Hair

goat.

C

Figure 4. Graphic of RWA. a. The black points represent the female Honamli goat and the grey points represent the male Honamli
goat, b. The black points represent the female Honamli goat and the grey points represent the female Hair goat, c. The black points
represent the male Honamli goat and the grey points represent the male Hair goat, d. The black points represent the female Hair goat
and the grey points represent the male Hair goat.
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Figure 5. The lollipop representation of the shape differences occurred on the landmarks based on the first PC. a. Honamli goat (Sex),
point represents female Honamli goat, b. Female Honamli and Hair goat (Breed), point represents female Honamli goat, c. Male
Honamli and Hair goat (Breed), point represents male Honamli goat, d. Hair goat (Sex), point represents female Hair goat.

Table 2. Results of the statistical analysis of Landmark values.

Landmarks Coordinates Significant F P-value
X NS 1.777 0.17
LM1 Y AB 8.37 0.00038
X C 3.961 0.01636
LM2 Y B 9.921 0.00012
X C 3.103 0.03872
LM3 Y NS 1.534 0.2245
X NS 0.8482 0.4822
LM4 Y NS 1.854 0.1559
X NS 2.067 0.1242
LMS5 Y NS 4.979 0.0057
X A 4.39 0.01008
LMé6 Y NS 1.262 0.3036
X B 3.932 0.01597
LM7 Y NS 2.265 0.09833
X A 2.937 0.04858
LM8 Y NS 1.073 0.3737
X NS 0.9657 0.4198
LM9 Y NS 1.002 0.4069
X NS 0.4384 0.74
LM10 Y NS 1.186 0.3338

NS. Non-significant (P>0.05), A. Significant statistical difference between the male and female Honamli goat (P<0.05), B. Significant
statistical difference between the male Honamli and Hair goat (P<0.05), C. Significant statistical difference between the male and

female Hair goat (P<0.05).

Figure 5 shows the LM levels where shape
differences occurred. Accordingly, there
cranioventral shape difference at LM4, 5 and 6 and a
caudodorsal shape difference at LM8 and 9 (Figure 5 a) in
Honamli goat. Similar but less apparent shape differences
were determined in Hair goat (Figure 5 d). In the
comparison of breeds in terms of the sex factor, a
craniodorsal shape difference at LMI1, a point shape
difference at LM3, an cranioventral shape difference at
LM4, 5 and 6, a caudodorsal shape difference at LM7, 8,
and 9 and a cranial shape difference at LM10 were

was a

observed in the female goats (Figure 5 b). A dorsal shape
difference at LM1, a cranioventral shape difference at
LM3 and 5, a craniodorsal shape difference at LM4 and 6,
a caudoventral shape difference at LM7, 8 and 9, and a
dorsal shape difference at LM10 were determined in the
male goats (Figure 5 c).

Table 2 shows the data obtained as a result of the
comparison of LM x and y coordinate values between the
groups. Accordingly, a statistically significant difference
was observed at LM1, 6 and 8 in Honamli goat and at LM2
and 3 in Hair goat (P<0.05). No statistical difference was
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determined at LMs in the female goats (P>0.05). But there
was a statistical difference at LM1, 2 and 7 in the male
goats (P<0.05).

Discussion and Conclusion

In the study, the mandibles of two native goat breeds
of Anatolia were analyzed by using geometric
morphometric methods in terms of sexual dimorphism. In
the literature, no study analyzing goat mandible in terms
of breed and sex factors by using the geometric
morphometric method was found. This is the first attempt
to investigate both goat species and goat breeds. This is
the most apparent limitation of this study.

Native goat breeds are a superior gene source with
their high adaptation skills for the local conditions (9).
Considering that goats have been a part of human life for
a very long time, it is quite possible to find native animal
breed bones in archaeological excavations. The data
obtained from the archaeological bone material are
important for fauna determination, the comparison with
other historical processes, and estimation of the
morphological characteristics of animals (5, 11, 21). The
morphological data to be obtained in the skull and
mandible of the living mammals by using geometric
morphometric method may be used to reveal the
phylogenetic  relationships  (17). Landmark-based
geometric morphometry method analyzes shapes without
linear deterioration by keeping their integrity (1, 25). For
this reason, the data of the present study are important to
provide principal formal information on the small
ruminant mandible remains uncovered in the
archaeological excavations in the Western Mediterranean
region with high archaeological value.

Researchers commonly use the phenotypical and
morphological characteristics in the distinction of animal
breeds (3). Geometric morphometric analysis provides to
determine shape differences which cannot be determined
visually on LM coordinates. Therefore, it measures the
shape change amount using the location differences of
coordinates between objects (15, 35, 39). Superimposition
(GPA), which is a geometric morphometric procedure,
eliminates all the variations such as the location, direction,
and scale of objects, which are not related to shape, by
aligning coordinates according to weighted scaling factors
for each "sample" (18, 26, 38). The size and direction of
the movement of coordinates among different populations
or samples are mapped and thus the results are interpreted
(4, 10). In the present study, the shape difference between
the mandibles of two native goat breeds was analyzed by
using the geometric morphometric method. Based on the
first PC, it was observed that the distinction of the male
Honamli and Hair goats was quite apparent compared to
the female counterparts. This was thought to be associated

with that the male goats were preferred for breeding due
to the phenotypical factors.

In their study, Yalcin et al. (36) stated that the first
degree shape differences were located at LM1, 3, 8, 9, and
10. They reported an anterioventral shape difference at
LM3 and 9 in Akkaraman sheep and a posteriodorsal
shape difference in Wild sheep. In the same study, they
stated that LM8 was posterior in Akkaraman sheep and
anterior in Wild sheep. Also, they reported a
posteriodorsal direction difference at LM1 and 10 in
Akkaraman sheep and a anterioventral direction
difference in Wild sheep (36). In the present study, the
first-degree shape differences were observed at LM4, 8
and 9 in Honamli goat and at LM4, 7, 9 and 10, in Hair
goat respectively. LM4 was cranioventral and LMS8 and 9
caudodorsal in Honamli goat. LM4 was
cranioventral, LM7 and 9 were caudodorsal and LM10
was craniodorsal in Hair goat. This information obviously
indicated the mandible differences in terms of species and
breeds.

Yalcin et al. (36) reported that the difference at LM9
level was quite apparent and this may be associated with
the differences such as environmental conditions and
feeding habits as well as adaptation to domestication
process. Also, in the present study, it was observed that
the most apparent differences were at LM9 level, which is
compatible with above-mentioned finding.

Yalcin et al. (36) reported that sexual dimorphism
was not observed in mandible of Anatolia Wild sheep. In
the present study, goat mandible was analyzed by using
geometric morphometric method for the first time in terms
of sexual dimorphism based on breed factor. In the study,
sexual dimorphism was observed in both breeds.
However, the sexual dimorphism of Hair goat in terms of
the first PC was more apparent compared to Honamli goat.

Consequently, in the present study, mandibles of
domesticated goats were analyzed using geometric
morphometric methods based on breed and sex factors for
the first time. It was remarkable that the Hair goat had
quite apparent sexual dimorphism compared to the
Honamli goat. Also, one of the most remarkable results of
the study was that the male goats clustered clearly
compared to the female goat in terms of breed factor. It is
considered that the data obtained in this study would
contribute to the other ruminant mandible studies by using
geometric morphometric method. Also, we think that the
data would be used in the distinction of the mandible
remains uncovered in zooarchaeological excavations and
especially considered as ovicapri (sheep-goat).
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Abstract: Egg has valuable nutrients however; these nutrients may be affected by many factors. In this study, it was aimed to
determine the effects of cage type, oviposition time and egg storage period on egg quality characteristics of laying hens. A total of 410
eggs were collected from unenriched and enriched cages in the morning and in the afternoon. After the eggs were weighed, they were
stored at 21°C and 20% relative humidity until the 30t day of storage. It was determined that unenriched cage eggs had higher in shell
breaking strength, albumen ash and pH & lipid of yolk and lower egg weight loss, yolk index & yolk color compared with enriched
cage eggs. Morning eggs had the highest egg weight loss and the lowest egg weight, yolk height and yolk diameter. Dry matter &
protein of albumen and dry matter & lipid of yolk were lower, while protein of yolk was higher in the morning eggs than those in the
afternoon. It was observed that the storage period was important factor for egg quality characteristics. The effect of oviposition time
and storage period interaction on egg quality should not be neglected. Interactions between cage type and storage period and between
oviposition time and storage period were found statistically significant for some chemical composition of albumen and yolk. It is
concluded that A quality egg criteria are preserved up to 14 days at an average temperature of 21°C and 20% humidity.

Keywords: Cage type, egg composition, egg quality, oviposition time, storage period.

Yumurtaci tavuklarda kafes tipi, yamurtlama zamani ve yumurta depolama siiresinin yumurta
kalite 6zelliklerine etkileri

Ozet: Yumurta degerli besinlere sahiptir, fakat bu besinler birgok faktdrden etkilenebilir. Calismada, yumurtaci tavuklarda kafes
tipi, yumurtlama zamani ve depolama siiresinin yumurta kalite 6zelliklerine etkilerini belirlemek amaglanmigtir. Zenginlestirilmemis
ve zenginlestirilmis kafeslerden sabah ve 6gleden sonra toplam 410 yumurta toplanmistir. Yumurtalar tartildiktan sonra depolamanin
30. giiniine kadar 21°C sicaklik ve %20 nemde depolanmistir. Zenginlestirilmemis kafes yumurtalari, zenginlestirilmis kafes
yumurtalari ile karsilagtirildiginda daha ytiksek kabuk kirilma mukavemeti, ak kiil ve sar1 pH & yag degerlerine ve daha diisiik yumurta
agirlik kaybu, sar1 indeksi & sar1 rengine sahip oldugu belirlenmistir. Ogleden sonraki yumurtalara kiyasla sabah yumurtalarmin daha
yiiksek yumurta agirlik kaybi ile daha diisiik yumurta agirligi, sar1 yiiksekligi ve sar1 capina sahip oldugu gozlenmistir. Ayrica bu
yumurtalarda ak kuru madde & protein diizeyi ile sar1 kuru madde & yag diizeyi daha diisiikken, sar1 protein diizeyi daha ytiksektir.
Depolama siiresinin yumurta kalite 6zellikleri i¢in énemli bir faktor oldugu gézlenmistir. Yumurtlama zamani ve depolama siiresi
etkilesiminin yumurta kalitesi tizerindeki etkisi ihmal edilmemelidir. Kafes tipi ve depolama siiresi ile yumurtlama zamani ve depolama
stiresi arasindaki etkilesimler ak ve sariin bazi kimyasal bilegsimleri igin istatistik agidan dnemli bulunmustur. A kalitede ki yumurtada
aranan kriterlerin ortalama 21 °C sicaklikta ve % 20 nemde 14 giine kadar korundugu sonucuna varilmigtir.

Anahtar sozciikler: Depolama siiresi, kafes tipi, yumurta bilesimi, yumurta kalitesi, yumurtlama zamani.

Introduction
The laying hen industry has moved away from obtained from conventional systems. The alternative
unenriched cages (UEC) to housing systems that are systems have focused on developing better animal welfare
considered more welfare-friendly systems such as and behaviour for laying hens. These systems allow the

enriched cages (EC). The increasing importance given to birds to exhibit their natural behaviour, decrease the
animal welfare has made consumers think that eggs probability of disease & injury, increase productivity, egg
obtained from alternative systems are healthier than those quality, and food safety (11, 16).
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Egg is a food containing most of the nutrients that
human needs (26). Eggs are also an excellent source of
protein and fat. Having the highest quality protein among
animal products, they are also rich in vitamins such as A,
D, E, K and B, and minerals such as iron and phosphorus
(21, 27). Egg quality is important for both producers and
consumers. In terms of producers, it is desired that the egg
is large, clean-looking, delicious, properly shaped, and has
good shell quality and internal quality.

Egg processing guidelines and quality standards are
based for UEC eggs. Egg quality characteristics are
affected by many factors such as genotype of the hens,
diet, environmental conditions and housing system used in
production and oviposition time (3, 11, 12, 16, 17, 20).
However, these effects may vary with the interaction
between the factors examined. Egg has a limited shelf life
depending on the storage conditions (2). However, the
interactions of cage systems used in the production,
oviposition time and storage conditions are not fully
investigated. Therefore, the current study was aimed to
determine the effects of cage type (UEC and EC),
oviposition time, and egg storage period on egg quality
characteristics of ISA-Brown laying hens aged 57 weeks.

Materials and Methods

The eggs were obtained from ISA-Brown laying
hybrids aged 57 weeks that were kept in two caging
systems (UEC and EC) in the same poultry house. Twenty
hens were kept in the UEC system (192 cm width, 62.5 cm
depth, and 57 cm height), while 18 hens were kept in the
EC system (240 cm width, 62.5 cm depth and 57 cm
height). EC included the nest (48 cm width x 62.5 cm
depth), scratch-pad (35 cm width x 5 cm length), perch
and claw shortener (12 cm width x 3 cm length). The
nesting area was separated from the other areas with blue
plastic strips. Two plastic perches were used with 190 and
137 cm in length. Each cage had eight nipple type
drinkers. The lighting program was 16 L:8 D during the
laying period. The average poultry house temperature on
the day that the eggs were collected was 25.1°C, and the
average humidity was 31%. The ingredients and the
chemical composition of layer diet were given in Table 1.
Chemical composition of the diet was determined
according to the methods described by AOAC (4).

The eggs to be used in the study were collected from
the poultry house for two consecutive days from 8:30 to
11:30 am, and from 13:30 to 16:30 (2 different oviposition
times). Eggs with damaged shell structure were excluded
from the study. A total of 410 eggs were selected for this
study, 120 eggs in the morning and 90 eggs in the
afternoon from UEC and 120 eggs in the morning and 80
eggs in the afternoon from the EC system.

Table 1. Ingredients and chemical composition of the diet.

Ingredients, g/kg as fed Diet
Maize 520.24
Maize DDGS, 28% CP 52.54
Wheat 34.00
Full-fat soya 154.08
Soybean meal,47% CP 9.22
Sunflower seed meal, 36% CP 118.33
Monocalcium phosphate 5.49
Calcium carbonate 93.50
Sodium bicarbonate 1.21
Salt 2.57
Methionine 1.09
Lysine sulphate 1.34
Choline chloride 0.50
Vitamin premix ? 1.00
Mineral premix ° 1.00
Xylanase © 0.38
Phytase ¢ 0.50
Carophyll red 2.44
Carophyll yellow 0.57
Composition

Metabolizable energy®, MJ/kg 11.67
Crude protein, % 16.10
Ether extract, % 4.80
Crude fiber, % 3.90
Crude ash, % 11.20
Ca, % 3.90
P, % 0.60

2: Each kg contain 12000000 IU vitamin A, 5000000 IU vitamin
D3, 65 g vitamin E, 3 g vitamin K3, 3 g vitamin B1, 7 g vitamin
B2, 15 g calcium D-pantothenate, 4 g vitamin B6, 20 mg vitamin
B12, 60 g niacin, 2 g folic acid and 0.25 g biotin. *: Each kg
contain 25 g iron, 16 g copper, 120 g manganese, 110 g zinc,
1.25 g iodine and 0.3 g selenium. ° Ronozyme® WX,
d:Ronozyme® HiPhos, °: Estimated using equation by Carpenter
and Clegg (9).

After the eggs were weighed, they were stored at
21°C and 20% relative humidity until the last storage day.
The quality characteristics of five eggs from each group
were examined at the 1%, 7%, 14" 21% and 30" day of
storage. In each storage period, egg weight, egg weight
loss, shape index, shell breaking strength, shell weight,
shell thickness, albumen height, albumen length, albumen
width, albumen pH, yolk color, yolk weight, yolk height,
yolk diameter, yolk pH, albumen index, yolk index, and
the Haugh unit were determined (27, 28). Dry matter, total
lipid, protein and ash values were determined (4) in the
yolk and albumen samples.

Statistical analysis: Distribution, the homogeneity
of variance of the data, was analyzed. Two-way ANOVA
determined the effects of cage type and oviposition time
on egg weight and shape index. The effects of cage type,
oviposition time and storage period to all the other
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examined properties were determined by using three-way
ANOVA with SPSS for Windows (SPSS Inc., Chicago,
IL). Tukey test was used to check the significance of the
difference between the groups. P<0.05 was taken into
account statistically significant (10).

Results
The effects of cage type and oviposition time on egg
weight and shape index were given in the Table 2. It was
observed that the weight of the eggs collected between
08.30 and 11.30 was lower than those were collected
between 13.30 and 16.30 (P<0.001). In this study, it was
determined that the shape index was not affected by cage

type and oviposition time. No interaction was observed
between the cage type and the oviposition time in terms of
egg weight and shape index.

The egg weight loss during the storage period (Table
3) was higher in eggs obtained from EC than in UEC
(P<0.001). The weight loss in eggs stored at room
temperature increased from 0.13 to 4.15 g and percentage
of weight loss increased from 0.20 to 6.39% as storage
length increased. For egg weight loss, the interaction
between cage type and storage period & oviposition time
and storage period were found to be statistically
significant. Greater weight losses were obtained in the
eggs from EC in the 14" and 21% days of storage and also

Table 2. Effects of cage type and oviposition time on egg weight and shape index of eggs.

Cage type Oviposition time n

Egg weight

(@ Shape index (%)
UEC 210 65.29+0.32 80.09+0.18
EC 200 66.11+0.33 79.93+0.18
08.30-11.30 240 64.81+0.30 80.11+0.16
13.30-16.30 170 66.60+0.35 79.91+0.19
UEC 08.30-11.30 120 64.38+0.42 80.16+0.23
13.30-16.30 90 66.21+0.49 80.01+0.26
EC 08.30-11.30 120 65.24+0.42 80.05+0.23
13.30-16.30 80 66.99+0.51 79.81+0.28
P
Cage type 0.078 0.531
Oviposition time <0.001 0.432
Cage type X Oviposition time 0.930 0.861

UEC: unenriched cages, EC: enriched cages, Mean+SEM.

Table 3. Effects of cage type, oviposition time and storage period on egg weight loss and shell quality of eggs.

Cage Oviposition Storage period Weightloss Weight loss Breaking strength  Shell thickness  Shell weight
type time (day) [ (%) (kg/em?) (mm) (%)
UEC 1.87+0.04 2.90+0.05 3.63+0.04 38.37+0.14 11.80+0.06
EC 2.05+0.04 3.10+0.05 3.50+0.05 38.24+0.15 11.65+0.06
08.30-11.30 1.97+0.03 3.07+0.05 3.57+0.04 38.13+0.13 11.80+0.05
13.30-16.30 1.94+0.04 2.92+0.06 3.57+0.05 38.47+0.16 11.65+0.06
1 0.13+0.06* 0.20+0.08* 3.16+0.072 37.91+0.23 11.46+0.092
7 0.91+0.06° 1.39+0.08° 3.12+0.072 38.58+0.23 11.61£0.09%
14 1.73+0.06¢ 2.64+0.08° 3.39+0.07* 38.15+0.23 11.58+0.09%°
21 2.86+0.06¢ 4.37+0.084 3.36+0.072 38.44+0.24 11.92+0.092
30 4.15+0.06° 6.39+0.08° 4.81+0.07° 38.45+0.22 12.05+0.09°
Cage type <0.001 0.006 0.035 0.550 0.068
Oviposition time 0.595 0.038 0.964 0.098 0.064
Storage period <0.001 0.000 <0.001 0.235 <0.001
Cage type X Oviposition time 0.356 0.228 0.156 0.180 0.092
Cage type X Storage period 0.009 0.065 0.876 0.632 0.091
Oviposition time X Storage period <0.001 0.027 0.048 0.336 0.272
Cage type X Oviposition time X Storage 0.774 0.351 0.203 0.833 0.878

period

UEC: unenriched cages, EC: enriched cages, Mean+SEM, ¢ 4. ¢ The difference among means carrying different letters in the same

column is statistically significant (P<0.05).



332

in the eggs laid in the afternoon in the last week of storage.
In the study, the breaking strength of eggs obtained from
UEC was higher than those obtained from EC (P<0.05).
Breaking strength of eggs increased from 3.16 to 4.81
kg/cm? and shell weight increased from 11.46 to 12.05%
as length of storage period increased. According to the
findings obtained from the study, the effects of oviposition
time on breaking strength, shell thickness, and shell
percentage were found to be statistically insignificant.

The effects of the cage type, oviposition time and
storage period on albumen quality and Haugh unit were
given in the Table 4. Only storage period affected the
examined traits (P<0.001). The interaction between
oviposition time and storage period on the percentage and
pH of the albumen and Haugh unit were statistically
significant (P<0.05).

No significant effects of the cage type on the
percentage, height, and diameter of the yolk were
observed (Table 5). The eggs obtained from EC had higher
yolk index and darker yolk color and had lower yolk pH
than those obtained from UEC (P<0.05). There was no
difference in groups of cage type and oviposition time in
terms of yolk percentage. The height and diameter of yolk
were lower in eggs in the morning than those in the

Ines Tabib - Esin Ebru Onbasilar - Suzan Yal¢in

yolk percentage increased in eggs stored at room
temperature for 30 days (P<0.001). While yolk diameter
increased, yolk height and consequently, yolk index
decreased (P<0.001). The reduction in yolk index was
greater in the eggs laid in the morning than those in the
afternoon as the storage period increased. The yolk pH
increased in eggs stored at room temperature for 30 days
(P<0.001). While the yolk color decreased in the first
seven days of the storage period, it started to increase
again after the 7" day (P<0.001). The interaction between
oviposition time and storage period had an important
effect on all the properties of yolk quality (P<0.01). The
interaction between the cage type and the storage period
was effective in pH and diameter of yolk (P<0.05). The
interaction between cage type, oviposition time, and
storage period was observed to be effective in pH, height,
diameter, color, and index of yolk (P<0.01). The effects of
cage type, oviposition time and storage period on chemical
composition were given in the Table 6. Ash of albumen
and dry matter of yolk were found as 0.75 and 46.83% &
0.71 and 46.25% in UEC and EC eggs, respectively
(P<0.001). Oviposition time was found important for dry
matter and protein of albumen & dry matter protein and
lipid of yolk values. Storage period and interaction of

afternoon (P<0.01). There were no significant effects of oviposition time & storage period affected the
oviposition time on index, color, and pH of the yolk. The composition of albumen and yolk (P<0.001).
Table 4. Effects of cage type, oviposition time and storage period on albumen quality and Haugh unit of eggs.
Cage Oviposition Storage Albumen  Albumen Albumen Albumen Albumen Albumen Haugh unit
type time period  percentage pH height length width index
(day) (%) (mm) (mm) (mm)
UEC 61.33£0.17  9.15£0.02 4.36+£0.03 107.94+0.72 87.89+0.70  4.78+0.06  54.91+0.43
EC 61.28+0.17 9.16+0.02 4.30+0.04 109.54+0.76 88.70+0.73  4.67+0.06  54.26+0.44
08.30-11.30 61.35+£0.15 9.1740.02 4.30+0.03 108.49+0.67 87.45+0.65 4.734£0.05  54.66+0.39
13.30-16.30 61.27+0.18  9.14+0.02 4.36+0.04 108.98+0.80 89.14+0.77  4.72+0.06  54.50+0.47
63.47+0.259  8.66+0.032 7.13+0.05¢ 90.65+0.97*>  73.29+0.94*  8.73+0.08¢ 82.17+0.614
7 62.78+0.25¢  9.13+0.03> 4.78+0.05¢ 107.85+1.00° 84.40+0.96°  5.03+0.08° 64.11+0.62¢
14 61.44+0.25> 9.22+0.03> 3.40+0.05° 115.14+1.16° 92.38+1.12° 3.34+0.09> 48.10+0.62°
21 59.86+0.28% 9.33+0.03° 2.02+0.05* 121.30+1.059 103.10+1.019 1.80+0.08* 23.94+0.612
30 58.98+0.28* 9.43+0.03¢ - - - - -
P
Cage type 0.837 0.632 0.244 0.126 0.421 0.170 0.290
Oviposition time 0.736 0.320 0.213 0.643 0.096 0.929 0.791
Storage period <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cage type X Oviposition time  0.878 0.771 0.090 0.002 0.269 0.672 0.193
Cage type X Storage period 0.358 0.807 0.907 0.323 0.475 0.833 0.892
Oviposition time X Storage 0.004 0.038 0.083 0.305 0.231 0.203 0.034
period
Cage type X Oviposition time ~ 0.539 0.661 0.739 0.204 0.272 0.648 0.291

X Storage period

UEC: unenriched cages, EC: enriched cages, Mean=SEM, ¢4 The difference among means carrying different letters in the same

column is statistically significant (P<0.05).
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Table 5. Effects of cage type, oviposition time and storage period on yolk quality of eggs.

Cage Oviposition Storage Yolk Yolk pH Yolk height Yolk diameter Yolk index Yolk color
type time period percentage (mm) (mm)
(day) (%)
UEC 26.89+0.15 6.09+0.01  13.58+0.06 43.04+£0.14  31.86+0.18 9.97+0.04

EC 27.10+0.15 6.06+0.01  13.74+0.06 42.69+0.14  32.56+0.18  10.08+0.04

08.30-11.30 26.87+0.13 6.07+0.01  13.49+0.06 42.59+0.12 32.02+0.16  10.02+0.04

13.30-16.30 27.12+0.17 6.07+0.01  13.83+0.07 43.14+0.15 32.40+0.20  10.03+0.05

1 25.08+0.22%  5.93+0.02* 15.63+0.10¢  40.22+0.20*  38.90+0.27° 10.28+0.06°

7 25.64+0.23%  5.9440.02* 14.65+0.10°  40.47+£0.21*  36.24+0.27¢  9.74+0.06°

14 27.00+0.23%  6.00£0.02° 14.30+0.10°  42.50+£0.21°  33.68+0.28° 9.83+0.06%

21 28.29+0.26°  6.09+0.02¢ 11.72+0.11*  44.45£0.23°  26.43+£0.30® 10.02+0.07°

30 28.98+0.25¢  6.39+0.02¢ 11.99£0.11*°  46.69+0.239  25.79+0.30*°  10.27+0.07¢

P

Cage type 0.315 0.027 0.070 0.068 0.006 0.050
Oviposition time 0.233 0.729 <0.001 0.005 0.132 0.814
Storage period <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cage type X Oviposition time 0.575 0.955 0.358 0.284 0.698 0.744
Cage type X Storage period 0.482 0.039 0.082 0.010 0.195 0.283
Oviposition time X Storage period 0.003 <0.001 <0.001 <0.001 0.003 <0.001
Cage type X Oviposition time X 0.355 0.004 0.002 0.003 0.001 0.896

Storage period

UEC: unenriched cages, EC: enriched cages, Mean+SEM, * ¢ 9 The difference among means carrying different letters in the same
column is statistically significant (P<0.05).

Table 6. Effects of cage type, oviposition time and storage period on chemical composition of eggs.

Cage  Oviposition Storage Albumen Yolk
type time period
(day) Dry matter Ash Protein  Dry matter Ash Protein Lipid
(%) (%) (%) (%) (%) (%) (%)
UEC 11.65£0.07  0.75+0.01  10.86+0.07 46.83+0.09 1.57+0.02 15.40+0.04 29.86+0.08
EC 11.574£0.07  0.71+£0.01  10.81+0.07 46.25+0.09 1.57+£0.02 15.49+0.04 29.16+0.08
08.30-11.30 11.41+0.07  0.73£0.01  10.63+0.07 46.36+0.09 1.55+£0.02 15.51+£0.04 29.29+0.08
13.30-16.30 11.81+0.07  0.74+0.01  11.04+0.07 46.72+0.09 1.59+£0.02 15.38+0.04 29.73+0.08
1 11.13£0.11*  0.7240.01*° 10.35+0.11* 48.48+0.15¢ 1.70+0.03" 15.69+0.06° 31.70+0.12¢
7 11.11£0.11*  0.69+0.01°  10.38+0.11* 47.194+0.15¢ 1.68+0.03> 15.47+0.06> 30.02+0.12°
14 11.69+£0.11°>  0.71£0.01*> 10.9440.11°> 46.35+£0.15° 1.52+0.03* 15.42+0.06* 29.39+0.12°
21 11.93£0.11%  0.7740.01°> 11.13+0.11% 46.05+0.15> 1.52+0.03% 15.45+0.06>° 29.06+0.12°
30 12.20£0.11¢  0.77+0.01> 11.3420.11° 44.63+0.15* 1.44+0.03* 15.20+0.06* 28.00+0.122
P
Cage type 0.424 <0.001 0.660 <0.001 0.947 0.081 <0.001
Oviposition time <0.001 0.534 <0.001 0.007 0.227 0.015 <0.001
Storage period <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cage type X Oviposition time 0.172 0.925 0.187 0.264 0.636 0.064 0.016
Cage type X Storage period 0.010 0.008 0.020 0.017 0.098 0.154 <0.001
Oviposition time X Storage <0.001 0.232 <0.001 0.024 0.052 0.002 0.001
period
Cage type X Oviposition time X 0.226 0.209 0.255 0.183 0.841 0.600 0.093

Storage period

UEC: unenriched cages, EC: enriched cages, Mean+SEM, * % ¢ d The difference among means carrying different letters in the same
column is statistically significant (P<0.05).
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Discussion and Conclusion

There were no significant effects of the cage type on
egg weight. The results are in agreement with studies (18,
20) about the effect of the housing system on laying hens.
However, Dikmen et al. (11) reported that egg weight was
higher in eggs obtained from UEC than those obtained
from EC. This may be due to the genotype and age of the
laying hens, stocking density and differentiation of the
enrichment materials.

In the poultry house where the study was conducted,
ovulation in the morning eggs occurred three hours after
the dark period, while in the afternoon, ovulation took
place six hours after the dark period. The maturation of the
yolk and the albumen accumulation in the eggs laid in the
afternoon coincides with the period when the laying hens
were active, and it may cause to increase egg weight.
Some researchers (1, 7, 17, 23, 24) stated that eggs laid in
the morning were heavier than those in the afternoon.
However, Ayorinde and Olagbuyiro (5) and Tumova et al.
(25) reported that oviposition time did not affect the egg
weight. The difference in the studies about the effects of
oviposition time on egg weight is thought to be due to the
lighting program applied in the poultry house, namely the
starting hours of the light and dark period. This situation
can be influenced by the time of albumen formation in the
oviduct coincides with the light period.

Batkowska et al. (6) described that the weight loss in
eggs was higher in eggs obtained from UEC than those
from EC. However, in our study, high egg weight loss was
seen in EC eggs. The difference in the studies is due to the
age of the laying hens. The shell quality of the eggs
deteriorated with increasing hen age. The interaction
between the age of the hens and the cage type may have
occurred. Weight loss percentage was higher in eggs
collected in the morning than those in the afternoon. This
may be explained that the eggs laid in the morning had less
light period during the formation of the eggshell and the
lower Ca level had in the blood of the hens compared to
the afternoon eggs. High egg weight losses were seen in
the EC eggs during the egg storage periods. This may be
due to the lower shell breaking strength in these eggs. The
interaction between oviposition time and storage period
was found to be statistically significant, as eggs laid in the
afternoon had more weight loss during the last week of
storage than those in the morning.

In the present study, the breaking strength in the
UEC eggs was higher than those of EC eggs. This may be
due to the increase in carbondioxide loss because of the
high activity of hens in EC and the inability of calcium
carbonate formation by decreasing the blood's calcium
binding ability. The effect of the cage type on the shell
thickness was found statistically insignificant. Tumova et
al. (25) and Onbagilar and Avcilar (17) found that shell

breaking strength, shell thickness, and shell percentage in
eggs laid in the afternoon were better than those in the
morning. The shell formation covers approximately 20-21
hours. Calcium need for the shell formation is especially
important in the dark period because there is no feed
consumption in this period. In the present study, the
percentage of shell increased as a result of increasing the
length of storage period. This can be explained by the
increase in the shell rate as a result of the evaporation of
the water in the albumen and yolk over time. Breaking
strength increased in eggs stored at room temperature for
30 days. The reason for this may be shell contains 0.1%
water, and water decreases over time with increasing
storage period. The effect of interaction between
oviposition time and storage period on shell breaking
strength was found statistically significant. This was due
to the higher breaking strength of eggs laid in the
afternoon on the 14" day of storage than those in the
morning.

There were no significant effects of the cage type and
oviposition time on percentage, height, length, width, pH,
and index of the albumen and Haugh unit. Results of some
researches (7, 23, 25) consistent with the study. Similarly,
Karkulin (15) reported that the cage type was not effective
on the albumen height and Haugh unit. The percentage of
albumen was decreased in eggs stored at room temperature
for 30 days. Depending on the age of the hens, water
constitutes about 87-89% of an albumen and the decrease
in the percentage of albumen may be due to the high
amount of water loss. While the length and width of
albumen increased, height and index of albumen
decreased in eggs stored at room temperature for 21 days.
The decrease in albumen height is caused by the
breakdown of ovomucin (22). In table eggs, AA quality
egg should be 79 or higher, A quality 55-78, B quality 31-
54, and C quality 30 or less. In our study, after 21 days of
storage, the Haugh unit decreased from 82.17 to 23.94%.
The decrease in the Haugh unit may be due to the decrease
in albumen height because of the destruction of ovomucin
and lysozyme complex. It was observed that the reduction
in the Haugh unit increased in the afternoon eggs as the
storage period increased. The pH of the albumen is
reported between 7.6 and 8.5 (30). The increase in the
albumen pH was higher in the first week of storage
compared to other weeks. Immediately after ovulation, the
egg starts to lose carbon dioxide from the pores of the
shell, and the albumen pH rises (14). The increase in
albumen pH level mainly depends on the temperature and
duration of storage and the egg shell quality (25).

The increase in the percentage of the yolk with
storage period may be due to the passage of water from
the albumen to the yolk (2). The increase in yolk pH with
storage period is due to the loss of carbon dioxide from the



Ankara Univ Vet Fak Derg, 68, 2021 335

egg. Stress factors in relation to the production system
alter blood protein and lipid levels of hens (29). The
chemical content of egg is related to the blood chemistry
of hen. Albumen ash and dry matter &lipid of yolk were
found lower in eggs obtained from the EC than those from
the UEC. Dry matter & protein of albumen and dry matter
& lipid of yolk were higher, while protein of yolk was
lower in the afternoon egg than those in the morning. Dry
matter, ash and protein of albumen were increased, while
dry matter, ash, protein and lipid of yolk were decreased
with increasing storage period at the room temperature.
The dry matter concentration of albumen is also used as
an indicator of egg freshness and is related to thinning or
liquefaction of albumen (13). Caner and Yiiceer (8)
reported that dry matter of albumen increases with storage
period as a result of albumen liquefaction. Interaction of
cage type and oviposition time on yolk lipid, interaction
of cage type and storage period on all examined albumen
composition and dry matter & lipid of yolk and interaction
of oviposition time and storage period on dry matter &
protein of albumen and dry matter, protein & lipid of yolk
were found statistically significant in the present study.

In conclusion, cage type (UEC or EC) had no
significant effect on egg quality during storage conditions
except weight loss, breaking strength, ash of albumen and
pH, index, color, dry matter & lipid of yolk. Yolk protein
was higher, while albumen protein and yolk lipid were
lower in the morning eggs than those in the afternoon. No
interaction was observed between the cage type and the
oviposition time in terms of the examined properties
except that albumen length and yolk lipid. However, the
interaction between oviposition time and storage period
should not be neglected in the egg quality. It should be
noted that interaction among cage type, oviposition time,
and storage period is also effective in some yolk
properties. It is concluded that A quality egg criteria are
preserved up to 14 days at an average temperature of 21°C
and 20% humidity.
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Abstract: This study aimed to investigate changes in the prices of animal products (meat, milk, eggs), and feed before and
during the pandemic period on a sectoral basis in Turkey. The material for the study consisted of the prices of animal products (beef,
lamb and, poultry meat, eggs, and milk) and feed collected from official institutions and producer associations in the period before
(December 2019-February 2020) and during (March-May 2020) the pandemic. Considering the prices of investigated animal products,
there were increases at different rates in all products during the pandemic (1.82-11.57%). While the differences between producer
prices of beef and broiler meat before and during the pandemic were found to be statistically significant (P<0.05), the changes in lamb
meat and egg prices were not statistically significant. On the other hand, feed prices were found to be increased by 9.71-12.57%. It was
determined that the feed, which is the most critical input of producers, showed a significant increase (P<0.05) during the pandemic,
especially in the poultry sector. During the pandemic, the highest reduction in livestock product/feed parity was experienced in the egg
sector, with -10.28%. In conclusion, examined animal product prices increased during the pandemic period, but input prices increased
more than products. In addition, it was determined that the producers had to produce with lower profitability according to the product-
feed parity values, especially in the egg poultry sector during the pandemic period.

Keywords: Covid 19, feed, meat, milk, prices.

Tiirkiye'de Covid-19 pandemisinin hayvansal iiriin ve yem fiyatlarina kisa siireli etkisi

Ozet: Bu calismada, Tiirkiye’de pandemi Oncesi ve pandemi donemindeki hayvansal iiriin (et, siit, yumurta) ve yem
fiyatlarindaki degisimlerin sektorel bazda arastirilmasi amaglanmigtir. Calisma materyalini resmi kurumlardan ve iiretici birliklerinden
pandemi Oncesi (Aralik 2019-Subat 2020) ve pandemi sirasinda (Mart-Mayis 2020) elde edilen hayvansal iiriin (sigir eti, kuzu eti,
kanath eti, yumurta ve siit) ve yem fiyatlari olusturmustur. incelenen hayvansal iiriinlerin fiyatlari agisindan degerlendirme
yapildiginda, pandemi déneminde tiim iirtinlerde farkli oranlarda artis yasanmustir (%1,82-11,57). Pandemi 6ncesi ve sirasinda sigir eti
ve pili¢ eti {iretici fiyatlar1 arasindaki fark istatistiksel olarak anlamli bulunurken (P<0,05), kuzu eti ve yumurta fiyatlarindaki
degisiklikler istatistiksel olarak anlamli bulunmamistir. Diger taraftan, girdi maliyetleri yoniinden yasanan degisiklikleri gostermesi
bakimindan yem fiyatlar da incelenmis ve %9,71-12,57 oraninda arttig1 tespit edilmistir. Ureticilerin en énemli girdisi olan yemin
pandemi doneminde 6zellikle kanatl sektdriinde 6nemli diizeyde artis (P<0,05) gosterdigi belirlenmistir. Pandemi sirasinda hayvansal
iirlin/yem paritesindeki en fazla azalma -%10,28 ile yumurta sektoriinde yasanmistir. Sonug olarak, pandemi déneminde hayvansal
iriin fiyatlart artmig ancak girdi fiyatlarinda artis daha fazla olmustur. Ayrica iireticilerin pandemi doneminde basta yumurta
tavukgulugu olmak iizere iiriin/yem paritesi degerlerine gére daha diisiik karlilikla ¢alismak zorunda kaldiklar1 belirlenmistir.

Anahtar sozciikler: Covid 19, et, fiyat, siit, yem.

Introduction case in Turkey was declared by the Ministry of Health on

Covid-19, which emerged on December 12, 2019, in March 11, 2020, and the first death occurred on March 18,
Wuhan Province, China, was declared a pandemic by the 2020 (7, 16). The rapid transmission of the virus through
World Health Organization (WHO) on March 11, 2020, as human contact, causing a significant number of deaths, has

it began to spread worldwide (21). The first Coronavirus forced all countries to take radical measures. In this
context; schools have been closed, domestic/international
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travel restrictions have been introduced, quarantine
measures have been applied, the borders of countries have
been closed (import/export), rapid vaccine and drug
studies have been initiated, and respiratory equipment,
masks, gloves, and disinfectant production have been
increased. As a result, serious decisions were made that
would profoundly affect all sectors and economies.

The livestock sector has continuous production and
constitutes a significant part of the food supply, which is
a basic need of people. During the pandemic period, it has
been observed that the demand for products such as red
meat, chicken meat, eggs, and milk has increased,
especially in some households (except lower income
families), where people have stayed at home. For this
reason, despite this sudden increase in demand for animal
products in the short term, price increases (partially
speculative) have been experienced in the markets since
supply could not respond in the same manner because of
its production structure. According to the course of the
pandemic, price increases in animal products have been
shaped over time according to the behavior of consumers
and changes in input costs (mainly feed). While it is
thought that it will take time for the markets to stabilize in
the near future, it may be easier to shape the supply
according to the expectations of the market in the medium
and long term with supporting measures such as capacity
increase, incentives, and subsidies.

In Turkey, during this period, no additional measures
have been needed to increase the production of livestock
by the government. Only electricity, water, and credit
payments have been postponed, and advantageous credit
opportunities have been offered (12, 17). In addition, the
problems encountered in the transfer of animal and animal
products during the pandemic caused disruptions in
animal feed supply and slaughter.

The most significant barrier to reveal the economic
impact of the Spanish flu experienced in the world in 1918
was the lack of economic data (5). The current study not
only reveals the effects of Covid-19 on the animal product
and feed prices but also provides a basis for future studies
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on the long-term impact of the pandemic. This study aims
to investigate changes in the prices of animal products
(meat, milk, eggs) and feed (beef fattening, lamb, broiler,
layer, and dairy feeds) before and during the pandemic
period on a sectoral basis in Turkey.

Materials and Methods

The material for the study consisted of the prices of
animal products (beef, lamb, and poultry meats, eggs, and
milk) and feed (beef fattening, lamb, broiler, layer, and
dairy feeds) collected from official institutions (Meat and
Milk Board-ESK, the National Red Meat Council-UKON,
the National Milk Council-USK) and producer
associations (Kaytas) in the period before (December,
January, February) and during (March, April, May) the
pandemic (4, 9, 18, 19). In addition, animal products and
feed prices parities for the period before and during the
pandemic were calculated using the following formula:

Product / Feed Parity = Animal product sale prices
(producer) / feed price.

In the study, the prices before pandemic (December
2019-February 2020) and during pandemic (March-May
2020) were compared.

Statistical analysis: Monthly mean prices of
livestock products and feed were considered in the
statistical analysis. Student’s t-test was used for the
statistical significance control of the difference between
the mean of the prices before and during the pandemic,
and the relationship between the variables was evaluated
with the Pearson correlation coefficient. Statistical
analyses were performed with the SPSS 22.0 package
program.

Results
In this study, animal product and feed prices along
with product/feed parities for the periods before and
during the pandemic were analyzed and presented as
tables (Tables 1-3) and graphics (Figures 1-4).

Groups
M Before Pandemic
] During Pandemic

Figure 1. Changes in animal product prices
before and during the pandemic period.
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Figure 2. Changes in animal feed prices
before and during the pandemic period.

Figure 3. Changes in animal feed prices
before and during the pandemic period.

Figure 4. Changes in animal product prices
before and during the pandemic period.
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Table 1. Various animal product prices (TL) and changes (%) before and during the pandemic.

Variables” Groups Means = Standard Error Price Changes (%) P
Before pandemic 33.00+0.98
+ .
Beef meat During pandemic 36.82+0.45 1.57 0.024
Before pandemic 43.99+1.49
Lamb t . +8.11 0.118
amb mea During pandemic 47.56+1.00
. Before pandemic 5.7840.07
+4. .
Broiler meat During pandemic 6.06+£0.04 4.84 0.020
- Before pandemic 11.00+0.36
E +1.82 0.874
&8 During pandemic 11.20+1.13 7
* Since milk prices have not changed, no comparison has been made. ** Egg prices have been calculated over 30 viol.
Table 2. Prices (TL) and changes (%) in animal feed before and during the pandemic.
Variables Groups Means * Standard Error Price Changes (%) P
. Before pandemic 1.33+£0.06
Beef fatt fi +12.03 0.082
cef fattening feed During pandemic 1.49+0.02
. Before pandemic 1.38+0.07
Dairy feed . . +10.14 0.118
airy fee During pandemic 1.52+0.02
i 49+0.
Lamb feed Before pandemic 1.49+0.06 +11.41 0.084
During pandemic 1.66+0.04
. Before pandemic 2.06+0.03
Broiler ft +9.71 .
roiler feed During pandemic 2.26+0.47 o7 0.021
Before pandemic 1.75+0.06
L feed +12.57 .04
ayer tee During pandemic 1.97+0.05 0.048
Table 3. Feed parities of various animal products before and after the pandemic.
Variables Groups Means + Standard Error Parity Changes (%) P
Beef meat/feed parity Before pandemic 24.94+0.74 0.16 0.972
During pandemic 24.90+0.27 ’ ’
i i i .68=+0.
Milk/feed parity Bef9re pandemllc 1.68+0.09 952 0.195
During pandemic 1.52+0.02
L t/f it Bef i 29.48+0.68
amb meat/feed parity e 9re pandeml.c 9 213 0.674
During pandemic 28.78+1.39
Broiler meat/feed parity Before pandemic 2.81+0.04
. . -4.63 0.087
During pandemic 2.68+0.04
. . N
Egg/feed parity Bef(.)re pandeml.c 6.32+0.43 1028 0.361
During pandemic 5.67+0.46

Considering the prices of investigated animal
products, there were increases at different rates in all
products during the pandemic (1.82-11.57%). The
differences between producer prices of beef and broiler
meat before and during the pandemic were found to be
statistically significant (P<0.05), and changes in lamb
meat and egg prices were not statistically significant
(Table 1).

On the other hand, to show the changes in terms of
input costs, feed prices were also examined and were
found increased by 9.71-12.57% during the pandemic
period. It was determined that the feed, which is the most
critical input of producers, showed a significant increase
(P<0.05) during the pandemic, especially in the poultry
sector (Table 2).

When the feed parities of various animal products are
examined, it is possible to say that the parity decreases
numerically out of the favor of the producer in all
products. During the pandemic, the lowest parity was
experienced in the egg sector, with 10.28% (Table 3).

As seen in the graph (Figure 3), a sudden rise (10-
12%) in feed prices was experienced due to an increase in
the exchange rate with the emergence of the first cases
(March 2020) in Turkey.

Discussion and Conclusion
An animal product supply chain consists of different
actors such as the producer, industry/business,
transportation/logistics, storage, and retail services (2).
The operation of these actors in a particular order is
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essential in terms of connecting the consumers sustainably
to the animal products in the market. However, measures
taken such as curfew, import/export ban, inter-provincial
travel restrictions) in the pandemic period in Turkey that
put pressure on the sector and increased uncertainty for the
future has been an obstacle for the continuity of
production. On the other hand, since feed ingredients such
as corn and soybeans are imported, price increases have
been experienced due to the increase in foreign exchange
rates and difficulties in obtaining these feedstuffs in
Turkey. Also, the absence of policies that encouraged
production in animal husbandry during the pandemic
period raised future concerns in terms of sustainability of
production. Moreover, the disruptions experienced in the
logistics stages of animal products and raw materials
caused deterioration in products and an increase in waste.
The panic that occurred in the first days when curfew
restrictions were applied in the pandemic period led to the
stockpiling of basic needs by the public (including animal
products), and crowding was experienced in shopping
centers.

The impact of the Covid-19 pandemic on animal
products and feed prices has been evaluated in some other
countries (1, 3, 6, 8, 13, 14, 20), However, to the best of
the present authors’ knowledge, there is no study
investigating the effects of the Covid-19 pandemic on
animal products and feed prices in Turkey.

In all the animal products examined in this study,
price increases were experienced, and beef meat (11.57%)
was the most affected livestock product in Turkey during
the three-month pandemic period examined. A possible
reason of this increase may be due to scarcity of supplying
the beef cattle and meat to the market in this period
(scasonal effect), and reflection of increased feed prices
on production costs. Due to lambing season, price
increases in lamb meat (8.11%) has been more limited
compared to beef meat during the pandemic period.

On the other hand, there was a quite limited increase
in egg prices (1.82%) during the pandemic period. Due to
the higher egg production capacity of Turkey and
interruption in the exportation of the eggs, a market supply
shortage was not experienced, which resulted in a
negligible increase in egg prices. However, considering
the feed prices, the poultry sector was negatively affected
in this period due to the high dependence of feed
ingredients (corn, soybean, etc.) on importation. When the
animal product/feed parity is evaluated together, it is
understood that the parity has decreased the most in the
poultry sector, especially in egg poultry.

Similar with our study, price increase in meat was
reported as significant and egg prices were not
significantly affected during the pandemic period in
Europe (1).

In Turkey, in the pandemic period, warnings such as
stay-at-home and maintain social distance as well as travel

restrictions and the enforcement of a partial curfew has
changed consumer behavior due to the uncertainty of the
future. Thus, the demand for animal products was
increased at the beginning of the pandemic period. Similar
effects were seen in other countries (10). Although the
impact of the pandemic on the producers is not yet entirely
clear, considering together the prices and parities, it is
possible to say that the pandemic reduces the profitability
of producers in the short term in Turkey. Considering
parities, the egg and milk producers were the most affected
by the pandemic in the evaluated period, whereas the
impact on the red meat sector was more limited. However,
feed prices in the USA between January and May 2020 (6)
and slaughtered beef prices in Canada decreased by 16%
(11). Although it has been calculated that the pandemic
caused significant losses in animal products and feed in
the USA (8), beef producers in Canada expect recovery to
start in the autumn of 2020, and to return to normal in early
2021 (13).

In the present study, the changes in the prices of
animal products and inputs (feed) on the producer basis
during the pandemic in Turkey were evaluated. In
addition, it is of importance to evaluate the effects of a
pandemic on consumer behavior in terms of livestock
products. Despite the increase in animal product prices
during the pandemic period, the increase in demand is
thought of as a disaster-specific and research-worthy
consumer behavior. Because demand elasticity decreased
in this period (8), the order of importance of the needs of
consumers changed, and food products, especially animal
products, had more priority.

Beside Covid-19 pandemic, some different factors
may affect the prices of livestock products and feed such
as season, exchange rates and inflation. For example,
similar increase in price of beef meat (9.17%) was seen a
year before in Turkey. Exchange rates and inflation were
increased 12.67% and 13.9% during the pandemic period
compared to before the pandemic period in Turkey,
respectively (15).

It is difficult to increase the supply quantity in a short
time due to the structure of production in livestock
production. For example, at least 40-45 days are required
for broiler meat production, 90-180 days for beef
production, 120-130 days for egg production, and 150
days in lamb production. In the pandemic period, the
producers’ failure to respond to the increasing demand for
animal products in a short time can only be explained by
the production period. For these reasons, especially in
extraordinary situations, such as the pandemic period,
products such as broilers and eggs, that can increase
supply in a shorter time, are essential. Additionally, it is
thought that additional support and subsidies are needed
to increase animal production. In this way, the
implementation of measures that will both encourage
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production and secure supply will be beneficial. The long-
term effect of the pandemic on the supply of animal
products clearly will be more evident in the future. The
present study, demonstrating as it does the short-term
effects of the pandemic on the animal product and input
prices, is thought to be a basis for future studies
investigating the long-term effects of the Covid-19
pandemic on animal production in Turkey.

In conclusion, animal product prices increased
during the pandemic period, but input prices increased
more than products. An increase in foreign exchange
prices and dependency are thought to be responsible for
this situation. In addition, it was determined that the
producers had to produce with lower profitability
compared to the product/feed parity values, especially in
the egg poultry sector during this period.
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Abstract: This study investigated the Pennyroyal in terms of its effects on performance and meat quality (color and pH) in
Japanese quails in different levels. A total of one day-old Japanese quail chicks were randomly distributed to a control and two
experimental groups containing three different levels of pennyroyal (0.0, 0.1 and 0.2 %). Each experimental group was divided into
five repetitive groups with, ten quail chicks in each group. At the end of the experiment, the performance values and meat quality
parameters (color and pH) were measured. Significant differences were found between the groups according to the growth performance
of the quails (P<0.05). At the end of the study, the body weight and body weight gain of the experimental groups in which 0.1% (P1)
and 0.2% (P2) pennyroyal supplemented were found to be higher than the control group. It was observed that the feed consumption
increased in the P2 group compared to the control group, and the feed conversion rate decreased (P<0.05). There was no significant
difference was observed in the carcass yield, heart, liver and gizzard weight (P>0.05). The brightness (L*), redness (a*), yellowness
(b*) and pH values of the breast meat were not affected by the supplementation of pennyroyal (P>0.05). According to the results of the
study, the supplemented of pennyroyal by 0.2% was more effective on the performance.

Keywords: Meat color, pennyroyal, performance, pH, quail.

Yarpuzun (Mentha pulegium L.) Japon bildircinlarinda (Coturnix coturnix japonica) performans,
karkas ve et kalitesi iizerine etkisi

Ozet: Bu caligmada, Yarpuzun (Mentha pulegium L.) farkli seviyelerde Japon bildircinlarinda performans ve et kalitesi (renk ve
pH) iizerine etkisi arasgtirilmistir. Toplam 150 adet giinliik yasta Japon bildircin civeivi ¢ farkli diizeyde yarpuz iceren (%0,0, 0,1 ve
0,2) bir kontrol ve iki deneme grubuna rastgele dagitildi. Her deneme grubu igerisinde 10 bildircin bulunan bes tekerriirlii gruba ayrildi.
Deneme sonunda performans degerleri ve et kalite parametreleri (renk ve pH) ol¢iildii. Bildircinlarin biiylime performansi
degerlendirildiginde gruplar arasinda 6nemli farkliliklar bulundu (P<0,05). Calisma sonu itibariyle %0,1 (P1) ve %0,2 (P2) yarpuz
ilave edilen deneme gruplarinin canl agirlik ve canli agirlik artiglart kontrol grubuna oranla yiiksek bulundu. Yem tiiketiminin P2
grubunda kontrol grubuna oranla arttig1, yemden yararlanma oraninin ise diistiigii gézlendi (P<0,05). Karkas randimani, kalp, karaciger
ve taglik agirliklart agisindan anlamli bir fark olmadigi goriildii (P>0,05). Gogiis etinin parlaklik (L*), kirmizilik (a*) ve sarilik (b*) ile
pH degerleri yarpuz ilavesinden etkilenmedi (P>0,05). Calisma sonuglarina gore yarpuzun %0,2 diizeyinde ilavesinin performans
tizerine daha etkili oldugu belirlendi.

Anahtar sozciikler: Bildircin, et rengi, performans, pH, yarpuz.

Introduction
Mentha pulegium L, which belongs to the Mentha
species of the Labiatae family, is ubiquitous in Europe,
North Africa and Central Asia and known as pennyroyal
(11). It has been used as flavorant, expectorant, appetite

regulator or diuretic for many years. In addition, it is
widely used in the treatment of diseases such as feed
poisoning, bronchitis and tuberculosis (21). In addition to
these effects, it has also been reported to have aromatic
regulation, antioxidant, anti-inflammatory ~ and
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antimicrobial effects due to the phenolic compounds in its
structure, such as Linalool, Menthone, p-Menthan,
Pulegone, Piperitenone oxide (20, 35, 36). After the
prohibition of antibiotics in the breeding of poultry,
pennyroyal and aromatic plants are reported to be useful
due to its effects on increasing digestibility, balancing the
intestinal microbial ecosystem and excreting endogenous
digestive enzymes (13, 17, 40). There is a growing
awareness in consumers with the development of
technology in the field of feed safety, which led to a
growing interest in the use of medical aromatic plants that
are not harmful to human and animal health as well as their
various forms (18, 22, 32). In many studies, it was found
that pennyroyal and other Mentha species make positive
contributions to the efficiency and shelf life of animal
products (5, 16, 26).

The main aim of this study was to investigate the
Pennyroyal (Mentha pulegium L.) in different levels
supplemented to quail rations in terms of its effects on
growth performance and breast meat quality (color and

pH).

Materials and Methods

Animals, experimental design and feed: The
experiment was carried out in the Kafkas University
Research and Practice Farm. This study was approved by
the Kafkas University Animal Experiments Local Ethics
Committee (KAU-HADYEK/2020-008). A total of 150 a
day old Japanese quails (Coturnix coturnix japonica) were
used as the animal material. The study was performed with
one control and two experiment groups, each of which
included 50 quail chicks. All groups were divided into five
subgroups, each containing 10 quail chicks. Dried and
powdered pennyroyal was added to the basic ration of the
control and experimental groups by 0.0%, (control) 0.1%
(P1) and 0.2% (P2), respectively. The quail chicks were
placed in plastic cages of 60x20x100 cm. The study was
completed in a total of 35 days, including 7 days of
adaptation and 28 days of feeding periods. The animals
were given feed and water ad libitum. Throughout the
study, all animals were kept at 32-33°C for the first three
days, which was then fixed to 25°C by a gradual decrease
of 1-2°C on a weekly. The cages were kept illuminated for
24 hours/day for 35 days. The rations were prepared in
accordance with the NRC (14), and chemical analyses
were carried out in accordance with the AOAC (25) (Table
1).

Feed additive: Plants (pennyroyal) were collected
from Kars province (40 © 48°21.2 "N 42 © 53°37.8" E) in
Turkey and harvested in its season. Plants’ leaves were
dried at room temperature without direct exposure to the
sun light. After drying, they were powdered for
supplementation to the ration. The essential oil was
obtained from Pennyroyal through vapor distillation

method. The main active compositions of the pennyroyal
leaves essential oil were determined by GC/MS and
contained 13.61% of Linalool, 10.56% of p-Menthone,
6.19% of p-Menthan, 4.45% of Pulegone, 0.11% of
Isopulegone, 3.07% of Piperitenone oxide, and 0.49 of
Thymol phenolic compounds (35).

Table 1. Ingredients and nutrient composition of diet.

Ingredients %
Corn, yellow 46.30
Soybean meal (48% CP) 32.41
Barley meal 11.00
Corn gluten meal 4.40
Wheat bran 2.12
Vegetable oil 0.60
Limestone 1.80
Dicalcium phosphate 1.12
Salt 0.30
DL-methionine 0.10
L-lysine sulfate 0.40
Vit-min mix! 0.25
Analyzed values

CP (%) 24.00
ME(kcal/kg) 2901
Ca (%) 0.80
Av. P (%) 0.38

CP: Crude protein, ME: Metabolism energy, Ca: Calcium, Av.
P: Available phosphorus

! Vit-min mix: Vit A; 15.00 IU/kg, Vit D; 3.30 IU/kg, Vit E;
25.00 IU/kg, K; 0.86%, Mg; 0.16%, S; 0.21%, Fe; 146.89 mg/kg,
Mn; 121.11 mg/kg, I; 0.50 mg/kg, Zn; 110.03 mg/kg, Cu; 13.05
mg/kg.

Performance: Body weight (BW) and feed
consumption (FC) were determined in all groups every
week. The increase in body weight gain (BWG) and feed
conversion rate (FCR) were calculated (FC/BWG) based
on the differences obtained as a result of the weighing
processes. At the end of the study, 10 quails were
randomly selected from each group to analyze their
carcass traits. The animals were not fed for 12 hours.
Then, they were weighed individually and slaughtered
after determining their slaughtering weight. The blood of
the slaughtered animals was drained, and their plume was
plucked. Subsequently, internal organs (heart, liver and
gizzard) were removed to calculate the carcass and
internal organ weights.

Determining the color quality and pH of meat:
Breast meat samples were taken from the slaughtered
animals to determine the color intensity and pH. A
colorimeter (Minolta-Japan) was used to determine the
color intensities of the breast meat samples (L*:
brightness, a*: redness, b*: yellowness). The color
intensities were determined as per the characteristics
specified by the International Commission on
[llumination. Average values were determined through the
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measurements performed at four different parts of each
sample. In order to determine the pH values of the breast
meat samples, 10 grams of breast meat was added to 100
ml of purified water. Then it was homogenized and
measured using a pH meter (SCHOTT L 6880).

Statistical analysis: The performance and the
parameters of breast meat quality (color, pH) were
evaluated on the SPSS 20.0 (IBM-USA) statistics
software. The difference between the results of the groups
was analyzed with one-way variance analysis (ANOVA).
The Duncan, multiple comparison test, was used in the
bilateral comparisons between the groups. The level of
significance was determined to be at P<0.05.

Results

It was observed that pennyroyal had positive effects
on performance in the quails (P<0.05). While the BW,
BWG and FC values in the groups with pennyroyal
supplementations tended to increase compared to the
control group, the FCR had a significant decrease in the
group with the supplementation of pennyroyal by 0.2%
(Table 2). It was determined that pennyroyal did not have
any effects on the post-slaughtering carcass yield and
weights of the internal organs (P<0.05) (Table 3).

It was observed that pennyroyal did not have any
statistical effects on the color of the breast meat (L*, a*,
b*) and pH value (P>0.05) (Table 4).

Table 2. The effect of Pennyroyal (M. pulegium L.) on performance parameters.

BW (g)
Groups P values
Control P1 P2 L 0
d7 29.20+0.73 29.00+0.17 28.98+1.39 0.982 0.939
d21 116.05+0.59 117.70+1.46 118.70+1.69 0.185 0.848
d3s 180.81£1.97° 186.05+1.45% 188.88+1.18? 0.003 0.542
BWG (g/quails)
Groups P values
Control P1 P2 L Q
d7to2l 86.85+1.01 88.69+1.40 89.734£2.00 0.207 0.832
d21to35 64.76:+1.84% 68.36+1.07% 70.17+0.912 0.014 0.598
d7to35 151.61+1.45° 157.05+1.35% 159.90+1.782 0.003 0.506
FC (g)
Groups P values
Control P1 P2 L Q
d7to2l 276.96+3.23 279.234+4.50 282.9443.45 0.272 0.877
d21to35 259.03+4.46 265.00+3.00 268.35+2.45 0.064 0.756
d7to35 535.99+3.87° 544.23+3.64% 551.29+£3.26% 0.004 0.895
FCR (g/g)
Groups P values
Control P1 P2 L Q
d7to2l 3.19+0.03 3.15+0.05 3.15+0.02 0.461 0.572
d21to35 4.00+0.042 3.88+0.06% 3.82+0.03° 0.008 0.540
d7to035 3.53+0.012 3.47+0.022 3.45+0.01° 0.001 0.172

P1: 0.1% Pennyroyal, P2: 0.2% Pennyroyal, BW: Body weight, BWG: Body weight gain, FC: Feed consumption, FCR: Feed

conversion rate, L: Linear, Q: Quadratic

ab Values within a column with different superscripts differ significantly at P<0.05.

Table 3. The effect of Pennyroyal (M. pulegium L.) on carcass parameters.

Groups P values
Control P1 P2 L (0]
Carcass yield (%) 73.16+0.19 73.31£0.11 73.34+0.12 0.380 0.730
Heart (g) 1.60+0.03 1.61+0.06 1.47+0.06 0.839 0.124
Liver (g) 3.314£0.43 2.65+0.19 3.4140.41 0.130 0.542
Gizzard (g) 2.62+0.20 2.26+0.18 2.70+0.13 0.738 0.639

P1: 0.1% Pennyroyal, P2: 0.2% Pennyroyal, L: Linear, Q: Quadratic.
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Table 4. The effect of Pennyroyal (M. pulegium L.) on meat color and pH.

Groups P values
Control P1 P2 L (0]
L* 45.51+1.23 45.96+1.79 45.29+1.35 0.947 0.845
a* 11.60+0.44 11.23+0.41 11.41£0.17 0.807 0.694
b* 4.85+0.19 4.75+0.14 4.72+0.17 0.725 0911
pH 5.48+0.07 5.50+0.03 5.50+0.03 0.892 0.875

P1: 0.1% Pennyroyal, P2: 0.2% Pennyroyal, L *: Brightness, a *: Redness, b *: Yellowness, L: Linear, Q: Quadratic.

Discussion and Conclusion

The supplementation of pennyroyal on quail rations
had a positive effect on performance. In the study, it was
determined that the supplementation of pennyroyal in
increasing levels had a positive effect on the BW, BWG
and FC values, compared to the control group. It was
determined that the best FCR was obtained in the group
(2.86) with supplementation of 0.2% of pennyroyal. The
BW and BWG results obtained were in accordance with
the results of the study, in which pennyroyal was used as
a supporting growth agent (33, 35). The results of the
current study also had similarities with the studies on the
effects of different Mentha species (M. Longifolia and M.
Piperita) on BW and BWG in the poultry (3, 4). In the
broiler study, in which the pennyroyal, essential oil,
probiotics and antibiotics were used in different levels, the
best performance values were obtained in the group with
the addition of pennyroyal, thereby affecting the BWG
and FCR significantly. The results of the study suggested
that pennyroyal could be used as an alternative to
antibiotics in poultry (2). It is believed that the phenolic
compounds in pennyroyal and other Mentha species
decreased the presence of pathogenic microorganisms in
the intestines of the poultry, thereby showing an
antimicrobial effect as well as affecting the growth
performance (21, 30). The fact that pennyroyal increases
feed consumption due to its appetizing effect has been
mentioned in the literature (21). Similarly, there have been
studies, in which the Mentha species increased feed
consumption (3, 4).

Contrary to these studies, there have been studies
reporting that the Mentha species do not affect the
performance values (BW, BWG and FC) in the poultry
(15, 19, 34). Erhan et al. (17) found that pennyroyal did
not affect the body weight increase in broiler chickens, and
it decreased the feed consumption, thereby improving the
feed conversion rate. Ghalamkari et al. (20) stated that the
addition of antibiotics and pennyroyal did not cause a
difference in terms of the performance values of the
broiler chickens, Arjomandi et al. (8) found that the
pennyroyal mixed with probiotics decreased the feed
consumption in laying hens, and Aydin and Bolukbasi
(10) reported that the addition of pennyroyal in increasing

levels (32.5, 65 and 130 mg/kg) did not affect the feed
consumption in laying hens, which were not in
compliance. It is believed that these differences might
have stemmed from the region where the plant was grown,
the harvest season, the breed of animal used, the dosage
used and feeding conditions.

It was determined that the addition of pennyroyal did
not affect the weights of carcass and internal organs (heart,
liver and gizzard) in quails. The results of the present
study were following the results of some other studies (1,
21, 31). Similarly, Nobakht et al. (33) reported that
pennyroyal did not have any effects on the carcass yield or
the weights of the internal organs. On the contrary,
Shamlo et al. (39) stated that the pennyroyal extract (0. 50,
100 and 150 ppm) increased the carcass weight, carcass
yield and the weight of the heart; however, it did not have
any effects on the weights of the liver and gizzard. Along
with this study, there are other studies in the literature
stating that the carcass parameters and internal organ
weights changed due to the addition of pennyroyal and
aromatic plants together or separately (4, 9, 38). It was
stated that pennyroyal increased digestive enzymes in the
poultry, which had a positive effect on the pancreas, and
could positively affect the carcass parameters particularly
by the increase of the amino-acid absorption (6). The
differences observed between studies might have resulted
from the diversity of aromatic plant used, the interactions
between additives, dosage, and differences in animals.

The unique color of the product is another significant
criterion for consumers to choose any product. This color
should not change during the time it remains on the shelf.
The oxidation of the myoglobin and hemoglobin pigments
is useful in the changing of the natural color of the meat
(23). In the study, no pennyroyal-related effects were
observed on the color intensities (L*, a*, b*) and pH
values of the breast meat of the quails (P>0.05). The
current study is in accordance with the studies, in which
aromatic plants and their essential oil derivatives were
used, and had no effects on the color and pH values of the
meat (12, 24, 27, 37).

There are also studies determining that pennyroyal
and different aromatic plants had effects on the color and
pH of the meat (28, 29). It was determined that Mentha
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piperita affected the a* and b* of the meat color
intensities; however, it did not affect the L* and pH in the
quails (7). In their study on the effect of thyme and
pennyroyal on the broiler meat color and PH value in the
broilers, Pirmohamammadi et al. (36) found that the
pennyroyal affected the L* value; however, it did not have
any effects on the a*, b* and pH values compared to the
control group. They also stated that thyme and pennyroyal
increased the pH when used combined (P<0.05).

As a result, it was concluded that the pennyroyal
(Mentha pulegium L.) significantly affected the growth
performance without changing the carcass, internal
organs, or the meat quality (color, pH) in the Japanese
quails.
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Abstract: Konya Kuflu Tulum cheese is a well-known variety of Turkish mold-ripened cheeses produced by cutting the mature
Tulum cheese into pieces to allow the filamentous fungi to grow on its surface in the cool and humid atmosphere in cellars or caves.
The aim of the present study was to determine the fungal flora of Kuflu cheese using 54 filamentous fungi and 8 yeasts that were
isolated from 26 cheese samples. Internal transcribed spacer (ITS) sequencing indicated that 53 of the mold isolates were Penicillium
roqueforti and 1 was Cladosporium cladosporioides. The yeasts were identified as Pichia membranifaciens, Candida zeylanoides,
Debaryomyces hansenii, and Geotrichum candidum. Morphological examination of the P. roqueforti isolates on various media revealed
similar phenotypes among all but two isolates; however, (GTG)s fingerprinting analysis indicated that the isolated P. roqueforti strains
were highly similar in all but one case, which displayed a different pattern. To our knowledge, this study represents the first to conduct
molecular methods for identification of fungi associated with Konya Kuflu Tulum cheese. In addition, the morphological and genetic
diversities of the Turkey-originated P. roqueforti isolates are presented.

Keywords: Genetic diversity, (GTG)s fingerprinting, Konya Kuflu cheese, morphological diversity, Penicillium roqueforti.

Konya kiiflii Tulum peynirinin mikobiyotasi ve Penicillium roqueforti izolatlarinin cesitliligi

Ozet: Konya Kiiflii Tulum peyniri, olgunlastirilmis Tulum peynirinin parcalar halinde kesilerek magara ve mahzenlerin serin
ve nemli atmosferinde peynir ylizeyinin kiiflendirilmesi ile elde edilen, taninmis bir Tiirk kiiflii peynir ¢esididir. Bu ¢aligmanin amaci,
26 peynir drneginden izole edilen 54 filamentli fungus ve 8 maya kullanilarak Kiiflii peynirin fungal florasini belirlemektir. Internal
transcribed spacer (ITS) dizilimi, kiif izolatlarimin 53'tiniin Penicillium roqueforti ve 1'inin Cladosporium cladosporioides oldugunu
gostermistir. Mayalar, Pichia membranifaciens, Candida zeylanoides, Debaryomyces hansenii ve Geotrichum candidum olarak
tanimlanmustir. P. roqueforti izolatlarinin gesitli besiyerleri {izerindeki morfolojik incelemesi, iki izolat diginda tiim izolatlarinin benzer
fenotipleri oldugunu ortaya ¢gikarmigtir; bununla birlikte, (GTG)s parmak izi analizi, izole edilmis P. roqueforti suslarinin, farkli bir
patern sergileyen biri harig, oldukca benzer oldugunu gostermistir. Bilindigi kadariyla, bu ¢alisma Konya Kuflu Tulum peyniri ile
iliskili kiiflerin tanimlanmasinda molekiiler yontemler uygulayan ilk ¢aligmay1 temsil etmektedir. Ayrica, Tiirkiye menseli P. roqueforti
izolatlarinin morfolojik ve genetik ¢esitliligi sunulmustur.

Anahtar sozciikler: Genetik ¢esitlilik, (GTG)s parmak izi, Konya Kiiflii peyniri, morfolojik ¢esitlilik, Penicillium roqueforti.

Introduction

Kuflu cheese is a popular variety of traditional
Turkish mold-ripened cheese produced in Konya and its
surrounding areas (23). The cheese is made largely from
skimmed or partially skimmed, raw sheep or goat milk
(16, 27). After the milk has been allowed to coagulate
using rennet, the liquid is drained using a fabric bag to
collect the curd. The curd is then cut into pieces, salted,
and packed tightly into Tulum bags made of goat skin to
ripen for ~3 months in caves or cellars at 6-12°C and 80—

90% relative humidity, which is the traditional method of
production in artisanal facilities (16, 27). In others, plastic
bags are used and the cheese is ripened in cold storage
rooms at 4°C (14, 27). After ripening, the cheese is cut into
5- to 6-cm blocks and left to ripen again in caves, cellars,
or rooms until blue-green mold growth can be seen (16,
29). The fungal growth on the cheese is spontaneous and
is composed natural flora (14, 16).

Blue cheeses of different varieties, such as
Roquefort, Gorgonzola, Stilton, Cabrales, and Danablue,
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are produced worldwide (5, 13). Penicillium roqueforti is
the principal filamentous fungal species associated with
blue cheeses and is an important component for the
formation of the cheese’s characteristic color, flavor, and
texture (20). This species is used either as a mold starter
or predominates spontaneously on the cheese while it
ripens in caves or cellars (5). Substantial morphological,
genotypic and functional diversity has been detected
among P. roqueforti isolates (7, 12). Strain-level
differences are not only important in the formation of the
typical characteristic product but also to develop starter
cultures for industrial cheese production.

The filamentous fungi associated with Kuflu cheese
was identified in a limited number of studies using only
morphological techniques (6, 16, 23). In addition, the
isolated fungi have not been investigated in terms of
genotypic diversity. In the present study, the fungi
associated with Kuflu cheese were identified using
molecular evidence. The morphological diversity of the P.
roqueforti isolates were analyzed using different media,
and their genetic diversity was assessed using (GTG)s
repetitive element polymerase chain reaction (rep-PCR).

Materials and Methods

Cheese samples: Twenty-six mold-ripened cheese
samples were obtained from different stores and bazaars
in Konya in September—October 2018. The cheeses were
kept refrigerated until analyses, which were conducted
within 1 week at most. This period did not cause fungal
viability loss in any cheese sample.

Sample preparation: A 10-g cheese sample was
homogenized in 90 mL 2% sodium citrate buffer (pH 7.5;
Sigma-Aldrich, St. Louis, MO, USA, S4641) using a
Stomacher (Bagmixer 400, Interscience, Saint Nom,
France) (2).

Isolation of fungi: Serial dilutions from the cheese
homogenate were prepared in 1/4 Ringer’s solution
(Merck KGaA, Darmstadt, Germany, 115525) and
inoculated on potato dextrose agar (PDA, Biolife, Milano,
Italy, L001929) (2, 15). After 4-5 d at 25°C,
morphologically different yeasts and molds that appeared
on the plate were streaked onto new PDA plates. This step
was repeated twice for purification. For long-term storage,
the fungi were stored in yeast extract peptone dextrose
broth (YPD; 10 g/L yeast extract [Sigma-Aldrich, Y1625],
20 g/L peptone [Merck, 107212], and 20 g/L dextrose
[Sigma-Aldrich, 16301]) containing 20% glycerol at -
80°C.

DNA extraction: For DNA isolation, the PureLink
Genomic DNA Mini Kit (Thermo Fisher Scientific, St.
Louis, MO, USA, K182002) was used with some
modifications. First, molds were grown in 20 mL YPD
broth at 25°C and 115-120 rpm until visible growth for 1—
2 d using the SI-300R Lab Companion shaker incubator

(Jeio Tech, Inc, Des Plaines, IL, USA). Approximately
200 mg filtered fungal mass was mixed with 200 mg glass
beads (0.1 mm in diameter; Next Advance, Troy, NY,
USA, GBO01) in 400 uL TEN buffer (40 mM Tris—HCI pH
8.0 [Sigma-Aldrich, T1503], 1 mM
ethylenediaminetetraacetic acid [EDTA, Sigma-Aldrich,
E4884], 150 mM NaCl [Isolab Laborgerite GmbH,
Eschau, Germany, 969.036]) (28). The mixture was then
homogenized using TissueLyser LT (Qiagen, Hilden,
Germany) with four successive operations of 2 min at 50
Hz and 2 min waiting on ice, after which 10 puL proteinase
K (20 mg/mL, Thermo Fisher Scientific, EO0491) and
100 uL 10% SDS (Merck, 817034) were added to the
homogenate, and the mixture was incubated at 55°C for
60 min using the MTH-100 Thermo Shaker Incubator
(Hangzhou-Miu Instruments Co. Ltd., Zhejiang, China)
(28). After incubating, 20 pL RNase A (10 mg/mL,
Thermo Fisher Scientific, EN0531) was added and the
mixture was incubated again at room temperature (22—
23°C) for 20 min (28). The tubes were then centrifuged at
15000 rpm for 10 min using the Microfuge 20R (Beckman
Coulter, Inc., Brea, CA, USA). The supernatant was
transferred into a clean microcentrifuge tube and the same
amounts of binding buffer from the kit and 96% ethanol
(Merck, 159010) were added. After the mixture was
transferred into the kit columns, the manufacturer’s
protocol was followed. The pure DNA was eluted with 70
pL elution buffer included with the kit. To isolate the
DNA from the yeasts, cultures were grown in 10-mL YPD
broth in glass tubes and incubated at 25°C for 1 d. After
centrifugation at 13000 rpm for 10 min, the cell pellet was
resuspended in 400 uL. TEN buffer and the same protocol
for filamentous fungi was followed.

The concentration and purity of the isolated DNA
were  evaluated using the BioSpec  Nano
spectrophotometer (Shimadzu, Kyoto, Japan).

Polymerase chain reaction and agarose gel
electrophoresis: To identify the fungi, universal fungal
primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") and
ITS4 (5-TCCTCCGCTTATTGATATGC-3") were used
(10). The PCR reaction was set up using the following
protocol: 1X buffer, 0.2 mM deoxynucleoside
triphosphates (AINTP) mix, 2.0 pL 10 mM forward primer,
2.0 uL 10 mM reverse primer, ~50 ng template DNA, 2.5
U Dream Taq DNA polymerase (Thermo Fisher
Scientific, EP0702), and water added to a volume of 50
pL. DNA was amplified using the T100 Thermal Cycler
(Bio-Rad Laboratories, Hercules, CA, USA) under the
following conditions: first denaturation of 1 min at 94°C,
34 cycles of denaturation (94°C for 30 s), annealing (52°C
for 30 s), extension (72°C for 1 min), and a final extension
of 10 min at 72°C.
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ITS PCR reactions were purified using the GenelJet
PCR purification kit (Thermo Fisher Scientific, K0701)
according to manufacturer’s instructions and were
subjected to Sanger sequencing.

The genetic diversity of the P. roqueforti isolates was
investigated using rep-PCR fingerprinting with (GTG)s
primer (5-GTGGTGGTGGTGGTG-3'). The PCR
protocol used was the same as that for ITS PCR except
that 4.0 pL single primer ([GTG]s (10 mM) was used. The
PCR conditions were as follows: first denaturation of at
95°C for 7 min, followed by 30 cycles of denaturation at
90°C for 30 s, annealing at 40°C for 1 min, extension at
65°C for 8 min, and a final extension at 65°C for 16 min
(17). Fingerprinting reactions were run on 0.8% agarose
gel at 35 V for ~5 h and visualized using the Gel Doc EZ
Imager (Bio-Rad Laboratories, Hercules, CA, USA).

Phylogenetic tree construction: The phylogenetic
tree of the ITS sequences of the P. roqueforti isolates was
constructed using the maximum likelihood method and the
Kimura 2-parameter model (18). Evolutionary analysis
was conducted using MEGA X with 1000 bootstraps
(https://www.megasoftware.net/) (18).

Morphology analysis of P. roqueforti isolates: The
morphological diversity of the P. roqueforti isolates was
investigated using PDA, yeast extract sucrose (YES) agar
(20 g/L yeast extract [Biolife, 4122202], 150 g/L sucrose
[Sigma-Aldrich, S0389], 0.5 g/L MgS04.7H,O [Sigma-

Aldrich, 63138], 1 mL/L trace element stock solution [5
g/l CuS04.5H;0, Sigma-Aldrich, C8027], 1 g/L
ZnS04.7H,0 [Sigma-Aldrich, Z0251], and 20 g/L agar
[Sigma-Aldrich, A1296]) and malt extract agar (MEA)
(30 g/L malt extract [Merck, 105391], 3 g/L peptone
[Merck, 107212], 15 g/L agar [Sigma-Aldrich, A1296]),
and oatmeal agar (OA, Sigma-Aldrich, 03506) (8, 32).
The isolates were assigned codes according to their colors
on PDA using a color chart as a reference (25).

Results

Fungal diversity of Konya mold-ripened Tulum
cheese: Fifty-four filamentous fungi and 8 yeasts were
isolated from 26 cheese samples. ITS sequencing resulted
in the identification of 53 of the filamentous fungal
isolates as P. roqueforti and 1 as C. cladosporioides with
a BLAST identity score of 100% (Table 1). In addition,
four of the yeasts were identified as P. membranifaciens,
two as C. zeylanoides, one as D. hansenii, and one as G.
candidum (Table 1).

A phylogenetic tree was constructed with the ITS
sequences of the reference type strains of Penicillium
species closely related to P. roqueforti, namely, P.
paneum, P. carneum, and P. psychrosexualis. All P.
roqueforti isolates were clustered together with the P.
roqueforti-type strain CBS 221.307 (Figure 1).

Table 1. Identification of fungi from Konya mold-ripened Tulum cheese.

Number of isolates Identified species GenBank number of the reference internal
transcribed spacer sequence

53 Penicillium roqueforti KM115117
1 Cladosporium cladosporioides AY213640
4 Pichia membranifaciens NR_ 111195
1 Debaryomyces hansenii NR_120016
2 Candida zeylanoides NR_131278
1 Geotrichum candidum MH443758

o P. roqueforti CBS 221.30"" Figure 1. Phylogenetic analysis of the Penicillium

roqueforti isolates. All isolates contained the same

100% KP1 sequence; therefore, only the KP1 sequence is shown

for simplification. The tree was constructed using the

" following reference sequences of closely related

100% T g q Yy

P. carneum CBS 112237 species: P. rogueforti CBS 22130NT (NR_103621), P.

carneum  CBS 1122977  (NR_111551), P.

P. psychrosexualis CBS 1281377 psychrosexualis CBS 1281377 (NR_111552), P.

paneum CBS 101032T (NR_103620), and P. paneum

—— P. paneum CBS 1010327 CBS 112296 (HQ442339). In the final dataset, there

were 465 positions, and the analysis involved 6

100% nucleotide sequences. The tree with the highest log

P. paneum CBS 112296 likelihood (-765.89) is shown. Percentages show the

ratio of trees in which the associated taxa were clustered

together. Branch lengths were measured using the

0.0020

number of substitutions per site.
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Figure 2. (GTG)s repetitive element polymerase chain
reaction (rep-PCR) profiles of selected Penicillium
roqueforti isolates. KP53 had a pattern different from that
of the rest of the P. roqueforti isolates, as representatives
KP25, KP34, KP42, and KP48 are given.

Notes: NTC = no template control in which water is used
instead of DNA.

Figure 3. Morphologies of the followmg three representative Penicillium roqueforti isolates: KP19 (A), KP14 (B) and KP52 (C) on
PDA, YES agar, MEA, and OA. Forward (F) and reverse (R) sides of the petri dishes are shown for all media except OA, which is

very thick and not suitable for back-side appearance.

Morphological diversity of P. roqueforti isolates:
The morphological features of the 53 P. roqueforti isolates
were examined using PDA, YES agar, MEA, and OA. The
isolates were mostly similar showing absinthe green on
PDA according to the color chart (25) (Figure 2). Two
isolates were different from the others—KP52 showed a
lighter color on all media (viridine green on PDA, (25)),
and KP14 had an irregular growing pattern with no
difference in color from the others. The results were
consistent for two different inoculations conducted at
different times (data not shown).

(GTG)s rep-PCR analysis of genetic diversity of P.
roqueforti isolates: (GTG)s rep-PCR conducted on 53 P.
roqueforti  isolates resulted in highly similar
electrophoretic patterns in all isolates except KP53. Figure
3 shows the electrophoretic pattern in isolate KP53 that is

different from that of the rest of isolates, for which four
representative patterns are shown. The different pattern of
KP53 was reproducible and confirmed by different PCRs
(data not shown).

Discussion and Conclusion

Few studies have investigated the mycobiota of
Konya Kuflu cheese. Demirer (6) has isolated filamentous
fungi from 10 Konya Kuflu cheese samples and identified
all as P. roqueforti using morphological techniques. Using
similar techniques, Ozkalp and Durak (23) have found
Penicillium (87.16%) to be the dominant mold microflora
in 140 Konya Kuflu cheese samples and that the dominant
species was P. rogqueforti (42.91%). Hayaloglu and Kirbag
(16) have isolated 158 molds from 30 Kuflu cheese
samples and identified their morphological characteristics
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and pigments; however, unlike the results of previous
studies, most of the isolated filamentous fungi were
observed to be P. commune (10.1%), followed by P.
verrrucosum (9.5%) and P. roqueforti (8.9%). In the
present study, we used ITS sequencing to identify the
fungi species, and 53 out of 54 isolates were determined
to be P. roqueforti (98.1%). Although this finding is more
consistent with that of Demirer (6), two later studies found
lower percentages of P. roqueforti (16, 23). Because
starter cultures are not used in the production of Kuflu
cheese, filamentous fungal profiles could be changing
over time, especially according to the mycobiota of the
cellars/caves in which the cheeses are ripened. The only
isolate we found other than P. roqueforti was C.
cladosporioides, which is a contaminant that can be found
in cheeses (16).

In some cheese samples, we observed heavy growths
of yeasts on PDA together with the filamentous fungi.
These yeasts were isolated and identified as P.
membranifaciens, C. zeylanoides, and D. hansenii in
addition to the filamentous yeast G. candidum. Although
yeasts of Konya Kuflu Tulum cheese had not been
identified, there are reports of yeasts of other Tulum
cheeses. In these studies, while D. hansenii was observed
to be the most common yeast (21, 22), C. zeylanoides and
G. candidum have also been reported (22, 33). Yeasts are
an important component of the microbiota in blue cheeses
and contribute to the production of their characteristic
aroma, making them candidates of adjunct cultures (1, 30).

In this study, P. roqueforti isolates were further
investigated using both morphological methods and
(GTG)s rep-PCR fingerprinting  analyses.  The
morphologies of the isolates on PDA, YES agar, MEA,
and OA were mostly similar in terms of the color and
texture among them, with the exception of two isolates—
one with a lighter color (KP52) and the other (KP14) with
an irregular growth pattern. Gillot et al. (11) have reported
a high morphological diversity of P. rogqueforti. In that
study, the researchers collected 120 blue-veined cheeses
from 18 different countries in addition to some non-cheese
substrates to create a P. roqueforti collection. High
morphological diversity was observed (nine morphotypes)
and the most distinctive colors were observed on PDA,
with color differences between light to dark greenish-gray
and a texture from velvety to fascicular. In the present
study, isolates were not as diverse as those in the Gillot et
al. (11) study, most likely because only one cheese type
was used.

The genetic diversity of P. roqueforti isolates has
been investigated in a number of studies. For example,
studies using random amplified polymorphic DNA PCR—
based fingerprinting using several primers revealed very
similar banding patterns among different P. roqueforti
isolates, which indicated high genetic similarity; however,

different strains can be differentiated (4, 9). Studies
conducted using developed microsatellite markers
allowed the different P. roqueforti populations throughout
the world to produce and identify different types of blue
cheeses (11, 26). The most recent study (7) analyzed the
genomes of P. roqueforti isolates from different origins
and found four genetically differentiated populations—
Roquefort cheese isolates, non-Roquefort blue cheese
isolates, silage and food spoiler group, and wood-
associated isolates with other food spoilers.

In the present study, we used repetitive sequence-
based PCR to analyze genetic diversity, which is also very
useful for bacteria as well as fungal fingerprinting (24,
31). This technique has never been used on P. roqueforti.
Similar to the results of previous RAPD-based studies, we
observed very similar electrophoresis band patterns
among the P. roqueforti isolates with the exception of one
(KP53), which clearly showed a reproducible different
pattern. The similarity of 52 out of the 53 isolates might
indicate the presence of a specific strain that inhabits the
cellars/rooms/caves used for Kuflu cheese ripening and
that passes through the cheeses to create a nearly uniform
population; however, there might be different genotypes
that we were not able to identify using (GTG)s. The
morphologically different isolates (KP52 and KP14) had
the commonly observed (GTG)s pattern among the
isolates; therefore, they could not be genotypically
differentiated. Additional studies using different primers
or more sophisticated techniques, such as whole-genome
comparisons, might provide further information on
genetic diversity.

In conclusion, in the present study, 53 of 54
filamentous fungal isolates of Konya Kuflu Tulum cheese
were identified as P. roqueforti. In addition, 8 yeast
isolates were identified as P. membranifaciens, C.
zeylanoides, D. hansenii, and G. candidum. With the
exception of two isolates, all P. roqueforti isolates had
similar morphologies. In addition, (GTG)s fingerprinting
of P. roqueforti isolates revealed a nearly identical pattern
for all except one isolate. In future studies, a comparison
among Konya Kuflu cheese isolates and other isolates of
Turkish mold-ripened cheeses, such as Erzurum Kuflu
Civil, Kars Kuflu Civil, and Divle cave cheese, and among
blue cheese starter strains used throughout the world
would help to understand the factors that make these
different types of blue cheeses unique.
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Abstract: In this study, it was aimed to obtain 3-dimensional (3D) digital and printed models of healthy forelimb joints using
micro-computed tomography (nCT) technique in New Zealand Rabbit, which is frequently preferred in experimental orthopedic
studies. Moreover, it was aimed to provide morphometric measurements on the shoulder and elbow joints over 3D digital models. A
total of 14 adults (7 female, 7 male) New Zealand Rabbits were used in the study. After imaging the forelimbs with the uCT device,
3D digital and printed models were obtained. Biometric measurements of shoulder and elbow joints were performed over 3D digital
models and the data obtained from female and male rabbits were evaluated statistically. The anatomical structure on the 3D joint models
was very detailed due to the low section thickness and high detector quality. 3D printed models produced as a result of the 3D printing
process were quite durable, odorless, and clean. No anatomical differences were observed between 3D printed models and 3D digital
models. In this study, it is thought that the anatomical and morphometric data obtained from laboratory rabbits will contribute to
scientists take part both in experimental orthopedic intervention and clinical anatomy education.

Keywords: Forelimb joints, laboratory rabbit, micro-computed tomography, morphometry, three-dimensional reconstruction.

Yeni Zelanda Tavsanr’inda 6n bacak eklemlerinin ii¢ boyutlu kemik modellenmesi: Mikro Bilgisayarh
Tomografi calismasi

Ozet: Bu calismada, deneysel ortopedik ¢alismalarda siklikla tercih edilen Yeni Zelanda Tavsani’nda saglikli 6n bacak
eklemlerinin mikro bilgisayarli tomografi (uBT) teknigi ile elde edilen goriintiilerinden 3B dijital modellerinin olusturulmasi, modeller
tizerinde omuz ile dirsek eklemlerine ait morfometrik dlgiimlerin saglanmas: ve bu modellerden 3B yazicilar kullanilarak 3B baski
modellerinin iiretilmesi amaglanmistir. Calismada toplamda 14 adet (7 disi, 7 erkek) eriskin Yeni Zelanda Tavsani kullanildi. On
bacaklar1 uBT cihazi ile goriintiilenip gorlintiilerden 3B dijital ve baski modelleri elde edildi. 3B dijital modeller {izerinden omuz ile
dirsek eklemlerine ait biyometrik Ol¢iimleri gergeklestirildi. Disi ve erkek tavsanlara ait elde edilen veriler istatistiki agidan
degerlendirildi. Kesit kalinliginin diisiik ve dedektor kalitesinin yiiksek olmasi sebebiyle 3B eklem modellerindeki anatomik yapi
oldukea detayliydi. Ug boyutlu baskilama islemi sonucunda iiretilen 3B baski modelleri son derece dayanikli, kokusuz ve temizdi. 3B
baski modelleri ile 3B dijital modeller arasinda herhangi bir anatomik farklilik gézlenmedi. Bu ¢alismada laboratuvar tavsanlarina ait
elde edilen anatomik ve morfometrik verilerin hem deneysel amacli ortopedik girisimlerde bulunan hem de klinik anatomi egitimlerinde
rol alan bilim insanlarina katki saglayacag: diisiiniilmektedir.

Anahtar sozciikler: Laboratuvar tavsani, mikro bilgisayarli tomografi, morfometri, én bacak eklemleri, {i¢ boyutlu
rekonstriiksiyon.

Introduction
The New Zealand Rabbit (Oryctolagus cuniculus L.)
is a species frequently preferred by scientists because it is
used in many experimental studies. In terms of its
anatomical features, it stands out as an animal model to be
used in experimental orthopedic studies for joint areas in
human medicine (17, 21). Digital x-ray (DR), computed

tomography (CT), magnetic resonance imaging (MRI),
and micro-computed tomography (LCT) methods, which
are diagnostic imaging techniques, are frequently used in
the diagnosis and treatment of joint diseases. In addition,
these methods used for diagnosis and treatment of diseases
have an effective role in imaging healthy macro-
anatomical structures. Today, these methods, which are
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used very much in terms of both treatment and clinical
anatomy education in human medicine, are also very
useful in different areas of veterinary medicine (14).

In the late 1980s, Feldkamp and his colleagues were
introduced pCT which is a unique imaging technique for
the evaluation of bone morphology and microstructures in
mice and other small animal models (3, 10). Today, uCT
devices provide images with superior resolution. Since
optical images provide real magnification in uCT, even
the smallest details of bone tissue can be clearly identified
(12).

A series of 2-dimensional (2D) cross-sectional
images are produced showing the anatomical relationship
of the important structures of the body with medical
imaging methods. 2D images are digitally stored in the
international standard DICOM (Digital Imaging and
Communications in Medicine) file format. This file format
contains the necessary data about 3D reconstructed and
sectional images. 3D models of the anatomical region are
produced using software programs specially developed for
DICOM files. With various software, the anatomical
structure of the examined area can be clearly displayed,
measured, highlighted, or partitioned separately at the
same time (7, 23). In addition, 3D reconstructed images
are used as a guide about the anatomy of the relevant
region for surgical planning (5, 13, 20). Traditionally,
measurements on post-mortem anatomical samples have
been the only method available to access linear, angular,
and volumetric biometric data. Standard radiographic
images are often used for linear biometric measurements.
However, measurements on 2D radiographic images
provide very limited information to researchers. Recently,
accuracy and reliability of the measurements taken from
3D reconstructed models have become a curiosity for
researchers. In the previous studies, 3D linear and angular
anatomical measurements have been compared with
measurements using digital calipers and goniometers (9).
When the obtained data have been evaluated, it has been
stated that the accuracy and reliability of 3D anatomical
measurements are quite high (2, 8, 13, 19, 28). It is known
that 3D anatomical measurements can be used safely on
skeletal structures, especially in the articular regions (9).
3D printing models of desired anatomical structure can be
produced by using 3D digital models. 3D printing
technology is very beneficial in areas such as tissue and
organ construction, creation of customized prostheses,
implants, and anatomical models (29). In addition, 3D
models are very valuable educational materials for
students, especially in radiology and anatomy education.
3D printing allows simpler visualization of complex
anatomical structures (27). It has been stated that the cost
of 3D printed anatomical specimens is quite convenient
compared to the cost of cadaver traditionally used in
educations. Using 3D samples instead of cadavers, which

are difficult to obtain, provides a serious convenience in
anatomy education (1, 6, 18, 28).

In this study, it was aimed to produce 3D digital and
printing models from pCT images of healthy forelimb
joints in laboratory rabbits and to evaluate the joints
anatomically. Furthermore, we aimed to perform 3D
morphometric measurements of the shoulder and elbow
joints in female and male rabbits and to evaluate the
obtained data statistically.

Materials and Methods

A total of 14 adults (7 females and 7 males) New
Zealand Rabbits (Oryctolagus cuniculus L.) were used in
the study. All procedures on animals were carried out in
line with the approval of the ethics committee from the
Ankara University Animal Experiments Local Ethics
Committee (Approval number: 2017-5-32). The forelimbs
of euthanized rabbits were removed from the body by
appropriate dissection method. The imaging of the
forelimbs was performed with the uCT device (Super
Argus PET / CT, Sedecal, Spain). The forelimbs were
placed and fixed on the bed in the medio-lateral position
in accordance with their anatomical postures. The
scanning process was performed from the middle level of
the scapula to the distal ending of the distal phalanx with
a thickness of 0.12 mm. In the imaging process, 40 kV and
140 pA values were used at standard resolution. The
obtained DICOM files were transferred to the 3D Slicer
software (3D Slicer, 4.9.0 version, GitHub, San Francisco)
and the images in transversal, frontal and sagittal planes
were evaluated on the personal computer. 3D digital
images of bone tissue were obtained by performing
volume rendering and segmentation on the bone tissue
window. Anatomical measurements of the shoulder and
elbow joints were carried out over 3D reconstructed
models in accordance with the relevant literatures (24, 25,
31). The measurement process for each point was
performed 3 times at different times and the final value
was determined as the average of the whole measurement
value. 3D printed models of forelimb joints were produced
using a 3D printer (Anycubic i3 Mega FDM-printer). In
the 3D printing process, 3D digital joint models of bone
tissue were uploaded to the computer in the 'STL' file
format. Then, the printing process was started by
uploading files in the “STL” format to the 3D printer. This
process was basically carried out using the Polylactic Acid
(PLA) polymer in X, y, z coordinates. The use of
anatomical terminology is based on Nomina Anatomica
Veterinaria (22).

Descriptive statistics were calculated and presented
as “Mean + Standard Error of Mean (SEM)”. Before
performing the statistical analysis, data was examined
with Shapiro Wilk test for normality as parametric test
assumptions. Data was analyzed using the GLM for
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Repeated Measures procedure of SPSS 14.01 (SPSS Inc.,
Chicago, IL, USA, License No: 9869264). The model
included the gender as between subject factor and the side
(left and right) as within subject factor, and the 2-way
interaction term. Post hoc testing was carried out for the
significant interaction term using simple effect analysis. A
probability value of less than 0.05 was considered
significant, unless otherwise noted.

Results
The anatomical structures on the 3D digital models
obtained from the pCT images were quite detailed. On the
3D models of the shoulder joint, the joint cavity was quite
evident, and the joint gap between cavitas glenoidalis and
caput humeri was clearly observed. Tuberculum
supraglenoidale and tuberculum infraglenoidale were

prominent above the cranial and caudal edges of the
cavitas glenoidalis, respectively. Caput humeri observed
convexly on the proximal of the humerus was limited by
the tuberculum minus and tuberculum majus in the
craniomedial and craniolateral, respectively (Figure 1).
On the 3D models of the elbow joint, the trochlea humeri
was articulated with fovea capitis radii and olecranon in
distal and caudal, respectively. Epicondylus medialis and
epicondylus lateralis were in the form of a protrusion on
the medial and lateral edges of the trochlea humeri. It was
determined that incisura trochlearis supports trochlea
humeri from the caudal edge and the two anatomical
formations were quite compatible with each other (Figure
2). All bone structures of all joints were determined in
detail on the 3D model of regio manus. Even small bone
structures such as carpal bones were easily identified on the

Figure 1. Lateral (A) and medial (B) view of the 3D digital model of the left shoulder joint. 1: Caput humeri; 2: Cavitas glenoidalis;
3: Tuberculum majus; 4: Tuberculum minus; 5: Tuberculum infraglenoidale; 6: Processus coracoideus; 7: Tuberculum supraglenoidale.

Figure 2. Lateral (A), medial (B) and cranial (C) view of the 3D digital model of the left elbow joint. 1: Fovea capitis radii; 2: Capitulum
humeri; 3: Epicondylus lateralis; 4: Tuber olecrani; 5: Olecranon; 6: Corpus ulnae; 7: Incisura trochlearis; 8: Epicondylus medialis; 9:

Trochlea humeri; 10: Fossa coronoidea.
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3D models (Figure 3). Articulatio radioulnaris distalis was
formed by the medial surface of the processus styloideus
lateralis and incisura ulnaris. While the distal of the radius,
os carpi radiale and os carpi intermedium were added to
the form of the articulatio radiocarpeae, the distal of the
ulna, os carpi ulnare, and os carpi accessorium were added
to the form of the articulatio ulnocarpeae. In the distal, os
carpi radiale, os carpi intermedium, and os carpi ulnare
were jointed with os carpale I and os carpale II, os carpale
IIT and os carpale IV, os carpale IV, respectively. When
the joints of the carpal bones located in the distal row with
the bones in the distal were examined, the bones involved
in the structures of the joints were: os carpale I with os
metacarpale I and os metacarpale II; os carpale II with os
metacarpale II; os carpale III with os carpi centrale and os
metacarpale II; os carpi centrale with os metacarpale I1I;
os carpale IV with os metacarpale III, os metacarpale IV
and os metacarpale V. On the palmar face of the articulatio
metacarpophalangea, there was a pair of proximal
sesamoid bones, one axial and the other abaxial. Likewise,
there was a distal sesamoid bone on the palmar face of the
articulatio interphalangea distalis (Figure 3).
Morphometric bone measurements of shoulder and
elbow joints were provided over 3D models. Measurement
points were indicated in Figure 4. The values of the
measurement results were given in Table 1. There was no
statistically difference between the right and left values of
the female and male animals in the following
measurements; the proximal width of the humerus (HPW),
the lateral width of the proximal radius (PRLW), the
medial width of the proximal radius (PRMW), the distal
width of the humerus (HDW), the width of the processus
coronoideus (PCW), the smallest depth of the olecranon
(OSD), the depth of the processus anconeus (PAD). At the

Figure 3. Dorsal (A) and palmar (B) view of the 3D
digital model of the left regio manus. 1: Radius; 2:
Ulna; 3: Os carpi radiale; 4: Os carpi intermedium;
5: Os carpi ulnare; 6: Os carpi accessorium; 7: Os
carpale IV; 8: Os carpi centrale; 9: Os carpale I1I;
10: Os carpale II; 11: Os carpale I; 12: Os
metacarpale I; 13: Os metacarpale II; 14: Os
metacarpale III; 15: Os metacarpale IV; 16: Os
metacarpale V; 17: Phalanx proximalis digiti [; 18:
Phalanx proximalis digiti II; 19: Phalanx proximalis
digiti III; 20: Phalanx proximalis digiti IV; 21:
Phalanx proximalis digiti V; 22: Phalanx media
digiti II; 23: Phalanx media digiti III; 24: Phalanx
media digiti IV; 25: Phalanx media digiti V; 26:
Phalanx distalis digiti I; 27: Phalanx distalis digiti
IT; 28: Phalanx distalis digiti III; 29: Phalanx
distalis digiti IV; 30: Phalanx distalis digiti V; 31-
32: Os sesamoideum proximale; 33: Os
sesamoideum distale.

same time, the difference between the genders for the right
and left values was statistically insignificant (P>0.05). For
the width of cavitas glenoidalis (CGW), the difference
between the right and left values of female and male
rabbits was statistically insignificant (P>0.05). However,
it was determined that the right and left values were higher
in male rabbits than in females, and this difference was
statistically significant (P<0.05). For the depth of tuber
olecrani (TOD), the left measurement values of females
and males were higher than the right measurement values.
The difference between values was found statistically
important (P<0.05). When the right and left measurement
values were compared between the genders, it was
determined that the values were quite close to each other.
In the measurements of the width of epicondylus lateralis
(ELW), the difference between the right and left values of
the female and male was statistically insignificant
(P>0.05). In addition, the fact that the left measurement
value of males was higher than the females was
statistically significant (P<0.05). For the width of the
proximal radius (RPW), the difference between the right
and left values of females and males was statistically
unimportant (P>0.05). However, it was determined that
right and left values were higher in male rabbits than in
females, and this difference was statistically significant
(P<0.05). For the width of epicondylus medialis (EMW),
the difference between the right and left values in females
and males was found statistically important (P<0.05). The
right values for both genders were higher than the left
values. However, when the right and left measurement
values were compared between genders, the difference
between the values was found statistically insignificant
(P>0.05).

Articulationes
- metacarpophalangeae

Articulationes
Interphalangeae
proximales

Articulationes
interphalangeze
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Table 1. Statistical data of 3D morphometric measurement values.
Measurement Gender P
Right (mm) Left (mm) Gender Side (S) G*S
(&)

HPW F 13.90 £ 0.130 13.85+0.081 0.591 0.503 0.902
M 13.97 £0.130 13.93 +£0.081

CGW F 9.13+0.1618 8.87 £ 0.1865 0.045 0.598 0.280
M 9.39+0.161* 9.48 +0.186*

TOD F 8.33 £0.0342 8.54 +£0.082° 0.966 0.036 0.304
M 8.39 +£0.0342 8.47 £ 0.082°

ELW F 7.29+0.1168 7.09 +£0.1048 0.061 0.459 0.039
M 7.43 £0.116* 7.53 £0.104*

PRLW F 4.86+0.158 5.02+0.162 0.779 0.957 0.250
M 4,96 +0.158 4.79+0.162

HDW F 10.65+0.116 10.57 £0.107 0.256 0.143 0.732
M 10.85+0.116 10.71 £ 0.107

RPW F 7.58 +£0.0928 7.39 £0.0798 0.005 0.161 0.445
M 7.81 £0.0924 7.75 £ 0.0794

EMW F 7.27+£0.1012 7.11 £0.078° 0.099 0.016 0.254
M 7.44 +£0.1012 7.38 £0.078°

PRMW F 4.49 +0.143 442+0.111 0.638 0.204 0.550
M 4.62 +0.143 443+0.111

PCW F 6.54 £ 0.064 6.50 = 0.086 0.204 0.574 0.933
M 6.65 £ 0.064 6.62 = 0.086

OSsDh F 7.90 £ 0.081 7.98 £0.058 0.453 0.299 0.993
M 7.95+0.081 8.03 £0.058

PAD F 8.57 £0.048 8.61 +0.044 0.904 0.674 0.102
M 8.63 +0.048 8.57 £0.044

ab: Different letters on the same line indicate statistically significant difference (P<0.05); ~B: Different letters on the same column
indicate a statistically significant difference (P<0.05). F: Female; M: Male. HPW: Proximal width of the humerus; CGW: Width of the
cavitas glenoidalis; TOD: Depth of the tuber olecrani; ELW: Width of the epicondylus lateralis; PRLW: Lateral width of the proximal
radius; HDW: Distal width of the humerus; RPW: Width of the proximal radius; EMW: Width of the epicondylus medialis; PRMW:
Medial width of the proximal radius; PCW: Width of the processus coronoideus; OSD: The smallest depth of the olecranon; PAD:

Depth of the processus anconeus.

Figure 4. Morphometric measurement
points taken over 3D models. A:
Proximal width of the humerus (HPW);
B: Width of the cavitas glenoidalis
(CGW); C: Depth of the tuber olecrani
(TOD); D: Width of the epicondylus
lateralis (ELW); E: Lateral width of the
proximal radius (PRLW); F: Distal
width of the humerus (HDW); G: Width
of the proximal radius (RPW); H:
Width of the epicondylus medialis
(EMW); 1. Medial width of the
proximal radius (PRMW); J: Width of
the processus coronoideus (PCW); K:
The smallest depth of the olecranon
(OSD); L: Depth of the processus
anconeus (PAD).
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Figure 5. Lateral (A) and medial (B) view of the 3D printed model of the left shoulder and elbow joints.

Figure 6. Dorsal (A) and palmar (B) view of the 3D printed model of the left regio manus.

As a result of the 3D printing process, durable,
odorless, clean, and realistic 3D printing models were
produced. No anatomical differences were observed
between the 3D printing models produced and the 3D
digital models in the 'STL' file format that were loaded on
the 3D printer before the printing process. Since the
printing materials were quite small, the supporting texture
was used in the printing process. Therefore, it was
necessary to clean the support tissue consisting of
thermoplastic polymer around the samples produced after
printing. It was determined that the structures belonging to
the bone tissue on the joint areas on the printed models
retain their anatomical features. It was observed that the
bone structures boundaries of all joint regions, especially

the small carpal bones, were easily distinguishable from
each other (Figures 5 and 6).

Discussion and Conclusion

It is possible to design 3D digital anatomical models
from 2D cross-sectional images using various commercial
software programs. The production mechanisms of 3D
models from 2D images have been explained by using
different software programs (4). With the 3D Slicer
software program used in this study, reformat images were
created in sagittal and frontal planes using DICOM files
containing  transversal pCT  sectional
Segmentation of bone tissue was performed from the
sectional images. As a result of the segmentation process,

images.
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3D digital models were successfully visualized. In
addition, the fact that the 3D Slicer program could be
accessed free of charge from the internet environment has
significantly reduced the cost of this research.

3D printing technology has many benefits in
anatomy education. Among the reasons of the increase in
the interest of scientists researching in the medical field to
this technology are the difficulties of finding cadavers and
the formaldehyde used for fixation and storage of tissues
is very harmful to human health (11, 16). In this study, it
is thought that the production of bone models with 3D
printing technology will reduce the use of cadaver, which
is constantly required in the preparation of organic bone
samples. It has been stated that 3D printing models can be
used safely by both educators and students, and with the
help of printing models, quite complex anatomical
structures can be visualized simply (16, 26). In this study,
3D printed bone models were produced from pCT images
of joint regions. Especially the anatomical structures and
neighbourhoods of very small carpal bones in articulatio
carpi were easily determined on models. Li et al. (16) have
produced 3D printing models of some cattle bones in their
study. They have evaluated the effectiveness of these
printed models in anatomy education with the survey on
students. The vast majority of the students who
participated in the survey stated that the anatomical
structures in 3D printing models were not different from
those of organic bone samples, and the models were
odorless, light, and durable. 3D printing models obtained
in this study were also found to be very light, odorless,
durable, and clean. When 3D printing and digital models
were compared, there was no anatomical difference
between them.

It is known that 3D morphometric studies of the
rabbit’s forelimb skeleton structures belong only to
antebrachium (24). 3D digital models of antebrachium
have been carried out over CT images. In addition,
Pazvant and Kahvecioglu (25) have performed the
measurements over the forelimb long bones of rabbits
with the traditionally used digital caliper method.
However, in the literature search, no detailed
morphometric study on the shoulder and elbow joints of
rabbits was found. In our research, the uCT technique was
used to produce more detailed 3D anatomical models and
to perform detailed biometric measurements over the 3D
models. The bone tissue on the images was segmented
sectionally by using the "paint" and "level tracing"
commands using the 3D Slicer software program. After
the segmentation process, the 3D models obtained were
rotated in the desired way and the measurements of
shoulder and elbow joints were easily performed.

Pazvant and Kahvecioglu (25) have investigated the
homotypic variations of the forelimb and hindlimb long
bones of rabbits in their study. They have provided

morphometric measurements with the help of digital
calipers over the real bone samples they obtained as a
result of the maceration process. In the measurements of
the proximal width of the humerus, the right and left mean
values of females have been determined as 13.87 mm and
13.82 mm, respectively. For the measurements of male
rabbits, the right and left values have been calculated as
13.67 mm and 13.66 mm, respectively. In the
measurements of the distal width of the humerus, the right
mean values of the females and males have been specified
as 10.67 mm and 10.75 mm, and the left mean values have
been determined as 10.88 mm and 11.32 mm, respectively.
In our study, it was determined that the 3D morphometric
measurement data obtained from the proximal and distal
width of the humerus were parallel to the data in the
literature, and there was no statistically difference
between the genders and the right and left data (Table 1).
In the literature, it has been stated that there is no statistical
difference between the genders and the right and left
values in the genders for the proximal width of the radius.
In our study, the difference between the right and left
values of females and males was statistically insignificant.
However, it was determined that the right and left values
were higher in male rabbits than in females, and this
difference was statistically significant (Table 1).
Moreover, all measurement values for this region were
found to be higher than in the literature. This
differentiation is thought to be due to the difference in
body mass. Morphometric values of the depth of
olecranon in the related literature were similar to the
values obtained in our research. Unlike the literature, the
left measurement values of the male and female obtained
in our study were higher than the right measurement
values. The difference between data was statistically
significant (Table 1).

Ozkadif et al. (24) have produced 3D models of
multidetector-CT images of antebrachium in rabbits and
provided morphometric measurements on models. They
have compared the measured values statistically between
female and male animals. The difference between the right
and left values of females and males has been found
statistically insignificant in the measurements of the
proximal width of the radius. However, the right and left
measurement values of male rabbits have been higher than
that of females, and this difference has been found
statistically significant. In our study, 3D models with high
resolution and anatomically more detailed were produced
from pCT images. All the measured values of proximal
width of the radius were found higher than the values
specified in the literature. This differentiation is thought to
be due to the fact that the bone margins are more clear in
the anatomical models we have obtained and therefore
there is a difference in measurement points. In parallel
with the literature, it was determined that the right and left
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values were higher in male rabbits than in females, and
this difference was statistically significant (Table 1).

In this study, it has been determined that 3D digital
anatomical models can be easily produced using special
software programs, and 3D printing models can be
designed simply by using 3D printers. It has been thought
that 3D technology can be used in areas such as veterinary
anatomy, veterinary surgery, and radiology. It has been
anticipated that the use of 3D digital and printing models
in anatomy education will considerably reduce the use of
cadavers and harmful chemicals such as formaldehyde. It
has been understood that morphometric measurements
made on organic bone samples can be also easily
performed on 3D models.

In conclusion, it is thought that the data obtained in
this study will benefit the fields of veterinary anatomy,
surgery, and radiology. It is also anticipated that this study
will bring a modern approach to the field of veterinary
anatomy and will be an useful resource for scientists who
will research on the forelimb joints of laboratory rabbits.
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Abstract: The present study evaluated the effects of housing systems (free-range, semi-intensive, and intensive) on the
behaviour of chickens over 10 weeks period (7-16 weeks of age. A total of 360 birds were selected and subjected to different housing
systems. A Randomized Complete Block Design (RCBD) considered the following: 3 genotypes (RNN, BNN, and NN) x 2 sexes (30
cockerels and 30 pullets = 60 / genotype) x 3 housing systems (free-range, semi-intensive, and intensive) = 18 experimental units with
20 birds per unit = 360 birds. Regarding behavioural response, male birds under the intensive system were more aggressive and showed
more sitting and standing behaviour followed by semi-intensive and free-range systems. Jumping, running, walking and wing flapping
behaviours were higher in semi-intensive birds followed by free-range and intensive systems. Regarding females, RNN and BNN
chicken revealed higher running behaviour than NN. In terms of housing systems, birds reared in the intensive system were more
aggressive and showed an increased frequency of sitting and standing behaviours followed by semi-intensive and free-range systems.
Birds under the free-range system spent most of their time in feeding and wing flapping followed by semi-intensive and intensive
housing systems. Jumping, running, and walking was more pronounced in the semi-intensive system followed by a free-range and
intensive system. It was concluded that RNN and BNN chickens expressed more natural behaviours under semi-intensive and free-
range systems than NN chickens; hence, crossbred chickens could be reared under such types of environments to achieve their
maximum genetic potential.

Keywords: Behavioural response, chicken, crossbred, housing system, purebred.

Introduction

In developing countries, the popularity of backyard
type chicken meat is increasing day by day reason behind
its unique flavour and texture which is regarded as a
greater delicacy than commercial lines. The local market
for indigenous chicken has increased substantially, which
stimulated its export potential. Therefore, changing the
housing system of these chickens from an extensive
backyard to a semi-intensive or intensive system could
increase the income for small scale rural poultry farmers
(1, 8). In Pakistan, there are three indigenous breeds viz.,
Desi (non-descript), Naked Neck, and Aseel. Among
these, Naked Neck has greater production potential as the
other two breeds are very late maturing, slower growing,

and produce fewer and lighter eggs. The Naked Neck has
the potential to be developed as a dual-purpose breed and
kept by farmers for both egg and meat production due to
its better survivability in adverse rural conditions. The
Naked Neck gene is also known to have the potential to
alleviate heat stress in birds (19). Rhode Island Red is
originally bred in Adamsville (Rhode Island) and is an
American chicken breed popular for its better meat and
egg production. The black-breasted red Malay cock was
considered as one of the foundation sires of this breed and
officially displayed at Smithsonian Institution as the father
of Rhode Island Red (1). Black Australorp is a highly
successful commerecial line, originating from Australia via
selective breeding with Black Orpington (1, 2). Itis a dual-
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purpose breed having dark textured meat and is a good
producer of brown eggs (23). This breed holds a unique
record of producing 364 eggs in 365 days (95).
Crossbreeding is a useful technique to exploit genetic
variation and is generally termed as the mating of two
individuals having different genetic makeup (21).
Crossbreeding increases heterozygosity in the population
(15), with the main objective being to produce offspring
that has desirable qualities of both parent lineages (18).
Crossbreeding is generally helpful not only as it creates
combinations of desirable characters, but is also produces
heterosis or hybrid vigour. It is also responsible for rapid
change in population with the introduction of new breeds
(13).

Behaviour is an overt expression of what’s going on
internally, inside the bird, or as a result of external
circumstances. It is a reaction to environmental changes
that largely depends upon both genetic and non-genetic
factors. Consequently, a better understanding of
environmental influence could be helpful for indemnification
and quantification of welfare. Environment and housing
conditions are generally considered as important factors
that directly influence chicken behaviour. Therefore,
environmental enrichment may influence a bird’s
behaviour and provide a large number of behavioural
opportunities. Chicken behaviour depends on the housing
environment (6).

The free-range system is generally considered as
effective from the bird’s welfare point of view because it
allows the bird to perform and exhibit natural behaviours
and provide additional space for exercise. A free-range
system results in more favourable meat quality traits
especially chemical composition although this system has
some demerits, such as exposure to pathogens and adverse
weather conditions (7). Farmers might avoid this system
for several reasons that include lack of appropriate shelter,
weight reduction of young birds being outside.
Furthermore, the free-range system is associated with a
reduction in weight gain and poor feed conversion
efficiency in meat-type birds (3).

The housing system may influence the health-
promoting activities of birds which ultimately affects the
properties of meat and eggs but the significance of
genotype should not be undervalued when selecting birds
for any housing environment. Backyard chicken
genotypes perform substantially better in the free-range
system; however, a better understanding of how different
housing systems can influence the behaviour of different
genotypes is still required. Therefore, the objective of this
study was to investigate the behavioural response of three
chicken genotypes under free-range, semi-intensive, and
intensive housing systems. We hypothesized that different
chicken genotypes behave differently in alternative
housing environments.

Materials and Methods

This study was conducted at the Department of
Poultry Production, the University of Veterinary and
Animal Sciences, Ravi Campus, Pattoki, Pakistan. This
city experiences a normally hot and humid tropical climate
with temperatures ranging from 13 °C in winter and + 45
°C in summer.

Ethics: The care and use of birds were by the laws
and regulations of Pakistan and was approved by the
Committee of Ethical Handling of Experimental Birds
(No. DR/124), the University of Veterinary and Animal
Sciences (UVAS), Lahore, Pakistan.

Population Size: A baseline population of pure
Naked Neck (NN), Rhode Island Red (RIR), and Black
Australorp (BAL) already maintained at Indigenous
Chicken Genetic Resource Centre (ICGRC), UVAS,
Pakistan comprising 450 birds (90 male + 360 female),
150 from each breed (30 males + 120 females). RIR and
BAL males were crossed with NN females and their
progeny were selected for this experimentation termed as
crossbreds. Besides, NN males are also crossed with NN
females and their progeny were selected for this
experimentation and named as purebred. A total of 480,
day-old chicks comprising 160 from each genotype (RIR
x NN = RNN, BAL x NN = BNN, and NN x NN = NN)
were brooded at a well ventilated open-sided house with
standard managemental conditions till 6th weeks of life.
Birds were provided by ration formulated according to the
recommendation of Leeson and Summers (10), and daily
bird’s allowance was increasing as per requirement. In the
brooding period, birds were vaccinated against Newcastle
Disease and Infectious Bronchitis according to the
schedule of the local area. After 6 weeks, when birds were
acclimatized to the environment experimentation was
started and lasted 10 weeks.

During the growing phase (7-16 weeks), 360 birds
were selected and subjected to different housing systems.
A Randomized Complete Block Design (RCBD)
considered the following: 3 genotypes (RNN, BNN, and
NN) x 2 sexes (30 cockerels and 30 pullets = 60 /
genotype) X 3 housing systems (free-range, semi-
intensive, and intensive) = 18 experimental units with 20
birds per unit = 360 birds.

Free-range, semi-intensive and intensive system:
All the experimental birds were maintained in an open-
sided shed (6.Im L x 6.1m W x 3.66m H) oriented east to
west. Birds were reared on the floor having a bedding
material of rice husk at stocking density (0.19m? per bird).
Freshwater was provided through a manual drinker. A
patch of fertile land measuring (10m L x 2.99m W;
stocking density = 0.23m?/ bird) located in front of the
shed was used as a range area. Seasonal leguminous and
non-leguminous plants were grown in the range area. In
the ranging area, two rows were made by using fishing
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nets (one for free-range and the other for semi-intensive).
Fresh ad libitum water was ensured through manual
drinkers (Henan Lima Machinery Co., Ltd., China). For
the protection of the birds, a 2.44 m high wire-mesh
enclosure was installed which surrounded the range area.
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Table 1. Nutrient composition of experimental ration for
different phases.

In free-range and semi-intensive systems, birds were Nutrients Starter Grower
given access to vegetation from 06:00 AM to 06:00 PM (0-6 weeks) (7-16 weeks)
and 06:00 AM to 12:00 PM, respectively (Figure 1, 2). CP (%) 16 14
The free-range group was offered with a 50% grower ME (Kcal/Kg) 2900 2850
ration in the evening. Ca (%) 0.90 0.87
In an intensive housing system, birds were Av. P (%) 0.40 0.38
maintained in the battery cage system (FACCO, Poultry Lysine (%) 0.80 0.70
Equipment-C3) situated in a well-ventilated poultry shed Methionine (%) 0.33 0.30
and were fed commercial grower ration as per the Na (%) 0.19 0.19
recommendation of Leeson and Summers (10). The daily
allowance was increased corresponding to their growth
and requirement (Table 1, 2, and 3).
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Figure 1. Trend of weekly temperature during experimentation.
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Figure 2. Trend of weekly relative humidity during experimentation.
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Table 2. Weekly feed allowance (g/bird) in the growing phase
(7-16 weeks).

Housing System
Age (Week) Range . Semi- Intensive
intensive
P 0 12 24
g 0 14 28
9 0 15 30
10 0 15 30
1 0 17 3
12 0 18 36
13 0 19 38
14 0 19 3%
15 0 20 40
16 0 21 42

Table 3. Composition of Experimental Rations (Starter and
Grower).

Feed Ingredient Starter Grower
(%) (0-6 weeks) (7-16 weeks)
Corn 60.63 62.55
Soybean Meal 33.34 32.33
Fish Meal 2.00 0.00
Soybean Oil 2.00 3.00
DCP 1.50 1.70
NaCl 0.30 0.30
Methionine 0.23 0.12
Total 100 100

Parameters evaluated: Each experimental bird was
wing tagged. The observation was conveyed weekly,
between 11:00 AM to 01:00 PM and the time spent in each
behaviour was noted (Table 4). The behaviour repertoire
was recorded according to the focal animal sampling
method adopted by Rehman et al. (16). Before visual
scanning, at least a half-hour elapsed that allowing the
birds to redistribute normally as the observers moved
across the replicates. During the observer training period,
birds were habituated to the presence of the observers and
the beep sounds of the stopwatch. Birds were randomly
selected (3 birds per replicate) and marked on the neck and
tail feather with a white colour stain for identification. All
four observers were positioned near birds, avoiding any
interruption in their activities. The birds were observed for
15 minutes by using stopwatches fixed at 5 seconds beeps
and the behavioural range was recorded individually (time
spent in each behaviour). After each observation, the
observers paused for 5 minutes, allowing the next focal
bird to regain its normal position. The behaviour of
chicken was included walking, jumping, running, feeding,
standing, sitting, aggressiveness, dust bathing, and wing
flapping, and behaviour occurrence proportions were

Table 4. Ethogram of behavioural pattern'.

Behaviour Definition

Walking The bird moves at least two steps in
succession. This may or may not include
scratching with feet.

Jumping Movement of bird in a rebound by leaping
with all feet off the ground.

Running An activity of wing-assisted running.

Feeding / The bird’s head is located inside the feeder /

Foraging towards forage and carrying out pecking,
manipulating, or ingesting feed once or
repeatedly.

Standing The feet are in contact with the ground. No
other body part is touching the floor. The
body posture is in the upright position.

Sitting The ventral part of the bird is in contact with

the ground. Legs are bent at the knee with the
fibula and tibia touching the ground.

Aggressiveness A response that delivers somewhat
unpleasant, giving, or receiving peck
forcefully, the beak being above the
receiver’s head.

Dust Bathing  Dustbathing bouts of bird either in free-range
or semi-intensive, squatting down in the
substrate, with the use of wings, head, neck,
and legs performing sequential vertical wings

shaking.

Wing Flapping Wings are extended horizontally from the
body such that can be seen between the
underside of the wing and the surface of the
bird’s body.

' Modified from Costa et al. (4) and Mohammed et al. (12).

calculated. Ethogram of the behavioural pattern are
presented in Table 4 (4, 12).

Statistical analysis: The experiment was set up as an
RCBD with the following model:

Yig=p+Bit+ 1+ (B x5+ €

Where,

Yjx= Observation of dependent variable recorded on
j™ Housing System in i Block

p = Overall population mean

Bi = Effect of i Block (i=1, 2, 3)

1;= Effect of j" Housing System (j = 1, 2, 3)

(B % 1) i = Interaction between the block and
housing system

€iik = Residual error of k™ observation on j™ treatment
in i block NID ~ 0, 62

The effect of different chicken genotypes and
housing systems on behavioural traits were evaluated
through Factorial ANOVA using General Linear Model
Procedures in SAS software (version, 9.1.3). For pair viz
comparison of means, the Tukey Kramer test (22) was
applied and differences were considered statistically
significant at P<0.05. All the data were represented as
least square mean + standard errors.
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Results

The behavioural pattern differed among genotypes
and the interactions between genotypes and housing
systems (Tables 5, 6, 7, and, 8). Regarding males,
significant differences were observed among different
housing systems in terms of aggression, dust bathing,
feeding, jumping, running, sitting, standing, walking, and
wing flapping. Birds under the intensive-system were
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more aggressive following by semi-intensive and free-
range systems (P<0.001). Dust bathing was more
pronounced in free-range birds than the semi-intensive
systems (15.15 vs. 12.43 %; P<0.001). Birds were
spending most of the time feeding in the free-range
system, followed in semi-intensive and intensive systems
(P<0.001). Jumping (P<0.001) and running (P<0.001)
behaviours were more frequent in the semi-intensive
system followed by free-range and intensive systems.

Table 5. Effect of genotype and housing system on male behavioural traits (7-16 weeks!).

X Genotype Housing System
Trait? P-value P-value
RNN(n=60) BNN@m=60) NN (n=60) FR (n = 60) SI (n = 60) I (n=60)
WAK 13.29+1.38 13.21 +£1.38 13.25+1.38 0.431 13.17+£0.05>  26.27+0.06*  0.31+0.00° <0.001
IMP 0.74 £0.07 0.74 £0.07 0.73 £0.07 0.467 0.92+0.01° 1.25+0.01° 0.04+ 0.00° <0.001
RUN 7.82£0.78 7.92 £ 0.80 7.84 £0.78 0.199 8.89+ 0.04% 14.69+0.05*  0.00=+ 0.00° <0.001
FD 18.09 £ 0.30 18.06 = 0.32 18.10 £0.31 0.797 21.28+0.04* 17.30+£0.05> 15.67+0.04°  <0.001
STD 1430+ 1.19 14.25+1.20 1422 +1.19 0.286 9.11+0.03b 6.51+£0.02° 27.14+0.05* <0.001
SIT 13.54 £1.09 13.55+1.08 13.58 £1.09 0.713 8.42+0.03" 6.92+0.02° 2533+0.05* <0.001
AGR 1.72 £ 0.08 1.71 £ 0.08 1.72 £ 0.08 0.804 1.12+£0.01¢ 1.51£0.01° 2.52+£0.022 <0.001
DB 13.79 £ 0.22 13.81+0.23 13.79 £ 0.22 0.964 15.15+£0.04*  12.43+0.04° - <0.001
WF 10.66 £ 0.92 10.66 +0.92 10.73£0.93 0.397 15.08+£0.04> 16.28+0.05*  0.69+ 0.00° <0.001

a¢ Means in a row with no common superscript differ significantly at P < 0.05.
Values are least square mean =+ standard error, average of each behaviour repertoire from 7-16 weeks

*Traits are presented as percentage of time spent in different behavioural activities

RNN = Rhode Island Red x Naked Neck; BNN = Black Australorp x Naked Neck; NN = Naked Neck; FR = Free Range; SI = Semi
Intensive; I = Intensive; WAK = Walking; JMP = Jumping; RUN = Running; FD = Feeding; STD = Standing; SIT = Sitting; AGR =
Aggressiveness; DB = Dust Bathing; WF = Wing Flapping.

Table 6. Interaction effects (genotype x housing system) on male behavioural traits (7-16 weeks!).

RNN BNN NN
Trait? FR SI I FR SI I FR ST I P-value
(1=20) (1=20) (n=20) (n=20) (=20) (@M=200 @=20) (=20) (n=20)

1327 2629 031 13.12 26.19 031 13.14 2631 031
WAK £006° +0.11*° +001° +010° £0.10° +0.00° +0.10° +011* <001  ~0.001
0.94 1.25 0.04 0.92 1.25 0.04 0.90 1.25 0.04
MP £0.02°  +002° +000° +001° £002°  +£000° 4002  +001* <000  ~0-001
887 1460  0.00 8.90 14.85 0.00 8.91 14.60 0.00
RUN £0.05° <0100 +£0.00° £009  +£009°  +000° +008  +008 <000 0001
D 2122 1728 1576 2135 17.30 15.54 2127 17.32 15.72 0,001

+0.066 +£0.07° +0.06c +0.072 +0.08> +0.09° +0.08? +0.10° +0.08¢ :
STD 9.18 652 2718 9.09 6.46 2721 9.07 6.56 27.03 0,001
£0.04  +£003° +007° +£006° £005  +£0.08  +006°  +003  +0.09 :
- 8.44 682 2536 8.40 6.97 2529 8.41 6.98 2536 0,001
£0.06° +£004° 0100 +£007° £005  +0.07°  +£006>  +£003  +£0.10° :
111 1.50 256 1.12 151 2.49 1.13 1.53 2.50
AGR £002°  +£0.02° £005  £002  +£002°  +£004°  £002  +£002  +00d4 0001
1511 1247 15.19 12.42 15.16 12.41
DB +0.07*0  +0.08° - +0.08  +0.08 - +0.05° +0.06° - <0.001
WE 1502 1626  0.69 15.04 16.26 0.68 15.18 16.32 0.69 0,001
+0.07°  +0.128  +£0.01° +0.06° +(.09? +0.01° +0.09° +0.08? +0.01° )

a¢ Means in a row with no common superscript differ significantly at P < 0.05.

! Values are least-square mean + standard error, an average of each behaviour repertoire from 7-16 weeks

*Traits are presented as the percentage of time spent in different behavioural activities
RNN = Rhode Island Red x Naked Neck; BNN = Black Australorp x Naked Neck; NN = Naked Neck; FR = Free Range; SI = Semi-
Intensive; I = Intensive; WAK = Walking; JMP = Jumping; RUN = Running; FD = Feeding; STD = Standing; SIT = Sitting; AGR =
Aggressiveness; DB = Dust Bathing; WF = Wing Flapping.
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Table 7. Effect of genotype and housing system on female behavioural traits (7-16 weeks!).

Genotype

Housing System

Trait? P-value P-value
RNN(n=60) BNN(=60) NN (n=60) FR(=60) SI(m=60) I(n=60)
WAK 13.09+1.29 13.11 £1.29 13.14 £ 1.29 0.657 14.77+£0.04>  24.34+0.05* 0.23+0.00°¢ <0.001
JMP 0.89 +0.08 0.93 £0.09 0.91 £0.09 0.770 1.25+0.04° 1.45+0.032 0.03+0.00¢ <0.001
RUN 6.66 + 0.66* 6.65 +0.65 6.52 +0.65° 0.047 7.77+0.07° 12.06+ 0.05° 0.00+ 0.00° <0.001
FD 17.58 £0.54 17.56 £ 0.54 17.60 + 0.54 0.806 23.10+£0.05* 16.47+0.04> 13.17+0.04c <0.001
STD 1245+ 1.18 12.48 £1.19 1245+ 1.18 0.740 6.39+ 0.03b 5.72+0.02¢ 25.30+£0.04*  <0.001
SIT 11.55+0.90 11.53+£0.90 11.57+0.91 0.709 7.30+ 0.03° 6.02+0.02¢ 21.33+£0.05*  <0.001
AGR 1.53 £0.06 1.54 £ 0.07 1.51 £ 0.06 0.496 1.04+0.01°¢ 1.36+0.01° 2.18+0.022 <0.001
DB 14.84 +0.25 14.78 £ 0.23 14.80 +£ 0.24 0.767 16.28+0.05*  13.34+0.05° - <0.001
WF 433 +0.37 429 +0.36 429 +0.36 0.571 6.53+0.032 5.99+ 0.04° 0.39+0.00° <0.001

a¢ Means in a row with no common superscript differ significantly at P < 0.05.

Values are the least-square mean + standard error, the average of each behaviour repertoire from 7-16 weeks.

’Traits are presented as the percentage of time spent in different behavioural activities

RNN = Rhode Island Red x Naked Neck; BNN = Black Australorp x Naked Neck; NN = Naked Neck; FR = Free Range; SI = Semi
Intensive; I = Intensive; WAK = Walking; JMP = Jumping; RUN = Running; FD = Feeding; STD = Standing; SIT = Sitting; AGR =
Aggressiveness; DB = Dust Bathing; WF = Wing Flapping.

Table 8. Interaction effects (genotype x housing system) on female behavioural traits (7-16 weeks').

RNN BNN NN
Trait? FR SI I FR ST I FR ST I P-value
(=200 (n=20) (=20) (m=20) (n=20) (=200 (=200 (n=20) (n=20)
1473 2432 022 1479 2430 0.23 14.79 2438 0.23
WAK 1008  +007° +001° +008  +£009  +00l°  +008  +008 <001  ~0-001
127 138 0.03 1.28 1.46 0.03 121 151 0.03
MP L0.07  £0.05% +000° 4007 +£006° +0.00° +007  +006  +006 0001
784 1215 0.0 7.90 12.05 0.00 7.57 11.98 0.00
RUN L0100  +0.10° <0006 +012° +£007°  +000°  +0.11®  +006  +000c 0001
D 2312 1648 1314 23.02 16.51 13.14 23.16 16.42 13.22 0,001
+0.090  +£0.07° £0.05° +0.08 +0.06° +0.11¢ +0.09? +0.07° +0.06° )
6.45 570 2531 6.34 5.73 2536 6.40 5.72 25.24
STD £005°  £003 +007° +£0045  £003  +£008  +£005>  +003  +oos 0001
- 7.30 6.02 2135 7.30 6.04 21.25 731 6.02 2138 0,001
006 £003° 009 005> +£002  +£008  +004  +£003* =008 :
1.03 138 2.18 1.05 1.36 221 1.06 134 2.14
AGR L0025 +£001°  £004°  £002°  +£002 0048 +£00l°  +002 <003 000
1640 1329 16.17 13.40 16.28 13.32
DB 1008 +0.07° - £0.09°  +0.10° - £0.08* 40,09 - <0.001
WE 6.58 6.03 0.39 6.52 5.98 0.39 6.50 5.98 0.39 0,001
+0.060 +£0.08° +0.00° +0.05* +0.07° +0.00° +0.05° + (.08 +0.00° )

¢ Means in a row with no common superscript differ significantly at P < 0.05.

Values are the least-square mean + standard error, the average of each behaviour repertoire from 7-16 weeks.

’Traits are presented as the percentage of time spent in different behavioural activities

RNN = Rhode Island Red x Naked Neck; BNN = Black Australorp x Naked Neck; NN = Naked Neck; FR = Free Range; SI = Semi
Intensive; I = Intensive; WAK = Walking; JMP = Jumping; RUN = Running; FD = Feeding; STD = Standing; SIT = Sitting; AGR =
Aggressiveness; DB = Dust Bathing; WF = Wing Flapping.

Sitting (P<0.001) and standing (P<0.001) behaviours were
more pronounced in the intensive system birds followed
by free-range and semi-intensive systems. Birds under
semi-intensive spent most of their time in walking
(P<0.001) and wing-flapping behaviour following by free-
range and intensive systems. Interactions were significant
(P<0.001) between genotypes and housing systems

regarding walking, jumping, running, feeding, standing,
sitting, aggressiveness, dust bathing, and wing flapping.
Regarding females, a significant difference was
observed regarding running behaviour among different
genotypes. RNN and BNN chicken different and revealed
more intense running behaviour than NN (6.66, 6.65 vs.
6.52%; P=0.047). In terms of housing systems, significant



Ankara Univ Vet Fak Derg, 68, 2021 371

differences were observed regarding aggressiveness, dust
bathing, feeding, jumping, running, sitting, standing,
walking, and wing flapping. Birds reared under the
intensive systems were more aggressive followed by semi-
intensive and free-range systems (P<0.001). Dust bathing
was more pronounced in free-range birds than the semi-
intensive systems (16.28 vs. 13.34 %; P<0.001). Birds
under the free-range system spent most of their time
feeding (P<0.001) and wing flapping (P<0.001) followed
by semi-intensive and intensive housing systems. Jumping
(P<0.001), running (P<0.001), and walking (P<0.001)
were more pronounced in the semi-intensive system
followed by a free-range and intensive system. Sitting
(P<0.001) and standing (P<0.001) behaviour were higher
in birds under intensive system followed by free-range and
semi-intensive systems. Interactions were significant
(P<0.001) between genotypes and housing systems
regarding walking, jumping, running, feeding, standing,
sitting, aggressiveness, dust bathing, and wing flapping.

Discussion and Conclusion

The present study aimed to explore the genetic
potential of different chicken genotypes under alternative
production systems and this was successful as the
behaviour of different genotypes was astonishing when
subjected to different housing systems. Free-range birds
spent more time in dust bathing than semi-intensive
chickens and this could be due to infrequent behaviour
which is initiated when birds given access to the ample
space for movement and birds have the opportunity to find
material for its cleaning such as dust. Moreover, the reason
for this result may be the length of time the birds were
spending outside the facility. Bathing is usually done in
the afternoon, and the birds from the semi-intensive
system were not outside at that time. According to RSPCA
(17) domestic chicken has intrinsic motivation for
cleaning its feathers. This corresponds to the findings of
Appleby et al. (2) who reported that an intensive system is
not suitable for the birds because it restricts the expression
of natural behaviours like dust bathing.

Feeding behaviour is more pronounced in free-range
birds followed by a semi-intensive and intensive system.
It might be due to the variety of stimuli in the range area
which provokes foraging behaviour in the birds.
Furthermore, due to ample space in the free-range system,
it provides lots of opportunities for the birds to initiate
their explorative behaviour. Similar findings were also
suggested that foraging behaviour increased in the
commercial broiler with the provision of the free-range
area as compared to confinement (14). Moreover,
Shimmura et al. (20) supported to enhance the feeding
behaviour of commercial layers when given access to a
free-range system.

Jumping, running walking, and wing-flapping
behaviour was more pronounced in semi-intensive birds
followed by the free-range and intensive system. The more
likely explanation of these behaviours is because when
birds are provided with an enriched environment or
outdoor access it promotes comfort level, reduces stress,
and stimulating activities. This corresponds to the findings
of Irfan et al. (9) who found increased immobility in
turkey (Meleagris gallopavo) maintained in confinement
than free-range birds. Moreover, Mench et al. (11)
reported that the frequency of leg stretching, perching, and
wing flapping of broiler chicken increased when given
access to an outdoor range. Similarly, an enhanced
walking behaviour of Aseel chicken was recorded when
subjected to part-time free-range access (16).

In this study, increased aggressive, sitting, and
standing behaviour in birds with an intensive housing
system might be attributed to the higher stocking density
that restricts the bird’s activity and stimulates short
duration behaviour such as aggression. This corresponds
to the findings of Rehman et al. (16) who found enhance
sitting and standing behaviour of Aseel chicken varieties
reared under confinement. On an overall basis, the
behavioural repertoire did not differ among RNN, BNN,
and NN genotype throughout the experimental period.
However, another study (16) reported a higher frequency
of aggressive behaviour in crossbred chicken (cross
between Thai native male “Luang Hang Khao or White-
tailed Yellow breed” and ISA Brown Commercial layer
type female).

It was concluded that RNN and BNN chickens
expressed more natural behaviours under semi-intensive
and free-range systems than NN chickens; hence,
crossbred chickens could be reared under such types of
environment to achieve their maximum genetic potential.
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Abstract: Quorum Sensing is a special system between bacteria to communicate with the signal molecules. Propolis is a resin
collected from plants by honey bees. The present study examined anti-quorum sensing and antimicrobial activities of water and ethanol
extracts of propolis. The antimicrobial activities of the propolis extracts were studied against Escherichia coli ATCC 25922 Gram (-),
Listeria monocytogenes ATCC 7644, Streptococcus mutans CNCTC 8/77, Staphylococcus aureus ATCC 25923 Gram (+), Candida
albicans ATCC 10239 (yeast) by the well diffusion method. Anti-quorum sensing activity, violacein inhibition activity, and anti-
swarming activity were studied using Chromobacterium violaceum CV026 and C. violaceum ATCC 112472, and Pseudomonas
aeruginosa (PAO1) respectively. Both propolis extracts were detected antibacterial activity against Gram (+) bacteria and Candida
albicans. However, antibacterial activity against Gram (-) bacteria were not observed. While the antimicrobial activity of water extract
propolis was determined more effectively than ethanol extract, anti-quorum sensing and anti-swarming activities less effective. It was
also detected that both extracts display violacein inhibition. It was revealed that the antimicrobial, anti-quorum sensing, anti-swarming
activity depended on the dose of propolis extracts. Thirty-six phenolic compounds were analysed of propolis extract by HPLC-DAD.
The amount and presence of phenolic compounds in the ethanol extract were more than the water extract apart from benzoic acid,
cinnamic acid, syringic acid, () epigallocatechin, vitexin, rutin, and trans-chalcone. Consequently, the study put forward that the
phenolic compounds of propolis have antibacterial, anti- quorum sensing, violacein inhibition, and anti-swarming activities changing
depend on directly the extraction solvent and phenolic compounds.

Keywords: Antimicrobial activity, anti-quorum sensing activity, anti-swarming activity, propolis, violacein inhibition activity.

Propolisin sulu ve etanol ekstresinin antimikrobiyal ve anti-cogunluk algilama aktivitesinin
belirlenmesi

Ozet: Cogunlugu algilama sistemi bakterilerin sinyal molekiilleri ile kendi aralarinda iletisim kurmasini saglayan 6zel bir
sistemdir. Propolis bal arilarinin bitkilerden topladig: recinedir. Bu ¢alismada etanol ve su ekstrakt propolisin antimikrobiyal ve anti-
cogunluk algilama aktivitesi incelendi. Propolis ekstraktlarinin antimikrobiyal aktivitesi Escherichia coli ATCC 25922, Listeria
monocytogenes ATCC 7644, Streptococcus mutans CNCTC 8/77, Staphylococcus aureus ATCC 25923 ve Candida albicans ATCC
102392’e kars: disk difiizyon yontemi ile c¢alisildi. Anti-gogunluk algilama, violacein inhibisyon ve kaynasma onleyici aktiviteleri
sirasiyla Chromobacterium violaceum CV026, C. violaceum ATCC 112472 ve Pseudomonas aeruginosa PAO1 ile galisildi. Propolis
ekstraktlarinin Gram (+) bakteriler ve Candida albicans tlizerine antimikrobiyal etkisi olmasina ragmen Gram (-) bakterilerde herhangi
bir etki tespit edilememistir. Sulu ektrakt propolisin antibakteriyel aktivitesi etanol ekstrakt propolise gore daha yiiksek iken anti-
cogunluk algilama ve kaynasma Onleyici aktivitesi daha az oldugu tespit edildi. Violacein inhibisyon aktivitesi ise her iki propolis
ekstraktinda da tespit edildi. Propolis ekstraktlarinin antibakteriyel, anti-cogunluk algilama ve kaynagma o6nleyici aktiviteleri doza
bagimli olarak degistigi goriildii. Propolis ekstraktlarinda otuz alt1 fenolik bilesik HPLC-DAD ile analiz edildi. Benzoik asit, sinnamik
asit, siringik asit, epigallokatesin, viteksin rutin ve kalkon disindaki tiim fenolik bilesikler hem miktar1 hem de yayginligi etanol ekstrakt
propoliste daha yiiksek oldugu belirlendi. Sonug olarak bu caligsma propolisin ekstraksiyon solventine ve i¢erigindeki fenolik bilesiklere
bagli olarak antimikrobiyal, anti-cogunluk algilama, violacein inhibisyon ve kaynasma 6nleyici aktivitelerinin oldugunu ortaya koydu.

Anahtar sozciikler: Antimikrobiyal aktivite, anti-cogunluk algilama aktivitesi, kaynasma onleyici aktivitesi, propolis, violacein
inhibisyon aktivitesi.
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Introduction

Honeybees collect the propolis from resin and bud
exudates of plants (3, 17, 30). Propolis is used as a
building and protection material by honey bees, which fills
holes and cracks, repairing of honeycombs in the hive,
narrowing the beehive entrance against harmful creatures,
and cold (30). The chemical composition of propolis is
affected primarily by vegetation, that is the source of
propolis, and secondly, by seasons as well as by altitudes
both of which affect the vegetation (33). The biological
activities of propolis are dependent on its chemical
constituents, mainly phenolic compounds (3). Propolis has
a vigorous antimicrobial activity known as a natural
antibiotic. Many researches revealed the antibacterial
effect of propolis on many bacteria by using different
solvents and techniques (7). Antibacterial activity of
propolis has found to be high against Gram-positive
bacteria and weak against Gram-negative bacteria (7, 25,
30). Propolis has antibacterial activity on many resistant
bacteria such as methicillin-resistant Staphylococcus
aureus and vancomycin-resistant enterococci, which are
dangerous for human and animal health (2, 21, 31).
Studies show that the antibacterial activity of propolis is
due to inhibition of protein synthesis and disruption of
cytoplasmic membrane integrity and permeability of
bacteria (7). The bacteria have developed resistance to
many antibacterial agents thanks to genetic mutation,
quorum sensing (QS) activities, and changing of the
antibacterial target (10).

The QS is a cell-to-cell communication mechanism
dependent on cell density, which allows bacterial
populations to regulate the expression of genes and release
chemical signal molecules called auto-inducers (10).
Bacteria producing the auto-inducer may change their
phenotype so that their metabolism and other activities can
be successful in the new environment (10). The auto-
inducers are responsible for biological behaviors which
are biofilm formation, virulence symbiosis, sporulation,
competence, motility, conjugation, and antibiotic
production in the different bacteria using N-acyl
homoserine lactones (AHL) and oligopeptides (1, 10, 26,
32). Previous studies have determined the anti-QS activity
of many natural products. Phenolic compounds,
terpenoids, and oils found in natural products which are
responsible for the anti-QS activity (1, 32). Some studies
have also determined the anti-QS activity of propolis,
which containing various phenolic components (5, 16).
Chemical composition of propolis may change primarily
depending on seasons, altitudes, and climate zone, which
are pre-collecting factors that directly concerning
vegetation around apiaries (33). Secondly, the chemical
composition of propolis is affected significantly by the
extraction method and its solvent, which are post-
collecting factors (15, 34).

The present study was aimed to determine and
compare the anti-QS and antimicrobial activities of the
water and ethanol extracts of propolis, which collected
from Bursa in Turkey. Moreover, it was studied
antimicrobial and anti-QS activities related to the content
of phenolic compounds in propolis.

Materials and Methods

Chemical and Reagents: Biomonitor strains used in
the anti-QS studies were growth on Luria—Bertani broth.
Other bacteria were fed on Brain Heart Infusion Broth
(BHIB), Sabouraud Dextrose Broth (SDB), Nutrient
Broth, Luria Bertani Broth, and Mueller Hinton Broth
over agar (Merck). 24-well cell culture plates (Greiner
Bio-One, Kremsmiinster, Austria, sterile, with lid), N-
hexanoyl-DL-homoserine lactone (C6-HSL, >97%,
Sigma-Aldrich), Tryptone (Sigma-Aldrich), kanamycin
sulfate (Sigma-Aldrich), D-(+)-glucose (=99.5%, Sigma-
Aldrich), sodium chloride (Sigma-Aldrich), N-decanoyl-
DL-homoserine lactone (C10-HSL, >97%, Sigma-
Aldrich), proteose peptone (Sigma-Aldrich), dimethyl
sulfoxide (DMSO, Sigma-Aldrich), were used in anti-QS
activities. The minimal inhibitory concentration (MIC) of
the propolis extracts against the strains was determined
using a 96-well microplate reader (Greiner Bio-One,
sterile, PP, U-bottom). HPLC grade methanol, ethanol,
formic acid, was purchased from Merck (Darmstadt,
Germany). The phenolic compounds were used as
standards in LC-MS/MS analysis which galangin, rutin
trihydrate, kaempferol, quercetin hydrate, quercitrin, p-
coumaric acid, trans-chalcone, caffeic acid phenethyl
ester (CAPE), trans-ferulic acid, cinnamic acid, luteolin,
pinocembrin, caffeic acid, and gallic acid were purchased
from Sigma-Aldrich), m-coumaric acid was purchased
from Fluka, protocatechuic acid, trams-isoferulic acid,
daidzein, rosmarinic acid, syringic acid, (%)-catechin,
(+)naringenin, 3-4 dimethoxycinnamic acid, apigenin,
benzoic acid, ellagic acid dihydrate, emodin, pinobanksin,
vitexin, (£)epicatechin, (+)epigallocatechin, isorhamnetin,
chrysin, methyl syringate, naringin, and myricetin were
purchased from Santa-Cruz biotechnology. Ultrapure
water was obtained from ELGA® LabWater, Purelab flex.

Propolis Collection and Extraction: Propolis
samples were collected in Bursa by using a plastic propolis
trap in May, July, and September 2015 (Civan
Incorporation, Bursa, Turkey). Firstly, the propolis
samples were removed from traps than were stored at -20
°C until extraction. A coffee bean grinder was used to
create powder all propolis samples to homogenization
after it was frozen at -20 °C (Delonghi Kg49, Hampshire,
UK). Preparation of ethanol extract propolis (EEP); five
grams of the homogenize propolis were weighed and
added to 50 ml 70% ethanol/water (v/v) in an Erlenmeyer
flask (100 ml) (33). Preparation of water extract propolis
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(WEP); five grams of the homogenize propolis were
weighed and added to 50 ml ultra-pure water (ELGA®
LabWater, Purelab flex) in an Erlenmeyer flask (100 ml).
Both extracts were shaken with using a shaker (Niive SL-
35, Turkey) for an hour after followed by ultrasonication
(Bandelin Sonorex RK 100, Germany) for 30 minutes. The
mixtures were filtered by using filter papers after waited
one hour in the freezer at +4 °C to remove the wax and bee
part (Watman No: 1, UK). EEP and WEP were stored at
+4 °C until the experimental study. 5 ml extract was
poured into glass tubes, which was tared before and
evaporated using a vacuum concentrator (Jouan, RC 10-
10) for HPLC-DAD analyses and determination of percent
of resin (33). EEP and WEP resin determined as 313
mg/ml, 112 mg/ml respectively. Both propolis extracts
were adjusted to 100 mg resin/ ml for anti-quorum sensing
activity assays.

Validation of HPLC analyses method: Thirty-six
phenolic compounds were injected as single and mixed to
the HPLC-DAD to the determination of retention times,
calibration curves, and other validation parameters (28).
The phenolic compounds chromatogram was presented in
Figure 1. Calibration curves were plotted by of 2, 4, 8, 16,
and 32 pg/mL concentration of mixed phenolic
compounds. All calibration curves of components showed
good linearity (R2 between 0.997-0945). The limit of
detection (LOD) and limit of quantification (LOQ) ranged
from 0.09 to 1.6 pg/ml and 0.27 to 4.8 pg/ml, respectively.
The relative standard deviations values of precision test,
coefficient of variation were less than 2.9% and 4.7%.
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Concentration of 8, 16, and 32 pg / mL mixed phenolic
compound were spiked in propolis extracts to determine
the recovery. The spiked propolis samples are analyzed
five different days as five times for recovery, accuracy,
and repeatability of the method. In the recovery test results
of accuracy ranged from 80% to 108% and RSD values
less than 3.2%.

Analysis of HPLC-DAD: Ethanol and water extract
dry propolis firstly was diluted as a 1/40 ratio with its
extraction solvent, and then filtered through a polyvinyl
difluoride (PVDF) syringe filter (Millipore Millex-HV,
0.45 pm). Finally, 5 uL. was injected into the HPLC-DAD
system (n=3) (22). The EEP and WEP-analysis were
performed using high-performance liquid
chromatography (Shimadzu Kyoto, Japan). HPLC system
was equipped with a pump (LC-20AD), auto-sampler (SIL
20 AC), detector (SPD-M20A), for separation was used by
column intersil ODS (4.6 x 150 mm ID, 5 pm). The UV
wavelength was set at 270-360 nm. The column was eluted
using a linear gradient as follows: mobile phase A (0.1%
formic acid in water) and mobile phase B (acetonitrile)
with a flow rate of 1 mL/min. The gradient elution was
applied; 3-10% B at 0,02-3 min, 10-13% B at 3-30 min,
13-16% B at 30-60 min, 16-17% B at 60-70 min, 17-18%
B at 70-80 min, 18-30% B at 80-120 min, 30-35% B at
120-135 min, 35-40% B at 135-170 min, 40-45% B at 170-
172 min, 45-60% B at 172-182 min, 60-90% B at 182-202
min, 90% B at 202-203 min, 90-30% B at 203-205 min
and 30-3% B at 205-206 min. The column temperature
was set at +30 °C.
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Figure 1. The HPLC-DAD chromatogram of mixed phenolic compounds in 270 nm.

Gallic acid (GAL), protocatechuic acid (PCA), (+)-catechin (KT), caffeic acid (KA), syringic acid (SYA), (+)epicatechin (EKT),
(¥)epigallocatechin (EGK), p-coumaric acid (PQ), trans-ferulic acid (FR), benzoic acid (BA), m-coumaric acid (MQ), trans-isoferulic
acid (IFR), vitexin (VT), ellagic acid (EA), rutin (RT), methyl syringate (MYS), naringin (NG), 3-4 dimethoxycinnamic acid (DMCA),
quercitrin (KCT), myricetin (MR), rosmarinic acid (RA), cinnamic acid (SA), daidzein (DZ), quercetin (KRC), luteolin (LT),
pinobanksin (PNB), (+)naringenin (NR), apigenin (AP), kaempferol (KF), isorhamnetin (ISR), chrysin (CR), pinocembrin (PN),
galangin (GL), caffeic acid phenethyl ester (CAPE) emodin (EM)and trans-chalcone (KL).
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Antimicrobial activity

Microorganisms and conditions for cultivation:
Staphylococcus — aureus  ATCC 25923,  Listeria
monocytogenes ATCC 7644, Escherichia coli ATCC
25922, and Candida albicans ATCC 10239 were obtained
from the American Type Culture Collection.
Streptococcus mutans CNCTC 8/77 was obtained from the
Czechoslovak Collection of Type Cultures Institute of
Hygiene and Epidemiology. The above-mentioned
bacteria, except Streptococcus mutans, were cultured in
Nutrient Broth (NB) at 37 = 0.1°C; Streptococcus mutans
were cultured in Brain Heart Infusion Broth (BHIB) at
37+0.1°C, Candida albicans cultured in Sabouraud
Dextrose Broth (SDB) at 28 + 0.1°C. Inoculate was
prepared by adjusting the turbidity of the medium to match
the 0.5 Mcfarland Standard. Dilutions of the suspension in
0.1% peptone (w/v) solution in sterile water were
inoculated on NB, BHIB, SDB to check the viability of the
preparation. The cultures of bacteria were maintained in
their appropriate agar slants at 4°C throughout the study
and used as stock cultures.

Agar Well Diffusion Methods: The antimicrobial
activity of propolis extracts was studied by the well
diffusion method (18, 34). The test microorganisms were
activated in the above media at appropriate temperatures
for 24 h. Petri dishes containing 20 mL of Muller Hinton
agar were prepared previously and inoculated with 0.1 ml
of 24 h broth culture of test microorganisms. After this
stage, the plates were kept in the refrigerator for 30 min.
Then, the holes with a diameter of 6 mm have punched
aseptically with a sterile cork borer, and a volume (50 puL)
of propolis extracts at desired concentration (25, 50, 100
mg/mL) were introduced into the wells. The petri dishes
were incubated at 37 °C for 24 h. Then the diameter of the
inhibition zone was measured with calipers in mm. The
antimicrobial activity was determined by measuring the
clear zone around the wells.

Anti-quorum sensing activity assay

Bacterial strains, growth media, and conditions:
The biomonitor strains Chromobacterium violaceum CV
026, Chromobacterium violaceum ATCC 12472, and
Pseudomonas aeruginosa PAO1 were used for the assay of
QSI effects of the propolis extracts. CV 026 (growth with
Kanamycin at 20 mg/L) and CV 12472 cultures were
grown in Luria Bertani (LB) broth at 30 °C with shaking.
PAO1 cultures were grown on LB agar (LBA) plates at 37
°C.

Determination of MIC: The MIC of propolis
extracts was determined against biosensor strains
(CV12472, CV0O26, and PAO1) by broth microdilution
method (35). MIC is defined as the minimum
concentration of propolis extracts at which there was no
visible growth of test strain. The test medium was

Mueller—Hinton Broth (MHB) and the density of bacteria
was 5x105 colony-forming units (CFU)/mL. Cell
suspensions (200 puL) were inoculated into the wells of 96-
well microtitre plates in the presence of propolis extracts
with different final concentrations (0.78, 1.56, 3.125, 6.25,
12.5, 25, 50, 100 mg/mL). The wells containing only
MHB and MHB with inoculum were employed as
negative and positive controls, respectively. The
inoculated microplates were incubated at 37 °C for 24 h.
The lowest concentration of the tested samples, which did
not show any visual growth of tested organisms after
macroscopic evaluation, was determined as MIC, which
was expressed in mg/mL. Each assay was performed in
triplicate for all microorganisms. Sub-MICs were selected
for the assessment of anti-QS activity in the above-
mentioned strains.

Anti-Quorum Sensing (Anti-QS) Activity Assay:
The Anti-QS activity of propolis extracts using CV 026
was assayed by the agar well diffusion method (14). In the
presence of approximately a standardized amount of
natural Cs-AHL. Briefly, LB agar plates were spread with
0.1 mL of approximately diluted (c. 2.5x10° CFU mL™)
freshly grown cultures, and 6 mm diameter wells were cut
and varying amounts (50 pl) of appropriately diluted
propolis extracts in ethanol were loaded along with natural
Cs-AHL. Plates were incubated for 18-24 h at 28 °C to
check the inhibition of pigment production around the
well. Growth inhibition, if any, was also recorded.

Violacein Inhibition Assay: The propolis extracts
were subjected to the qualitative analysis to find out their
QSI potentials against C. violaceum ATCC 12472 (20).
Overnight culture (10 pl) of C. violaceum (adjusted to 0.4
OD at 600 nm) was added into wells of sterile microtiter
plates (MTP) containing 200 pl of LB broth and incubated
in the presence and absence of sub-MIC concentrations of
propolis extracts. These MTPs were incubated at 30 °C for
16 h and observed for the reduction in violacein pigment
production. The percentage of violacein inhibition was
calculated by following the formula: percentage of
violacein inhibition= (control ODsgs -test ODsgs /
controlODsgs) x100.

Anti-swarming Activity Assay: The anti-swarming
potential of propolis extracts was performed by following
the method specified by Packiavathy et al., 2012 (23). For
this assay, 5 ul (0.4 OD at 600 nm) overnight culture of
PAO1 were inoculated at the center of the swarming agar
medium consisting of 1% peptone, 0.5% NaCl, 0.5% agar
and 0.5% of filter-sterilized D-glucose with increasing
concentrations of propolis extracts (25, 50 and 100 pg/ml).
The plates were then incubated at 30 °C in an upright
position for 16h. The reduction in swimming and
swarming migration was recorded by measuring the swim
and swarm zones of the bacterial cells after 16 h.
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Statistical analysis: The results were presented as
mean+SD of three independent experiments. Statistical
differences were determined by one-way ANOVA
followed by Dunnett’s test and unpaired t-test using Graph
pad Prism software. Differences were considered
significant at P<0.05.

Results

Antimicrobial activities of propolis extracts against
test microorganisms were conducted by well diffusion
method, and antimicrobial results were given in Table 1
(P<0.05). Well diffusion test results reveal that both
propolis extracts had an antimicrobial effect against
Gram-positive strains and C. albicans. However, the
propolis extracts had no antimicrobial effect against E.
coli, which was a Gram-negative strain. While the highest
antimicrobial effects were determined that inhibition zone
of 20 mm against L. monocytogenes of WEP, 16 mm
inhibition zones against S. aureus of EEP (Table 1). Both
of the propolis extracts were found weak antimicrobial
activity against S. mutans that inhibition zone between 6-
9 mm. WEP showed higher antibacterial activity than
EEP. While both extracts showed inhibition effect against
the Gram-positive bacteria and yeast, non-effect against
the Gram-negative bacteria. It was revealed that the
antimicrobial effect of both propolis extracts varied
depend on the dose.

Table 1. Antimicrobial activities of propolis extracts.
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MIC results were obtained from the broth
microdilution method of propolis extracts against

biomonitor strains used for anti-QS tests were presented
in Table 2. The lowest MIC concentration against C.
violaceum CV026 was detected in EEP as 1.56 mg/mL.
However, the WEP against the same strain showed
inhibition at a concentration of 50 mg/ml. The MIC
concentrations against C. violaceum CV12472 were
detected in EEP 12.5 mg/ml, and in WEP 25 mg/ml, while
the MIC against P. aeruginosa PAOI1 in both extracts was
determined above 100 mg/mL. Moreover, anti-quorum
sensing and violacein pigment inhibition tests were
conducted using MIC and sub-MICs propolis extracts.

The sub-MICs ranges were selected for anti-QS
screening using CV026 strain and agar well diffusion
method adopted in the presence of Cs-AHL. The anti-QS
activity test results of propolis extracts were given in
Table 3 and Figure 2 (P<0.05). While the anti-QS activity
of the EEP measured at the concentration of 1.56 mg/ml
with an inhibition zone of 14.17+1.61 mm and the
concentration 0.78 mg/ml with an inhibition zone of
11.5£0.5 mm, the anti-QS activity of WEP was measured
at 50 mg/ml concentration with an inhibition zone of
12.67+1.15 mm. Anti-QS inhibition zones were observed
decreased proportionally depending on the dose of both
extracts.

WEP EEP
mg/mL
Concentration
Microorganisms 100 50 25 100 50 25
Inhibition zones (mm=£SD)
L. monocytogenes ATCC 7644 20+0.412 18+0.81° 17+0.0° 1540.472 13+0.41% 11£0.0°
S. mutans CNCTC 8/77 9+0.47 7+0.0 NI 7+0.41 6+0.0 NI
S. aureus ATCC 25923 18+0.412 16+0.0 15+0.0 16+£0.47* 15+0.0 13+£0.47
E. coli ATCC 25922 NI NI NI NI NI NI
C. albicans ATCC 10239 15+0.47 13£0.0° 12+0.0¢ 15+0.47 11£0.0° 10+0.0°

NI: No inhibition, WEP: Water extract propolis, EEP: Ethanol extract propolis, SD: Standard deviation
abe Values within a row with same superscripts differ significantly at P<0.05 on the same concentration.

Table 2. MIC result of the propolis extracts against biosensor strains.

Microorganisms

C. violaceum CV12472

C. violaceum CV026 P. aeruginosa PAO1
mg/mL
WEP

EEP

50 25
1.56 12.5
WEP: water extract propolis, EEP: ethanol extract propolis.

>100
>100
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Table 3. Anti-QS activity of propolis extracts against Chromobacterium violaceum CV026.

Antimicrobial Activity

Anti-QS activity

WEP (mg/mL)

50 NI

40 NI

30 NI

20 NI

EEP (mg/mL)

1.56 10.5+0.5
0.78 9.33+0.76
0.39 8.5+0,5
0,195 8.0+0
CI10HSL NI
Ethanol 8.17+0.29

Inhibition zones (mm)=SD
12.67+1.15
11.5+0.5
11.0+0.5
10.67+0.58

14.17+1.61
11.5+£0.5
10.17+0.29
9.67+0.29
32.17+1.61
8.5+0.5

WEP: water extract propolis, EEP: ethanol extract propolis, SD: standard deviation, NI: No inhibition.

e
Figure 2. Anti-QS activity by propolis extracts against biosensor strain CV026 using agar well diffusion method.
a: C1oHSL control, b: water extract propolis plate, c: ethanol extract propolis.

Figure 3. Swarming motility inhibition of propolis extracts in PAO1.
a: control group, b. water extract propolis (25 pg/mL). c. ethanol extract (25 pg/mL) d. Ampicillin (10 pg/mL).

The violacein pigment inhibition tests of propolis
extracts against CV 12472 strain were determined by the
microplate dilution method using MIC and sub-MIC
(Table 4, P<0.05). Although both extracts inhibited the
production of violacein pigment 100% in MIC, EEP was
observed to more inhibit the production of violacein
pigment compare to WEP, according to Sub-MIC (Table 4).

Inhibition of swarming motilities of WEP and EEP
were determined using strain. Results were presented in
Table 5 and Figure 3 (P<0.05). The propolis extracts
performed swarming motility inhibition between 39.13%
and 13.04%, depending on concentration according to
results. EEP showed higher rates of swarming inhibition
activity than WEP (Table5).

HPLC analysis revealed that the number of phenolic
compounds in the EEP was more than the WEP apart from
benzoic acid and cinnamic acid. Some phenolic
compounds were not determined in both of propolis
extracts which gallic acid, m-coumaric acid, methyl
syringate, naringin, quercetin, myricetin, rosmarinic acid,
and daidzein (Table 6). While syringic acid,

(¥)epigallocatechin, vitexin, rutin, and trans-chalcone
were only determined in WEP, catechin, caffeic acid,
ellagic acid, pinobanksin, naringenin, and emodin were
determined only in EEP. The present study generally
indicated that the phenolic compounds in propolis more
soluble in EEP.

WEP inhibition zones were determined to be larger
than EEP when the inhibition zones of the antimicrobial
activity was examined (Table 1). The reason for the more
antibacterial activity of WEP to EEP was thought to be
due to phenolic compounds which are more soluble in
water or only in WEP. Although the antibacterial activity
of EEP was weaker compared to WEP, anti-quorum
sensing, violacein pigment inhibition, and swarming
motility inhibition activity was determined higher than
WEDP. The phenolic compounds which are more soluble in
ethanol or only consist of EEP may have caused the high
anti-quorum sensing, violacein pigment inhibition, and
swarming motility inhibition activity than the WEP (Table
2,3,4,and5).



Ankara Univ Vet Fak Derg, 68, 2021

Table 4. Concentration-dependent inhibition of violaceum by propolis extracts in C. violaceum CV12472.
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Propolis concentration Reduction in the absorbance of violacein (%)

(mg/mL) WEP+SD EEP+SD
MIC 100+0.01 100+0.01
MIC/2 72.2440.01 85.94+0.03
MIC/4 46.77+0.02 81.65+0.03
MIC/8 41.95+0.08 69.17+0.01
MIC/16 36.47+0.08 67.46+0.01
MIC/32 20.57+0.07 39.01+0.003
MIC/64 5.54+0.06 26.93+0.01

WEP: water extract propolis, EEP: ethanol extract propolis, SD: standard deviation.

Table 5. Swarming motility inhibition in Pseudomonas aeruginosa PAO1.

Swarming motility inhibition (%)

Extract concentration (ug/mL) WEP+SD EEP+SD
100 30.43+0.622 39.13+0.352
50 26.09+0.82° 34.78+0.43Y
25 13.04+0.33¢ 30.43+0.22¢
Ampicillin (10 pg/mL) 26.09+0.41
Kanamycin (10 pg/mL) No
Ethanol No

WEP: water extract propolis, EEP: ethanol extract propolis, SD: standard deviation

abe Values within a row with same superscripts differ significantly at P<0.05 on the same concentration.

Table 6. Phenolic Compounds in Propolis Samples Analysis (HPLC-DAD).
Phenolic Compounds R time (min) WEP (mg/kg) EEP (mg/kg)
Gallic acid 5.338 ND ND
Protocatechuic acid 7.996 14.61 15.50
(+)-Catechin 13.232 ND 12.91
Caffeic acid 16.832 ND 1021. 71
Syringic acid 17.376 2.22 ND
(+)epicatechin 20.196 6.82 31.02
(+)Epigallocatechin 23.248 391 ND
p-Coumaric acid 27.822 17.76 265.77
trans-Ferulic acid 34.456 24.60 141.52
Benzoic acid 36.224 197.21 130.90
m-Coumaric acid 37.280 ND ND
trans-Isoferulic acid 39.265 302.02 425.38
Vitexin 45.043 5.63 ND
Ellagic acid 48.294 ND 30.93
Rutin 50.900 3.74 ND
Methyl syringate 54.603 ND ND
Naringin 64.914 ND ND
3-4 Dimethoxycinnamic acid 68.032 527.82 1946.41
Quercitrin 69.248 ND ND
Myricetin 73.486 ND ND
Rosmarinic acid 78.344 ND ND
Cinnamic acid 80.945 189.22 142.10
Daidzein acid 87.101 ND ND
Quercetin 100.798 22.26 78.31
Luteolin 102.368 2.74 16.36
Pinobanksin 106.423 ND 2228.45
(+)Naringenin 110.070 ND 50.07
Apigenin 116.113 82.41 251.58
Kaempferol 118.147 ND 100.72
Isorhamnetin 120.681 27.07 173.34
Chrysin 142.719 618.54 1472.02
Pinocembrin 144.153 357.77 1859.83
Galangin 148.185 1095.85 3655.08
CAPE 150.990 69.14 3319.89
Emodin 171.582 ND 44.67
trans-Chalcone 178.308 77.33 ND

ND: non-determined, R time: retention time, WEP: water extract propolis, EEP: ethanol extract propolis.
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Discussion and Conclusion

Researchers have studied the effectiveness of
propolis on Gram-negative and Gram-positive bacteria (2,
24, 27, 31). Results of the present study are similar to
previous studies which showed tht propolis has an
antibacterial activity gram-positive bacteria and yeast,
while it doesn’t have any effect on gram-negative bacteria
(4, 12, 19, 24). However, previous studies investigating
the anti-QS activity of propolis with different methods
were quite limited. Lamberte et al. (16) determined the
ethanol extract propolis has anti-QS activity against
Chromobacterium  violaceum ATCC 12472 and
Pseudomonas aeruginosa PAO1. While Lamberte et al.
(16) reveal that low doses prevented biofilm formation
than the high doses, the present study was increasing the
dose-dependent. Savka et al. (29) found the violacein
inhibition on Chromobacterium violaceum CV026 of
propolis, which has higher in pinocembrin and flavonoid.
Similarly, in the present study was found violacein
inhibition higher in EEP that contains more pinocembrin
and flavonoids than WEP. Gemiarto et al. (11) determined
the higher antibacterial activity and anti QS activity than
was detected in the present study, while similar results
were obtained for violacein inhibition. Bulman et al. (6)
revealed that violacein inhibition on Chromobacterium
violaceum (CV026), and anti-swarming activity on
Pseudomonas aeruginosa (PAO1) of the propolis. Kasote
et al. (13) found an antifungal activity of propolis which
has high content pinocembrin and also violacein inhibition
activity of propolis, which has high content caffeic acid.
Although a significant difference was observed in the
present study between EEP (1859.83 mg/kg) and WEP
(357.77 mg/kg) in terms of pinocembrin level, no
significant difference was found in antifungal activity.
Similarly, in the present study, EEP that has high levels of
caffeic acid was found to be higher in the inhibition of
violacein. De Marco et al. (8) did not report the anti-
swarming activity of P. aeruginosa of 85% ethanol extract
propolis. While the amount of pinocembrin, galangin, and
chrysin in the propolis was found to be higher than the
present study, the CAPE was lower. Moreover, Djais et al.
(9) have found no effect of propolison biofilm formation
on S. mutans (ATCC 25175).

In the present study, it was determined that propolis
has an antimicrobial activity due to dose and extraction
solvent against Gram-positive bacteria and yeasts.
Numerous studies have demonstrated that propolis
possesses a marked antibacterial and moderate antifungal
activites. However, both propolis extracts did not show
any activity against Gram-negative bacteria. It is generally
recognized that Gram-positive bacteria are more
susceptible to the antibacterial activity of propolis than
Gram-negative bacteria. Anti-quorum sensing, violacein
inhibition, and anti-swarming activity of propolis were

also determined depending on the dose and extraction
solvent. Although EEP had lower antibacterial activity
when compared with WEP, anti-quorum sensing,
violacein inhibition, and anti-swarming activity were
found out higher than WEP. The results of this study show
that the phenolic compounds in propolis have a direct
effect on antibacterial activity, anti-quorum sensing,
violasein inhibition and anti-swarming activity depending
on the extraction solvent.
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Abstract: Energy balance plays a critical role in the maintenance of metabolism for producing milk yield (MY) in dairy cows.
In recent years, there has been increasing interest in genetic and genomic analyses of MY. In contrast to MY there is much less
information about genomic evaluation of energy corrected milk yield (ECMY). The purpose of this paper is to detect associated single
nucleotide polymorphisms (SNPs) with ECMY and genomic prediction (GP) of ECMY using different genomic models with special
reference to underlying genetic architecture of ECMY. In this study we used published data of 773 Holstein cows with phenotypic
observations for ECMY and dairy farm information with 62410 SNPs. One interesting finding is that some short chromosomes as such
chromosomes 5 (included 28446 SNP) and 29 (included 12776 SNP) had higher effects sizes compared with the rest of the genome. A
possible explanation for these results may be related with the existence of major genes at the chromosome 5. The GP results showed
that ECYM and residuals of ECYM, had the accuracies from a 10-fold cross validations as 0.6422 and 0.3529 respectively. It was
found that ECMY could be used for GP due to moderate accuracies. Taken together, dairy farm effects suggest an impact for accuracies
of GP.

Keywords: Energy corrected milk yield, genome wide association analyses, genomic selection, milk yield.

Siit sigirlarinda enerjice diizeltilmis siit veriminin genomik tahmin ve iliski analizleri

Ozet: Siit sigirlarinda, siit verimi (SV) i¢in enerji dengesi ile metabolizmanin korunmasi énemlidir. SV igin genetik ve genomik
analizlerine olan ilgi son yillarda 6nem kazanmistir. Enerjice diizeltilmis siit verimi (EDSV) konusunda ise SV'den farkli olarak daha
az aragtirma bulunmaktadir. Bu ¢alismanin amact EDSV'ye sebep olabilecek tek niikleotid polimorfizmlerini (TNP) belirlemek ve
bunlar {izerinden farkli genomik modeller kullanarak genomik tahminler (GT) yapmaktir. Bu ¢alismada daha 6nceden yayinlanmis bir
veri seti kullanilarak, 773 Holstayn inege ait EDSV gozlemleri ile 62410 TNP ve ¢iftlik bilgileri incelenmistir. Besinci kromozom gibi
kisa bir kromozomda (28446 TNP) ve 29. kromozomda (12776 TNP) GT i¢in genomun diger bolgelerine gore daha yiiksek etki
biiyiikliikleri belirlenmistir. Bu durum 5. kromozomda yer alan major bir gen ile agiklanabilir. GT sonuglart EDSV ve EDSV kalintilari
ile elde edilmis ve 10 katli ¢apraz sorgulama ile 0,6422 ve 0,3529 dogruluk oranlar1 bulunmustur. Bu da ECYM'nin GT modellerinde
orta dogrulukta kullanilabilecegini gostermistir. Bu ¢aligmada; g¢iftlik etkilerinin GT dogruluklarinda bir etkiye sahip oldugu
gosterilmistir.

Anahtar sozciikler: Enerjice diizeltilmis siit verimi, genom tabanli iliski analizi, genomik seleksiyon, siit verimi.

Introduction
Energy balance plays a critical role in the

(ECMY) (4, 10). Genomic ECMY findings should make
an important contribution to the field of animal breeding

maintenance of metabolism for producing milk yield
(MY) in dairy cows. For instance, energy deficit
postpartum is
considerable impact on the productional and functional
traits in dairy cows (10). In recent years, there has been
increasing interest in genetic and genomic analyses of
MY. In contrast to MY there is much less information
about genomic evaluation of energy corrected milk yield

a common condition which has a

and husbandry by genomic selection of superior animals
in shorter generation intervals.

Genome wide association studies (GWAS) are fast
becoming a key instrument for detecting associated genes
with the phenotypes based on molecular markers as such
single nucleotide polymorphisms (SNPs). A considerable
amount of literature has been published on GWAS of MY
in dairy cows. Previous GWAS research has established
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that various loci are correlated with MY. Jiang et al. (9)
conducted a GWAS for various milk production traits
using 294.079 first-lactation Holstein cows and detected
strong genomic signal from chromosome 14 (DGATI1
gene) in association with MY. Han et al. (7) studied and
detected the effects of nucleobindin 2 (NUCB2) gene on
milk production traits using Chinese Holstein cattle. Tung
et al. (8) investigated the impact of tropical condition to
GWAS of Brazilian Holstein population for milk
production traits and detected various genomic signals
from Microsomal glutathione S-transferase 1 (MGST1),
ATP-binding cassette super-family G member 2
(ABCQG2), (Diacylglycerol O-Acyltransferase 1) DGAT1
and progestagen-associated endometrial protein (PAEP)
genes. Lopdell et al. (13) analyzed the data from Holstein,
Jersey, and crossbred populations and detected Colony
Stimulating Factor 2 Receptor Subunit Beta (CSF2RB)
gene in connection with milk production traits. Wang et
al. (25) carried out a GWAS based on Chinese Holstein
population and detected genomic signals from 7 SNPs for
MY. The research to date has tended to focus on MY
rather than ECMY. To date there is only one study that has
investigated the ECYM in GWAS (8). Hence the use of
ECMY in genomic prediction (GP) has not yet been
investigated. The present research explores, for the first
time, GP of ECMY with different genomic models.

Li et al. (11) examined the genetic correlations
among ECMY, dry matter intake and body weight using
different cattle breeds and concluded that the genetic
correlations varied over lactations and showed similar
patterns within each breed. ECMY is a principal
determining factor of energy balance, compared with dry
matter intake (10). This indicates a need to understand the
genomic evaluation of ECMY by predicting associated
SNPs and/or genes.

The purpose of this paper is to detect associated
SNPs with ECMY (4) and genomic prediction of ECMY
using different genomic models with special reference to
underlying genetic architecture of ECMY.

Materials and Methods

In this study we used published data of (4). The
GWAS analyses included 773 Holstein cows with
phenotypic observations for ECMY and dairy farm
information. The 773 cows had 624100 SNPs obtained
from Illumina BovineHD BeadChip. The details of the
dataset could be found at (4).

Population stratification, or systematic genotypic
differences due to sources of variations may lead to false
positive signals in GWAS. We used linear mixed model
for correction of population stratification as was
implemented in GenABEL (1) using genomewide rapid
association using mixed model and regression

(GRAMMAR-gamma) (11,21) approach in R software
17).
The linear mixed model used as
y=Xb+Za+e )
where y contains the observations, b is the dairy farm a is
the additive genetic effect, matrices X and Z are incidence
matrices, and e is a vector containing residuals.

a Ac? 0
N|0; “
Var(JN ( 0 IofJ

For the random effects, it is assumed that A is the
coefficient of coancestry obtained from genotype of
animals; I is an identity matrix, ¢, is the additive genetic
variance and ¢2, is the residual variance. In GWAS the
huge number of hypothesis may cause the inflated number
of false positive genomic signals (22). One advantage of
the false discovery rate (FDR) approach is that it avoids
the problem of false positive genomic signals by
increasing significance levels to 0.05/(number of SNPs).

Different from major SNPs effects used in model (1)
(27) defined sparse and larger variances to model SNPs
effects as "Bayesian sparse linear mixed models",
BSLMM, (15) used mixture of two normal distributions
and additional random effects to have more flexible model
compared with other Bayesian models.

We used BSLMM for prediction of SNP effects;

V= farm+2(zyaj§i)+ei ()
j=1

where y, is the phenotypes of the ith animal, Z; is an

indicator variable (small or major effects from the two
normal distributions) for the ith animal, jth SNP locus and

kth allele, &; is marker locus effects, o j is indicating if

SNP has effect or not and ¢; is the residual for animal .

To see if the various assumptions regarding genetic
architecture of the ECMY gave different results, the
number of mixtures increased. Different from model (2)
BayesR (15) assumed a mixture of four normal
distributions for the SNP effects to be predicted (assumed
to be 0.00001, 0.0001, 0.001,0.01 of the genetic
variances). For each phenotype the Markov Chain Monte
Carlo (MCMC) algorithm were run for 1.000.000 samples
and first 2000 samples discarded as burn in period. We
collected each 10th samples from each realization of the
MCMC as thinning period.

One of the most well-known model for assessing
polygenic effects in GP is to use of genomic relationship
matrix in (1) where a refers to animals termed as genomic
best linear unbiased prediction (GBLUP) (17). We used
GBLUP, BayesR and BSLMM for prediction of
phenotypes using known genotypes based on their
breeding values (BV) or small gene effects (ALPHA) (27).
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The whole genomic dataset was partitioned by reference
and validation set. ECMY measurements of the validation
set were assumed to be missing. Phenotypes of the
validation set were predicted using the information from
the reference set. A random sample of reference set (2/3
of the animals, n=517) was used to create predictive
equations. This procedure was repeated 10 times.
Correlation coefficient between the predicted and realized
phenotypes of the validation animals was calculated over
10 replications.

Results

The main aim of this study was to detect gene
variants that associated with ECMY using 624100 SNPs
and 773 cows. In order to investigate population
stratification we used a multi-dimensional scaling (MDS)
analysis (1). Figure 1 presents an overview of stratification
by genotypes of cows based on top two genomic principal
components using identity by descent information over
MDS analysis. As shown in Figure 1 the main cow
population are closely related but still separate clusters
exist in the MDS plot (Figure 1).

The mean heterozygosity for a SNP was 0.3552
(0.1396) and for a cow was 0.3587 (0.014). GWAS
assume homogeneous populations for contrasting
frequencies of the SNPs to detect putative genomic
associations. By employing single regression models
(SRM) with correction for the population stratifications
may lead to valid results of the GWAS. In order to take
population stratification into account for SRM, we
predicted genomic relationship matrix (1) and conducted
the association analyses using the function "gamma"
(SRM) as was implemented in GenABEL package (1).

Table 1 shows the GWAS results of the SRM with false
discovery rate for multiple hypothesis testing correction.
The genomic inflation factor found to be 1.025 with
standard error of 0.000041. The estimated genomic
heritability of ECMY was 0.8541.

The most significant SNP on chromosome 5 (Table
1) was within the QTLs of milk fat percentage, milk
protein percentage and milk fat yield (18). The second
QTL on the same locus of chromosome 5 (Table 1)
associated with body weight (58.3-70.8 Mbp) (19). Other
significant SNP was BovineHD1700005467 (Table 1)
whose importance in milk palmitoleic acid content has
been defined (20) at the vicinity of chromosome 17 at
17.1-22.4 mega base pairs. The SNP on chromosome 6
(BovineHD0600008918) was identified in association
with body weight in cattle at 35.56 Mb (2).
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Figure 1. Multi-dimensional scaling analyses of genotypes.

Table 1. Top SNPs of the single regression model with GRAMMAR-gamma correction analyses of ECMY for false discovery rate

of 0.05.

Marker Chromosome P value BP False Discovery Rate
BovineHD0500016776 5 1.11E-10 59905836 0.0000693
BovineHD3000016842 30 6.46E-10 58003830 0.000202
BTB-01179030 14 1.27E-09 60164356 0.000264
BovineHD1700005467 17 4.72E-09 18948241 0.000736
BovineHD0600008918 6 2.25E-08 31792754 0.002808
BovineHD1800014456 18 5.21E-08 49004334 0.005419
BovineHD1500019853 15 6.38E-08 68743862 0.005688
BovineHD0800008984 1.42E-07 29615889 0.011078
BovineHD0200029838 2 6.37E-07 103773772 0.04013
BovineHD1300000094 13 6.43E-07 599841 0.04013
BovineHD 1300000090 13 7.16E-07 584808 0.040623
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In order to assess the genetic architecture of ECMY,
different effect sizes of the SNPs effects were used by
BayesR model. This was done because the SRM model
only assumed SNPs with major effects for the ECMY.
Table 2 presents the summary statistics for the top ten
SNPs obtained by BayesR. Table 3 provides the
breakdown of genetic variance according to
chromosomes. The number of SNPs associated with
ECMY changed considerably among chromosomes.
Highest proportion of the total variance is explained by
chromosome 5 (Table 1).

Table 4 compares the correlation coefficients for GP
using different models for ECYM and corrected ECYM

Table 2. Top ten SNPs of the BayesR model

for dairy farm effects. On average correlations were
shown to have similar results for different models for
ECYM and the residuals of ECYM. However, from the
Table 4, it can be seen that corrected ECYM resulted in
the lowest correlations compared with ECYM. Data for
the MY and residuals of MY in Table 1 can be compared
with the ECYM and residuals of ECMY which shows
similar trends over different GP models. However, the
results of the BayesR resulted in the highest correlations
for MY (0.3529) and the lowest for the residuals of MY
(0.0268).

SNP CHR BP PROP

BovineHD2900006632 29 23294478 0.044745
BovineHD0500016776 5 59905836 0.038795
BovineHD0800008984 8 29615889 0.034092
BovineHD1800010522 18 34509354 0.013303
Hapmap24310-BTA-162764 15 3335649 0.010461
BovineHD2400005028 24 19198046 0.010436
BovineHD0300012765 3 41843197 0.009673
BovineHD1400019682 14 70036249 0.008425
BovineHD0200000556 2 1929907 0.007427
BovineHD0900018960 9 68547030 0.006995

Table 3. Sum of SNPs effects and number of SNPs obtained over chromosomes from BayesR.

Chromosome Sum of SNP effects Number of SNPs by BayesR Number of SNPs in the map file
1 0.05208 434 38338
2 0.04452 371 32162
3 0.04147 319 29400
4 0.0372 310 29010
5 0.07194 327 28446
6 0.03432 312 30057
7 0.03096 258 26839
8 0.05824 224 22970
9 0.04256 304 25829
10 0.03341 257 25933
11 0.0296 296 27589
12 0.0246 205 21635
13 0.0185 185 16974
14 0.03444 164 17576
15 0.0357 238 21066
16 0.02412 201 20006
17 0.02544 212 19259
18 0.03553 187 17088
19 0.01925 175 16312

20 0.02472 206 18517
21 0.01925 175 17586
22 0.0194 194 15981
23 0.01104 138 13311
24 0.03111 183 15421
25 0.01062 118 11520
26 0.01287 143 13380
27 0.01359 151 11639
28 0.01742 134 11625
29 0.05658 138 12776
30 0.01815 165 15822
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Table 4. Pearson correlations of Genomic predictions obtained by different models for ECYM and residuals of ECYM.

Method ECMY Residuals of ECMY MY Residuals of MY
BayesR 0.6422 0.5046 0.3529 0.0268
BSLMM_BV 0.6275 0.5418 0.2405 0.0541
GBLUP_BV 0.6275 0.5475 0.2429 0.0692
BSLMM_ALPHA 0.6276 0.5422 0.2399 0.0536
GBLUP_ALPHA 0.6244 0.5475 0.2429 0.0694

Discussion and Conclusion

To date only one study have used ECMY as
phenotype in GWAS (24). However a strong relationship
between ECMY and productional and functional traits has
been reported in the literature. An initial objective of the
study was to identify SNPs in associated with ECMY.
ECMY, as derived trait from MY was used as a response
variable in GWAS for the current study. However it is not
uncommon to use derived and/ or standardized errors as
phenotypes in GWAS. In recent years, there has been an
increasing amount of literature on deregressed estimated
breeding values (DEBV) as phenotypes in GWAS. A
significant analysis and discussion on the subject was
presented by (16) and (20). A recent study by (12)
involved a GWAS using DEBV for MY in buffalo.

MDS plot detected genotypic clusters using principal
components analyses (Table 1). We used SRM model with
genotypic relationship matrix to take this relationship into
account for GWAS of ECMY. The result of this SRM
analyses indicate that there are various genomic signals in
association with ECMY (Table 1), particularly from
chromosomes of 5, 14 and 30. This finding broadly
supports the work of other studies in this area linking
ECMY with energy metabolism over MY and body
weight. It is somewhat surprising that no gene was
detected at vicinity of the chromosome 14 SNP of BTB-
01179030 (Table 1). This outcome is contrary to previous
studies which have suggested that strong genomic signals
for MY from various loci of chromosome 14.

In accordance with the present results, previous
studies have demonstrated that complex phenotypes could
be explained by genes with small to major effects (15). It
was hypothesized that the SNPs could be distributed into
four classes according to their effects sizes on the ECMY.
As can be seen from the Table 2 that the strongest genomic
signal was found to be at chromosome 29 BayesR. These
results reflect those of (12): who also found a genomic
signal from the similar location for milk protein yield.
There was a significant negative linear relationship
between number of chromosomes and number of SNPs
per chromosomes (Table 3) similar to the other organisms.
Contrary to expectations, this study did not find a strict
linear relationship between chromosomal sizes, detected
number of SNPs and sum of SNPs effects (Table 3) (24).
One interesting finding is that some short chromosomes as

such chromosomes 5 (included 28446 SNP) and 29
(included 12776 SNP) had higher effects sizes compared
with the rest of the genome. A possible explanation for
these results may be related with the existence of major
genes at the chromosome 5 (Table 1).

GP results of Table 4 is revealing in several ways.
The results showed that ECYM and residuals of ECYM
using BayesR, had the higher accuracies from a 10-fold
cross validations as 0.6422 and 0.3529 respectively. In
reviewing the literature, no data was found on the GP of
ECMY.

With respect to the research question, it was
concluded that ECMY could be used for GP due to
moderate accuracies in Table 4. In this study (as
environmental and genetical factors) dairy farm effects
were found to cause of inflation for accuracies of GP
(Table 4). In accordance with the present results, previous
studies have demonstrated the effect of environmental
factors (dairy farm) for the GP (19, 23, 26). These findings
contribute in several ways to our understanding genomics
of ECMY and provide a basis for GP studies or pathway/
gene investigations by detected SNPs (Table 1-3).
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Abstract: Salmonella Typhimurium is frequently isolated from chicken meat. The main purpose of current study was to analyze
the decontamination of S. Typhimurium by using different concentrations of chitosan, lactic acid and chitosan and lactic acid
combination on broiler carcasses. S. Typhimurium was inoculated to broiler carcasses at 108 cfu/mL in eight different study groups.
Then, contaminated carcasses were treated with 1%, 2% lactic acid and 0.1%, 0.05% chitosan for 5, 10, 15 min. Also, effects of the
combination of chitosan and lactic acid (0.05% chitosan- 1% lactic acid, 0.01% chitosan- 1% lactic acid) were analyzed for 5, 10, 15
min. Carcasses samples treated with chitosan and lactic acid were analysed for survival of S. Typhimurium on the 0, 3 and 7 days of
storage time. Lactic acid (1%, 2%), combination of chitosan and lactic acid (0.05% chitosan + 1% lactic acid and 0.01% chitosan and
1% lactic acid) were detected to have antimicrobial effect on S. Typhimurium inoculated into carcasses (P<0.05). There is no difference
between the working groups in terms of implementation time (P>0.05). According to the study, it was found that the combination of
lactic acid and chitosan is the most effective method against S. Typhimurium in poultry carcasses. As a result, it is thought that the
decontaminant agents which preferred in the study can be used in various applications in the poultry industry.

Keywords: Broiler carcass, Chitosan, Lactic acid, Sa/lmonella Typhimurium.

Broiler karkaslarinda Salmonella Typhimurium'un kitosan ve laktik asit ile dekontaminasyonu

Ozet: Salmonella Typhimurium, tavuk etlerinden en sik izole edilen patojenden biridir. Bu ¢alismada, gesitli konsantrasyonlarda
kullanilan kitosan, laktik asit, kitosan ve laktik asit kombinasyonunun S. Typhimurium ile kontamine olmus etlik broyler karkaslarina
etkileri aragtirilmigtir. S. Typhimurium broiler karkaslarma 10% kob/mL inokule edilerek 8 farkli grup olusturulmustur. Daha sonra
kontamine edilen karkaslar %1, %2 laktik asit, %0,05, %0,1 kitosan, laktik asit ve kitosan kombinasyonlari ile 5, 10 ve 15 dakika
boyunca muamele edilmistir. Kitosan ve laktik asit ile muamele edilmis karkas 6rneklerin, 0., 3. ve 7. giinlerde analizleri yapilmustir.
Karkaslara inokule edilen S. Typhimurium iizerine laktik asit (%1, %2), kitosan ve laktik asit kombinasyonunun (%0,05 kitosan +%1
laktik asit ve %0,01 kitosan ve %1 laktik asit) antimikrobiyal etkiye sahip oldugu tespit edilmistir (P<0,05). Uygulama siiresi agisindan
calisma gruplari arasinda fark olmadig1 gézlendi (P>0,05). Bu ¢alismada, laktik asit ve kitosan kombinasyonunun kanatli karkaslarinda
S. Typhimurium'a kars1 en etkili yontem oldugu dogrulanmigtir. Sonug olarak ¢alismada kullanilan dekontaminant ajanlarin kiimes
hayvani endiistrisindeki ¢esitli uygulamalarda kullanilabilecegi diisiiniilmektedir.

Anahtar sozciikler: Broiler karkas, Kitosan, Laktik asit, Sa/monella Typhimurium.

Introduction

Meat and meat products consumed in the diet
contribute significantly to the intake of energy, protein,
and micronutrients (13). Poultry meat is frequently
preferred around the world because of its high protein
ingredient, balance of polyunsaturated fatty acids (n-6, n-
3), low fat and cholesterol content, affordable price
compared to red meat (10, 49). Therefore, poultry meat
constitutes 30% of the meat consumed in the world (17).

Poultry meat is an important reservoir for pathogenic
bacteria and is often associated with foodborne diseases
(9, 20, 21, 53). Salmonella spp. are potential zoonotic
agents that can pose a danger to society (62). Based on
reported studies, Salmonella enterica serovars are among
the most important foodborne pathogens (4). Among the
Salmonella serotypes, S. Typhimurium and S. Enteritidis
are the two most common serotypes, and S. Typhimurium
is known as the most dominant isolated serotype
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worldwide (23, 67). Therefore, it is important to keep S.
Enteritidis and S. Typhimurium separate from other
Salmonella serotypes as they are specified in zoonosis
control legislation and have differences in epidemiology
(3, 32). Also, Salmonella spp. can infect a variety of
animals such as sheep, cattle, poultry and pigs (59).
Salmonella spp. can be transmitted to humans by way of
contact with infected animals, polluted water and the
environment. However, cases in humans are mostly via
contaminated food products (19, 25). The consumption of
poultry meat and egg are the most important source of
Salmonella spp. for humans (37, 64).

In addition to general hygiene rules, organic
chemicals are used as a decontamination fluid in the
poultry and meat industry to destroy or reduce pathogenic
microorganisms on the carcass surface (7, 44, 45). Organic
acids have been found to be effective in reducing
foodborne pathogens such as Escherichia coli O157:H7,
S. Typhimurium and Listeria monocytogenes on carcass
surfaces (34, 57). Among the organic acids, lactic acid
(LA) is frequently used as a decontamination agent in
broiler carcasses. Many studies have been carried out on
lactic acid application to control pathogenic bacteria in
broiler carcasses. (1, 47, 48).

Chitosan obtained by deacetylation of chitin is a
naturally sourced polycationic biopolymer in the form of
a powder that is insoluble in water, high viscosity, non-
toxic, non-antigenic, soluble in organic acids (50, 66). Due
to the various properties of chitosan, it is widely used in
biotechnology, pharmacy, medicine, veterinary medicine,
water treatment, textile, agriculture, cosmetics and food
industries (5, 12, 29, 43, 57). It has been stated in various
sources that chitosan can be used as an alternative in
storage foods and increasing their shelf life (46, 52).
Chitosan is a potential protective additive for foods with
its antimicrobial effect on foodborne pathogen bacteria,
mold and yeast (6, 11, 39). Chitosan can be dissolved in
organic acids. Therefore, the use of chitosan alone or in
combination with other organic acids is among the
strategies that can be preferred in reducing the microbial
load on the animal carcass surface (14, 40).

In the present study, antimicrobial effect of chitosan,
lactic acid, chitosan and lactic acid combination used in
various concentrations on broiler carcasses contaminated
with S. Typhimurium were investigated.

Materials and Methods
Preparation of bacterial strain: The stock strain
used in this study were, S. Typhimurium (ATCC 14028).
Cultures were incubated in 10 mL Tryptic Soy Broth
(Oxoid, UK) for at 35°C at 24 h. The microbial density
was set to 0.5 McFarland turbidity standard approximately
bacteria density of 103 cfu/mL". The prepared strain

mixture was used for broiler carcass contamination within
30 min.

Contamination of broiler carcasses with S.
Typhimurium: In this present study, broiler carcasses
(1.2-1.4 kg) saled from the local market were used. A total
of 144 broiler carcasses were used in the study. Except the
control group each experimental group,
contaminated with 10® cfu/mL"! bacterial culture. The
broiler carcasses were kept in bacterial culture for 30 min
for adhesion.

Decontamination agents, groups and analysis: In
the current study, chitosan (Sigma, US), lactic acid
(Sigma, US) and their combinations were used.
Contaminated carcasses were treated with 1%, 2% lactic
acid and 0.1%, 0.05% chitosan for 5, 10, 15 min. Also,
effects of the combination of chitosan and lactic acid
(0.05% chitosan- 1% lactic acid, 0.01% chitosan- 1%
lactic acid) were anaylsed with negative and positive
control. The exposure times of the carcasses to
decontaminant fluids were subdivided into 5, 10, 15 min.
Microbiological analyzes were performed in these groups
on days 0, 3 and 7. After each experiment, the carcass
samples were kept in a refrigerator at 4°C. Chemical
decontaminants which used in carcass decontamination
and their prepared concentrations are shown in Table 1.

were

Table 1. Decontamination agents and concentrations used in
broiler carcasses.

Concentrations
1% and 2%
0.1% and 0.05%
0.05% + 1% and 0.01% +

Decontaminants

Lactic acid
Chitosan solution

Combination of chitosan ve

lactic acid 1%
Analysis  procedure of broiler carcasses:
Microbiological  analysis of  chicken carcasses

decontaminated with S. Typhimurium were performed on
days 0, 3 and 7. Firstly, chicken carcasses were washed
with sterile distilled water in sterile bags and rinsed with
peptone water (Biolife, Italy) in order to find out whether
there was Salmonella contamination. Afterwards freshly
processed  broiler carcasses rinsed  with
decontaminant fluids, and the rinses were serially diluted
10-fold with 0.1% peptone water. The samples were then
spread on xylose lysine deoxycholate agar (XLD) (Merck,
Germany) and brilliant-green phenol-red lactose sucrose
(BPLS) agar (Merck, Germany) by spread plate technique
(0.1 ml). After incubation, 1 - 2.5 mm in diameter, central
black periphery red colonies in XLD agar and 1-1.5 mm
in diameter, pink red colonies were considered as
Salmonella suspects. Suspicious colonies were inoculated
into triple sugar iron (TSI) (Merck, Germany) agar and

were
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lysine iron agar (LIA) (Merck, Germany) at 37°C for
overnight. In the end, serologically colonies with
suspected Salmonella spp. were confirmed by testing with
Salmonella antiserum (Difco 2264-47-2, US) (18).

Statistical analysis: The obtained data were
statistically evaluated by the use of SPSS 25 statistical
package. The variables were expressed as mean + standard
deviation and median (Maximum-Minimum) percentage
and frequency values. The suitability of the data to the
analysis of variance in the factorial order was evaluated
with the multivariate normal distribution and Box-M Test
of Homogeneity of Variances. Means were compared by a
factorial analyese of variance. Parametric tests (analysis of
variance in factorial order) that did not meet the
prerequisites, the data were reevaluated by box cox data
transformation and the obtained data were processed by
analysis of variance in factorial order. Corrected LSD Test
was used for Multiple comparisons. The significance level
was expressed as P<0.05.

Results

Negative and Positive Control Group Results: In
this study, Salmonella negative broiler carcasses were
used. In the positive control group, contaminated broiler
carcasses with S. Typhimurium were determined as 6.60,
6.81, and 6.88 log cfu/mL on days 0, 3, 7, respectively.
The negative control group results were detected as
negative for the presence of Salmonella.

Effects of lactic acid (1% and 2%) application to
broiler carcasses: Based on our results, compared with the
control group, it was observed that the count of S.
Typhimurium was 4.16, 4.35, 4.77 log cfu/mL at 5, 10, 15

Table 2. Effects of 0.05% and 0.1% chitosan on S. Typhimurium.

min on day 0; 5.94,4.42,4.27 log cfu/mL at 5, 10, 15 min
on day 3; 6.22, 5.83, 4.12 log cfu/mL at 5, 10, 15 min on
day 7, respectively. The reduction Ilevels of S.
Typhimurium were determined as 2.44, 2.25, 1.83 log
cfu/mL at 5, 10, 15 min on day 0, 0.87, 2.39, 2.54 log
cfu/mL at 5, 10, 15 min on day 3, 0.66, 1.05, 2.76 log
cfu/mL at 5, 10, 15 min on day 7, respectively.

In the experimental groups containing 2% lactic acid,
the count of S. Typhimurium was found 4.05, 3.82, 3.45
log cfu/mL at 5, 10, 15 min on day 0; 3.90, 3.67, 3.33 log
cfu/mL at 5, 10, 15 min on day 3; 3.60, 3.93, 3.43 log
cfu/mL at 5, 10, 15 min on day 7, respectively. The
reduction levels of S. Typhimurium were observed as
2.55,2.78,3.15 log cfu/mL at 5, 10, 15 min on day 0; 2.91,
3.14,3.48 log cfu/mL at 5, 10, 15 min on day 3; 3.28,2.95,
3.45 log cfu/mL at 5, 10, 15 min on day 7, respectively. In
accordance with the results of the statistical analysis, it
was observed that there was a significant difference
between all groups compared to the control group
(P<0.05), but there was no significant difference between
them according to the application times.

Effects of Chitosan (0.05% and 0.1%) application
to broiler carcasses: The decrease in the levels of 0.05%
and 0.1% chitosan applications of S. Typhimurium in 5
min, 10 min and 15 min in comparison with the positive
control is shown in Table 2.

Effects of lactic acid and chitosan combinations
application to broiler carcasses: The results of S.
Typhimurium of the experimental groups with the control
group containing 0.01% chitosan, 1% lactic acid and
0.05% chitosan and 1% lactic acid combination solution
are given in Table 3.

S. Typhimurium counts (log cfu/mL)

Concentration of

. 5 min 10 min 15 min
chitosan
Day0 Day3 Day7 Day 0 Day 3 Day 7 Day 0 Day 3 Day 7
0.05% 6.53 6.46 7.32 6.22 6.3 6.57 6.74 6.05
0.1% 6.31 4.44 6.52 6.42 6.74 6.43 6.38 6.47
Table 3. Effects of Lactic Acid and Chitosan Combinations on S. Typhimurium.
S. Typhimurium counts (log cfu/mL)
Concentration of lactic
acid and chitosan 5 min 10 min 15 min
combinations
Day 0 Day 3 Day 7 Day 0 Day 3 Day 7 Day 0 Day 3 Day 7
0, 3 0,
0.01% chitosan and 1% 1.99 4.82 1.99 3.14 3.53 1.96 3.78 1.99
lactic acid
0, 3 0,
0.05% chitosan and 1% 1.99 5.38 6.17 6.17 6.16 1.99 3.93 6.12

lactic acid
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Discussion and Conclusion

Poultry meat is a significant reservoir for Salmonella
spp. (22). The main reason for the occurrence of
foodborne salmonellosis in humans originate from
contaminated chicken meat consumption (2, 16). Causes
of Salmonella spp. contamination of poultry meat include
slaughtering  Salmonella-positive  flocks in  the
slaughterhouse, the slaughter equipment, scalding,
plucking, evisceration, and cross contamination and lack
of personal hygiene (8, 51). Salmonella species are most
common in fresh broiler meat among the various meat and
meat product categories (pork, turkey, beef and ready-to-
eat foods prepared from these meats and ground beef)
(15). According to the previous studies, one of the
predominant serotypes in chicken meat is S. Typhimurium
(31, 61, 65). It has been assigned as a result of the studies
that this situation creates an important potential for public
health.

Despite the application of many preservation
methods, foodborne infections still cannot be completely
prevented.  Accordingly, various decontamination
methods are used to reduce or completely eliminate the
number of pathogenic microorganisms in broiler carcasses
to be consumed. Various chemicals are used for
decontamination and organic acids take an important place
among them (58). Organic acids used as decontamination
liquids are frequently applied to the surfaces of various
meats and carcasses. Organic acid applications are cheap,
simple, fast and effective (24). Among the organic acids,
acetic acid and lactic acid have been the most commonly
accepted carcass decontaminant fluids (58). Bactericidal
or bacteriostatic effect can be obtained on the carcass
surface with various organic acids by spraying or dipping
on the carcass (55). In addition, the use of organic acids is
generally recognized as safe (GRAS) for meat and poultry
products by the U.S. Food and Drug Administration (38).
The researchers reported that the effect of lactic acid on
bacteria was related to the concentration of lactic acid
used, the temperature of the lactic acid solution, the
method of application, the processing time and the pH-
value (54, 57). The use of natural substances such as
chitosan together with organic acids for decontamination
is increasing day by day. In this study, the inhibitory
effects of lactic acid, chitosan, and combinations of
chitosan with lactic acid at different doses, different times
and different storage days on S. Typhimurium were
examined. The efficacy and antimicrobial effects of lactic
acid in poultry have been studied in many studies. Xiong
et al. (63) found that 1% and 2% LA sprayed on chicken
skin at room temperature for 30 s reduced S. Typhimurium
counts by 2.2 log cfu/mL. In a similar study, Li et al. (33)
applied 1% lactic acid to chicken carcasses contaminated
with S. Typhimurium by spraying method for 90 s. As a
result of the application, a unit reduction of 1.6 log cfu/mL

was observed. In one study, as a result of the treatment of
S. Typhimurium with 1% and 2% lactic acid for 3 min, a
decrease of 1 log and 3.3 log cfu/cm? was observed in the
count of microorganisms, respectively (41). Mulder et al.
(45), in their study on S. Typhimurium inoculated into
chicken carcasses, they used 0.5% and 1% lactic acid in
dipping water at room temperature for 10 min. The result
of the application, 1-2 log cfu/mL reduction was detected.
In other studies, it has been observed that varying amounts
of lactic acid are quite effective on S. Typhimurium (28,
36, 57). This study investigated the effect of 1% and 2%
lactic acid against S. Typhimurium in chicken carcasses.
The most effective method in this study was obtained in
2% lactic acid applications for 15 min. According to other
studies, the results are similar despite the differences in
concentration and application time.

Chitosan which does not show toxic effects, is very
effective against foodborne pathogens with its
antibacterial and antifungal effects (60). Although the
antimicrobial effect of chitosan is not known exactly, it
may change the structure of the cytoplasmic membrane
due to its cationic feature (42). Moreover, chitosan may
bind to DNA and inhibit RNA synthesis (35). The
antimicrobial effect of chitosan depends on the type of
microorganism, properties of chitosan, physical form of
chitosan and environmental factors (30). There are few
studies on the effect of chitosan against Sa/monella spp. in
poultry (14, 39, 40). The effect of chitosan on Salmonella
spp. and S. Typhimurium in broiler chickens was
investigated by using it alone or in combination with
organic acids. In the study conducted by El-Khawas et al.
(14), the effect of chitosan (0.5%, 1%, 2%), lactic acid
(1%) and combinations of lactic acid (1%) and chitosan
(2%) on S. Typhimurium was investigated in chicken
fillets cooled at 4°C. As a result, they found that the effect
of chitosan 2%, lactic acid 1% and chitosan-lactic acid
combination applications were approximately 1.5 log
cfu/mL reduction. When the study and our results are
compared, the effect of lactic acid is in line with our
results; however, it was observed that the effect of
chitosan was higher than in our study. The reason for this
is thought to be due to the concentration used and the
solvent differences. In this study, it was concluded that
dissolving chitosan with distilled water reduces its
effectiveness. In one study, skin samples were dipped into
solution containing 10° cfu/mL of S. Typhimurium for 30
s. Afterwards, skin samples dipped into a solution
containing 0.5% chitosan for 30 s. Chitosan has been seen
to reduce the number of S. Typhimurium after 24 hours
(40). When compared with our results, it is seen that the
results are parallel according to the applications of
chitosan at different densities, different solvents and
times. Based on the results, it was observed that the
combination of chitosan and lactic acid at different
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concentrations made a significant difference compared to
the control group. However, it was found that the
difference between two different chitosan and lactic acid
combination (0.05% + 1% and 0.01% + 1%) applications
and the application times (5 min, 10 min, 15 min) was not
significant. In a different study, it has been reported that
by adding chitosan to the diet of broiler chickens for 7
days, it significantly reduces the rate of S. Typhimurium
(39). According to the researches, it has been understood
that taking derivatives such as chitosan and oligochitosan
with diet has a prebiotic effect and supports the growth of
beneficial bacteria and helps regulate the immune system
(26, 27).

Poultry meat is an important food due to its nutritious
properties and economic advantage compared to red meat
in Turkey. However, depending on the cutting process,
hygienic conditions cannot be fully provided.
Consumption of broiler carcasses contaminated with S.
Typhimurium can pose a danger to human health as well
as adversely affect the poultry industry. Therefore, the use
of food preservation methods to reduce or eliminate the
microorganism count is important in broiler carcasses.
The antimicrobial effects of organic acids and chitosan can
be used when hygiene practices are inadequate to reduce
microbial contamination in broiler carcasses. According to
our results, it was found that the combinations of lactic
acid and chitosan (0.05% chitosan + 1% lactic acid and
0.01% chitosan and 1% lactic acid) are the most effective
method against S. Typhimurium in poultry carcasses. The
combination of chitosan with lactic acid can be effective
for use as a decontamination solution in broiler carcasses.
The decontaminants used in the study can be used in the
poultry industry to reduce the number of microorganisms
and increase the shelf life of the products.
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Abstract: This study was conducted to obtain the morphometric and volumetric measurements of bulbus oculi of Van cats,
growing around the city of Van in Turkey and named after here, by using computed tomography (CT) and magnetic resonance imaging
(MRI), and to reveal the biometric differences of these measurement values between the sexes. A total of 16 adult Van cats including
8 females and 8 males were used in the study. The animals were anesthetized with the combination of xylazine and ketamine. The
anesthetized animals were scanned by using CT and MRI devices and their images were obtained. Then, the morphometric and
volumetric measurements of bulbus oculi were calculated from these images using the software (Syngo CT Software) in the workstation
and their statistical analysis was performed. Upon the examination of the morphometric and volumetric analysis results, it was
determined that while W (bodyweight) and ACL (Left Anterior Chamber) values were higher in male cats, DVLL (Dorsoventral length
of the left lens) value was higher in female cats. These differences between the sexes were statistically significant (P<0.05). The
volumetric measurement values of bulbus oculi and lens were determined to be averagely 4.60 + 0.27 cm?® and 0.67 + 0.09 cm?,
respectively. In conclusion, the statistical differences of biometric values of bulbus oculi between male and female Van cats were
determined by using CT and MRI. It is thought that the present study would contribute to the ophthalmological applications and the
students receiving anatomy education.

Keywords: Bulbus oculi, computed tomography, magnetic resonance imaging, morphometry, Van cat.

Van kedilerinde bulbus oculi’nin bilgisayarh tomografi ve manyetik rezonans goriintiileme ile
morfometrik 6zelliklerinin incelenmesi

Ozet: Bu galisma, Tiirkiye’de Van ili y6resinde yetistirilen ve ismini buradan alan Van kedilerinde bulbus oculi’nin bilgisayarli
tomografi (BT) ve manyetik rezonans goriintileme (MRG) ile morfometrik ve voliimetrik Slgiilerini elde etmek ve bu 6lgiim
degerlerinin cinsiyetler arasindaki biyometrik farkliliklarini ortaya koymak amaciyla yapildi. Calismada 8 disi, 8 erkek olmak iizere
toplam 16 adet eriskin Van Kedisi kullanildi. Hayvanlar ketamin-ksilazin kombinasyonu ile anesteziye alindi. Anestezi altindaki
hayvanlar BT ve MRG cihazi ile taranarak goriintiileri elde edildi. Daha sonra bu goriintiilerden is istasyonundaki yazilim programi
(Syngo CT Software) kullanilarak bulbus oculi’nin morfometrik ve voliimetrik Sl¢iimleri hesapland: ve istatistiki analizi yapildi.
Morfometrik ve voliimetrik analiz sonuglarina bakildiginda, W (viicut agirlig1) ve ACL (sol 6n kamera) degerlerinin erkek kedilerde;
DVLL (sol lens’in dorsoventral uzunlugu) degerinin ise disi kedilerde daha yiiksek oldugu tespit edildi. Cinsiyetler arasindaki bu
farklarin istatistik olarak onemli diizeyde oldugu gézlendi (P<0,05). Bulbus oculi ve lens’e ait voliimetrik 6l¢iim degerleri sirasiyla
ortalama 4,60 + 0,27 cm? ve 0,67 + 0,09 cm? olarak belirlendi. Sonug olarak, Van kedilerinde bulbus oculi’nin biyometrik degerlerinin
istatistiksel olarak erkek ve disiler arasindaki farkliliklart BT ve MRG kullanilarak tespit edildi. Sunulan ¢aligmanin bu kedilerle ilgili
oftalmatolojik uygulamalara ve anatomi egitimi alan dgrencilere katki saglayacagi diisiiniilmektedir.

Anahtar sozciikler: Bilgisayarli tomografi, bulbus oculi, manyetik rezonans goriintiileme, morfometri, Van kedisi.

Introduction
Van cats have attracted great interest in recent years Van cats are known for their eye colors (their eyes may be
due to its unique physical characteristics and especially ~ amber or blue or they have heterochromia), triangular-
being included in the endangered species. Being growing shaped head, soft coat on their bodies, fluffy tail, love of
around the city of Van in Turkey and named after here, swimming and grooming, intelligence, and superior
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learning ability. Van cats are an important source of the
cultural wealth of the region (21).

The eye is a sense organ that can receive and process
light stimuli from the surrounding environment and
transmit them to the visual cortex of the central nervous
system by converting them into an electrical signal by
anatomic and physiological mechanisms (10). Being the
organ of sight, the eye consists of bulbus oculi (the
eyeball) and organa oculi accessoria (accessory organs of
the eye). Bulbus oculi, which has an active role in sight,
forms the optic structure of the eye. Bulbus oculi, which
is situated in orbit, has a three-layered structure including
tunica fibrosa bulbi (sclera and cornea), tunica vasculosa
bulbi (choroidea, corpus ciliare, and iris), and tunica
interna bulbi (retina) (9). Bulbus oculi varies among
animal species and breeds in terms of shape and size. In
general, when the domestic mammals are listed based on
their body sizes, cats have the biggest bulbus oculi, which
is followed by the dog, horse, cattle, and pig, respectively
(18).

The technological advancements in the computer-
aided medical imaging fields such as computed
tomography and magnetic resonance imaging as well as
modeling software
programs enable to determine of the features of many
anatomic structures in human or animal bodies, and
evaluation easily any pathological change in these
structures (2, 39). These imaging methods provide a
perfect morphological detail in imaging of the eye and
relevant (peripheral) complex anatomic structures
particularly in small pets such as cats and dogs (7, 22).
Also, the ocular and periocular benign and malignant
aggressive orbital  neoplasia,
inflammation cases, cystic structures, traumas, fractures,
and foreign bodies in the region can be identified easily by
means of CT, MRI, and the three-dimensional
reconstruction software. Briefly, they are commonly used
in diagnosing eye and orbital diseases and evaluating the
diagnosis and treatment activities in veterinary medicine
(7, 38).

Various studies concerning the anatomic and
morphometric features of bulbus oculi have been
conducted on horses (13, 24), cattle (13, 27), pigs (13),
camels (16), sheep (8, 11), goats (23), various dog breeds
(4,25, 30,37),and cats (3, 5, 19) from domestic mammals.
However, no study has been found on the bulbus oculi in
Van cats in the literature reviews. This study was
conducted to provide the imaging of anatomic structures
of bulbus oculi of Van cats by using computed
tomography and magnetic resonance imaging, obtain its
morphometric and volumetric measurements, and reveal
the biometric differences of these measurement values
between the sexes.

three-dimensional and various

tumors, various

Materials and Methods

Animal materials: In the study, a total of 16 adult
Van cats (between 3 and 8 years old, the average
bodyweight (W) 4.91 kg for males and 3.60 kg for
females), eight females and eight males, were used. The
cats were obtained from Van Yiizlincii Y1l University Van
Cat Research and Application Center. Ad libitum cat feed
and drinking water were provided to these cats until the
day before the study. This study was approved by the Van
Yiiziincii Y1l University Animal Experiments Local Ethics
Committee.

Anesthesia: The cats included in the study were
numbered, and were not provided any feed starting the day
before the study. Then, the cats were anesthetized with
xylazine (1 - 2 mg / kg, IM, Alfazyne® 2 % injectable) -
ketamine (15 mg / kg, IM, Ketasol® 10 % injectable)
combination.

Imaging with computed tomography: For the
computed tomography (CT) tests of the Van Cats, a 16-
section multi-sequential computed tomography (CT)
device (Somatom Sensation 16; Siemens Medical
Solutions, Erlangen, Germany) was used in the
Department of Radiology of Medicine Faculty of Van
Yiiziincii Y1l University. A disposable sheet was placed
onto the gantry of the device, and the cats were laid onto
this sheet head-first in a prone position to achieve
symmetry. The device parameters for the CT scan were
adjusted as follows: Section thickness, 0.5 mm; physical
detector collimation, 16 x 0.6 mm; feed/rotation, 6 mm;
kernel, U90u; final section collimation, 32 x 0.63 mm;
KV/rotation time (sec) values/effective mAs, 120/
0.75/120; gantry rotation period, 420 ms; increment, 0.5
mm; resolution, 512 x 512 pixels. Scanning and dosage
parameters were performed in accordance with standard
protocols found in published literature (15, 28). The
images obtained were recorded in the DICOM format.

Magnetic resonance imaging (MRI): The Van cats
being ready for the study were laid in prone position under
anesthesia and they were scanned by MRI. The T1 -
weighted sagittal data obtained from the MRI device was
used for image analysis. MRI parameters were adjusted as
follows; the field of view of 16 cm, the repetition time of
19.2 milliseconds, echo time of 9.5 milliseconds, flip
angle of 30°, resolution of 512 x 512 pixels, the resolution
range of 0.31 x 0.31 mm?, and the section thickness of 1
mm. The obtained axial images were transferred to the
workstation (Leonardo, Siemens Medical Solutions,
Erlangen, Germany) for processing in DICOM format.

Measurements: Then, using the software in the
workstation (Syngo CT Software) on these obtained
images, the morphometric measurements obtained from
the axial, and coronal sections were obtained from CT
measurements and the morphometric measurements
obtained from sagittal sections were obtained from T1-
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weighted MRI images as they were more demonstrative.
On the other hand, the volumetric measurements were
obtained by sectioning both bulbus oculi and lens from the
outer border in all sections respectively from anterior to
posterior in axial CT sections, obtaining colored images
by means of the special software and then calculating the
common volumetric data of all the sections. Figure 1, 2, 3,

and 4 shows the morphometric and volumetric
measurement points of the bulbus oculi of Van cats. All
measurements were made from the widest part of the
bulbus oculi and lens. The morphometric and volumetric
measurements of the points on the bulbus oculi were
determined in Table 1.

Table 1. The measurement points of the bulbus oculi and the abbreviations.

Abbreviation  Explanation

ABR Axial (anterior- posterior) length of the right bulbus oculi (cm)

ABL Axial (anterior- posterior) length of the left bulbus oculi (cm)

MLBR Mediolateral length of the right bulbus oculi (cm)

MLBL Mediolateral length of the left bulbus oculi (cm)

DVBR Dorsoventral length of the right bulbus oculi (cm)

DVBL Dorsoventral length of the left bulbus oculi (cm)

ALR Axial (anterior- posterior) length of the right lens (cm)

ALL Axial (anterior- posterior) length of the left lens (cm)

MLLR Mediolateral length of the right lens (cm)

MLLL Mediolateral length of the left lens (cm)

DVLR Dorsoventral length of the right lens (cm)

DVLL Dorsoventral length of the left lens (cm)

ACR Right Anterior Chamber (Anterior-posterior distance of the anterior chamber, from the cornea to the rostral
border of the lens) (cm)

ACL Left Anterior Chamber(Anterior-posterior distance of the anterior chamber, from the cornea to the rostral border
of the lens) (cm)

PCR Right Posterior Chamber (Anterior-posterior distance of the posterior chamber, from the caudal aspect of the
lens to internal surface of the bulbus oculi of the posterior segment) (cm)

PCL Left Posterior Chamber (Anterior-posterior distance of the posterior chamber, from the caudal aspect of the lens
to internal surface of the bulbus oculi of the posterior segment) (cm)

VLR Volumetric value of the right lens (cm?)

VLL Volumetric value of the left lens (cm?)

VBR Volumetric value of the right bulbus oculi (cm?)

VBL Volumetric value of the left bulbus oculi (cm?)

Figure 1. Measurement points of the bulbus oculi in Van cats (axial
CT image). DVB: Dorsoventral length of the bulbus oculi; MLB:
Mediolateral length of the bulbus oculi; DVL: Dorsoventral length
of the lens; MLL: Mediolateral length of the lens.
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Figure 2. Measurement points of the bulbus oculi in Van cats
(coronal CT image). AB: Axial (anterior - posterior) length of the
bulbus oculi; AL: Axial (anterior - posterior) length of the lens.

8/17/12019

Figure 3. Measurement points of the bulbus oculi in Van cats
(sagittal T1-weighted MRI image). AC: Anterior Chamber; PC:
Posterior Chamber. HE3,4:NE1 2

Figure 4. The process of calculating the volume value of the lens
(VL) and the bulbus oculi (VB) in Van cats.
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Nomina Anatomica Veterinaria was used as
terminology in the study (20). Digital scales (TESS®, RP
- LCD) were also used for bodyweight (W) measurements.

Statistical analysis: Whether measurement averages
in this study were normally distributed or not was
controlled via the Shapiro-Wilk test (rn < 50). Since it was
found that measurements of the variables were not
normally distributed, nonparametric tests were used. For
the sample size in the study; G*Power statistics program
(ver.3.1.9.4) was used. In the calculation, the power of the
test was 95 % and the type-1 error was 5 %. Accordingly,
it was appropriate to have a minimum of 8 cats in each
group. Descriptive statistics for measurements in the study
are communicated as mean, standard deviation, minimum,
and maximum. Gender-related comparisons of the
measurements were made through the Mann-Whitney U

test. The correlation between measurements, excluding
gender-related comparisons, was determined by Spearman
correlation coefficients. In measurements, the level of
statistical significance (o) was deemed to be 5 %. For all
measurements, SPSS (IBM SPSS for Windows, Ver. 23)
statistical package program was used.

Results

The morphometric and volumetric measurement
values obtained from bulbus oculi by using CT and MRI
were analyzed statistically in order to determine the
differences between male and female groups in terms of
continuous variables. Statistically significant differences
between the measured values of the bulbus oculi were
recorded (P<0.05). Tables 2-4 show the measured values.

Table 2. Morphometric and volumetric measurement values of the bulbus oculi according to gender.

Gender N Median Mean Std. Dev. Min. Max. *P

A Male 8 4.50 5.00 2.00 3.00 8.00 1.000
Female 8 4.50 5.00 2.00 3.00 8.00

W (kg) Male 8 5.00 491 0.60 4.10 6.00 0.002
Female 8 3.40 3.60 0.48 3.10 4.30

VLR Male 8 0.70 0.68 0.11 0.47 0.79 0.399
Female 8 0.64 0.65 0.08 0.52 0.76

VLL Male 8 0.73 0.68 0.11 0.50 0.77 0.171
Female 8 0.63 0.62 0.09 0.44 0.71

ALR Male 8 0.97 0.96 0.04 0.86 0.99 0.288
Female 8 0.95 0.94 0.05 0.83 0.99

MLLR Male 8 1.12 1.12 0.05 1.05 1.20 0.833
Female 8 1.12 1.10 0.06 1.01 1.17

DVLR Male 8 1.07 1.08 0.04 1.03 1.16 0.092
Female 8 1.14 1.15 0.09 0.99 1.27

ALL Male 8 0.97 0.95 0.06 0.84 1.03 0.792
Female 8 0.96 0.94 0.05 0.85 0.99

MLLL Male 8 1.10 1.11 0.04 1.05 1.18 0.596
Female 8 1.13 1.13 0.07 1.02 1.23

DVLL Male 8 1.09 1.08 0.03 1.03 1.11 0.013
Female 8 1.13 1.15 0.08 1.00 1.28

VBR Male 8 4.72 4.69 0.12 4.49 4.81 0.248
Female 8 4.52 4.57 0.43 4.07 5.44

VBL Male 8 4.70 4.70 0.13 4.54 4.86 0.172
Female 8 4.46 4.53 0.40 4.16 5.34

ABR Male 8 2.19 2.20 0.09 2.05 2.38 0.156
Female 8 2.15 2.14 0.08 2.00 2.23

MLBR Male 8 2.11 2.08 0.08 1.93 2.16 0.102
Female 8 2.04 2.01 0.10 1.81 2.10

DVBR Male 8 2.09 2.07 0.06 1.94 2.13 0.636
Female 8 2.09 2.07 0.11 1.86 2.21

ABL Male 8 2.19 2.19 0.10 2.01 2.33 0.493
Female 8 2.16 2.16 0.08 2.05 2.28

MLBL Male 8 2.07 2.06 0.07 1.97 2.14 0.429
Female 8 2.05 2.02 0.10 1.83 2.13

DVBL Male 8 2.10 2.09 0.03 2.04 2.13 0.460
Female 8 2.07 2.05 0.09 1.88 2.13

ACL Male 8 0.46 0.46 0.03 0.40 0.49 0.026
Female 8 0.41 0.42 0.02 0.39 0.46

ACR Male 8 0.44 0.44 0.04 0.39 0.51 0.167
Female 8 0.42 0.42 0.03 0.39 0.48

PCL Male 8 0.78 0.78 0.03 0.74 0.83 0.314
Female 8 0.79 0.80 0.03 0.78 0.86

PCR Male 8 0.79 0.80 0.04 0.75 0.88 0.205
Female 8 0.77 0.77 0.04 0.71 0.84

*P<0.05; Mann-Whitney U test.
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Table 2 shows morphometric and volumetric
measurements of the bulbus oculi according to sex.
Accordingly, it was determined that W and ACL values
were higher in the male cats compared to the female cats.
In addition, DVLL values were higher in the female cats
compared to the male cats. These differences were
statistically ~ significant (P<0.05). No statistically
significant difference was determined between the other
average measurement values of bulbus oculi based on sex
(P>0.05).

Table 3 shows the correlation between the
morphometric and volumetric measurement values of
bulbus oculi in the male cats. Accordingly, a positive
significant correlation was determined between age with
W, DVLR, ABR, ABL, and ACL measurement values,
between bodyweight with DVBL and ACL measurement
values; between VLR with VLL and MLBR measurement
values; between ALR with ALL, ABR, ABL, and PCR
measurement values; between MLLR with MLLL and
DVLL measurement values; between DVLR with ACL
measurement value; ALL with ABR, ABL, ACL, and
PCR measurement values; between MLLL with DVLL,
DVBR, and DVBL measurement values; between DVLL
and VBR measurement value; between VBR and VBL
measurement value; between ABR with ABL, ACL, PCR
measurement values; between MLBR with MLBL
measurement value; between DVBR with MLBL, DVBL,
and PCL measurement values; between ABL with ACL,
PCL, and PCR measurement values; between MLBL and
DVBL measurement value; between ACL and PCL
measurement value (P<0.05). On the other hand, there was
a negative significant correlation between VLR with ALR
and PCR measurement values; between VLL with ALR,
ALL, ABR, ABL, and PCR measurement values (P<0.05).

Table 4 shows the correlation between the
morphometric and volumetric measurement values of
bulbus oculi in the female cats. Accordingly, a positive
significant correlation was determined between age with
DVBR, MLBL, and DVBL measurement values; between
VLR and VLL measurement value; between VLL and
VBL measurement value; between ALR and ABR
measurement value; between MLLR with DVLR, MLLL,
DVLL, VBR, and VBL measurement values; between
DVLR with MLLL, DVLL, VBR, and VBL measurement
values; between MLLL with DVLL, VBR, and VBL
measurement values, between DVLL with VBR and VBL
measurement values; between VBR and VBL
measurement value; between ABR and PCR measurement
value; between MLBR with MLBL, DVBL, and ACL
measurement values; between DVBR with MLBL and
DVBL measurement values; between MLBL and DVBL
measurement value; and between ACR and PCL
measurement value (P<0.05). However, a negative
significant correlation was determined between VLR and

ALL measurement value; between DVBR and PCL
measurement value; between ACL with MLBL and
DVBL measurement values (P<0.05).

Discussion and Conclusion

The medical imaging methods such as A-mode
Ultrasonography, B-mode Ultrasonography, Computed
tomography, and magnetic resonance imaging are
commonly used in imaging eye and the relevant complex
anatomic structures, obtaining morphometric and
volumetric measurement values from these images, and
interpreting pathological conditions (19, 30, 31, 36). This
study is the first attempt to determine the morphometric
and volumetric values of the right-left bulbus oculi using
CT and MRI in Van cats and reveal the biometric
differences of these values between males and females.

No statistically significant differences were observed
in the ocular biometric measurement values obtained from
the various planes of the right and left eyes of some
animals such as domestic cats (36), Persian cat (19),
mesocephalic and dolichocephalic dogs (6), Saanen goats
(29), Guinea pigs (40), rabbits (34), and Striped Owls
(32). In this study, it was observed that ACL measurement
values were higher in the male cats compared to the female
cats. In addition, DVLL measurement values were higher
in the female cats compared to the male cats. These
differences were statistically significant (P<0.05). No
statistically = significant difference was determined
between the other mean measurement values of the right
and left bulbus oculi based on sex (P>0.05). It was
observed that other findings of bulbus oculi other than
ACL and DVLL measurement values were compatible
with the literature data. In addition, in the study by
Schiffer et al. (31), no statistical difference was found
between the right and left axial bulbus oculi length
measurement values and they reported based on the
differences between sexes that this measurement value
was significantly longer in male dogs compared to female
dogs.

Gilger et al. (12), determined that the mean values of
axial bulbus oculi length, anterior chamber depth, and
axial lens thickness were 20.91 £ 0 .53 mm, 5.07 = 0.36
mm, and 7.77 £ 0.23 mm, respectively, in the ocular
biometric measurements performed in 20 mixed-breed
cats with clinically normal characteristics. Vosough et al.
(36), determined that the mean values of axial bulbus oculi
length, anterior chamber depth, axial lens thickness, and
posterior chamber depth of the right and left eyes were
approximately 17.1 £ 0.1 mm, 3.9 £ 0.1 mm, 5.0 + 0.1
mm, and 7.0 £ 0.1 mm, respectively, in the ocular
morphometric examinations performed with 6 healthy
female domestic shorthair cats. Mirshahi et al. (19),
determined that these values were 20.7 = 1.0 mm, 4.1 +
0.7 mm, 7.7 £ 0.5 mm, and 8.2 + 0.4 mm, respectively, in



Ankara Univ Vet Fak Derg, 68, 2021 405

the ocular morphometric examinations of 40 healthy
Persian cats. In this study, it was observed that these
values were approximately 21.7 0.1 mm, 4.3 + 0.03 mm,
9.6 £ 0.8 mm, and 7.8 = 0.3 mm, respectively. It was
considered that these differences observed between the
morphometric measurement results of the mean values of
axial bulbus oculi length, anterior chamber depth, axial
lens thickness, and posterior chamber depth were due to
the age, length, and breed characteristics of cats.

The studies have revealed that there is a correlation
between body length and ocular size in humans (26) and
dogs (6). However, in the present study, the ocular
morphometric  characteristics were assessed with
bodyweight rather than body length. Accordingly, a
positive, statistical correlation was determined between
bodyweight and DVBL and ACL measurement values in
male cats. Also, no significant correlation was observed
between the ocular parameters and bodyweight in females.
However, Hollis et al. (13), reported that there was a
positive correlation between bodyweight and all the ocular
structures except for lens and anterior chamber depth in
horses.

In the study by Larsen (17), it was stated that the size
of the eye developed and increased approximately until the
age of 13 in humans. Also, Ribeiro et al. (29), reported that
all the ocular parameters increased until the age of 549
days in Saanen goats. In the study conducted by
Tuntivanich et al. (35), during the postnatal development
period of dogs by using ultrasound they determined that
the axial bulbus oculi increased until the 52" week. In the
study conducted by Mirshahi et al (19), with Persian cats,
they determined that there was a positive correlation
between age and posterior chamber depth. In the present
study, a positive significant correlation was determined
between age and W, DVLR, ABR, ABL, and ACL
measurement values in the male cats and between age and
DVBR, MLBL, and DVBL measurement values in the
female cats. Also, Tables 3 and 4 show the correlation
between the other measurement values of ocular structures
in male and female Van cats.

Eye volume is quite important in terms of some
ocular diseases such as microphthalmus, buphthalmus
(congenital glaucoma), and macrophthalmus (1).
Especially in pets such as cats and dogs, eye volume can
be calculated using various software developed from CT
and MRI images (1, 3, 14, 30). In this study, the
volumetric measurement values of bulbus oculi and lens
in healthy Van cats were determined to be averagely 4.60
+0.27 cm? and 0.67 = 0.09 cm?, respectively.

Using computed tomography and magnetic
resonance imaging, the images with the appropriate
thickness of the relevant anatomic structure can be
obtained without giving any bodily harm to animals under
anesthesia (33, 39). Additionally, imaging various

anatomic structures morphologically, interpreting them
and the morphometric and volumetric measurements of
these anatomic structures can be easily performed (7, 22,
38). Due to these properties, these imaging methods are
increasingly and commonly used in the field of veterinary
anatomy recently together with the computer-aided
technological developments (2, 39).

Consequently, the statistical differences between the
male and female Van cats in terms of bulbus oculi
biometric values were determined using CT and MRI. It is
predicted that this study would guide the ophthalmological
applications related to Van cats and the students receiving
anatomy education. Also, it is thought that this study
would significantly contribute to the scientific studies
about the eye in Van cats.
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Methicillin-resistant Staphylococcus aureus isolated from nonhealing
wound in a canary bird (Serinus canaria domestica)
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Abstract: Little is known about the presence of methicillin-resistant Staphylococcus aureus (MRSA) in a canary bird (Serinus
canaria domestica). Although MRSA in a canary bird was previously reported, to the best of our knowledge, this is the first full
description of the isolation and antibiotic resistance pattern of MRSA in this pet bird. A swab was taken from the nonhealing wound
on the lateral thigh of a four-year-old, caged, housed alone, male canary bird. After the identification of Staphylococcus aureus, the
antibiotic susceptibility profile of the isolate was obtained by the disk diffusion test. According to the resistance to Oxacillin and
Cefoxitin, the isolate was identified as MRSA. The mecA gene was confirmed by PCR. The bird was treated by offering drinking water
medicated with an injectable enrofloxacin formulation at 200 mg/L over 10 days period. Two weeks after therapy, intensive contraction
of the wound was observed with a size reduction. A week later, the complete epithelization of the wound defect was verified. In this
study, we could not confirm the source of infection in a canary bird, but we believe that transmission was from wild birds when the
cage was putting out in order to allow the bird to sunbathe or more likely via contact with the owner. The results of this study underline

the necessity for further investigations on the epidemiological role of canary birds as potential reservoirs of MRSA.
Keywords: Antimicrobial resistance, canary bird, exotic birds, mecA, pet birds.

Staphylococcus aureus (S. aureus) is a well-known
pathogen in humans and many animal species causing a
wide range of infections (5). It is mainly recognized as an
important cause of morbidity and economic loss in
production animals, but it is also very important in
companion animals (13, 15). Pet birds, including canary
birds (Serinus canaria domestica), are common pets, and
they can be infected with S. aureus in different forms,
including pneumonia, air sac inflammation, pericarditis,
and diarrhea. Moreover, S. aureus can cause death in
canaries kept in aviaries (5). The most important zoonotic
diseases associated with birds include chlamydophilosis,
salmonellosis, tuberculosis, and highly pathogenic avian
influenza (2). Numerous other bacteria also have zoonotic
potential, such as Campylobacter spp, Borrelia
burgdorferi, Pasteurella spp, Klebsiella spp, Yersinia spp,
Pseudomonas spp, and Escherichia coli (2, 6). In recent

decades, methicillin resistance of S. aureus has become an
emerging problem in human and veterinary medicine (1).
After the first isolation of methicillin resistant S. aureus
(MRSA) from the milk of mastitic cow in 1972, MRSA
has been increasingly found in many animals (8). The
evidence that transfers of methicillin resistant S. aureus
strains can occur between animals and humans (8, 11)
increase the zoonotic potential of different animals as a
source of MRSA infection in humans. Due to their close
contact with humans, MRSA in household pets has
potentially significant implications for human health,
especially because of evidence of MRSA colonization in
clinically normal animals (20). Despite the importance of
MRSA in pets, there is very limited information about
MRSA in exotic birds. So far, a few cases in parrots have
been described (3, 14, 19) and only one report of MRSA
in canary birds, without any detailed case description (9).
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The purpose of this report is to describe isolation of
MRSA from an unhealing wound in a household canary
bird (Serinus canaria domestica).

A four-year-old, caged, housed alone, male canary
bird (Serinus canaria domestica) was referred to the
Surgery Department of Veterinary Faculty University of
Sarajevo with a history of the nonhealing wound of
unknown etiology, progressing in size despite undertaken,
by veterinarian prescribed, topical therapy. The previous
therapy consisted of wound irrigation twice daily for seven
days with the 0.1% povidone-iodine antiseptic solution.
Physical examination revealed a full-thickness wound in
the right lateral thigh, approximately 7 to 10 mm in
diameter, presented with some portions of the granulation
tissue, exudate at the wound surface, and the redness of
the surrounding skin. A wound swab was taken and
immediately transfer to the laboratory for bacteriological
examination. The swab was inoculated onto blood agar,
MacConkey’s, and bromocresol purple lactose agar and
incubated aerobically for 24 hours at 37 °C. Preliminary
identification of the isolate was performed by colony
morphology, hemolysis, Gram stain, catalase test, tube
coagulase test, and fermentation of maltose on
bromocresol purple maltose agar (10). The final
identification of S. aureus was done by polymerase chain
reaction (PCR) using oligonucleotide primers described
by Sasaki et al. (17).

Antimicrobial susceptibility testing of MRSA isolate
was performed by a disc diffusion method following the
guidelines of the Clinical Laboratory Standards Institute
(4). The following antimicrobial disks (Conda) were used:
Amoxicillin (25 pg), Amoxicillin-Clavunalic acid (20/10
ng), Ampicillin-Sulbactam (10/10 pg), Cefoxitin (30 ug)
Chloramphenicol (30 pg), Enrofloxacin (5 pg),
Clindamycin (2 pg), Erythromycin (15 pg), Gentamycin
(10 pg), Oxacillin (1 pg) and Penicillin G (1 IU). For
detection of mecA and mecC (mecAigazs1) (methicillin
resistance) genes in the isolate, PCR was performed as
described previously (18). Once the antibiogram results
were obtained, topical treatment with 0.1% povidone-
iodine antiseptic solution was discontinued, and oral
application with enrofloxacin, was applied by offering
drinking water medicated with an injectable enrofloxacin
formulation at 200 mg/L over 10 days period. Written
informed consent was obtained from the owner for all
procedures undertaken.

According to the results of preliminary
identification, the isolate was identified as coagulase
positive staphylococci. S. aureus was finally identified by
PCR. The S. aureus isolate was found to be resistant to
Penicillin G, Amoxicillin, Amoxicillin-Clavunalic acid,
Ampicillin-Sulbactam, Cefoxitin, Erythromycin, and
Oxacillin. The isolate was intermediately susceptible to
Clindamycin and susceptible to Chloramphenicol,

Enrofloxacin, and Gentamycin. Due to resistance to
Oxacillin and Cefoxitin, the isolate was identified as
MRSA. The presence of the mecA gene was confirmed by
PCR.

After the 4" day of antibiotic therapy, wound healing
was evident by the absence of the exudate at the wound
surface, a visible proliferation of the granulation tissue
over the wound defect, and reduction of the redness of the
surrounding skin. Two weeks after systemic antibiotic
therapy was introduced, intensive contraction of the
wound was observed with a concentric reduction in size.
A week later, the complete epithelization of the wound
defect was verified.

MRSA is well known emerged pathogen in human
medicine since 1970s and has been increasingly reported
as an emerging problem in veterinary medicine during the
past 20 years (8). The prevalence of MRSA isolates in
humans varies markedly between geographic areas. In
veterinary medicine, distribution also depends on animal
species. In recent years, MRSA has been identified in
various animals, mainly in horses, food-producing
animals, and increasingly in companion animals (8, 20).
According to the European Food Safety Authority, the
greatest risk to human infections are pigs, veal calves, and
broilers. There are still no specific studies that examined
the risk of human infection or colonization from small
animals (1). However, the importance of small animals as
a possible source of zoonotic infections in humans has
substantially increased in proportion to the importance and
number of pets in the life of a modern man. In the last two
decades, isolation of MRSA has been increasingly
reported from different household pets, mainly in dogs and
cats, as well as in some exotic pets such as hamsters,
rabbits, turtle, and bat (11, 14, 19). Unlike other pets,
MRSA findings in household pet birds are less common.
There are only a few reports that confirm the presence of
MRSA in parrots (14, 19), with only one full clinical
description (3). Recently, Loncaric et al. (9) have reported
the genetic diversity of MRSA strains isolated from
companion animals in Austria, including one strain
isolated from a canary bird. However, to the authors’
knowledge, this study is the first full description of the
isolation and antibiotic resistance pattern of MRSA from
the household canary bird. Unfortunately, in this study we
could not confirm the source of infection in the canary
bird; however, it could be via contact with the owners, or
with the wild birds. Namely, putting the cage outside in
order to allow the bird to sunbathe, could be a condition
favoring contact between pet and wild birds (2). Among
wild passerines, MRSA has been detected in several
species, including chaffinch (Fringilla coelebs) (12),
spotted flycatcher (Muscicapa striata), robin (Erithacus
rubecula) and common blackbird (Turdus merula) (7).
Transfer of MRSA strains between animals and humans
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and vice versa has been reported several times (8, 16), so
the infection from the humans to the canary bird in this
study can not be excluded. A recent study by Loncaric et
al. (9) has demonstrated that the majority of MRSA
isolates recovered from small companion animals are
human-related, which supports our theory that the isolate
of MRSA in this study could be of human origin.

The results of this study strongly imply that a canary
bird can carry MRSA and underline the need for further
investigations on the epidemiological role of pet birds as
potential reservoirs of MRSA. Also, this research
confirms the importance of antibiogram testing in the
prevention of antibiotic resistance in bacteria of animal
origin. Furthermore, this is the first report of MRSA
isolated from animals in Bosnia and Herzegovina.
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Progressive respiratory distress caused by a laryngeal histiocytic
sarcoma in a European rabbit (Oryctolagus cuniculus)
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Abstract: Histiocytic sarcoma (HS) represents a rare type of malignant disease, characterized by neoplastic proliferation of
interstitial dendritic cells (iDCs). In rabbits, there are only two previous reports of HS with pulmonary and cutaneous primary
localizations. A 2-year-old, male, European rabbit (Oryctolagus cuniculus) with a clinical history of chronic respiratory distress and
progressive weight loss was necropsied. Postmortem examination revealed a gray-white, well-demarcated ovoid mass that deformed
the ventral region of the larynx. Similar nodules were identified in both lungs. Histologically, the laryngeal mass and pulmonary
nodules were composed of dense sheets of neoplastic histiocytes with marked atypia and multinucleated neoplastic cells.
Immunohistochemically, the neoplastic cells were intensely positive for Ibal, CD1a, and vimentin, occasionally for E-cadherin, and
negative for multi-cytokeratin. A diagnosis of laryngeal HS with multiple pulmonary metastases was made. To the authors' knowledge,
laryngeal histiocytic tumor has not been previously reported in rabbits.

Keywords: Histiocytic sarcoma, larynx, pulmonary metastases, rabbit.

Histiocytic disorders are well-recognized in dogs and
cats, and include canine cutaneous histiocytoma,
cutaneous and pulmonary Langerhans cell histiocytosis
(LCH), cutaneous and systemic reactive histiocytosis,
histiocytic sarcoma, feline progressive histiocytosis, and
dendritic cell leukemia (9).

Histiocytic sarcoma (HS) represents a rare type of
malignant  disease, characterized by neoplastic
proliferation of interstitial dendritic cells (iDCs), while the
hemophagocytic type originates from macrophages (9). In
rabbits, there are two previous reports of HS with
pulmonary and cutaneous primary localizations (7, 8). A
disseminated HS with hemophagocytosis was also
previously described in a rabbit (6). These tumors have
variable biologic behavior, although the malignant
counterparts have a poor prognosis (4).

To our knowledge, there is no previous report on
primary laryngeal HS in domestic rabbits. In the present

study, we describe the pathological, histological, and
immunohistological features of a primary laryngeal HS
with multiple pulmonary metastases in a domestic rabbit.

A 2-year-old, male, European rabbit (Oryctolagus
cuniculus) was referred to the Emergency Department due
to chronic respiratory distress and progressive weight loss
lasting for two weeks. On physical examination cachexia,
tachypnea, sneezing, coughing, and swelling of the ventral
side of the larynx were observed. A fine-needle aspiration
of the laryngeal mass was performed. Due to the poor
prognosis, rapidly deteriorating body condition, and
owner’s financial limitation, the animal was euthanized
and a postmortem examination was performed. Tissue
samples from both laryngeal mass and pulmonary nodules
were collected for histological and immunohistochemical
examination. Tissue samples were fixed in 10% neutral
buffered formalin, processed routinely, embedded in
paraffin wax, cut into 3 pm sections, and stained with
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hematoxylin and eosin (H&E). For
immunohistochemistry, primary antibodies for vimentin
(clone SRL33), Iba-1 (polyclonal), CD1a (clone MTB1),
E-cadherin (clone 36B5) and multi-cytokeratin (clone
AE1/AE3) were used. The samples were automatically
processed using Leica Bond-Max system. Negative
controls for each sample were prepared by replacing the
primary antibody with mouse immunoglobulin Gl
negative control. Infiltrating macrophages within the
neoplastic mass (for Ibal and CD1a) and skin, including
epidermis and dermis (for multi-cytokeratin, E-cadherin,
and vimentin) sampled from the same rabbit served as
internal positive controls.

The cytological examination revealed small groups
of pleomorphic round cells with distinct borders, abundant
pale cytoplasm, high nuclear:cytoplasmic (N:C) ratio and
pleomorphic nuclei with 1-2 prominent nucleoli (Figure
1). Binucleated and multinucleated neoplastic cells were

Figure 1. Photomicrograph of a fine-needle
aspiration cytology from the laryngeal mass of
2-year-old domestic rabbit. Note many
individualized and groups of pleomorphic
round cells with abundant pale blue cytoplasm
and pleomorphic nuclei. The inset shows
atypical cells characterized by marked
anisokaryosis and multinucleated cells (central
area). Diff-Quick stain. Bar=20 pm.

Figure 2. Gross features of the laryngeal
histiocytic sarcoma and pulmonary metastases
in a 2-year-old domestic rabbit. The laryngeal
lumen is partially obliterated by an ulcerated
neoplastic mass, infiltrating the laryngeal wall
(the inset, yellow arrow) and bulging on the
laryngeal serosa (white arrow). The pulmonary
parenchyma is affected by randomly distributed
and variably sized nodules (black arrow).

occasionally seen. Consequently, a presumptive
cytological diagnosis of a round cell tumor was made.
Postmortem examination revealed severe atrophy of
the muscle tissue, absence of subcutaneous and
retroperitoneal fat, serous atrophy of the adipose tissue at
the base of the heart (cachexia), and presence of
approximately 20 ml of serous fluid within the peritoneal
cavity. A gray-white, well-demarcated, ovoid mass,
measuring 1.4x0.9x1.6 cm in diameter deformed and
effaced the ventral region of the larynx, including the
thyroid and cricoid cartilages, bulged on the ventral
laryngeal surface, and partially obliterated the laryngeal
lumen. The intraluminal part of the mass showed
extensive necrosis, hemorrhages, and ulceration.

Moreover, small nodular lesions, ranging from 4 to 10 mm
in diameter were randomly distributed in both lungs,
mostly affecting the cranial lobes (Figure 2). No similar
findings were identified in any other organ.
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Figure 3. The laryngeal mass is composed of
dense sheets of round to polyhedral cells with
variably distinct borders, abundant eosinophilic
cytoplasm, and oval to irregular nuclei;
scattered binucleated neoplastic cells (yellow
arrows) are also seen. H&E stain. Bar=20 pm.

Figure 4. The neoplastic mass is diffusely
immunopositive for Ibal, while the necrotic
areas are negative (yellow star). Neoplastic
cells showing diffuse and intense membranous
immunoreactivity (the inset, yellow arrow).
IHC. Bar=10 um.

Histologically, the laryngeal mass extended from the
mucosa to the serosa, infiltrating and effacing the ventral
laryngeal  cartilages and muscle tissue. The
unencapsulated tumor was densely cellular, composed of
pleomorphic cells arranged in sheets, and separated by a
scant fibrovascular stroma (Figure 3). The cells were
polygonal to round with variably distinct borders,
moderate amounts of pale eosinophilic cytoplasm and
high N:C ratio. The nuclei were pleomorphic, round, oval
or indented with finely granular chromatin and 1-2
prominent nucleoli. Binucleated and multinucleated
neoplastic cells were also observed. Mitotic figures varied
from 1 to 5/high power field. Additionally, small areas of
necrosis, hemorrhages, and mild infiltration of
lymphocytes and heterophils were noticed. The
pulmonary nodules showed similar histological features.

Immunohistochemically, the neoplastic cells showed
an intense and diffuse reaction for Iba-1 (Figure 4), CDla,
and vimentin, and occasionally for E-cadherin. The
neoplastic cells were negative for multi-cytokeratin.

Based on the cytological, histological, and
immunohistochemical results, the tumor was diagnosed as
histiocytic sarcoma with multiple pulmonary metastases.
The immunohistochemical results of pulmonary
metastases were similar to those of the primary laryngeal
tumor.

Respiratory disorders are the second most common
health disorder in domestic rabbits after gastrointestinal
diseases. Dyspnea is a very common clinical finding in
rabbits and is frequently associated with various infections
of the respiratory tract. Pasteurellosis is the most
important respiratory disease affecting domestic rabbits,
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but other bacteria, including Bordetella bronchiseptica
and Staphylococcus spp. are significant opportunistic
pathogens (3). In our case, physical examination and
cytological evaluation of the laryngeal mass excluded a
subcutaneous abscess caused by a bacterial infection.

Spontaneous neoplasia in lagomorphs are rare,
accounting between 0.5% and 2.7% (13). Similarly to
humans and other species, the incidence of tumors in
rabbits increases with age, being up to 8.4% after 2 years
of age (13).

Primary laryngeal tumors are rarely encountered
among all animal species. In canine and feline patients,
laryngeal tumors account only for 0.02% in dogs and
0.14% in cats (14). In dogs, laryngeal tumors are mostly
represented by squamous cell carcinoma (14),
rhabdomyosarcoma (11) and chondroma (10), while in
cats squamous cell carcinoma and lymphoma (12) are the
most commonly encountered laryngeal tumors.

In rabbits, laryngeal and tracheal tumors are
considered uncommon causes of progressive dyspnea. A
recent report described two cases of airway obstruction
caused by laryngeal osteochondroma and tracheal
adenocarcinoma (2). To the authors' knowledge, laryngeal
histiocytic neoplastic diseases have not been previously
reported in rabbits.

Histiocytic disorders, as neoplastic or inflammatory
processes, are well documented in humans, dogs, and cats.
In dogs, HS complex includes two forms, localized and
disseminated HS, characterized by infiltration of
neoplastic histiocytes with marked cytological atypia,
multinucleated cells, and high mitotic index (9). Localized
HS affects the skin and subcutis, periarticular tissues,
spleen, lungs, lymph nodes, and bone marrow (9). The
present case was diagnosed as localized laryngeal HS,
with multiple pulmonary metastases, showing similar
histological and immunohistochemical features as those
described in other cases of pulmonary (8) and cutaneous
(7) HS in rabbits. Regarding the behavior of localized HS,
our findings are in agreement with previous studies (1, 7),
demonstrating local tissue invasion and metastases.

Cells of origin for HS are iDCs, which usually
express some specific leukocyte surface molecules,
including CD1a, MHC class II, and CD11¢/CD18 in dogs
(1) and Ibal, vimentin, E-cadherin, CD204, and Ki67 in
rabbits (7, 8). Immunohistochemistry is extensively used
for identification of the origin of HS, but the
immunohistochemical  differentiation between the
localized and disseminated forms of the disease is still
debatable (1). In rabbits, due to the fact that there are only
a limited number of reported cases of HS, a complete
immunophenotype characterization is not yet established.
In our case, the definitive diagnosis of HS was made based
on morphological features and the expression of vimentin,
Ibal, of vimentin, Ibal, and CD]1a.

Despite unclear etiopathogenesis of the HS in
animals, some previous studies demonstrated various
deletions of the tumor suppressor genes (CDKN2A/B,
RBI1, and PTEN) in certain dog breeds (5). No studies
concerning the etiology of HS in domestic rabbits are
available.

To conclude, HS is a rare and very aggressive tumor
that can affect domestic rabbits, characterized by
progressive respiratory distress and poor prognosis if
localized in larynx. Therefore, laryngeal HS should be
included in the list of differential diagnoses for
progressive respiratory disorders in domestic rabbits.
Predisposing factors for HS have not been identified in
domestic rabbits.
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Case Report / Olgu Sunumu

Complete uterine prolapse in a cat
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Abstract: In this case, it was presented a case of complete uterine prolapse in a cat following a third parturition at the age of 18
months. Upon physical examination complete uterine prolapse was diagnosed due to a mass protruding from the vulva which included
both uterine horns. After the invagination and eversion were corrected and the uterus was relocated to its anatomical position,
ovariohysterectomy was performed. Sutures were removed ten days after the operation. Following shrinking of uterus by using the
hypertonic fluid and repositioning, ovariohysterectomy is a suitable and reliable option for cats with complete uterine prolapse.

Keywords: Cat, ovariohysterectomy, parturition, uterine prolapse.

Bir kedide tam uterus prolapsusu

Ozet: Bu olguda, {iglincii dogumunu takiben tam uterus prolapsusu sekillenen 18 aylik bir kedi sunulmaktadir. Fiziksel
muayenede, her iki kornu uteriyi igeren bir kitlenin vulvadan disari ¢ikmasi sebebiyle tam uterus prolapsusu tanist konuldu.
Invaginasyon ve eversiyon diizeltilip uterus anatomik pozisyonuna getirildikten sonra ovaryohisterektomi yapildi. Operasyondan 10
giin sonra dikisler alindi. Hipertonik sivi kullanilarak uterus kiiciiltiildiikten ve yeniden pozisyon verildikten sonra, ovariohisterektomi

tam uterus prolapsusu olan kediler i¢in uygun ve giivenilir bir se¢enektir.
Anahtar sozciikler: Dogum, kedi, ovariohisterektomi, uterus prolapsusu.

Uterine prolapse, rarely observed and infrequently
reported in queens (10, 12), usually occurs before and
during, or immediately after parturition/abortion or within
48 hours following parturition/abortion as an emergency
situation in primiparous (10) and multiparous cats (1, 9).
The complication can be seen in two forms: a complete or
bilateral form in which both uterine horns prolapse, or a
unilateral form in which one uterine horn with or without
the uterine body prolapses (10, 12). Although definitive
cause of uterine prolapse is unknown, the possible factors
include excessive relaxation and stretching of the pelvic
muscles, excessive dilatation of the cervix, uterine atony
due to metritis, incomplete separation of placental
membranes, severe tenesmus, mesovarium weakness, and
rupture of the mesometrium (1, 10, 11). Treatment options
are determined according to the degree of tissue necrosis
or ischemia, that is, the severity of tissue damage. In the
treatment, amputation of the prolapsed uterus, manual
reduction and repositioning, oxytocin injection, local

hyperosmotic fluid massage (50% dextrose), manual
reduction with laparotomy and ovariohysterectomy
(OHE) are used alone or in combination (1, 4, 10, 11). In
this case report, the treatment protocol for complete
uterine prolapse in a cat after parturition is described.

This case involved an 18-month-old calico cat
presented to our clinic with complaints of a persistent
vaginal mass, weakness, loss of appetite, and poor general
condition. Information obtained from the anamnesis
indicated that the cat gave birth to three live kittens three
days earlier. The owner assumed that the mass emerging
from the vulva was indicative of continuing parturition
was and the cat was left alone. The cat had given birth to
healthy kittens twice previously without experiencing
dystocia.

A direct diagnosis was made after observing the
protrusion of the bicornuate uterus from the vulva. The
uterus was damaged, lacerated, and desiccated (Figure 1).
Upon physical examination, it was determined that the cat
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weighed 3.1 kg, with a body temperature of 39.3°C, heart
rate 144 bpm, respiratory rate 24/min, dehydration rate
7%, and capillary refill time of three sec. The cat had
leukocytosis and anemia, however, serum biochemical

Figure 1. The appearance of the prolapsed uterus.
The right uterine horn (RUH) and the left uterine
horn (LUH).

Table 1. Hematological and serum biochemical values.

parameters were within reference values (Table 1).
Abdominal ultrasonography revealed that the kidneys
were pulled caudally and moved away from their normal
anatomical position, and the bladder was in place.

T

Hematological Serum Biochemical
Parameters Value Reference Range Parameters Value Reference Range
WBC (x10%/L) 20.63 6-17 ALP (U/L) 15 1-100
RBC (x10'%/L) 2.94 5.5-8.5 ALT (U/L) 37 16-60
HGB (g/dL) 44 11.0-19.0 CREA (mg/dL) 0.77 0.9-2.2
HCT 0.118 0.3-0.45 BUN (mg/dL) 12.5 19-34
PLT (x10°L) 168 117-460
MCV (fL) 40 39-55
MCH (pg) 14.8 13-17
MCHC (g/L) 370 300-360

White blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), hematocrit (HCT), platelet (PLT), main corpuscular volume
(MCYV), main cell hemoglobin (MCH), main corpuscular hemoglobin concentration (MCHC), alkaline phosphatase (ALP), alanine

transaminase (ALT), creatinine (CREA), blood ure nitrogen (BUN).
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Figure 2. Invaginated right uterine horn (IRUH) was observed
above the urine bladder (UB), right uterine horn (RUH), left
uterine horn (LUH).

It was decided to perform OHE after the prolapsed
uterus was repositioned to its anatomical position in the
abdomen by laparotomy. The cat was treated
preoperatively with intravenous Lactated Ringer’s
solution (Polifleks®; Polifarma, Turkey and supportive
maintenance therapy solutions (Duphalyte®; Zoetis, Spain
10 ml/kg/hour), and amoxicillin and clavulanic acid
combinations (Amoklavin®; Deva, Turkey) at the dose of
20 mg/kg twice daily perorally. The prolapsed uterus was
washed with saline solution and kept under a compress of
hyperosmotic fluid (20% dextrose solution; Dekstroz;
Polifarma, Turkey) for 25-30 min to facilitate
repositioning by reducing uterine edema. Anesthesia was
induced with propofol (Fresenius®; Kabi, Turkey 1%, 6
mg/kg/iv) and maintained with isoflurane (Forane®;
Piramal, USA) and 100% O, after intubation. Intra-
operative analgesia was managed with a constant-rate
infusion (CRI) of a combination of saline, ketamine
(Ketasol®;  Interhas, Turkey and  butorphanol
(Butomidor®; interhas, Turkey) (500 ml + 35 mg + 12 mg,
respectively) at a rate of 10 ml/kg/hour. The surgery was
performed by midline incision as a non-complicated OHE.
During the procedure, it was determined that the right

Figure 3. The view after correcting the invaginated right uterine
horn. As a result of eversion of the left uterine horn, only the
ovary and its pedicle (LOv.Pedic) were visible, right uterine
horn (RUH), urinary bladder (UB).

ovary was displaced to the caudo-dorsal side of the
abdomen and the pedicle was stretched. On the other hand,
the left ovary, accompanied by a severely stretched
pedicle was found in a deep caudal position but with no
pedicle rupture (Figure 2). The right horn was partially
invaginated and the left horn was everted with the corpus
uteri (Figure 3). First, the right cornu uteri was carefully
retracted and the right side invagination was corrected.
Then the left uterine horn was grasped and its eversion was
corrected and both horns were brought to their normal
anatomical position. During the correction of the
invagination and the eversion processes, no resistance to
pulling the uterine tissue or caudal reproductive tract
(vulva or vagina) was encountered. Finally, a routine OHE
was performed. In the postoperative period, fluid therapy
and antibacterial treatment were continued for a week.
Urination started within the first postoperative hour and
the cat began to eat and drink the following day. The skin
sutures were removed ten days later and hospitalization
ended.

As a periparturient complication, prolapse uteri is
rarely encountered in cats (12). According to Extrand and
Linde-Forsberg (3), uterine prolapse cases are responsible
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for 0.6% of maternal dystocia (3). At the same time, it is
thought that predisposition factors such as dystocia, severe
uterine and abdominal contractions, insufficient placental
separation, a continuation of postpartum tenesmus, and
loosening or rupture of uterine ligaments due to recurrent
pregnancies play a crucial role in such cases (1, 4, 5, 12).
Besides, body condition score (BCS) may also be an
important factor. For example, uterine prolapse incidence
is higher in overweight women (8) and poor BCS has an
important effect on uterine or vaginal prolapse in cows (6).
In this case, the patient’s history was not remarkable but
examination and operative findings were sufficient for
diagnosis. Therefore, although it is hard to determine the
exact cause of the prolapse, we can provide information
about the patient's condition. Because of the absence of
dystocia findings in the history and the absence of placenta
or fetal structures in uterus we focused on two points as
reasons for the cat’s current situation: the relationship
between the cat’s age and the number of parturitions, and
the BCS of the cat. In the present case, the cat’s third
parturition at 18 months of age suggests that the cat
probably conceived during the first estrus cycle and the
parturition-conception intervals were very short. Besides,
considering the 3.1 kg body weight, the cat had a relatively
weak BCS (13). Therefore, we suggest that conceiving at
an early age, repeated pregnancies and parturitions,
accompanied by a weak BCS triggered the prolapse by
weakening the uterine suspensory ligaments and pelvic
ligaments.

Uterine prolapse intervention
because of the possibility of life-threatening situations
such as hypovolemic or septic shock due to rupture of the
uterine vein or uterine mucosa or to maintain fertility by
preventing further damage to the uterus (10). In this case,
prolapse had occurred immediately after complete
parturition, according to anamnesis. Considering the three
days between the time of development of the case and the
time of admission to our clinic, the prolapsed uterus and
the patient’s general condition were better than expected.
However, the mucosa of the prolapsed uterus was
observed to be dried, wrinkled, and lacerated, and the
general condition of the cat had started to deteriorate.
When evaluating the hemogram, we thought the cause of
mild leukocytosis could result from bacterial
contamination. Still, the cause of anemia was the

requires urgent

pregnancy and early postpartum period rather than
infection. Thus, the anemia was considered normal.
According to Kimura and Kotani (7), RBC and HCT
values tend to decline at a moderate level after mid-
pregnancy in dogs (7). Also, in this case hemogram
results, were similar to those reported by U¢mak et al. (5).
Treatment options of should be selected according to the

degree of uterine damage (10). Based on the literature,
OHE is primary surgery in many cases (2, 5, 10, 11). In
uterine prolapse in cats, there are two main OHE
procedures. The surgery would be completed in one step
by routine OHE after repositioning the prolapse by
laparotomy (10), or amputation of the prolapsed uteri
would be done after ovariectomy (2). In this case, we
preferred the first option. After the correction of
invagination and eversion, and the uterus was brought to
its anatomical position, an OHE was performed. The
hypertonic solution, which was administered to the
prolapsed tissue, reduced the mass volume and made
insertion easier. Although no information was provided
about the operation time and the advantages of the method
in previous publications, the procedure we followed, in
this case, required less labor than the two-stage process
(2). Also, we think a shorter duration of anesthesia has
advantages, such as reducing the risks of complications
such as hypovolemia, hypothermia, infection, or death. As
a treatment option, the repositioning procedure and
bringing the uterus to the anatomical position without
OHE could be attempted; however, we preferred the OHE
due to lacerations in the uterine mucosa, the risk of
infection, and the possibility of recurrence in later
deliveries in addition to the request of the owner.

This case showed that uterine prolapse could
continue to exist for up to three days without life-
threatening consequences. Undoubtedly, this case is an
individual situation, and uterine prolapse typically
requires urgent intervention because it is life-threatening.
In such cases, OHE is a suitable and reliable option that
can be performed after quickly repositioning the uterus
made possible by keeping it in hypertonic fluid before

surgery.
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Abstract: Ruminants are unique mammals that can convert the energy in roughage to edible products for humans. Hence, rumen
fermentation has been excessively on the scope of researchers for long years. Advances in rumen fermentation are a vital concern to
provide food with good quality for the growing population of man. This review focuses on physiology of rumen fermentation and the

recent advances in the field.

Keywords: Fermentation, manipulation, methane, rumen, ruminant.

Rumen fizyolojisi: mikroorganizmalari, fermantasyonu ve manipiilasyonu

Ozet: Ruminantlar, kaba yemlerin igerdigi enerjiyi insanlarm degerlendirebilecegi iiriinlere doniistiirebilen benzersiz

memelilerdir. Bu nedenle, rumen fermantasyonu yillardan beri bilim insanlarmin yogun bir sekilde ilgisini ¢ekmistir. Rumen
fermantasyonun gelistirilmesi niifusu hizla artan insanligin kaliteli gida ihtiyacinin karsilanmasinda hayati 6neme sahiptir. Bu

derlemede rumen fermantasyon fizyolojisi ve bu alandaki son geligsmeler ele alinmustir.
Anahtar sozciikler: Fermantasyon, manipiilasyon, metan, rumen, ruminant.

Introduction

Plants capture and collect solar energy in their
structural components and seeds via synthesizing organic
compounds. The biological process of this energy
conversion from the sun to the biological compounds is
called photosynthesis (52, 78). It is the only way for life to
survive on the earth with a few exceptions such as; some
microorganisms gather energy from the oxidation of some
inorganic matter instead of the sun and several rare sea
creatures live on the ocean floor next to the hydrothermal
vent. The most common organic compound synthesized
via sunbeam is cellulose in the world (79). The dilemma
about the cellulose is that neither man nor any other
mammalian can degrade the cellulose properly except
ruminants that diverge from monogastric mammalians
with their unique continuous fermentation capability.
Mammals other than ruminants cannot benefit from the
chemical bond energy collected in the beta-1,4-glucosidic
bonds of cellulose found in plant cell walls due to the lack
of the cellulose-degrading enzymes in their gastrointestinal
tract (10).

In ruminants as pregastric mammals, the rumen,
reticulum, and omasum are pregastric compartments
before the glandular stomach. The rumen, found only in
ruminants, is a vast fermentation compartment in which
nutrients are continuously digested by microorganisms.
The reticulum filtrates the well-confined particles from
larger ones and liquid to deliver throughout the omasum.
After this, further digestion processes occur in the
abomasum. The rumen is a highly developed continuous
fermentation environment with up to 200 liters volume
where synchronized contractions mix the rumen content at
a constant temperature (~ 37-39 °C) and pH (between 5.5
and 7.0) and where plenty of microorganisms that each
species has a different mission on the fermentation process
(79). These properties of the rumen provide ruminants a
unique advantage in degrading cellulose, thereby
converting low-quality roughage to meat and milk. Hence,
humans can use solar energy captured and converted into
cellulose and subsequently degraded and resynthesized as
digestible and healthy compounds through rumen
fermentation. Ruminants' genetic revolution advanced
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humans to use roughage as quality feed. Therefore,
humanity is dependent on ruminants' continuous
fermentation system until developing a method to convert
roughage into digestible compounds conventionally.
Therefore, understanding the ruminal fermentation
mechanism is essential to meet the food demand of rapidly
growing population of humans. This review aims to
expand the process of ruminal fermentation in
consideration of new literature to develop novel methods
to enhance livestock performance and mitigate the
environmental impacts of ruminants.

The rumen as a continuous fermenter

In mammals, the digestive system following the
stomach is very similar, whereas, in the ruminants, the
stomach is quite different from the other species. The
ruminant digestive system consists of forestomaches; the
rumen, reticulum, omasum, and abomasum, which is the
equivalent of the stomach, found in monogastric animals.
The rumen is a fermentation sac with a volume of up to
200 liters. According to Russell et al. (79), calculating the
total volume of the rumen capacity of the world's
domesticated ruminants, the rumen is the “world’s largest
commercial fermentation process” with 100 billion liters
of total volume.

In the rumen, the enzymes of microorganisms
dramatically alter the composition of the forage via the
fermentation processes. Fermentation is done enzymatically
and mechanically by symbiotic microorganisms in the
rumen, not by the ruminant’s own enzymes. This
phenomenon provides ruminants the advantage of
benefiting from nutrients such as cellulose, hemicellulose,
lignin, and pectin, which are the most abundant in nature
and other mammals and humans cannot digest or digest
poorly (70). Robert E. Hungate pointed out rumen
microbial ecosystem for the first time and revealed that the
microbial interrelation with each other and the host is
essential for other inventions to advent food and various
sectors (41). Hungate has been recognized as the father of
modern anaerobic microbial ecology due to his studies
developing systematic anaerobic culture methods (59).

Ruminants are born functionally monogastric.
Consequently, fermentation occurs by the consumption of
forages which leads to a mature rumen function under the
effect of volatile fatty acids (VFASs) released as the end
products of fermentation, and hormones such as insulin,
insulin-like growth factor 1GF-1, and epidermal growth
factor EGF (74). The rumen is covered with the stratified
squamous epithelium with leaf-like papillae. However, the
absorption of VFAs, nitrogenous compounds and
minerals, and bicarbonate secretion occurs in the rumen
(28, 83). The rumen and the reticulum perform the same
function indeed. The reticulum anatomically shapes

differently since covered with honeycomb-like internal
mucosa to perform its critical function of transferring the
digested, confined, and denser particles into the omasum.
Therefore, the reticulum acts functionally in coordination
with the rumen, ensuring that only the digested particles
of the rumen content are allowed to be transferred to the
omasum via its two-stage motility synchronized with
rumen and omasum (17). The critical function of the
rumen is; (i) to ensure optimal conditions such as
temperature, pH, and osmotic pressure which all of them
are required for effective fermentation and (ii) provide the
nutritional presence required by microorganisms to
maintain the fermentation and (iii) ensure the
microorganism adsorption onto particles by stirring.
Indeed, in this symbiotic relationship between ruminants
and microorganisms, forages are digested by
microorganisms, as the rumen provides the optimum
conditions for increasing the microbial population by
removing VFAs that lead to lower pH in the rumen if
VFASs’ levels are high (28).

The rumen consists of two parts in which the feed is
collected according to the particle size and specific
weight. Dorsal sac where gas and roughages with a lower
specific weight due to being rougher and undigested are
collected and ventral sac where confined and digested
roughage with higher specific weight, are sedimented.
Rumen pH ranges from 5.5 to 7.0, depending on the feed
composition. The temperature in the rumen is between 38-
40 °C, which is a proper temperature for rumen
microorganisms providing effective fermentation (74).

The feed ruminant consumed, digested by rumen
microorganisms and degraded into its essential
components. Consequently, novel organic compounds and
vitamin By, are synthesized to form the structural
components for the growth of the microbial population.
Profile of rumen microorganisms varies depending on the
content of the diet and correspondingly, an alteration in
the composition of rumen microorganisms results in both
intermediate and end products generated by fermentation
and digestion of feed in the rumen (30, 95). The rumen
content differs in free-living ruminants compared to the
ruminants in the intensive stock farming. High-yield
breeds are used in the intensive farming due to economic
concerns. Hence, the feed with a high proportion of
concentrates meaning high in digestible carbohydrates,
raw proteins, and energy, is provided for high yield (63).
Ruminants consume carbohydrates, cellulose, hemicellulose,
lignin, pectin, vegetable wax, cutin, suberin, and starch.
They also consume short-chain carbohydrates such as
soluble sugars, protein, non-protein nitrogen compounds,
fats, minerals, vitamins, bicarbonate, and phosphate
comes in water and saliva. In the process of ruminal
fermentation, fat, cellulose, hemicellulose, pectin, starch,
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and soluble sugars are converted into VFAs by
microorganisms called microbial degradation. As a result,
the structural elements of the forage converted to VFAs,
carbon dioxide, and hydrogen in the rumen (26). VFAs are
essential for supply approximately 80% of the animal’s
energy needs. VFAs synthesized in rumen consist of
roughly acetic acid (45-70%), propionic acid (15-40%),
butyric acid (5-20%), and iso-acids (2-5%) derived from
protein degradation (22, 47). The most critical volatile
fatty acids for the ruminant are acetic and propionic acids.
Acetic acid is used by cells as a direct energy source and
is converted into long-chain fatty acids to form milk fat.
Propionic acid is used in glucose synthesis in the liver.
Butyric acid mainly provides the energy requirements of
the rumen epithelium. There are other products such as
formic acid, lactic acid, CO;, ethanol, and ammonia in the
rumen. Hydrogen produced by microorganisms and
retained by reducing NAD*, NADP*, and FAD®, is
released into the rumen by re-oxidation of these co-
factors, thus fermentation continuity is maintained.
However, when hydrogen density is high in the rumen, the
synthesis of volatile fatty acids is affected due to
suppressed re-oxidation of NADH, NADPH, and FADH
(58). Methanogens use hydrogen and CO; found in the
rumen in the production of methane (CH4). The entire
methane is excreted with eructation. Although methane
formation is an undesirable phenomenon due to energy
loss, it is essential to remove hydrogen from rumen
content and necessary for the continuity of fermentation
(60).

Approximately 12% of the feed’s gross energy is lost
due to methane synthesis (46). Such losses are
considerable for intensive production systems. In addition,
microorganisms convert the raw protein taken with feed
into amino acids, peptides, a small number of volatile fatty
acids, and ammonia (84). A significant amount of
ammonia is used as a source of nitrogen to synthesize
protein-building compounds for the growth of
microorganisms. Some ammonia is also absorbed from the
rumen and converted into urea in the liver. A little
proportion of urea is then moved back to the rumen
through rumen epithelium, while the other part is brought
back to the rumen by saliva. Another notable amount of
ammonia is also excreted with urine through the kidneys
and discarded. The latter is considerable nitrogen loss as
up to 25% of nitrogen taken with nutrients is excreted in
this way. However, this excretion rate decreases in feeding
with poor quality roughages (48).

Rumen microorganisms and their role in
ruminal fermentation
Rumen harbors microorganisms, bacteria, protozoa,
fungi, bacteriophages, and even parasites. The total

microbial biomass consists of bacteria (~ 40-50%),
protozoa (40%), and fungi (8%) (88). Although
bacteriophages and parasites represent a negligible
percentage, they still have potential effects on the
microbial diversity and consequently the performance of
rumen fermentation (29, 31). Even though various factors
influence the microbial diversity of the rumen, the most
critical factor is the composition of feed, which alters the
rumen environment by influencing the microbial diversity
(50). Indeed, all biochemical flow is based on the
composition of feed, the diversity of rumen
microorganisms, and the environmental conditions of the
rumen unless an external factor that might affect the
rumen. It has known that the rumen environment has a
strong adaptation capability to the feed provided and the
other external changes due to the rumen microorganisms
with their high adaptation and the buffering capacity of
rumen and saliva. Thus, although it is easy to alter the
rumen fermentation and microbial diversity by
manipulating the composition of feed and adding some
additives, the rumen microorganisms still adapt to the new
conditions a while after providing different feed and
additives (58). Therefore, discovering a persistent method
to manipulate rumen fermentation has recently been an
essential purpose for researchers.

Rumen bacteria

Rumen bacteria can be divided into four essential
subpopulations according to their place into the rumen: 1)
those attached to the rumen epithelial cells which are less
than 1% of the total rumen microbes, 2) those attached to
feed particles (~ 70-80% of the total rumen bacteria) (50),
3) those suspended in the ruminal fluid (~ 20-25% of total
rumen bacteria) (56), and 4) those attached to the surface of
protozoa or fungal sporangia (97). It is estimated that more
than 3.000 species of bacteria inhabited the rumen (2). A
considerable proportion of the rumen bacteria consists of
obligate anaerobe (3). It is thus principal to maintain the
rumen O, concentration below 0.5% to survive the rumen
anaerobic bacteria. Facultative anaerobes, which represent
a small amount of the bacterial population, are essential to
maintain the rumen environment absolutely anaerobe
conditions by consuming oxygen arisen from feed intake.
Those bacteria require a small amount of oxygen to
maintain their vitality. Gram-negative bacteria form the
majority of the rumen bacterial population. On the other
hand, ruminants fed with concentrates show a rapid
increase in the number of Gram-positive bacteria (9). The
changes in feed composition consequently cause
alterations in the composition of rumen microorganisms.
Furthermore, sudden changes in feed composition may
have adverse effects on the protozoa and bacterial species,
which may lead to several pathological problems. The
higher proportion of the concentrates in the feed increases
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especially the Gram-positive rumen bacteria, methanogenic
archaea with greater methane production capacities
compared to the other species, hyper-ammonia producing
bacteria that produce ammonia 20 folds faster than the
other species, and lactic acid producers (12). Gram-
positive bacteria also produce butyrate, acetate, lactate,
format, and hydrogen, whereas Gram-negative bacteria
produce propionate and succinate, which are much more
suitable for ruminants (22, 92). Fiber-associated bacteria
degrade plant ingredients and have an essential role in
rumen fermentation. Rumen bacteria are also classified
according to their function (14).

Cellulolytics: Rumen environment’s essential
bacteria are the cellulolytic bacteria such as Fibrobacter
succinogenes, Butyrivibrio fibrisolvens, Ruminococcus
flavefaciens,  Ruminococcus  albus,  Clostridium
cellobioparum, Clostridium longisporum, Clostridium
lochheadii, and Eubacterium cellulosolvens (14).
Bacteroides (Fibrobacter) succinogenes, Ruminococcus
albus, and Ruminococcus flavefaciens that Robert
Hungate (40) isolated for the first time are the most
important among the cellulolytic bacteria of the rumen.
The latter three species have different binding sides and
specificities. Thus, they do not compete for the adhesion
side of the plants. Cellulolytic bacteria of the rumen
require adhering to cellulose for their cellulolytic activity.
These species have a wide range of fibrolytic enzymes
called glycoside hydrolases (GHs) for cellulose
degradation (13).

Hemicellulolytics: Prevotella ruminicola, Eubacterium
xylanophilum, Eubacterium uniformis are non-cellulose
fiber degrading bacteria of the rumen (14), and they have
more than a hundred glycoside hydrolases (13, 93). Most
of the cellulolytics are also capable of hemicellulose
degradation (65).

Pectinolytics: Treponema saccharophilum and
Lachnospira multiparus (14), mainly degrade the pectin.
Butyrivibrio  fibrisolvens,  Bacteriodes ruminicola,
Lachnospira multiparus, Succinivibrio dextrinosolvens,
and Streptecoccus bovis are also pectinolytic. The three
groups of bacteria above are the largest group within the
bacterial population in the rumen. As fiber degraders, their
population increases in roughage feed conditions, and
their end products are substantially acetic acid and H.
These three species together with the amylolytics are
called primary rumen bacteria. The other bacterial groups
are called seconders due to using the end products of the
primary ones (22,85).

Amylolytics: Streptococcus bovis, Ruminobacter
amylophilus, Prevotella ruminicola (14), and Butyrivibrio
fibrisolvens (19) are mainly amylolytic bacteria.
Succinivibrio dextrinosolvens, Succnivibrio amylolytica,
Selenomonas ruminantium, Bifidobacterium ruminantium,

Lactobacillus acidophilus, Lactobacillus casei and
Lactobacillus fermentum are saccarolytic. On the other
hand, rumen bacteria do not function strictly toward a
single biochemical flow. Rather, a combination of
different functions, as can be seen in the above-mentioned
bacteria, each species has their own function such as
Prevotella ruminicola and Butyrivibrio fibrisolvens are
hemicellulolytic and pectinolytic, respectively. Amylolytic
bacteria in the rumen are more resistant to lower pH
values, while S. bovis is the most resistant to pH 4.5 (87).
Amylolytics’ growth is promoted when ruminant is fed
with proportionally higher grain feed. Amylolytics are
rapid-growing species with their growth rate (doubling
time) from 15 minutes to 4 hours compared to
cellulolytics. These species produce propionic acid, lactic
acid, succinic acid, format, and CO; as end products. They
are associated with the digestion of starch and soluble
sugar (85).

Acetogens: A small proportion of rumen bacteria is
described as acetogens because of their reductive
acetogenesis capability from CO, and H,. Acetogens in
the rumen are Acetitomaculum ruminis and Eubacterium
limosum, and they are expected to be more. Although their
reductive acetogenesis capability can be proved in vitro,
acetogens have not functioned as alternative Ha sink in the
rumen. Acetic acid synthesis yields less energy than methane
synthesis. Hence, acetogens cannot thermodynamically
compete with methanogens. Nevertheless, further studies
are needed on whether the acetogens can be used as an
alternative H; sink to mitigate methane production in the
rumen with different conditions (45).

Proteolytics: Prevotella ruminicola, Ruminobacter
amylophilus, Clostridium bifermentans and Colostridium
proteoclasticum are the most common proteolytics (14).
Although Bacteroides ruminicola is essential for
proteolytic activities in rumen, it seems that there is a
synergism between species such as Butyrivibrio
fibrisolvens, Selenomonas ruminantium, and Streptococcus
bovis to enhance this activity according to the variety of
the bacterial population. Proteolytic activity represents a
major loss of dietary amino acids for ruminant (91).

Acid and urea utilizers: Megasphaera elsdeni and
Anaerovibrio lipolytica have a critical role when the
rumen lactic acid production is high due to the high grain
content feed (51). Megasphaera elsdeni also utilizes urea
to ammonia (NHs) and CO; (14).

Lipolytic: Anaerovibrio lipolytica ferments the
glycerol to propionic acid and succinic acid; fructose,
ribose, and lactic acid to acetic acid, propionic acid, and
COs.. The critical importance of Anaerovibrio lipolytica
arise from its lactic acid utilizing capability in the
ruminants fed with high grain feed. All fermentation
processes produce a small amount of H; (85).
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Rumen methanogens

Recent studies revealed that rumen methanogens
constitute 2.8 to 4% of ruminal microorganisms (44) and
belong to domain archaea (62). More than 90% of rumen
archaea are member of genera; Methanobrevibacter (more
than 60%), Methanomicrobium (up to 15%), and rest of
the rumen archaea referred to rumen cluster C
approximately 16% or Thermoplasmatales that function in
the rumen is unknown. Although they are a small number
of rumen microorganisms, the effects of rumen
methanogen archaea on rumen fermentation are
significant as they are the main CH. producers in the
rumen. Interestingly, a considerable proportion of
methane production in the rumen is attributed mainly not
to the Methanobrevibacter or Methanomicrobium, which
constitutes roughly 75% of the rumen archaea. Instead, it
is attributed to the rumen cluster C archaea even though
they are only 16% of rumen archaea, and their
fundamental function and biochemical flow in the rumen
has remained unknown yet (59).

Rumen protozoa

In addition to the bacteria, the obligate or facultative
anaerobic protozoa with various species of ciliates and
flagellates form another group of rumen microorganisms.
Ciliata accounts for nearly half of the rumen biomass,
while flagellates are much less. Some researchers consider
protozoa for digestive functions in the rumen (74). In
contrast, other researchers reported them as valuable as a
nitrogen source to compensate the nitrogen-poor feed out
of season only for wild ruminants fed primarily with poor
quality forage (96). Protozoa digest nutrients, bacteria,
fungi, and other protozoa. They serve a pivotal role in
preventing rumen acidosis via rapidly removing
carbohydrates that can be easily fermented. Moreover,
they eliminate toxic compounds from plants and reduce
the risk of heavy metal poisoning. However, protozoa are
not essential for regular digestive functions in the rumen
(65).

Rumen fungi

All fungi detected so far are obligatorily anaerobic
with a narrow temperature optimum between 33-41 °C
(74). The species of fungi, which belong to the genus
Neocallimastix, Piromyces, Orpinomyces, Caecomyces,
and Anaeromyces are inhabited in the rumen. Fungi vary
broadly with nutrition and reach the highest amount of
ruminal population 12 hours after feeding. Their mass
increases to 8% of the total biomass in roughage feeding
(88). Rumen fungi are crucial in the digestion of cellulose.
In the absence of fungi, there is a significant decrease in
the digestion of cellulose in the rumen. Fungi also
facilitate bacterial colonization onto plant structure by

degrading the plant cell wall and stimulating digestion.
Some of the fungal species have reportedly shown
proteolytic activity. Low rumen pH inhibits fungal
reproduction. High levels of readily digestible sugars also
reduce fungal generation. This explains the growing
population of fungi in roughage-rich feeding (69).

Rumen viruses

Bacteriophages are viruses that infect rumen
bacteria. Their number range from 2x107 to 1x108 per ml
of rumen fluid. Although more than 100 different
bacteriophages have been identified to date, this number
can be expected to expand to a large number of
bacteriophage species, given that bacteriophages are
unique to all bacterial species. Biotechnological methods
can develop bacteriophages specific to the type of
bacteria, and there may be a potential for suppression of
bacteria whose rate of reproduction in the rumen is to be
decreased (49).

Rumen parasites
The first study that empirically demonstrates
disease-driven increases in methane (CH.) vyield in
livestock reveals interesting results. Gastrointestinal
parasite infestations increase methane yield (g CH4/kg of
DMI) by up to 33% (29).

Manipulation of ruminal fermentation

A significant amount of greenhouse gases around the
world is released due to agricultural activities that play a
critical role in food production and the economy.
However, global warming and loss of productivity due to
greenhouse gas emissions arising from these activities
have still been debated. While animal products account for
40% of the world’s agricultural products, a significant
proportion of this production comes from ruminants.
Ruminants produce meat and milk, which are precious
nutrients for humans, by digesting the plant’s structural
components that humans cannot digest. Humans provide
life safety and healthy feed resources for the ruminants the
whole year and ruminants provide essential nutrients for
humans. This mutualistic cooperation with ruminants
raised the world’s ruminant population enormously while
humans supply essential nutrients such as milk and meat
(82). However, due to fermentation, ruminants release
greenhouse gases such as methane (CH4) and nitrous oxide
(N20) which are essential contributors to global warming.
In addition, the formation of nitrous oxide is significant
during the processing of agricultural land used in ruminant
nutrition. Since the 2000s, scientists have performed
numerous studies to develop new methods for reducing
methane gas emissions in livestock. In those studies,
scientists have proposed various methods such as the
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addition of ionophores, organic acids and plant essential
oils to feed, immunization, modification of feed
composition, rumen defaunation, alternative hydrogen
(H2) sinks, modification of the microbial rumen
distribution, and animal breed replacement with the
minimal methane-producing breeds (35).

Modification of the feed composition

The composition of the feed given to ruminants
significantly affects the production of methane. Methane
production can be reduced by up to 90% with the
modification of the feed composition. Fermentation
performance decreases with poor-quality roughage,
lacking in vitamins, minerals, proteins, and energy, thus
increases methane production. However, supplementation
of minerals and nitrogen sources improves fermentation
performance and consequently decreases methane
production. Fresh roughage reduces methane production.
Fresh alfalfa, oats, sorghum instead of hay and replacing
the 30% wheat straw with fresh sorghum reduces methane
production by 33% (37). Feeding with roughage rich in
tannins, low fiber, a high rate of dry matter, and a shorter
digestion time in rumen reduces methane production (4).
Feeding with fast degradable roughage, slowly digestible
starch instead of faster one, legumes instead of meadow,
silage instead of fresh or dry grass, and even opting for
corn silage with relatively slow degradable starch instead
of meadow silage reduces methane production by up to
28% (6). Fermentation of starch promotes the production
of propionic acid compared to feeds with low starch
content. Propionic acid production decreases methane
production by allowing the greater use of metabolic H.
and suppressing the protozoa that are important H-
suppliers for methanogens, by reducing rumen pH. Sugar
digestion, on the other hand, leads to more methane
production than starch. Since sugar can be dissolved in
water, it is quickly fermented in the rumen and is mainly
used to produce butyric acid. Butyric acid increases
methane production when rumen pH is high and adequate
metabolic H- is present (15). Methane production can be
reduced by up to 90% when the concentrate feeds rate
increases to 90%. On the other hand, in this case, the risk
of subacute ruminal acidosis (SARA) should be
considered. Feed with a ratio of 90% concentrates is not
sustainable in ruminants (54).

Supplementing oil to the feed

Although the addition of oil to the feed varies
according to the amount, form, and feed composition of
the oil, it has been reported that methane production
decreases by 5.6% for every 1% added oil (4). As a
supplement it reduces the methane synthesis by up to 21%
via hydrogenation of fatty acids by utilizing the H, present
in the rumen, suppressing methanogenic archaea and

cellulolytic bacteria, and decelerating the digestion of
fibrous nutrients (24, 64). Long-chain fatty acids,
especially linoleic acid, have a toxic effect due to the
impairment of the cell integrity of Gram-positive bacteria
such as F. succinogenes, R. albus, and R. flavefaciens (55).

Supplementing organic acid to the feed

Organic acids are not recommended for livestock
since they are expensive and difficult to apply in grazing
ruminants. However, researchers reported that organic
acids (fumarate and malate) reduce the synthesis of
ruminal methane. Organic acids increase the synthesis of
propionic acid by using H, as an alternative biochemical
pathway instead of methane synthesis. Thus, methane
synthesis is reduced due to the lack of H in the rumen (43,
61). It has been reported that methane gas production
decreases to a negligible level of 1-2% with an 80-90%
concentrate proportion of feed. However, in this case, the
risk of subacute ruminal acidosis (SARA) arises. Further
reduction in rumen pH may be prevented by an alternative
H; sink created via organic acid supplementation. In this
case, feeding with high concentrates, which radically
reduces the methane synthesis, may become sustainable

).

Supplementing antibiotics to the feed

Supplementing the feed with the ionophore group of
antibiotics to increase the ruminant's yield also
significantly decreased the greenhouse gas synthesis unto
the 2000s. lonophores reduce the H, synthesis by up to
30% via suppressing Hz producers such as Gram-positive
bacteria and ciliates rather than methanogen archaea (57).
Although ionophores increase ruminant’s yield, they are
not valuable for reducing methane production in advanced
enterprises where ruminants feed with concentrates with
high protein and energy to meet the high nutrition needs.
In addition, the inhibition effect of the ionophore
antibiotics on methane production is not constant (34).
Although ionophores generally significantly reduce
greenhouse gas emissions that arise from enteric
fermentation, they have been banned in European Union
Countries and Turkey since 2006 due to various concerns
such as developing resistant microorganisms and food
residues (23). Although it is not prohibited in other
countries, the livestock and agriculture sector is forced to
take alternative and even more effective measures against
ionophores due to the reaction worldwide against the
antibiotic additives (77).

Probiotic addition to the feed
Oeztuerk (68) reported a decrease in acetic
acid/propionic acid (A/P) rate and improved fermentation
performance in an in-vitro study 0.7% alive
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Saccharomyces cerevisiae supplemented to the ruminant
feed. It is reported that the addition of yeast to the diet
reduces methane production by increasing the synthesis of
propionic acid, reducing the number of protozoa, and
increasing animal yield (11, 67, 72, 73). Lila et al. (53)
reported that yeast supplementation accelerates the
synthesis of acetic acid by acetogens and consequently
suppresses methane synthesis through the consumption of
metabolic Hz in the rumen. Adding yeast to the feed also
contributes to the stabilization of the rumen pH, thus
ruminants fed with concentrates become more resistant to
subacute rumen acidosis (SARA).

Adding enzymes to the feed

Enzymes such as cellulase and hemicellulase added
to the feed are the concentrated fermentation products and
accelerate fiber digestion. The low fiber content or easily
digestible fibers in feed reduces methane production.
Since the acceleration of fiber digestion shortens the
duration of the ingesta’s stay in the rumen, it reduces
methane production (4). Accelerating fiber digestion also
reduces the A/P ratio (27). On the other hand, enzyme
supplementation has not affected fiber digestion in some
studies. The effect of enzyme supplementation on fiber
digestibility varies according to the composition of the
feed. Therefore, it does not seem possible to recommend a
single enzyme formula (4).

Alternative H; sinks

Adding unsaturated fatty acids, nitrates, and sulfate,
organic acid precursors to the feed, reduces methane
production by allowing H, to be consumed in an
alternative and more competitive biochemical pathway.
Although adding nitrates and sulfates reduces methane
production, it is not a suitable way to recover energy lost
by methane synthesis (90). In other H; sinks, the bio-
energy potential of H. is used by the ruminant. However,
adding short-chain fatty acids may utilize a very small
proportion of H, from the rumen environment (20).
Microbial biosynthesis is also the alternative way to use
H2 (42).

Adding secondary plant metabolites

Plant extracts are organic compounds that humans
have used in various pathological situations for thousands
of years. Plant extracts are not structural compounds of the
plant. Secondary plant metabolites are the reproductive
and defense system components, protecting the plant
against insects, harmful animals, microorganisms, other
plants, and even harmful sunrays. These metabolites
consist of tannins, saponins, flavonoids, sulfurous organic
compounds, and essential oils with inhibitor activity for
many microorganisms. These compounds with selective

antibacterial  effects on  Gram-positive  bacteria
significantly reduce methane synthesis in the rumen (75).
Antimicrobial activity of plant extracts has not been well
documented yet. However, some researchers reported that
plant extracts affect microbial cells in several sites. Not all
of these mechanisms are separate targets; some are
affected as a consequence of another mechanism being
targeted (7). However, it seems that all mechanisms are
directly or indirectly connected to the primary effect of
essential oils on the bacterial envelopes (81).

Impair the cell membrane: Plant extracts impair the
phospholipid bilayer of the cell membrane. Essential oils
could affect the biosynthesis of lipids, including
unsaturated fatty acids, thus modifying the cell membrane
structure due to the hydrophobic characteristic. EOs in the
bacterial cell decrease the level of unsaturated fatty acids
that are generally responsible for the membrane fluidity.
For instance, thymol, carvacrol, and eugenol can increase
saturated fatty acids and decrease C18 unsaturated fatty
acids (66). Thymol binds membrane proteins by
hydrophobic bonding and hydrogen bonding, and thus
changes the permeability of the cell membrane. An
important characteristic of plant extracts and their
components is their hydrophobicity, which enables them
to partition in the lipids of the bacterial cell membrane and
mitochondria, disturbing the structures and rendering
them more permeable (7).

Leakage of ions and other cell contents: Plant
extracts may occur a leakage of ions and cell content. lons
and cell content leakage can be tolerated until a certain
amount. On the other hand, extensive loss of cell contents
or the exit of critical molecules and ions will lead to death
™).

Coagulation of the cytoplasmic content: It has been
reported that cinnamon and oregano extracts exhibit a
wide range of significant abnormalities including
coagulation of the cytoplasmic content of E. coli and S.
aureus (5).

Modulation of ion channels: Plant extracts studied
in excitable cells and researches revealed that plant
extracts affect ion channels and consequently lead to
several actions including even death in cell, depending on
the ion channel function (21).

Decreasing the cytoplasmic pH: A decrease in
cytoplasmic pH (pHin) and cell wall disruption was
observed in cells treated with plant extracts, suggesting a
possible mechanism of antibacterial action (32). The
hypothesis of carvacrol mechanism of action on the cell
membrane suggests that carvacrol binds H* and diffuses
through the cytoplasmic membrane to the cytoplasm
where it dissociates, releasing its proton. In the cytoplasm,
carvacrol attaches a potassium ion (or another ion), which
will be then transported across the cytoplasmic membrane
to the external environment. Once outside the cytoplasmic
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membrane a proton is again fixed on carvacrol, which
releases the potassium ion. In its protonated
(undissociated) form, carvacrol is ready to diffuse again
across the cytoplasmic membrane and dissociates,
releasing the proton into the cytoplasm (80). This proton
transport mechanism is in accordance with the decrease in
cytoplasmic pH (pHiny).

Compromising the genetic material of the cell: Plant
extracts may compromise the genetic material of the cell.
Thus, lead to mutations or death of the cell (36).

Cell lysis: Eeugenol, the main component of clove
EO, has shown a broad antibacterial activity against both
Gram-positive and Gram-negative bacteria. Eugenol can
bind to proteins, inactivate enzyme activities (i.e.
glycolytic enzymes), and cause cell lysis (18).

Plant extracts, which were commonly used until the
middle of the twentieth century, have lost their popularity
in developed countries after the widespread production of
synthetic drugs that are economical, more specific,
effective, and easily applicable. Until the 1980s, while
most societies in other countries were still trying to
provide treatment with secondary plant metabolites,
interest in natural organic compounds in Western
countries began to rise again, and it became debatable
whether they were safer in terms of their side effects.
However, since plant extracts contain numerous complex
organic compounds, it is hard to collect them separately
and reveal effective doses relative to synthetic
compounds. With the increasing interest in plant extracts
for half a century, the number of studies revealing the
medical effectiveness of these plants is increasing rapidly
(33). Plant extracts, tannins, saponins, and essential
(etheric, volatile) oils can be added separately or mixed in
different proportions. Nonetheless, producing commercial
feed additives from plant extracts requires further
researches to cope with challenges such as the rapid
adaptation of ruminal microorganisms to the plant
extracts, and their unpleasant smell.

Modifying the ruminal microbial distribution

It is possible to reduce methane production by
regulating the distribution of microorganisms in the rumen
through halogenated methane analogs (70), competitive
microorganisms, specific microorganisms targeting rumen
microorganisms, or immunization (25). One option is
specifically to target methanogens by the antibiotics (64),
bacteriocins (8, 69, 86), or bacteriophage (39). Another is
to decrease H production so that less H; is available for
methane formation (45). It has been reported that methane
production can be reduced with vaccines developed
against methanogenic archaea (70). However, the variety
of methane-microorganisms in the rumen is not limited to
a particular strain. Instead, it varies according to the region
and the composition of the feed. Therefore, it is pretty

challenging to develop a vaccine, which can be used
worldwide (94). McAllister and Newbold (58) reported
that developing a vaccine targeting cell membrane
components of methanogens could reduce methane
production. The same researchers proposed reducing
methane production by supplementing bacteriophages and
microorganisms that produce bacteriocin and directing
hydrogen to microorganisms that utilize H; to synthesize
different fermentation products from methane such as
propionic and acetic acid (58). Acetogenesis is, 4H, +
2C0O; - CH3COOH + 2H,0 and AG = -8.8 kJ. On the
other hand methanogenesis is, 4H, + CO, > CH4 + 2H,0
and AG =-67.4 kJ. As can be seen in the biochemical flow,
Gibbs Energy Changes (AG) indicates the less energy
demand in methane synthesis. Negative AG indicates the
energy release. Two different H, sinks given above
suggest that methane synthesis provides more electron
flow, which means more ATP, can be synthesized in the
methanogen archaea (89). Acetogenesis, on the other
hand, almost occurs without ATP production. Therefore,
acetogens  cannot compete  with  methanogens
thermodynamically. However, further research is needed
for these proposed methods. If acetogens successfully
synthesized acetic acid from H; and CO- in the rumen
instead of methane production, the animal's energy gain
would be higher by up to 4-15%. This method is still not
available in the field, as successful results have not yet
been achieved in the hydrogen competition of acetogens
with acetogenesis (38).

On the other hand, halogenated methane analogs
such as aminochloral, chloroform, trichloroethylene,
chloralhydrate, alpha-cyclodextrin, trichloroacetamide, 9,
10-anthraquinone, 2-bromoethane sulfonic acid, and
bromochloromethane are useless as well as have some
harmful side effects. In addition, methanogens can
develop resistance to such chemicals. Therefore, their use
in ruminant nutrition is not sustainable (70). A decrease in
the number of protozoa in the rumen reduces methane
production because methanogens on the surface of ciliates
or in their endosymbionts are removed and H; production
by protozoa is altered (38, 47). Although removing
protozoa from the rumen reduces methane gas production,
it is not the most effective option concerning the
deterioration of fermentation in the rumen and a decrease
in the animal’s performance (38).

Improving the animal breed

Excluding low-yielding animals, keeping animals
more efficient, and produce less methane gas are the
recommended breeding methods for mitigating methane
gas production. Since methane production is directly
proportional to the number of animals, separating low-
yielding animals from the herd and replacing them with
more efficient animals reduces the amount of methane
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production per unit yield. Many studies aimed at reducing
methane production have revealed different results.
Therefore, some researchers have suggested that animals
produce less methane gas should be bred since this may be
due to phenotypic and genetic properties, although some
researchers report that this may not be the efficient
solution (16, 25, 76). Thus, this should be further
investigated whether methane production is related to
animal breeds.

Conclusions

Humans, although are unique among the Earth's life
forms in their ability to use language and high cognitive
skills, they unfortunately, are not able to digest cellulose
that is the most abundant plant structural component
synthesized by the plants via biochemical conversion of
the sunbeam. Ruminants, with their unique digestive
system, on the other hand, can convert the energy in
roughage to edible products for humans. Hence, rumen
fermentation has been excessively on the scope of
researchers for long years. Advances in rumen
fermentation are a vital concern to provide food with good
quality for the growing population of man. Ruminants
digest roughage with microbial fermentation process by
the microorganisms inhabited in the rumen. Nevertheless,
agriculture contributes to nutrient and air pollution in
several ways and livestock holds the bigger proportion of
this contribution. The main pollutants of interest in
relation to ruminant production systems are nitrogen (N)
from nitrate leaching and ammonia emissions/deposition,
minerals particularly phosphorus (P), greenhouse gases
(GHG; carbon dioxide, CO2; methane, CH4 and nitrous
oxide, N20O), particulate matter and volatile organic
compounds. Considering the rapid growth in the human
population and, thus, the increasing number of ruminants
to meet the amount of quality food demand, it is expected
that greenhouse gas production and environmental
pollution will be at a tremendous rate soon. Although the
ionophore group antibiotics supplemented in the ruminant
feed help reduce methane emissions, they have been
banned in EU countries and Turkey since 2006. On the
other hand, supplementing ruminant feed with ionophores
leads to inconvenience although it is not restricted in other
countries. Therefore, researchers have been performing
intensive studies to reduce methane gas and nitrous oxide
synthesis in the rumen for the last two decades. Various
methods have been suggested that reportedly reduce
methane production, such as modifying the feed
composition, modifying rumen microorganisms via
supplementing the feed with additives and
microorganisms. Of these methods, plant extracts, which
researchers have recently been studying intensively,
present promising results in reducing methane production.
Since plant extracts are a mixture of numerous organic

compounds, each compound should be isolated and
studied individually and in combination to reveal its
effectiveness in methane mitigation. Organic compounds
discovered with antimicrobial activities to decrease
methane production in the rumen will also shed light on
humanity's fight against various infections.
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