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ABSTRACT

In this study, it is aimed to determine the microbiological quality of 60 different raw salmon finger
sushi (maki rolls) samples randomly supplied from consumption points (sushi bar, sushi buffet, hotel,
restaurant etc.) serving fresh sushi. The counts of Escherichia coli, coagulase-positive Staphylococcus
anrens, Vibrio parabeamolyticns and Salmonella spp. presence (+/-) were examined in these samples for
the detection of hygienic quality and pathogenic microorganisms. Twenty-nine of 29/60 (48.3%)
samples were found to be positive for these microorganisms. Salmonella spp. presence was detected in
2/60 samples (3.3%) while coagulase-positive S. aurens was found in 10/60 samples (16.7%) with the
highest level of 4.84 log CFU/g, E. coli was detected in 15/60 samples (25.0%), 1. parabeanolyticus was
determined in 13/60 samples (21.7%) with a level of 2.90 log CFU/g and 2.82 log CFU /g, tespectively.
Based on the current findings, it is considered that microorganisms determined in the samples pose a
risk to public health, authorities should mandate to conduct routine inspections more frequently and
businesses selling sushi should be included in the annual sampling plan. It will be beneficial for healthy
sushi production that it should be paid attention to hygienic production during the all manufacturing,
storage and service stages and points of sale and relevant staff should be ensured to routinely receive
necessary food safety training to minimize the risk of foodborne disease outbreaks.

Taze susi 6rneklerinde mikrobiyolojik kalitenin degerlendirilmesi

oz

Bu calismada; taze susi servisi yapan rastgele secilmis tiketim noktalatindan (sushi bar, sushi biife, otel,
restorant vs.) temin edilen toplamda 60 adet cesitli ¢ig somon parmak susi (maki rolls) 6rneklerinin
mikrobiyolojik kalitelerinin belirlenmesi amaglanmustir. Orneklerde hijyenik kalitenin ve patojen mik-
roorganizmalarin tespit edilmesine yonelik Escherichia coli, koagulaz pozitif Staphylococcus anreus, 1 ibrio
paraheamolyticus sayilart ile Salmonella spp. (+/-) varligi arastirilmistir. Incelenen mikroorganizmalar yé-
nunden 29/60 (%48,3) 6rnegin pozitif oldugu gorilmustir. 2/60 ornekte (%3,3) Salmonella spp. varligs
tespit edilirken, koagulaz pozitif S. aurensan 10/60 (%16,7) rnekte ve en yiiksek 4.84 log KOB/g, E.
colinin 15/60 (%25,0) érnekte ve 1. parabeamolyticusun 13/60 6rnekte (%21,7) sirastyla ortalama 2.90
log KOB/g ile 2.82 log KOB/g oldugu saptanmistirt. Mevcut bulgulara dayanarak, 6rneklerde tespit
edilen mikroorganizmalarin halk sagligi acisindan riskler tasidigi, yetkili otoritelerin daha stk rutin dene-
timler yapmast ve susi satisi yapan isletmelerin yillik numune planina dahil edilmesi gerektigi distinil-
mektedir. Gida kaynaklt hastalik salginlari riskini en aza indirgemek icin susi tiretim ve satis yerlerinde
tim Gretim, muhafaza ve servis asamalarinda hijyenik tretime 6nem verilmesi ve ilgili personellerin
rutin olarak gerekli gida giivenligi egitimini almalarinin saglanmast saghkli susi Gretimi agisindan faydali
olacaktir.

INTRODUCTION

is based on manufacturer choices and local preferences. It is
prepared with raw farmed salmon, tuna, and halibut, whiting,

Sushi is a traditional Japanese food, consisting of raw or
cooked seafood in combination with eggs, vegetables and
cold cooked rice prepared with vinegar and condiments that
is shaped into bite-sized pieces, formed into a roll and often
wrapped in seaweed (nori) (1, 2). Sushi is known to be a method
to preserve fish in Southeast Asia in previous years (3). With
its low-fat content, intense nutrients and delicious to consume,
sushi, which is rich in high-quality protein and an excellent
source of omega-3 fatty acids, is a popular product consumed
all over the world. It has become a popular food particularly
in our country in the past 15 years and adopted by a wide
population (4). The high level of diversity in raw materials

Bu makaleye atifta bulunmak icin/ To cite this article:

cooked scampi, large freshwater prawns, and raw vegetables
such as cucumber, spring onion (scallions), and avocado (5, 6).
Itisa Fopular ready-to-eat (RTE) food preferred by consumers
and offered cold at 4 °C with a sell-by gate of 2 to 3 days after
production which is served directly to human consumption
without cooking or other processes to eliminate or reduce
microorganisms to an acceptable level by manufacturers
or businesses (6). Intrinsic factors (high water activity, near-
neutral pH) of fish meat and raw fish products provide a
favorable condition for microorganisms to develop and can
cause sEoilage within the whole process from the moment
of catching of fish to consume in the presence of extrinsic
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factors (harvest, hunting, transﬁottation, process, storage etc.)
(7). It carries some potential health hazards due to possible
contamination of pathogenic microorganisms durlnig raw
material, process and storage. Monitoring of microbiological
uality is also important to prevent food poisoning cases
?3, 6, 8, 9). Sushi is consumed similar to other fast foods
without additional heat treatment to reduce microbial load.
Therefore, forms of raw seafood é)roducts prepared in homes,
restaurants and sushi bars should be consumed in a shorter
time than industrially prepared products (1). Several factors
have been stated to be etfective in a large number of food
oisoning cases reported in relation to sushi consumption
(10, 11). The fact that other foodstuffs used in making
sushi are prepared in advance for quick service and possible
contaminations of hands and other tools and equipment
during the process may lead to an increase in the incidence of
potential foodborne pathogens (2). Due to the reasons such as
fish and other seafood products used in the preparation of the
roduct, other mixtures such as vegetables and rice and also
eing consumed raw, hygiene of raw material and business,
possible presence of pathogenic microorganisms (Salnonella
Spp., V'ibrio parabaemolyticus, Staphylococcus aurens, V'ibrio cholerae,
acillus cerens, Listeria monocytogenes), Earasites (Anisakiasis etc.)
and viruses (Norovirus) can cause health problems (1, 6, 12,
13). Considering the growing popularity of sushi and other
raw seafood dishes especially worldwide, it would be beneficial
to raise awareness about the safety of raw seafood products
consumption.

In the Eresent study, it was aimed to determine the hygiene
level of the Eroducts at the consumption points serving %resh
sushi (sushi bar, sushi buffet, hotel, restaurant etc.) in Antalya,
to evaluate the microbiological quality and preparation
conditions and to determine preventive measures to increase
food safety in order to provide information about the possible
health risks associated with the increased consumption of
ready-to-eat sushi.

For this purpose, the samples were examined for E. co/i
as hygiene indicator microorganism, specific food-borne
ﬁthogens by the numbers of coafgmase—positive S. anrens and

. parabeamolyticus and presence of Salmonella spp.

MATERIAL AND METHOD
Sampling and preparation for analysis

Between June—July 2017, 60 samples of sushi (N=060)
obtained from the consumption points serving fresh sushi
(sushi bar, sushi buffet, hotel, restaurant etc.) in the province
of Antalya on different days were used in this research study.
Sushi samples taken into sterile containers under aseptic
conditions were placed in polyethylene styrofoam boxes
(2-4 °C) containing ice and were delivered to the laboratory
in a short time. Sample size and weight were determined as
5.00£0.88 cm and 21.00+1.74 g, respectively. Microbiological
analyses were carried out with two replications.

Microbiological analyses

Twenty-five g sample was homogenized in 225 ml MRD
(Maximum Recovery Diluent, MRD-Oxoid CM0733, UK)
and aliquots of 0.5 ml of prepared dilution were spread-plated
onto Chromocult TBX A_%ar (Oxoid CM0945, UK). Plates
were first incubated at 30£1 °C for 4%1h, then at 44+1 °C
for 18%+2h and growing blue-green colonies were determined
as Bscherichia coli. No confirmation has been made since
chromo(genic medium was used. The strain E. co/i ATCC 25922
(ATCC? 25922™ USA) was used as a positive control (14).

Five g sample was homogenized with 45 ml MRD for

coagulase-positive Staphylococcus aunrens (CFU/g) count, aliquots
of 0.4-0.3-0.3 ml of this dilution (a total of 1 ml) by adding
5% Egg Yolk Tellurite (Becton-Dickinson, BBIL-212357,
USA) were spread-plate onto previously prepared Baird
Parker Medium Agar (Oxoid CM0275, UK). The plates were
incubated at 35%1 °C for 48h. At the end of the incubation,
black-gray shiny colonies with a diameter of 2-3 mm,
surrounded by round, convex, smooth, narrow, bright zoned
area in plates are considered as possible . aureus colonies and
all developing typical colonies were counted. Confirmation
of typical co%onies was performed by Staphylase (Staphylase
Test Kit, Oxoid DR0595, UK) test. Colonies forming a visible
agglutination were considered as coagulase-positive S. awreus.
If the coagulase (staphylase) test result is positive, the number
of S. aureus was determined as CFU/g by multiplying the
counted colonies by the dilution coefficient. The strain .
anrens ATCC 25923 (ATCC®™ 25923™, USA) was used as a
positive control (15).

Twenty-five g sample was homogenized with 225 ml
alkaline peptone water (APW, Merck 101800, Germany)
(containing 3% NaCl), incubated at 35-37 °C for 18-24h for
Vibrio parabaemolityens count. The content taken from the u%)er
part of this enrichment medium using a loop without shaking
was spread-plate onto Thiosulfate-Citrate-Bile Salts-Sucrose
Agar (TCBS, Hardy Diagnostics, USA) (containing 3% NaCl)
and incubated at 35-37 °C for 18-24h. Round colonies with
a diameter of 2-3 mm and green-blue in the middle were
evaluated as V. parahaemolitycus and confirmation of typical
colonies was performed by catalase, oxidase test and APIY 20E
(BioMerieux, France) biochemical reagent kit (16).

Twenty-five g sample was taken into 225 ml buffered
peptone water for Salmonella SEF identification and was
incubated at 37£1 °C for 16-20h. After incubation, 1 ml of this
suspension was transferred into 10 ml of Muller-Kauffmann
Tetrathionate-Novobiocin Broth (MKTTn-Oxoid CM1048,
UK) for selective enrichment. Tubes were incubated at 3741 °C
for 6-8h. Concordantly, 10 ml of pre-enrichment suspension
were transferred into Ra}zfaport Vassiliadis Soy Broth (RVS-
Oxoid CMO0886, UK) and incubated at 41.5+1 °C for 6-8h.
Aliquots of these secondary enrichment broth were then
spread—}cjlace onto Xylose Lysine Deoxycholate Agar (XLD-
Oxoid CM0469, UK) and Brilliant Green Agar-Modified Agar
(BGA-Oxoid CM0329, UK) using a loop and typical colonies
were examined. Positive Salnonella spp. samples with  typical
colonies were confirmed using a Vidas device (mini VIDAS®,
BioMerieux, France) (17).

RESULTS

Numbers of E. /i, coagulase-positive S. aurens, 1.
parabaemolityens of 60 analyzed sushi samples were calculated
using base-10 logarithms and given as log CFU/g in Table 1.
Salmonella spp. is presented as absent/present in 'lgable 1.

DISCUSSION

RTE sushi is considered a kind of potentially hazardous
food because it contains perishable ingredients. If it is not
prepared in a hygienic procedure and stored at low temperature,
1t may cause food poisoning (2). It is recommended by ICMSF
glnternational Commission on Microbiological Specifications
or Foods) that food containing seafood Eroducts should be
kept at temperatures below or close to 5 °C (8). E. /i count
in food products, which have been used to indicate direct or
indirect fecal contamination, is a method used to indicate the
cleanliness in food handling as well as the appropriateness of
storage condition (2, 11). According to our study results, E.
coli number was found to be ranging from ND (not detected
the bacteria) and 3.96 log CFU/g in 15/60 samples (25%) and
2.90 log CFU/g on average, and 75% of the samples were

MAE Vet Fak Derg, 5 (1): 1-5, 2020
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Table 1 Microorganisms analyzed in sushi samples and their numbers (N=60)

Number of Indicator and Pathogen Microorganisms Levels (sample-%o)
microorganisms
(ogCFU/R)  Eahridiawi (BN iyl
ND 0.0 (75.0%) 0.0 (83.3%) 0.0 (78.3%) 58.0 (96.7%)
1.00<2.00 ND ND ND
2.00<3.00 9.0 (15.0%) 4.0 (6.7%) 9.0 (15.0%)
3.00<4.00 6.0 (10.0%) 5.0 (8.3%) .0 (6.7%) 2.0 (3.3%)
4.00<5.00 ND 1.0 (1.7%) ND
5.00= ND ND ND
Min. ND ND ND -
Max. 3.96 4.84 3.86 -
Means 2.90 3.24 2.82 -
TOTAL 15.0(25.0%) 10.0(16.7%) 13.0(21.7%) 2.0 (3.3%)

CFU: Colony Forming Unit, N: Number of samples, ND: Not Detected

found to be negative for this microorganism (Table 1). The
recommended limit for good quality foods (2.7 log CFU/g)
was exceeded in 9 samples for E. co/i (18). It is considered that
this situation results from possible contamination due to poor
hygiene and sanitation in operation, personnel or equipment
during production and preservation in businesses, raw material
and other reasons (production line design, water, etc.).

Staphylococens  aurens is a microorganism with variable
virulence and produces toxin when it is exceeded the level of
5 log CFU/% Toxin dose of less than 1.0 pg may produce
symptoms of intoxication (19). Although S. awreus 1s not part
of the normal fish microflora, it is reported that it is possible
to have contamination arising from nutrients involved in fish
products prepared with Eersonnel and/or other foods during
the process (2, 11). In this study, coagulase-positive S. awureus
was detected ranging from ND and 4.84 log CFU/g in 10/60
samples (16.7%) (Table 1).

According to the results, the presence of a sample with
a potential to produce toxin indicates that proper personnel
hygiene and other cleaning dprocedures are disrupted where the
relevant sample is provided. . aurens contamination denotes a
lack of good hygienic practices by businesses, spoilage after
harvest due to diseases in fish used in the preparation of raw
materials or sushi or the possibility of cross contamination
during raw material and/or process stages (11, 20).

Vibrio parahaemolyticus is a microorganism that is more
common in the hot summer months and naturally found
in marine environments and constitutes an average of 30%
of the total microbial load in seawater. The primary control
measure is mostly intended to prevent the proliferation of this
organism (8, 21). In our country, there is a legal re(%iﬂation for
the absence of this microorganism in frozen and processed
fish products (22). According to our study results, I
parahaemolyticus presence was detected in the level of 2.82 lo
CFU/g on average in 13/60 samples (21.7%), and it was foun
to be noncompliance with the relevant regulation (Table 1).

Salmonella spp. is a pathogen bacterium causes food
poisoning and infection, and it is reported that even <10 CFU
Salmonella spp. organisms may lead to infection (2). Possible
contamination of Salmonella spp. in raw materials, food

manufacturing, tools and equipment used in the food chain,
processing and retailing stages can cause very important health
roblems for public health. In general, all raw foods includin,

fish, shellfish, fruits, vegetables, (}i)oultry, eggs, other foods o
animal origin, dairy products and crops are always at risk for
non-typhoid Salmonella spp. (23). Although there is a close
relationship between RTE food consumption and Salmonellosis,
previous studies have reported that the presence of Salmonella
spp. in sushi is not very common in general (9). Although
outbreaks related to Salmonella spp. infected fishery products
(fish borne) is not very common, it has been reported that
after sushi consumption, 62 people in 11 different locations in
The United States of America experienced food poisoning and
diagnosed with Salmonellosis. In our country, there is no RTE
food definition and no legal regulation has been published
specifically for these foods. Turkish Food Codex (TFC) (24)
and Regulation on Seafood (22) report that Salmonella spp.
should not be present (0/25 g-ml) in fishery products and
processed or frozen fish products. The amount of Salmonella
spp. in RTE foods has been determined as 0/25 g by the
European Commission (25). According to our study results,
2/60 samples (3.3%) were found to be noncompliance with
the relevant regulations (Table 1).

A study examining sushi samples taken in winter (December-
February) demonstrated that positive sample counts were
determined as 11/447 (2.5%) for E. coli and 7/447 (16%) for
coagulase-positive staphylococci while Salmonella spp. (0/447)
and . parahaemolyticus (0/155) were not detected. In samples
taken in summer (June-August), 1 jlbazmbaemoﬁ/fz'm was
detected in 1/158 sample, examined samples were negative for
Salmonella, determinedp limit was exceeded in 6/404 samples
for E. coli and 2/404 samples for coagulase-positive staphylococci
(8). Atanasovva et al. (11) revealed that E. /i was detected
ranging from 2.0 and 3.3 log CFU/g in 24/125 fresh sushi
samples, Staphylococcus spp. with high prevalence was detected
ranging from 3.8 and 4.7 log CFU/g in all samples and the
prevalence was high (125/125), Salmonella spp. was found in
1/125 (0.8%) sample and 17brio spp. were not detected in any
sample. In several studies, it is shown that . parahaemolyticus
contamination in samples may originate from fishery and
shellfish products used in the preparation of sushi, Sa/wonella
spp. and S. aurens contamination may be caused by vegetables,
mayonnaise containing raw egg and personnel-related (3, 8).

MAR Vet Fak Derg, 5(1): 1-5, 2020
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In 38 samples obtained from consumption points such as
restaurant, sushi bar, Salmonella spp. and 1. parabaenolyticns
were not found, coagulase-positive staphylococci was detected
ranging from 2.00 and 3.60 log CFU/g in 16/38 samples
(42.11%) and found at an unacceptable level in 6 samples (3).
Liang et al. (2) reported in packaged sushi samples taken from
120 different consumption points that E. co/i and S. aureus
counts were 1.0 and 2.3 log CFU/g on average, respectively
and Salmonella spp. was not éetected in any samples. Wong and
Cheung (21) indicated that the number ot E. co/i was found as
20/102 (19.6%) in 102 fresh sushi samples, 1. parahaemolyticus
was detected in only 3/102 samples (2.9%), the presence of
E. coli and V. parahaemolyticus results from inadequate hygiene
practices in pre-harvest, harvest and sushi processing stages
and possible bacterial contamination in fishery and other
aquaculture products. Coagulase-positive  staphylococci, 1.
parahaemolyticus and Salmonella spp. could not be detected in 36
samples taken from several restaurants, whereas positive E.
coli count was found as 2/36 (5.6%) (7). Salmonella spp. was
not detected in 28 sushi samples obtained from 7 dl1) ferent
businesses whereas E. ¢o/f was found in 3.6% of samples (9).
E. coli was detected in 38/50 fresh sushi samples taken from
sushi bats and §. awrens were found in 11/50 samples (26).
Staphylococcus spp. was determined ranging from 3.3 and 3.8
log CFU/g in samples obtained from 20 different retail points
serving sushi, S. aurens count was found less than 2 log CFU / g
on average (27).

According to the study results, it is considered that different
findings may proceed from microbial contaminations to be
occurred pre-harvest during and post-harvest in fishery and
other seafood products use§ in making sushi (21), operational
and personnel hygiene during the entire process, possible

contaminations during Freservation of final product sushi
and other raw materials and deficiencies in cold storage
applications.

CONCLUSION

In order to maintain the quality of food products, they
must be kept at low temperatures. United States Food and
Drug Admunistration (FDA) that in order to eliminate the
possible parasite presence in raw seafood used in sushi, it is
necessary to wait for 7 days below -20 °C or for 15h below
-35 °C. According to EC (28) and TFC (24), in order to kill
other parasites other than Trematodes in fishery products
to be consumed raw, freezing process should be applied
not less than 24h at -20 °C or less than 15h at -35 °C, and
there is a regulation to preserve fresh fishery products at a
temperature close to melting point. Due to the high potential
of food poisoning of raw seafood products, they should be
transported under temperature control in order to reduce
microbial development and should be kept at <5 °C until
the process in the businesses (21). It is initially necessary to
choose suitable raw materials for microbial quality to ma?(e a
healthy sushi. It should be taken into consideration that sushi
rice is not a good substrate for microbiological development
because of its low pH (<4.6), however; it might contribute
to inhibiting the development of lactic acid bacteria since it
contains fermented carbohydrates (1, 4, 6). As sushi is highly
sensitive to deviations from optimal storage temperature,
positive correlations between microorganism counts and
storage temperatures may lead to loss of quality during sell-by
date (29). Careful selection of other nutrients used in making
sushi, maintenance of cold chain during preparation processes
and storage, compliance with hygiene and sanitation rules in
personnel, equipment and service (3, 11) should be adopted
as the basic principles in order to maintain the microbiological

uality in the final product. In addition, businesses ensuring
their personnel to receive hygiene training on a regular basis
and increased frequency of inspections by authorities will
provide a significant contribution to minimize sushi-related

food poisoning. GMP (Good Manufacturing Practice) or
HACCP (Hazard Analysis and Critical Control Point) food
safety control systems incorporating into the manufacturing
process by businesses will help strengthen the food safety
control. The fact that consumers behave sensitively during
transportation and storage of readyc-]prepared sushi, prefer
places making good quality sushi and care about shelf life,
people with chronic conditions such as immune system
mnsufficiency, pregnancy and cancer should be more careful
about sushi consumption due to their risks will contribute to
healthy sushi consumption.

CONFLICTS OF INTEREST

We declare that there are no conflicts of interest among the
authors of the article.

REFERENCES

1. Lorentzen G, Breiland MSW, Cooper M, Herland H.
Viability of Listeria monocytogenes in an experimental model
of nigiri sushi of halibut (Hippoglossus hippoglossus) and salmon
(Salmo salar). Food Control. 2012;25(1):245-48.

2. Liang WL, Pan YL, Cheng HIL, Li TC, Yu PHF, Chan SW.
The microbiological quality of take-away raw salmon finger
sushi sold in Hong Kong. Food Control. 2016;69:45-50.

3. Muscolino D, Giarratana F, Beninati C, Tornambene A,
Panebianco A, Ziino G. Hygienic-sanitary evaluation of sushi
and sashimi sold in Messina and Catania, Italy. Ital | Food Saf.
2014;3(2):134-306.

4. Corapci B, Guneri N. Yengeg, istakoz surimi ve fiime somon
ile hazirlanmis makizuginin 4£1 °C’de duyusal, kimyasal ve
mikrobiyolojik kalitesi. | Food Health Sci. 2016;2(4):159-70.

5. Mol S, Ucok Alakavuk D, Ulusoy S. Effects of modified
atmosphere packaging on some quality attributes of a ready-
to-eat salmon sushi. Iran | Fish Sci. 2014;13(2):394-4006.

6. Hoel S, Mehli I, Bruheim T, Vadstein O, Jakobsen AN.
Assessment of microbiological quality of retail fresh sushi
from selected sources in Norway. ] Food Prot. 2015;78(5):977-
82.

7. Batista CM, Ribeiro MLR, de Souza MJF, Borges L],
de Castro Ferreira TAP, Andre MCP. Microbiological and
physicochemical qualities of sushi and sashimi from Japanese
Restaurants in Brazil. ] Food Nutr Res. 2017;5(10):729-35.

8. Authority NSWE. Report on food handling practices and
microbiological quality of sushi in Australia. Sydney, Australia:
Author; 2008. p. 1-26.

9. Ramires T, Iglesias MA, Vitola HS, Nuncio ASP, Kroning IS,
Kleinubing NR, et al. First report of Escherichia coli O157:H7
in ready-to-eat sushi. | Appl Microbiol. 2020;128(1):301-
09. https://doi.org/10.1111/jam.14456.http:/ /www.fda.
gov/downloads/Food/FoodbornelllnessContaminants/
UCM297627.pdf.

10. Barralet ], Stafford R, Towner C, Smith P. Outbreak
of  Salmonella  Singapore associated with eating sushi.
Communicable Diseases Intelligence Quarterly Report.
2004;28(4):527-28.

11. Atanassova V, Reich F, Klein G. Microbiological quality of
sushi from sushi bars and retailers. Journal of Food Protection.
2008;71(4): 860-64.

MAE Vet Fak Derg, 5 (1): 1-5, 2020



12. Altekruse SE, Cohen ML, Swerdlow DL. Emerging
foodborne diseases. Emerg Infect Dis. 1997;3(3):285-93.

13. Nawa Y, Hatz C, Blum |. Sushi delights and parasites: the
risk of fishborne and foodborne parasitic zoonoses in Asia.
Clinical Infectious Diseases. 2005;41(9):1297-303.

14. Healt Protection Agency. Direct enumeration of Escherichia
coli, National Standard Method F 20, Issue 1. 2004.

15. Benntt W, Lancette GA. Bacteriological Analytical Manual
(Chapter 12): Staphylococcus aurens. Department of Health and
Human Services, 8th ed. US Food and Drug Administration;
2001.

16. Kaysner CA, DePaola AJ. Bacteriological Analytical
Manual, Chapter 9, Vibtio. http://www. fda. gov/
Food/ScienceResearch/LaboratoryMethods/
Bacteriological Analytical Manual BA M/ucm070830. 2004.
Access date: 15/01/2020.

17. ISO P. Microbiology of food and animal feeding stuffs.
Horizontal method for the detection of Salmonella spp. Geneva,
Switzerland: ISO Norm 6579: 2002.

18. ICMSF 1986. Microorganisms in foods 2. Sam}flling for
microbiological analysis: principles and specific applications,
2nd ed. International Commission on Microbiological
Specifications for Foods.

19. Food and Drug Administration. Bad bug book: handbook
of foodborne pathogenic microorganisms and natural toxins.
Center for Food Safety and Applied Nutrition; 2012.

20. Austin B, Austin DA. Bacterial Fish Pathogens. Heidelberg:
Springer; 2012. p. 652.

21. Wong P, Cheung KT. Prevalence of foodborne pathogen
in fresh sushi at sushi take-out stores in Hong Kong. EC
Microbiol. 2019;15(10):1060-68.

22.Regulation on Seafood. 10.03.1995 Official Journal Number:
22223, Different Official Journal Number: 21.09.2008-27004.
2008.

23. Gomez-Aldapa CA, del Refugio Torres-Vitela M, Villarruel-
Lopez A, Castro-Rosas ]. The role of foods in Salmonella
infections.  Salmonella-a  dangerous foodborne pathogen.
Mahmoud, BSM. Croatia: Intech Publisher ed. 2012; 21-46.

24. Turkish Food Codex. Regulation of Microbiological
Criteria. 29.12.2011/Official Journal Number: 28157. 2011.

25. EC. Commission Regulation (EC) No 2073/2005 of 15
November 2005 on microbiological criteria for foodstuffs.
Official Journal of the European Union. 2004;L. 50:1-26.

26. Abdel-Hakeem SS, Mahmoud GAE, Abdel-Hafeez
HH. Evaluation and microanalysis of parasitic and bacterial
agents of Egyptian fresh sushi, salmo salar. Microscopy and
Microanalysis. 2019;25(6):1498-508.

27. Li H, Stegger M, Dalsgaard A, Leisner |]. Bacterial content
and characterization of antibiotic resistant Staphylococcus aurens
in Danish sushi products and association with food inspector
rankings. Int) Food Microbiol. 2019;305:108244. https://doi.
org/10.1016/j.ijfoodmicro.2019.108244.

28. EC. Commission Regulation (EC) No 853/2004 of the

Yal¢in, Cakmak

European Parliament and of the Council of 29 April 2004
laying down specific hygiene rules for food of animal origin.
Official Journal of the European Union. 2004;L1. 139:30-205.

29. Hoel S, Jakobsen AN, Vadstein O. Effects of storage
temperature on bacterial growth rates and community structure
in fresh retail sushi. | Appl Microbiol. 2017;123(3):698-709.

MAE Vet Fak Derg, 5(1): 1-5, 2020



MAE Vet Fak Derg, 5 (1): 6-10, 2020 G’

DO 10.24880/maeuvfd.657303

Aragtirma Makalesi

Geleneksel ve fabrikasyon yontemlerle iiretilmig isot baharati ve salgasi kullanila-

rak hazirlanan lahmacunlarin duyusal ve mikrobiyolojik yonden kargilagtirilmas:

Serap KILIC ALTUN, Mehmet Emin AYDEMIR, Hisamettin DURMAZ

Harran Universitesi, Veteriner Fakiiltesi, Gida Hijyeni ve Teknolojisi Bolumii, Sanllurfa/TURKiYH

Anahtar Kelimeler:
lahmacun

isot baharati

salca

TMAB

koliform

Key Words:
lahmacun
isot spice

TMAB

colifor

Gelis Tarihi: 10.12.2019

Kabul Tarihi: 25.03.2020
Yayin Tarihi: 30.04.2020
Makale Kodu: 657303

Sorumlu Yazar:,
ME. AYDEMIR
(aydemiremin23@gmail.com)

ORCID:

S. KILIC ALTUN: 0000-0002-4203-2508
ME. AYDEMIR: 0000-0002-5849-1741
H. DURMAZ: 0000-0002-7761-9843

Bu arastirma 25-26 Agustos 2019 tarihlerinde
Adiyaman  Golbast  ilcesinde  diizenlenen
Hoca Ahmet Yesevi Uluslararast Bilimsel
Arastirmalar Kongresi’nde sézIi bildiri olarak
sunulmustur.

oz

Bu calismanin amaci geleneksel ve fabrikasyon yontemlerle tretilmis isot baharati ve sal¢asi kullanarak
hazirlanan lahmacunlarin duyusal ve mikrobiyolojik yonden karsilastirilmasidir. Mikrobiyolojik ana-
lizlerde; kullanilan ¢ig dana kiymasi (C), Hamur (H), geleneksel ev isot baharat1 ve salgasi ile hazir-
lanmig lahmacun harci (GC), fabrikasyon isot baharati ve salgasl ile hazirlanmig lahmacun harc1 (FC),
geleneksel isot baharati ve salgast ile hazirlanmis pisirilmis lahmacun (GP) ve fabrikasyon isot baharati
ve salcast ile hazirlanmig pisirilmis lahmacun (FP) 6rnekleri materyali olusturdu. Mikrobiyolojik ana-
lizler icin; toplam aerob mezofilik bakteri (TMAB) ve koliform grubu bakteri sayimi yapildi. Duyusal
analizler i¢cin; lahmacun 6rneklerinin tat, gériintim, koku ve kivam acisindan 1-5 arasinda bir puanlama
yapilmast istenildi. Mikrobiyolojik analizler sonucunda; C, H, GC (0. saat), FC (0. saat), GC (5. saat), FC
(5. saat), GP, FP 6rneklerinde ortalama TMAB sayilarinin sirastyla 3,8810,60, 4,5010,30, 6,48+0,25,
6,12%0,25, 5,60%0,30, 5,53%0,62, 4,74£031 ve 4,60£0,30 log,, kob/g oldugu, koliform grubu bakteri
sayllarinin ise sirastyla 2,68+0,31, 1,45£0,25, 5,07£0,50, 5,00%0,75, 4,46+0,23 3,79+0,23, 1,39+0,78
ve 1,61£0,79 log, kob/g oldudu tespit edildi. Duyusal analizler sonucunda; panelistlerin geleneksel
isot baharat1 ve salgasi ile hazirlanmig lahmacunlara tat, gériiniim, koku ve kivam acisindan verdik-
leri puanlarin ortalamalari sirastyla 3.910.16, 4.310.21, 3.8+0.08 ve 3.8+0.14 olarak, fabrikasyon isot
baharat1 ve salcast ile hazirlanmis lahmacunlarda ise 2.7+0.13, 3.3+0.26, 2.84+0.72 ve 2.810.48 olarak
bulunmustur. Sonug olarak kullanilan isot baharat1 ve sal¢asinin, gelencksel veya fabrikasyon yontemle
tretilmis olmasinin, lahmacunun mikrobiyolojik kalitesi tizerine etki etmedigi ancak duyusal kaliteye ise
o6nemli diizeyde etki ettii istatistiksel olarak ortaya konulmustur.

Sensorial and microbiological comparison of lahmacun produced by traditional and
packaged isot (pepper) spices and paste

ABSTRACT

The aim of this study was to examine the sensorial attributes and microbiological quality of lahmacun
produced bytraditionally-prepared isot spices and paste in comparison with commercial packaged isot
spices and paste. Lahmacun samples used for microbiological analysis were: raw ground beef (C),
dough (H), lahmacun mixture (GC) produced bytraditional homemade isot spice and paste, lahmacun
mixture (FC) produced bypackaged isot spice and paste, cooked lahmacun (GP) produced bytraditional
homemade isot spice and paste, baked lahmacun produced bypackaged isot spice and paste (FP). For
the microbiological analyzes, Plate Count Agar (PCA) was used for total aerobic mesophilic bacteria
(TMAB), and Violet Red Bile (VRB) Agar was used for coliform bacteria. For the sensory analyzes,
panelists were asked to score lahmacun samples between 1-5 on taste, appearance, smell and texture .
Mean TMAB counts in C, H, GC (0. saat), FC (0. saat), GC (5. saat), FC (5. saat), GP, FP samples, were
found as3,88+£0,60, 4,50%+0,30, 6,48%0,25, 6,12%0,25, 5,60£0,30, 5,53%0,62, 4,74+031 and 4,60£0,30
log, cuf/g, respectively. The meancoliform group bacteria counts in in C, H, GC (0. saat), FC (0. saat),
GC (5. saat), FC (5. saat), GP, FP samples were found as 2,68%0,31, 1,45+0,25, 5,07£0,50, 5,00£0,75,
4,4610,23, 3,79+0,23, 1,39+0,78 and 1,61£0,79 logtb cuf/g le. On the sensory analysis, the mean
scores for lahmacun made with traditional isot spice and paste in terms of taste, appearance, smell
and texture, were found as 3.920.16, 4.3+0.21, 3.8£0.08, 3.81+0.14, respectively. The average ratings
for lahmacun made with packaged isot spice and paste were 2.7£0.13, 3.3£0.26, 2.820.72, 2.810.48,
respectively. The results indicate that there was no significant difference in terms of microbiological
quality between the traditional homemade and the commercially packaged isot spice and paste used,
while significant difference was found for sensorial attributes.
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Geleneksel ve fabrikasyon yontemlerle...

GIRIS

Lahmacun; kiyma, maydanoz, sogan, sarimsak, karabiber,
tuz ve isot gibi baharatlarin kullanilarak hazirlanmasi ve
pisirilmesi ile elde edilen bir mamuldiir. Lahmacun kelimesi,
Arapca’da etli hamur anlamina gelen ‘Lahm-i acun’dan (et
ve hamur) tlremistir. Turk Pizzasi olarak da adlandirilan ve
tlkemizde Uretimi ve tiketimi olduk¢a yaygin bir gida olan
lahmacunun tarihi Babillere kadar dayanmaktadir (1).

Biber, Diinya’da yaygin olarak yetistirilen Capsicum cinsinden
tek yillik bir bitkidir. Kirmizibiber (Capsicun annum 1..) sahip
oldugu renk ve aromasl ile domatesten sonra, yaygin uretilen
sebzelerarasindaikincisirada yer almaktadir (2). Kirmizibiberin
tretimi en yaygin sirasiyla Cin, Meksika ve Tirkiye'de
yapilmaktadir. Turkiye’de uretilen toplam yas klrmlzlbigerin
yarisina yakint Sanlurfa il sinirlarinda  yetistirilmektedir
(3). Ulkemizdeki en yaygin kullanim bicimi kurutularak elde
edilen baharat ve salga olan kirmizibiber, taze ve sos gibi
farkll sekillerde de yaygin olarak tiiketilebilen bir sebzedir.
Genellikle yemeklere cesni ve renk katmak amactyla kullanilan
kirmizibiberden Uretilen isot baharatt ve sal¢asi, 6zellikle ¢ig
kofte ve lahmacun gibi yoresel idrtnlerin hazirlanmasinda
kendine has koyu kirmizi rengi ve aromasindan dolay1 6nemli
bir bilesen olarak kullanilmaktadir (5).

Isot baharati Gretimi geleneksel ev yapimi1 ve fabrika tiretimi
olmak tzere iki farkll sekilde yapilmaktadir. Geleneksel
yontemlerle evde dretilen isot baharatl, olgunlagsmis taze
kirmizibiberler tohum yuvalart ve sap kisimlar1 ayrilarak
elle iki parcaya ayrilip, glineste 6n kurutma, tuzlayarak
torbalarda terletme, glineste son kurutma ve 6gliterek yaglama
seklinde elde edilmektedir. Fabrika tUretimi isot baharatinin
uretimi daha hizlidir. Bu liretimde, nem orant %15’in altina
distlinceye kadar firinlarda kurutulan kirmizibiber, 6gutiletip
once pul biber ardindan tavlama ve kepertme islemleri ile isota
donustirilmektedir (3).

Ticari isot biberinden salca Uretiminde kirmizi biberler
6nce yikanip parcalandiktan sonra ¢ift cidarli kazanlarda (85—
100 "C) 1s1t1lmakta, ya da parcalanmadan otaklavda buhatla
100 “Cnin tzerinde On 1sitma uygulanmaktadir. Bu islemden
sonra palperden gecirilerek pulp elde edilmekte ve genellikle
evaporatorde konsantre edilmektedir. Daha sonra ambalajlara
dolum islemi yapilarak sterilizasyon uygulanmaktadir.
Gelenceksel isot salcast iretiminde ise biberler yikanip
parcalandiktan sonra kiyma makinasindan gecirilmekte ve
gﬁnesin ontinde kivamini alana kadar bekletilmektedir. Bu

ekleme sirasinda salcada fermantasyon meydana gelmekte ve
béylece dahaiyi biraroma ve gériiniim olugmasi saglanmaktadir

(-

Ac1 biberlerin yapisinda antiinflamatuar, antikanserojenik,
antilipemik, antioksidan, anti-dispeptik ve antibakteriyel etkisi
olan kapsaisinin insan sagligl uzerine bircok olumlu etkisi
yapilan aragtirmalarla rapor edilmistir (6). Bu etkilerinin yanisira
acl biberler gida sanayiinde dogal antimikrobiyal, aroma ve
renk katki maddesi olarak da pek ¢ok alanda kullanilmaktadir
(7,8,9).

Et drinlerinde kullanilan baharatlarin ¢esidi  kullanilan
urine, bolgeye ve bélge halkinin damak tadina gore
degisebilmektedir. Baharatlarin kendine has aromast yaninda
urintn kalitesini iyilestiren antibakteriyel ve antioksidan
etkileri de bulunmaktadir (10). Genel olarak et triinlerinde
karabiber, kekik, kirmiz1 pul biber, kimyon ve act kirmizibiber
gibi baharatlar kullanilmaktadir. Isot baharati, ilkemizde
yaygln olarak kebap, kéfte, ¢igkofte ve lahmacun gibi kiyma
ile yapilan urtinlere katilarak kullanilir. Isot gibi baéﬁaratlar et
uranlerinde yalnizca aroma vermek icin degil ayni zamanda
antimikrobiyal etkiyi sag8layan esansiyel yag icerikleri ile

bozulma riskini azaltmak icin de kullanilmaktadir (11, 12).

Geleneksel ve fabrikasyon yontemlerle uretilmis isot
baharati ve salcasi yapim prosesleri yukarida bahsedildigi gibi
farkll sekildedir. Bu calismanin amact da Uretim proses%eri
farkll olan isot baharat1 ve sal¢casindan hazirlanan lahmacunlar
arasinda duyusal ve mikrobiyolojik acidan bir fark olusturup
olusturmadi@inin aragtirilmasidir

GEREC ve YONTEM

Calismada materyal olarak; bir grup icin gelencksel ev
yalplrnl 10 gr isot baharati, gelencksel ev yapimi 120 gr isot
salcas1, 500 gr ¢ig dana kiymasi, 20 gr maydanoz, 200 gr sogan,
25 gr sarimsak, 5 gr karabiber, 20 gr tuz ve 100 gr aycicek
yagidan olusan lahmacun harci karisimi hazirlanmistir. Diger
grup icin aynl miktarda ve oranlarda malzemeler kullanilarak
sadece geleneksel ev yapimi isot baharati ve salgas1 yerine
fabrika uretimi isot baharat1 ve salcast kullanilarak lahmacun
harct  hazirlanmistir. Hazirlanan lahmacun harglart  isot
baharat1 ve salcast daha iyi antimikrobiyal 6zellik gostermest,
aroma ve lezzetin daha iyi karisima gecmesi icin 5-6 saat +4
°C’de bekletilmistir. Bu siire sonunda her lahmacun icin 100
gr hamur acilarak tzerine 100 gr lahmacun harct homojen
olacak sekilde koyulmustur. Dal%a sonra firinda 200 °C’de 8
dakika streyle pisirilmistir. Lahmacun pistiginde lahmacunun
yuzey sicakligr 98+2 °C olarak Sl¢ulmustir. Toplamda 104
lahmacun (52 geleneksel isot ve salcasi, 52 fabrikasyon isot ve
salcas1) pisirilmistir. Pisirildikten sonra 50 kisiye her gruptan
bir lahmacun 6rnegi olacak sckilde duyusal analizler igin
Fanelistlere tattirtlmistir. Mikrobiyolojik analiz i¢in her grup
ahmacundan ikiger tane olacak sekilde toplam dort lahmacun
kullanilmistir.  Lahmacun Orne8inin tamamindan kictk
parcalar halinde kesilen her bir 6rnekten (C, H, GC, FC, GP
ve FP) 25%er g tartilarak 225 ml (1:10 dilisyon orani) steril
%0,1 peptonlu su (Oxoid CM 733R) ile 5 dakika homojenize
edilmis ve ayn1 ¢ozelti ile 10° seviyesine kadar seri diliisyonlar
hazirlanmistir. Hazirlanan diliisyonlardan toplam mezofilik
acrobik bakteri, koliform grubu bakteri sayimi icin besi
yerlerine ekimler yapilmistir (13).

Toplam Mezofilik Aerob Bakteri (IMAB) Sayinn

TMAB sayiminda Plate Count Agar (PCA) (Oxoid,
CMO0463) kullanilmistir. Yayma plak yontemine gére uygun
dilisyonlar petri kutularindaki besi yetlerine ekimi yapilarak,
37 °C’de 24-48 saat inkiibe edildikten sonra, biitiin koloniler
sayllmistir(14).

Koliform Sayimn

Bu amacla Violet Red Bile Agara (Oxoid CM107) cift katl
doékme plak yontemiyle ekim yapildi. Plaklarda 371 °C’de 24
saat inkiibasyon sonunda olusan menekse-kirmizi renkli tipik
koloniler sayilmistir (15).

Ph Tayini
Dijital pH metre (Selecta - pH 2001) ile 6l¢timler yapilmistir.

Duyusal Analizler .
Lahmacunlarin duyusal analizleri icin, Harran Universitesi
Veteriner Fakultesinde Ogrenimine devam eden 18-25 yas
araliginda, 40 erkek 10 bayan olmak tizere tﬁplam 50 6grenci
Eanelist olarak belirlenmistir. Lahmacun 6rnekleri tat, gruntim,
oku ve kivam agisindan 1 ile 5 arasinda puanlanmistir (16).

Istatistifksel Analizler

Mikrobiyolojik analizlerden elde edilen sonuglar logaritmaya
cevrilmistir. Duyusal analizlerden elde edilen bulgulara
Bagimsiz T testi yapilmistir. Mikrobiyolojik analizlerden elde
edilen bulgulara Mann Whitney U testi yapilmistir. Istatistiksel
analizlerde SPSS paket programi (21.0. Version) kullanilmistir
(17). Sonuglar ortalama * standart hata olarak ifade edilmistir.
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BULGULAR

Mikrobiyolojik — analizler sonucunda toplam aerobik
mezofilik bakteri sayilar1 C 3,88£0,60, H 4,50+0,30, GC (0.
saat) 0,48%0,25, FC (0. saat) 6,12%0,25, GC (5. saat) 5,0010,30,
FC (5. saat) 5,53%0,62, GP 4,74+031 ve FP 4,60%+0,30, log
kob/g oldugu, koliform grubu bakteri sayilarinin ise
2,68%0,31, H 1,45%0,25, GC (0. saat) 5,0720,50, FC (0. saat)
5,00%0,75, GC (5. saat) 4,46%0,23, FC (5. saat) 3,79£0,23, GP
1,3940,78 ve FP 1,61£0,79 log kob/g oldugu tespit edildi.
Orneklerin mikrobiyolojik analiz sonuglar1 Tablo 1 ve Tablo
2'de verilmistir. Her iki grupta da sifirinct saat ile besinci saat
arasinda yaklagik 1 log, ’luk bir duglis gortilmustir. Ayrica her
iki grupta da ¢ig ve pigsmis lahmacunlarda TMAB sayisinda
yaklasik 2 log ’luk, koliform sayisinda ise 3 log, ’luk bir dists
gbrilmistir. Ancak geleneksel ve fabrikasyon yontemlerle
uretilmi§ isot baharatli ve sal¢asinin, lahmacun yapiminda
kullanilmasinin mikrobiyolojik kalite acisindan istatistiksel
olarak bir fark olusturmadigl saptanmistir (P>0.05).

Kilig Altun, Aydemir, Durmaz

Ph tayini sonucunda sifirinci saate yapilan Olgimlerde GC
5,3%0,1, FC 5,5%0,2, besinci saatte yapilan Ol¢iimlerde ise GG
5,91%0,2, FC 5,82+0,4 olarak 6lcilmustir. Gruplar arasinda
Ph acisindan bir fark olmadigl gérilmistir. Ph Slgim
sonuclar1 Sekil 1. de grafikte verilmistir.

Duyusal analizler sonucunda; geleneksel ev isot baharati
ve salcasl ile hazirlanmig lahmacunlarin panelistler tarafindan
tat, gorinim, koku ve kivam aglslngan verdikleri puan
ortalamalar sirastyla 3.910.16, 4.3£0.21, 3.8+0.08, 3.8+0.14.
seklinde olup, fabrikasyon isot baharati ve salcas1 ile
hazirlanmis lahmacunlarin panelistler tarafindan tat, goriintim,
koku ve kivam acisindan verdikleri puan ortalamalar1 ise
strastyla 2.7+0.13, 3.3 + 0.26, 2.8 £ 0.72, 2.8 * 0.48 seklinde
oldugu hesaplanmistir. Geleneksel isot baharatt ve salgasi
ile hazirlanmig lahmacunlarin tat, gériniim, koku ve kivam
acisindan fabrikasyon isot baharat1 ve salgasi ile hazirlanmig
lahmacundan daha ylksek puan aldigl tespit edilmistir
(P<0.001) Duyusal analizler sonucunda ;anehsder tarafinda
verilen puanlamalarin ortalamalar1 Tablo 3 “de verilmistir.

Tablo 1 Lahmacun 6rneklerinin toplam aerob mezofilik bakteri sayilari (log kob/g)
Table 1 Total aecrob mesophilic bacteria counts of lahmacun samples (log cfu / g)

Ornek n Minimum Maximum OrtalamatSH
C 2 3,77 4,00 3,88+0,60
H 2 4,30 4,70 4,50%0,30
GC(0 saat) 2 6,23 6,74 6,481+0,25
GC(5 saat) 2 5,30 5,90 5,60£0,30
FC(0 saat) 2 6,10 6,14 6,121+0,25
FC(5 saat) 2 5,48 5,60 5,531+0,62
GP 2 4,72 4,78 4,741031
FP 2 4,30 4,90 4,60%0,30

n= Ornek say1s1

Tablo 2 Lahmacun 6rneklerinin toplam koliform bakteti sayilati (log kob/g)
Table 2 Total coliform bacteria count of lahmacun samples (log cfu / g)

Ornek n Minimum Maximum Ortalama+SH
C 2 2,60 2,77 2,68+0,31
H 2 1,00 1,90 1,45+0,25
GC(0 saat) 2 5,02 5,12 5,07£0,50
GC(5 saat) 2 4,23 4,70 4,4610,23
FC(0 saat) 2 4,33 5,08 5,00£0,75
FC(5 saat) 2 3,56 4,03 3,79+0,23
GP 2 1,32 1,48 1,39+0,78
FP 2 1,54 1,70 1,61£0,79

n=Ornek savisi
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PH

58
56
5,4

5,2

4,8

GG 0. saat) FC (0. saat)

Sekil 1 Ph tayini sonuglart

GC( 5. saat)

—+—PH

FC (5. saat)

Tablo 3 Geleneksel ve fabrikasyon yontemlerle tiretilmis isot baharati ve sal¢ast ile hazirlanmis lahmacunlara panelistlerin verdigi

puan ortalamalar

Table 3 Mean scores given by panelists to lahmacuns prepared with isot spice and paste produced by traditional and fabrication

methods
Gelencksel yontemlerle tiretilmis Fabrikasyon yontemlerle tiretilmis isot
isot baharatt ve salcast ile baharatt ve salcast ile hazitlanmig
hazitlanmig lahmacunlar lahmacunlar
n  Minimum Maximum Ortalama Minimum  Maximum  OrtalamatSH
Tat 50 1 5 3.910.16 1 5 2.7+0.13
Gortnim 50 2 5 4.310.21 1 5 3.3£0.26
Koku 50 1 5 3.8+0.08 1 5 2.8+0.72
Kivam 50 1 5 3.8%0.14 1 5 2.810.48
n: kisi say1si
TARTISMA dolay1 ve ayrica lahmacun harci icine koyulan sarimsak, tuz,

Yapilan duyusal analizler sonucunda geleneksel ve
fabrikasyon yontemletle Uretilmis isot baharati ve salcast
kullanilarak hazirlanan lahmacun gruplari arasinda istatistiksel
olarak 6nemli bir fark oldugu g6rilmistir. Geleneksel
%;('jntemler ile Uretilmi§ isot baharatt ve salcast kullanarak

azirlanmi§ lahmacunlart tat, gérinim, koku ve kivam
acisindan daha yiiksek puan almistir. Fabrikasyon yonteminde
isot baharat1 ve salgasinin Uretim agamasinda yuksek 1sida
kisa stireli olmasi, bunun aksine geleneksel yontemde giineste
uzun stre bekletilmesinin, isot baharat1 ve sal¢asinin rengini,
kivamint ve tadint etkiledigi distinilmektedir.

Yapilan mikrobiyolojik analizler sonucunda geleneksel
ve fabrikasyon yontemlerle Uretilmis isot baharat1 ve salcasi
kullanilarak hazirlanan lahmacunlar arasinda istatistiksel olarak
bir fark gériilmemistir. Isot baharat1 ve salcasi tretim seklinin
farkll olmast kirmizibiberlerin icerdikleri kapsaisinin miktarini
etkilemedigini ve dolayisiyla benzeroranlarda antibakteriyel
etki gosterdigi sonucuna varilmistir. Ancak ¢ig dana kiymasi
ile baharatlar katilmis lahmacun harct 5 saat bekletildiginde iki
grupta da mikrobiyal agidan fark oldugu gérillmustir. Bu farkin
sebebinin muhtemelen pH’dan kaynaklanmadig1 olmadiginin,
kirmizibiberde bulunan kapsaisinin antibakteriyel etkisinden

karabiber ve soganin da gosterdigi antibakteriyel etkisinden
dolay1 oldugu disiinilmektedir.

Lahmacun harci ile pismis lahmacunlar arasinda da 6nemli
farklar tespit edilmistir. Uygulanan 1s1l islemi lahmacunun
mikrobiyal | yikind dislirmistir ancak tamamen yok
etmemistir. IlThak ve ark. (18) kiymali pidelerde yapmis olduklar1
bir caligmada da farkli siire ve sicakliklarda pisirilen kiymali
pideletin, E. co/i O157:H7 acisindan 180 °C 5,5 dk. pisirilmesi
sonucunda ancak giivenli olabilecegini bildirmislerdir. Durmaz
ve ark. (1) yapmis olduklar1 bir ¢aligmada lahmacunu 240-260
°C pisirdikten sonra taze pismis lahmacunda TMAB sayisint
ortalama 2.68%0.71 log kog/ g diizeyinde E. co/i bakteri sayisini
ortalama 0.68+0.71 log kob/g dizeyinde tespit etmislerdir.
Yapilan bu ¢aligmalarda da gorildagu gibi pisirme isleminin
mikrobiyal yiiki tamamen sifira distirmemistir. Bu a¢idan
mevcut ¢aligmada elde edilen bulgular, literatiiedeki bulgularla
benzerlik gostermektedir.

Dorantes ve ark. (19) disk diftizyon yontemi ile yaptiklari
bir caligmada, cesitli kirmizibiber ekstraktlarinin (0.02, 0.06,
0.1, 0.3, 0.5, 0.75, 1.0, 1.25, 1.5 ve 2.5 ml / 100 g dozlarinda)
Sz‘a;p/y//omwm anrens, Listeria monocytogenes, Bacz']%m cerens ve
Salmonella Typhimurium’un UGremesini baskiladigin1 rapor
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etmislerdir. Koffi-Nevry ve ark. (20) yapmis olduklar1 bir
calismada  Capsicum annuum ve Capsicum frutescensun 1/ibrio
cholerae, Staphylococcns anrens ve Salmonella Typhimurium’a karsi
etkili oldugunu, Soetarno ve Sukrasno ‘nun (21) yapmis
olduklar1 arastirmada ise Capsicun/un tg farkll tirunden elde
edilen etanolik ekstraktlarinin Gram +, Gram - bakteriler ve
kiflere kars1 antimikrobiyal aktivitelerinin benzer oldugunu
rapor etmislerdir. Yapilan bu caligmalarin sonuglarina gore
kirmizibiberlerde bulunan kapsaisinin antibakteriyel etkisi
oldugunun ve dolayisiyla yapmis oldugumuz bu ¢aligmada da
lahmacun harcina katilan isot baharat1 ve salcasinda bulunan
kapsaisinin lahmacun harcindaki ~ mikrobiyal azalmanin
muthemel sebebi oladugu dusiinilmektedir.

Sonuc olarak Ozellikle Guneydogu Anadolu bdlgesinde
cokea titketilen lahmacun, ¢igkofte ve kebap gibi et tirtinlerinde
1sot baharati ve salcasinin kullanilmasi Griiniin duyusal lezzetini
olumlu yonde etkiledigi kanisina varilmistir. Ayrica lahmacun
harct hazirlanmasinda kullanilan isot baharati ve salcasinin
geleneksel ev yapim1 veya fabrika tretimi olmas1 lahmacunun
mikrobiyolojik kalitesi acisindan bir fark olusturmadigl ancak
duyusal olarak 6nemli fark olusturdugu istatistiksel olarak
ortaya konulmustur.
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The effect of Calcitriol 1,25 (OH)2 - D3 on osteoblast-like cell proliferation du-
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ABSTRACT

Osteoblasts are one of the leading components of the bone tissue, derived from mesenchymal stem
cells (MSCs) under the influence of various local factors and growth hormones. 1,25-dihydroxyvitamin
D3 (calcitriol), an active form of vitamin D, plays an important role in retaining calcium and phosphate
homeostasis within the body. Since vitamin D is also known to have effects on cell proliferation, our
study aimed to investigate the effects of different concentrations of calcitriol on the proliferation of in
vitro cultured osteoblast-like cells from the bone marrow of 90-95 days old young adult rats of both
sexes. Calcitriol was applied at six (6) different concentrations (nM): 0.1, 1, 10, 20, 40 and 60. Each
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iz (Cer el concentration was tested four times, counting the cells after 24 and 48 hours. After 24 and 48 hours
treatment, the most effective dose of calcitriol for cell proliferation was 0.1 nM for both males and fe-
lf/lorlz?jslngznce: males. The greatest reduction in the frequency of osteoblast -like cells from both sexes after treatment

of 24 and 48 hours, was a 60 nM calcitriol concentration. Higher proliferative values of osteoblast-like
cells were obtained in males compared to those obtained in females. Thus, the results of the current
study reveal that calcitriol treatment induces the proliferation of osteoblast-like cells in a dose-depen-
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dent manner and this effect shows difference in cells from different genders.

INTRODUCTION

Osteoblasts originate from mesenchymal stem cells (MSCs)
that later change into pre-osteoblasts under the influence
of wvarious local factors and growth hormones. These
factors decide whether these cell precursors will change into
osteoblastic or other cell types, such as fibroblast, fat cells or
chondrocytes (1). The osteogenic differentiation of MSCs is
mainly regulated by molecular components associated with
embryonic skeletal development (2) and have recently been
found to be achieved by interaction of key signaling pathways
related to osteogenesis (3).

The proliferation and differentiation of cells of the
osteoblastic lineage are controlled and guided by numerous
transcription factors, growth factors and hormones (4, 5). The
hormones are responsible for regulating calcium homeostasis
and bone remodeling act as designators of osteoblast
differentiation through activation of particular transcriptional
regulators (6). Bone regeneration was induced by the growth
factors related to the bone development through stimulation
of osteogenic cell differentiation via a cell signaling cascade,
eventually promoting alveolar bone regeneration (7).

Besides hormones and growth factors, the maintenance
and achievement of the regular organization of bone tissue
are also conducted with the contribution of vitamins and
minerals. 1,25-dihydroxyvitamin D3 (calcitriol), an active form
of vitamin D, plays an important role in retaining calcium
and phosphate homeostasis within the body. In addition to
its function in preserving mineral composition, it has main
roles in various bodily functions, including its contribution
to immune system and antitumoral activities, as well as the
maintenance of bone growth (8). Additionally, calcitriol has a
particularly important place in bone tissue metabolism (9). The
importance of Vitamin D compounds on cellular basis was

Bu makaleye atifta bulunmak icin/ To cite this article:

also investigated and these compounds have been suggested to
alter cellular proliferation through several mechanisms, most
effectively via effects on cell cycle progression, apoptosis, and
differentiation in highly cell-specific manners (10).

MSCs, which can be isolated from several adult tissues
including bone marrow aspirations, are capable of inducing
bone repair and regeneration in cell reconstructive therapies
(11). Recently, a number of studies have revealed the effects
of Vitamin D on the differentiation of osteoblasts and, more
recently, on MSCs (12). Calcitriol has been found to be osteo-
inductive, and to have the capacity of promoting in vitro the
differentiation of human MSCs into osteoblasts (13).

Researchers’ conflicting views on the use of vitamin
D3 are evident. Some prefer its use in children and adults
with certain osteopathies. Others do not support its use in
curation, finding it unnecessary (14, 15). Though the effects
of calcitriol supplement on the growth of bone matrix were
investigated and its increasing effects on the mineral intensity
were §etermined (16), its participation on proliferation of
osteoblast like cells needs further investigation.

Osteoblast cell cultivation allows the cells grow under
controlled conditions, through which a test cell is available
to us at any time and on which we can directly apply the
desired concentrations, in our case of calcitriol, bypassing the
digestive tract. Maniatopoulos et al. (17) culture(f osteoblast-
like cells in young rats during the biopsy of bone marrow
stromal cells. Most of the recent in vitro studies regardin
osteoblast-osteocyte interaction are invariably performed wit
rodent cells, mostly murine cells, which diminishes the clinical
relevance of the data (18, 19).

The aim of the study was to determine the effect of
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different concentrations of calcitriol on the proliferation of in
vitro cultured osteoblast-like cells from the bone marrow of
90-95 days old young adult rats of both sexes.

MATERIALS and METHODS
Animals

The experimental animals were treated under standard
laboratory conditions, with adequate nutrition and treatment
of trained staff. The study was conducted on 14 albino Wistar
rats, of which 7 were males and 7 female rats, 90 to 95 days old
and of an average weight of about 220-270 grams. The rats
had free access to food and water and 12-hour shift of li%ht
and darkness. The air temperature was between 20 and 23 °C
with 60%%10% air humidity. The animals were preoperatively
selected so that they had a strong immune system and were
free of all viral and parasitic giseases. The experimental
procedures during this study did not conflict with the Law on
Animal Welfare of Bosnia and Herzegovina (Official Gazette
of Bosnia and Herzegovina, number %5 /09).

Surgical procedures

Animals were sedated with lethal doses of Pentobarbitone
at doses higher than 40 mg/kg, im. (9). The hairy covering
in the hind%mb region was removed. The operating area was
disinfected with 70% isopropanol. The skin and subcutaneous
tissue were removed, as well as the muscles of thigh and shin
region. The next step involved extraction of the hind limbs
with musculature, separation at the aceto-femoral (hip) and
tarsal joints. The tops of the femurs and tibia were removed,
thus making the bone marrow accessible and a 21-gauge needle
was used for extrusion of the bone marrow.

Isolation and primary cell culture of bone marrow cells

The obtained bones were washed several times with o - MEM
medium (x - minimal esential medium) to which a common
antibiotic was added. Marrow plug suspension was dispersed
by pipetting, filtered through 70-pm mesh nylon filter, and
centrifuged at 200 X g for 10 min. After centrifugation, the
supernatant containing thrombocytes and erythrocytes was
decanted and the bone marrow cells were resuspended with 10
ml o- MEM, where the common antibiotics were

previously placed: 100 pg/ml Penicillin G, 50 pg/ml
Gentamicin sulphate. The cells in the medium supplemented
with 10% FBS were transferred to a plastic culture flask, (75
cm? plastic culture flask - Falcon TM, Div. Becton Dickinson
and Co.,Oxnard. Ca.), sl. 9. The prepared vials with half-closed
stOﬁper were immediately transferred to a special incubator
with a temperature ambient of 37°C, with a presence of
95% air and 5% CO,. The cells were iEproximately seeded
in density of 1X10% cell/ vial, after the first preliminary
microscopic examination. We constantly monitored the
maturation of osteoblast-like cells under a light microscope,
with magnification of 10X or 40 X. On the third day the
medium was changed by adding 0,7 ml 10% of IBS. On day six,
the medium was enriched with 10 mM Na-§-glycerophosphate
(B-GP), 10-8 M Dexamethasone (Dx) and 50 pg/ml. ascorbic
acid (17). After the sixth day, the medium was %eing changed
every other day.

Subcnlture of bone marrow cells

On the day 12 the bone marrow cells of the examined rats
were subcultured (I passage), by applying the conventional
methods of porcine trypsin use obtained from the exocrine
portion of the pancreas (17). We emptied the medium from
small plastic vials and injected 1ml of pork trypsin, which was

previously heated in a water bath at 37°C, for 3-5 minutes. 18
ml « MEM was added into the same plastic culture flasks (75
cm? plastic culture flask — Falcon TM, Div.Becton Dickinson
and Co.,Oxnard. Ca.), and then, using a sterile pipette, after
one minute of “shaking” the cells in suspension (from an old
small pot), they were transferred to a prepared larger pot in
which the medium was previously placed. Finally 1,8 ml FBS
was added. The subcultured cells were placed back into an
incubator at the temperature of 37°C, 100% relative humidity,
and 5% of CO2 and 95% of pure air presence. The medium
was being changed every other day, and the cultured cells
constantly monitored using a light microscope. Over the next
six days, the cells gradually progressed and the preconditions
were made for the passage 11, that is, for their preparation in
suspension for the test.

Calcitriol application (1,25(0OH)2D3)

Prepared cells in suspension after treatment with trypsin
were transferred to a sterile plastic plate with appropriate dents
(24 pieces). 1 ml of cells in suspension were placed into every
dent using an automatic pipette and two plates were filled, 48
dents. A third, separate plate with 24 dents was a control one.
Calcitriol was applied (1,25(OH)2D3), (Hoffman- La Roche)
at six (6) different concentrations (nM) : 0.1, 1, 10, 20, 40 and
60. Each concentration was tested four times, counting the
cells after 24 and 48 hours.

Counting cells

The cells were counted manually, using Thoma’s
hemocytometer, under the binocular light microscope Motic
Type 102 M, with magnification 40X, according to the below-
mentioned formula:

Counted cell number X 1000 X dilution factor , to obtain
the number of cells in 1mm” in the suspension

(1 x 10°/ml) (20). Most representative fields were
electronically recorded using Motic Images Plus 2.0 software.

Statistical analysis

All data obtained in the study were processed and analyzed
using the following methods of statistical analysis: Standard
Error, Statistical Significance (T-Test), T-Test for small
dependent samples.

RESULTS and DISCUSSION

The results of the current study reveal that calcitriol
treatment induces the proliferation og osteoblast-like cells in
a dose-dependent manner. Over the next few days of culture
of osteoblast-like cells, an evident onset of osteoblast cell
maturation was observed (fibroblasts targeting the osteoblastic
phenotype) (Figure-1). The most effective activity on the
proliferation of osteoblast-like cells, originating from both
males and females, after a treatment of 24 and 48 hours, is a
0.1 nM calcitriol concentration, which increases the number
of cells tested by about 40% relative to control cells (Tables
1, 2, 4 and 5). The greatest reduction in the frequency of
osteoblast-like cells from males after treatment of 24 (Table-1)
and 48 hours (Table-4) was a 60 nM calcitriol concentration,
which reduced the number of cells tested by 75.3% relative to
controls. In females, the number of osteoblast-like cells was

reduced by 93.9%.

The results of our study show that slightly higher
proliferative values of osteoblast-like cells were obtained in
males compared to those obtained in females (Table 3). The
test cells originating from males were partly more resistant to
the maximum concentrations of calcitriol (60 nM), compared
to test cells originating from females, by 18.6% (Table 3).
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Figure 1 Microscopic photographs of test OB-like cells after the application of different concentrations of calcitriol (24 and 48

hours).

Control OB-like cells in males (A). OB-like cells in males after the application of calcitriol (24 hours) conc. 0,1 nM (B). Proliferation of OB-like cells
evident (B), relative to the control OB-like cells (A). OB-like cells in males after the application of calcitriol conc.10 nM (48 hours). Obvious high numerical
representation of OBs relative to the control, as well as evident destruction of certain cells (C). OB-like cells in females after the application of calcitriol

conc. 20 nM (48 hours). OBs as we 1l as corpuscles refracting light are present.

Table 1 Results obtained after application of six different concentrations of 1,25-(OH)2 - D3 Calcitriol on osteoblast-like cells

of males after 24 hours

Concentration Number of dents Arithmetic Standard T —Test
(M) on a plastic plate mean deviation significance of
(n) 103 (S.D.) differences relative
to the control group
60O 4 0.9 0.1581 t=15.011
SIGN.p=<0.01
© 40 4 2.1 0.2345 t=7,229
é’f SIGN.p=<0.01
20 4 3.2 0.2549 t=1.498
NOT SIGN.
10 4 3.0 0.0 t=3.244
SIGN.p<0.05
1 4 5.5 0.3082 t=9,177
SIGN.p<0.01
0.1 4 6.0 0.4301 t=9,449
SIGN.p<0.01
Control group 4 3.5 0.3082 -

Our research is in line with that of (21), in the part related to
the results obtained after calcitriol application. Wong et al. (21)
in their study found increased alkaline phosphatase activity.
In our case, we received increased osteoblast proliferation.
According to Wlodarski, 1990 (22) and Vierecek et. al., 2002
(23), the increased activity of ALP as a major marker of
osteoblast activity is necessarily accompanied by an increase in
their proliferation.

It has been previously confirmed that Vitamin D affects
osteoblast formation from MSCs derived from adipose tissue
(24). However, there are several tissue types serving as a
source for MSC such as bone marrow, adipose tissue, skin,
and fetal tissues; and little is known about Vitamin D influence
in osteogenic differentiation of MSCs from these alternative
sources (25). The results of our study reveal the inducing effect
of calcitriol on proliferation of osteoblast like cells obtained
from the bone marrow.

In previous studies investigating the roles of calcitriol on

bone metabolism, it was determined that calcitriol had affected
bone matrix protein expression in cultured cells (26) and it
was also found to modulate bone deposition process avoiding
excessive and pathological mineralization (27). In addition to
these studies regarding the Erotein expression in osteoblasts,
other studies have revealed the roles of calcitriol on osteoblast
growth and differentiation stimulating bone formation (28).
In the current study, we focused on the effects of calcitriol on
proliferation ability of osteoblast like cells, rather than their
metabolic activity.

As demonstrated in previous studies, the bone extracellular
matrix (ECM) includes molecules capable of defining cell
differentiation through the activation of integrin subunits
and providing signals that will successfully initiate and sustain
cell adhesion, growth, proliferation and migration processes
(29, 30). For proliferation, commitment, and differentiation
of MSCs, cell adhesion to the substrate is also a critical
process (31). It was previously shown that the use of titanium
substrates and Vitamin D had an additive effect in regulating
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Table 2 Results obtained after application of six different concentrations of 1,25-(OH)2 - D3 Calcitriol on osteoblast-like cells
of females after 24 hours

Concentration Number of dents Arithmetic Standard T —Test
(nM) on a plastic plate mean deviation significance of
(n) (103) S.D) differences relative to

the control group

60 4 0.2 0.1581 t=35,796
SIGN.p<0.01

. 40 4 2.3 0.1225 t=14,144
%Ef SIGN.p<0.01

s 20 4 3.4 0.1732 t=1.069
NOT SIGN.

10 4 3.2 0.2739 t=0.707
NOT SIGN.

1 4 5.0 0.3240 t=10.251
SIGN.p<0.01

0.1 4 5.3 0.0829 t=36,248

SIGN.p<0.01
Control group 4 3.3 0.0707 -

Table 3 Significance of differences in mean values between males and females, T-test, after application of 1,25-(OH)2- D3 -
calcitriol, after 24 hours

Concentration Significance of differences in mean values
(nM) between males and females, T-Test
1,25(OH)2-Ds3

60 t=6.261  SIGN.p<0,01
40 t=1.5119 NOT SIGN.
20 t=1.298  NOT SIGN.
10 t=1.461  NOT SIGN.
1 t=2.236  NOT SIGN.
0.1 t=3.378  SIGN.p<0,05
Control group t=1.265 NOT SIGN.

Table 4 Results obtained after the application of six different concentrations of 1,25-(OH)2 - D3 - calcitriol on osteoblast-like
cells in males after 48 hours

Concentration Number of dents Arithmetic Standard T —Test
(M) on a plastic plate mean deviation significance of
(n) (103 (S.D.) differences relative
to the control
group
t=13.655
60 4 0.8 0.1275 SIGN.p=<0.01
S - t=7,667
= 40 4 2.1 0.1871 SIGN.p=<0.01
=
t=1.046
20 4 3.2 0.1785 NOT SIGN.
t=0.707
10 4 3.5 0.3536 NOT SIGN.
t=11.662
1 4 5.1 0.0707 SIGN.p=<0.01
. t=11.225
0.1 4 5.5 0.2449 SIGN.p=<0.01
Control group 4 3.4 0.2828 -
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Table 5 Results obtained after the application of six different concentrations of 1,25-(OH)2 - D3 - calcitriol on osteoblast-like

cells in females after 48 houts

Concentration Number of dents Arithmetic Standard T —Test
n on a plastic plate mean eviation significance o
(™MD 1 1 d onifi £
(103) S.DY) differences relative
to the control
group
60 0.2 0.1871 t=9.61
SIGN.p<0.01
- 40 2.6 0.4062 t=1.183
igf NOT SIGN.
o 20 3.4 0.2121 t=0.338
NOT SIGN.
10 3.2 0.0 t=0.465
NOT SIGN.
1 5.0 0.561 t=4.808
SIGN.p<0.05
0.1 5.3 0.200 t=8.433
SIGN.p<0.001
Control group 3.3 0.4301 -

Table 6 Significance of differences in mean values between males and females, T-test, after the application of 1,25-(OH)2

- D3 - calcitriol, after 48 hours

Concentration (nM)
1,25(OH)»>-Ds

Significance of differences in mean values
between males and females, T-Test

60 t=2.650  NOT SIGN.
40 t=2.236  NOT SIGN.

20 t=1.262  NOT SIGN.

10 t=1.697  NOT SIGN.

1 t=0.172  NOT SIGN.

0.1 t=1.265  NOT SIGN.
Control group t=0.188  NOT SIGN.

Table 7 Results of testing the significance of differences after 48 hours and 24 hours using T-Test (males)

Concentration Average difference T-Test
(nM) d
60 -0.1 t=0.489 NOT SIGN.
. 40 0.0 t=0.0 NOT SIGN.
é‘; 20 0.025 t=0.077 NOT SIGN.
10 0.5 t=2.451 SIGN.p<0,10
1 -0.4 t=2.771 SIGN.p<0,10
0.1 -0.5 t=1.715 NOT SIGN.
Control group -0.1 t=1.091 NOT SIGN.
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Table 8 Results of testing the significance of differences after 48 hours and 24 hours using T-Test (females)

Concentration Average difference T-Test
(nM) d
60 0.0 t=0.0 NOT SIGN.
40 0.35 t=1.578 NOT SIGN.
éf 20 0.0 t=0.0  NOT SIGN.
(0]
= 10 0.0 t=0.0 NOT SIGN.
1 0.0 t=0.0 NOT SIGN.
0.1 0.025 t=0.181 NOT SIGN.
Control group 0.0 t=0.0 NOT SIGN.

the integrin expression of human osteoblast-like cells,
romoting the cell adhesion process (32). Vitamin D was also
ound to be related to osteogenic difterentiation of MSCs
through the activation of cell adhesion molecules (33). Thus,
increased proliferation rate of osteoblast-like cells in our study
by addition of calcitriol, might also be related to elevated levels
of cell adhesion molecules.

Conditions such as osteoporosis, osteoarthritis, and spinal
disorders were observed in females in a greater extent than
males (34). The difference in rate of such diseases between
females and males has been considered to be related to the
difference in levels of circulating sex hormones: estrogen and
testosterone (35). However, currently a novel perspective has
emerﬁed, suggesting that the differences in bone properties,
including morphology and size are caused by the genetic
differences in male and female cells, which contribute to sexual
dimorphism between males and females (36). Sex-dependent
effect of calcitriol on rat osteoblasts grown in titanium implants
was also discovered previously, showing possible sex-specific
effects of calcitriol on osseointegration of titanium implants
(37). In recent studies it was demonstrated that different
culture conditions affected the expression of proteins related
to osteoblast cell function and organic components of the
bone matrix in a sex-dependent manner (38). As demonstrated
previously, female and male osteoblasts display differences in
average basal characteristics on tissue culture polystyrene, with
female cells having higher cellular alkaline phosphatase activity
and levels of osteocalcin, as well as higher concentration
of both forms of Transforming Growth Factor Beta 1
(TGF-B1) in their conditioned media compared to male cells.
In contrast, male cells were found to have greater basal levels
of osteoprotegerin production (38). After the evaluation, E2
treatment was shown to be related to reduced cell number
only in female cells (38). In the current study, it was revealed
that osteoblast-like cells obtained from males displayed a
higher proliferation rate compared to those obtained from
females, suggesting that calcitriol treatment might also affect
osteoblast-like cell proliferation in a sex-dependent manner.

It is possible to grow primary culture of osteoblast-like
cells taken from the bone marrow of young adult Wistar
rats, 90-95 days old. Calcitriol has been found to improve the
proliferation of osteoblast-like cells during the application
of at least a concentration of 0.1 nM. It was revealed that
osteoblast-like cells obtained from males displayed a higher
proliferation rate compared to those obtained from females,
suggesting that calcitriol treatment might also affect osteoblast-
like cell proliferation in a sex-dependent manner. A better
understanding of the biology of osteoblasts is a prerequisite

for better curation of diseased calcified tissues, as those are
permanently exposed to numerous diseases and lesions of
different traumatic, developmental and postoperative resection
etiologies.
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Piyasada satilan surimilerin mikrobiyolojik kalitesinin incelenmesi
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An;lh;ar Kelimeler: 0z
leéﬁirglﬁriinleri Surimi, dlinyada giin gectikce artan deniz {iriinleri tilketimi i¢inde 6nemli bir paya sahiptir. Deniz
E. coli iirlinleri yakalama, tagima ve isleme sirasinda hasar gérerek mikrobiyal kontaminasyona maruz kala-

gida hijyeni

bilir. Calismamizda satis ve tiiketim noktalarindan temin edilen 40 adet surimi 6rnegi Toplam Aerobik
Psendomonas spp.

Mezofilik Bakteri, E. coli, Enterobacteriaceae ve Pseudomonas spp. yoniinden standart metotlar kullamilarak
incelenmistir. Orneklerdeki Toplam Aerobik Mezofilik Bakteri sayist (30 °C) 2.0x10?-2.0x10° KOB/g,
E. co/i 3.2x10%9.0x10* KOB/g diizeyinde saptanmistir. Enterobakter 1.0x10*-2.0x10> KOB/g ve Psen-
domonas spp. sayist 5.0x10%-3.0x10° KOB/g olarak beliflenmigtir. Calisma sonuglarina gore surimi 6t-
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neklerinin incelenen bakterilerle kontaminasyon seviyesi halk sagligi acisindan bir risk teskil etmektedir.
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ABSTRACT

Surimi has an important share in the increasing consumption of seafood in the world. Seafood may
be damaged during capture, transport and processing and this could lead to microbial contamination.
In our study, 40 surimi samples obtained from the sales and consumption points were investigated for
Total Aerobic Mesophilic Bacteria, E. coli, Enterobacteriaceae and Psendomonas spp. by using standard met-
hods. The total numbers of aerobic mesophilic bacteria (30 °C) and E. ¢o/i in the samples were deter-
mined as 2.0x10%-2.0x10° CFU/g, 3.2x10%-9.0x10% CFU /g respectively. The numbers of Enterobacter
and Pseudomonas spp. were determined as 1.0x10°-2.0x10° CFU/g, 5.0x10%-3.0x10° CFU/g respectively.
Findings of the study indicate that the contamination level of surimi samples with the bacteria inves-
tigated poses a risk to public health.
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GIRIS

Beyaz et kaynaklari icerisinde 6nemli bir yeri olan deniz
trinleri tiiketiminin artmastyla uluslararasi gida ticaretinde ilk
siralarda yeri almistr. Birlesmis Milletler Gida ve Tarim Ot-
ganizasyonunun (Food and Agriculture Organisation of the
United Nations-FAO) 2018 yili verilerine gore suriminin diin-
ya genelinde tretim miktar1 800.000 ton diizeyine ulagsmustir
(1). Ozellikle Uzakdogu tilkelerinde tiiketilmekte olan surimi
tlkemiz piyasasinda hem yerli tiretim hem de ithal kaynakl: ola-
rak bulunmaktadir (2). Surimi beyaz etli baliklarin kas doku-
sunun ezilip karistirilarak homojen hale getirilmesinden sonra
yag, serbest amino asit ve peptidler gibi bilesenlerinin su ile
yikanarak uzaklastirilmasi sonrasinda (miyofibriler proteinleri-
nin konsantresi) icerisine yengec, 1stakoz veya karides aroma-
lar1 gibi koku ve tad verici maddelerin eklenmesiyle hazitrlanan
islenmis bir gida Griintdir (3-5). Fermente ve ¢1g trtinlerinin
yani sira pisirildikten sonra paketlenip satisa sunulan surimiler,
titketilmeden Once 1zgara, firmnlama, haglama, buharda pisirme
ve kizartma gibi 1s1l iﬁemlere tabi tutulmaktadir (3, 0). Yetersiz

Bu makaleye atifta bulunmak icin/ To cite this article:

hijyen ve 1s1 uygulamast sonucunda surimilerde sporlu bakte-
riler basta olmak tUzere diger bakteriler canli kalabilmekte ve
4-12 haftalik soguk muhatazasinda psikrofilik bakteriler co-
galarak kabul ecﬁlebﬂir sintrlarin Gizerine ctkabilmektedir (7).
Bununla birlikte surimilerin islenmesi sirasinda kullanilan katki
maddeleri de (patates ve bugday nisastasi gibi) bakteriyel kon-
taminasyona sebep olabilmektedir (8). Arastirmacilar surimi-
lerde toplam bakteri ve Esikroﬁl bakteri sayilarinin 10%-10*
KOB/g duzeyinde bulunabilecegini ve depolama stirecinde bu
sayinin artabilecegini belirtmislerdir (9, 10). Surimilerde genel
canli bakterilere %a“h bozulmalar goriilebildigi gibi, patojen
bakterilerden kaynakli risklerde ortaya g1kabilme%tedir. Nite-
kim Gonzalez ve ark. (11), inceledikleri 125 surimi 6rneginin
6’sinda (%04.8) L. monocytogenes tespit etmislerdir. Bunun yaninda
gidalarin bozulmasina Corynebacterium, psikrofilik Pseudomonas
Spp., Aeromonas, Staphylococcus, Listeria spp., Bacillus tlrleri ve
koliformlarin sebep olabilecegi ve bu baglamda deniz tirtinleri
kaynaklt hastaliklarin sekillenebilecegi be%irtilmektedir (12-10).

Alaska pollock baligindan elde edilen surimilerin spor olus-
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turmayan bakterilerle 10*-10° KOB/g dizeyinde kontamine
olduklar belirtilmistir (14). Benzer sekilde surimi iretilecek
balik kiymalatinin yiksek toplam aerobik mezofilik bakteri
icerdigini bildirilmistir (17). EI-Kholie ve ark. (18), bebek gida-
larina ilave edilen, sazan baligindan yapilan kurutulmus surimi
orneklerinin sadece birinde 1.7x10' KOB/g duzeyinde toplam
aerobik bakteri tespit ettiklerini belirtmislerdir. Ariyawansa ve
ark. (1 92, kiictik balik tiirlerinde toplam aerobik bakteri sayisini
8.0x10°-2.0x10°* KOB/g araliginda oldugunu ortaya koymus-
lardir. Bunun yaninda bazi 6rneklerde fekal koliform sayisinin
>1100 EMS/g olarak belirlendigini, baliklarin %70’inin E. co/i
ile kontamine oldugunu, 9 6rnekte (9/160) Salmonella spp., 8
ornekte (8/160) L. monocytogenes tespit ettiklerini ifade etmisler-
dir. Arastirmacilar baliklarin yakalandigs su ve sogutmada kul-
lanilan buzlarin toplam aerobik mezofilik bakteri, koliformlar,
tekal koliformlar, E. coli, Fekal streptococci ve Salmonella spp. ile
kontamine oldugunu da ortaya koymuslardir.

Islenmis balik {irtinlerinde patojen bakterilerin bulunmas:
kontamine kaplarin, aletlerin, suyun ve buzun kullanildigina ve
hijyenik olmayan uygulamalarin yapildigina isaret etmektedir
(20). Adeshina ve ark. (21), balik isleme-hazirlama tezgahlarinin
ve aletlerindeki kontaminasyonu ortaya koymuslardir. Ulkemiz
marketlerinde ve tiketim noktalarinda yerini alan surimi hij-
renik sartlarda tretilmediginde ve hazirlanmadiginda bir ¢ok
{)akteri ile kontamine olabi%rne riski yiiksektir. Ayrica bakteriyel
faaliyet sonucu surimilerin tad, renk, koku gibi duyusal 6zellik-
leri ve diger kimyasal kalite kriterlerindeki degisiklikler titketici
tarafindan kabul edilemez bir durumdur (22).

Bu calismada piyasada satilmakta olan surimilerin bazi mik-
robiyolojik nitelikleri incelenerek halk sagligi acisindan risk tes-
kil edip etmedigi aragtirilmistir.

GEREC ve YONTEM

Mersin piyasasindan temin edilen 40 adet surimi 6rnegi so-
%uk zincir altinda laboratuvara getirilerek mikrobiyolojik yon-
en incelenmistir. Orneklerden aseptik sartlarda 10 g alinarak
90 ml peptonlu su ilave edilmis (10/90) ve daha sonra homo-
jenizasyon yapilmustir. Daha sonra seri diliisyonlar hazirlanmis
ve standart metotlar kullanilarak Toplam Aerobik Mezofilik
Bakteri (TAMB), E. coli, Enterobacteriaceae ve Pseudomonas spp.
arastirldlmustir. Bu calismada kullanilan besiyerleri ve katkilar
Oxoid (USA)’den temin edilmistit.

TAMB sayimi icin Plate Count Agar (Oxoid CM0325, USA)
kullanilmigtir. Hazirlanan dih'isyondgan bu besiyerine ekim ya-
pilarak 30£1 °C’de, 4812 saat inkubasyona birakilmis ve son-
rasinda petrideki tiim koloniler sayilmustir (23). Calismada E.
coli tespiti icin hazirlanmis olan dilisyonlardan 0.5 ml Chro-
mocult Tyrptone Bile X-glucoronide Agara (Oxoid CM0945,
USA) yayma yontemine gore ekilmistir. Ekim oyapllan etriler
6nce hicreleri canlandirmak amaciyla 301 °C’de 4£1 saat
bekletilmis ve daha sonra 4411 °C’de 1812 saat inkiibasyona
birakidmustir. Inkiibasyon sonrasinda besiyerindeki mavi-yesil
renkli koloniler E. co/z olarak degetlendirilmistir (24). Enteroba-
cteriaceae aranmasi icin hazirlanan diliisyonlardan 2 steril petri
kabina 1’er ml konulmustur. VRBGA (Violet Red Bile Glukoz
Agar (Oxoid CM1082, USA) 45 °C’ye sogutularak dokuli
karistirilmistir. Sonra ikinci kat VRBGA dokilerek 37 °C’de
24 saat inkiibasyona birakilmistir. Sonu¢ olarak petrilerdeki
meneksemsi zon olusturan tipik koloniler sayilarak, secilen
kolonilere oksidaz testi uygulanmistir (25). Pseudomonas spp.
sayiminda Cetrimide (Oxoi§ SR0102, USA) ilaveli Pseudomo-
nas Agar Base (Oxoid CMO0559, USA) kullanidmistir. Uygun
diliisyonlardan ekimi yapilan petriler 2511 °C’de 48 saat inkii-
be edilerek degerlendirilmistir (26). Mikrobiyolojik analizler iki
tekerrir olacai sekilde yapilmustir.

BULGULAR

Orneklerde yapilan analizler neticesinde TAMB sayist 2.30-
6.30 log KOB/g (2.0x10%-2.0x10° KOB/¢g), E. /i 6rnekletin
cogunda (32 6rnek %80) tespit edilemezken, 8 6rnekte (%20
), 2.50-2.95 log KOB/¢g (3.2x10%-9.0x10* KOB/g) duzeyinde
saptanmustir. Incelenen surimi 6rneklerinde enterobakterler
3.0-3.30 log KOB/g (1.0x10°-2.0x10° KOB/g) ve Pseudonro-
nas spp. sayist 2.69-3.47 log KOB% (5.0x10%-3.0x10° KOB/§)
diizeyinde tespit edilmistir. Orneklerin 11’inde (%27.5) bak-
teriler tespit limitinin altinda kalmistir (<10 KOB/g). Bakteri
tespit edilen Srneklerin sonuglati ve sonuclarin standart sap-
mast Tablo 1’de verilmistir. Urtnlerin genel hijyenik diizeyinin
distik oldugu ve kontaminasyonun Var%lgl ortaya konulmustur.

TARTISMA ve SONUC

Surimi degisik yetlerden avlanan farkls tir baliklardan yapil-
digindan bakteri florasinda ¢esitlilik olabilmektedir (14). Diger
andan baliklarin dokusu isleme sirasinda kolayca zedelene-
ildiginden mikrobiyal bulagsmaya aciktir (27). Bu mikroor-
ganizmalar suriminin bozulmasina sebep olabilecegi gibi halk
sagligint da tehdit edebilirler (11, 19). Aramrmarmzd% surimi
ornekleti TAMB, E. coli, Enterobacteriaceae ve Pseudomonas spp.
yonunden incelenmistir. Orneklerin 29’unda (%72.5) bakteri
tespit edilmistir. Bununla beraber TGK Mikrobiyolojik Kriter-
ler Yonetmeligi’nde arastirilan bakteriler agisindan herhangi bir
deger bulunmamaktadir (28).

Liuve ark. (29?, tarafindan surimilerin baglangic toplam bak-
teti sayisinin 4.4 log KOB/g oldugu ve -1 °C’de 35 gtun depo-
lama sonunda bu sayisinin 7.2 log KOB/g ciktigt bildirilmistir.
Coton ve ark. (7), surimi 6rneklerinin %98’ inde baslangi¢ top-
lam aerobik mezofilik bakteri sayisini <10* KOB/g diizeyinde
tespit etmisler. Soguk depoya aldiklari 6rneklerin raf mri so-
nunda %50’sinin <10°KOB/g %10’ nun 10*-10° KOB/g, geri
kalan %40’nin ise 10° KOB/g'dan fazla oldugunu bildirmis-
lerdir. Arastirmamiz kapsaminda inceledigimiz 6rneklerde en
fazla 6,3 log KOB/g TAMB tespit edilmistir. Ayrica 6rneklerin
%27.5’1 (1T adet) tespit limitinin altinda kalmig, %32.5°1 (13
adet) 10%-10° KOB/g, geri kalan 16 (%40) 6rnekte ise 3 log
KOB/g duzeyinde toplam aerobik mezofilik bakteti belitlen-
mistir. Calisma sonugclarina gére belirlenen bakteri yogunlugu
trinin rat omrind kisaltacak ve halk saghgini etkileyecek
boyutlara gelebilir. Tespit limitinin altinda kalan 6rneklerde az
da olsa benzer bir riskin oldugu diisiiniilmektedir.

Shaviklo ve Rafipour (17), surimi tretiminde kullanacaklart
balik kiymasindaki toplam bakteri miktarinin 7.1x10° KOB/g
diizeyinde tespit ettiklerini, bununda sebebinin baligin bagirsa-
gindan kaynaklanan kontaminasyon olabilecegini belirtmisler-
dir. Ancak etkili bir stizme isleminden sonra bu degerin 3.1x10°
KOB/g diizeyine dustiiging, ayni islem sonunda elde edilen
sutimilerde Salmonella ve E. colfnin bulunmadigini, cok disik
sayida koliform (<10 KOB/g), Staphylococcus aureus (<100 KO-
B/g), maya ve kuf (<10 KOB/g) tespit edildigini bildirmisler-
dir. Surimi islemede kullanilan ].%lorlu su (10 ppm) mikrobiyal
kontrolii saglasa da tretim asamalarinda elle mudahale ¢ok ol-
dugu icin mikrobiyal bulagmalar olabilmektedir (30). Capraz
bulasmanin 6nemli bir gdstergesi olan E. co/i arastirmamizdaki
orneklerin 8’inde (%20), enterobakter ise 10’unda (%25) tespit
edilmistir. Sogukta veya dondurularak muhafaza edilen gida-
larda indikator bakterilerin varligi tretim hijyenin eksikligini
gbstermektedir.

9

Suriminin mikrobiyal kalitesine mevsim, kaynak, kalite ve
isleme prosediirleri etki etmektedir (31). Himelbloom ve ark.
(31), surimi 6rneklerinde toplam canl sayisint 1.9x10° KOB/¢g
olarak rapor etmislerdir. Calismamizda 7 6rnekte (%17.5) >10°
KOB/g TAMB tespit edilmigtit. Aragtirmalarda bakterilerin su-
rimi 6rnekleri arasinda diizensiz dagildigi ve tiiketilmeden 6nce
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Tablo 1. Surimi 6rneklerinin mikrobiyolojik analiz sonuglari (logl0 KOB/g, n=40, Ort £ SS).
Table 1. Microbiological analysis results of surimi samples (log10 CFU/g, n1=40, Mean + SD).

Sira No Toplam Aerobik Mezofilik Bakteri E. coli Enterobacteriacea  Pseudomonas spp.
1 2.30 277 3.0 <1
2 4.70 <1 <1 <1
3 3.64 <1 <1 <1
4 3.79 <1 3.14 <1
5 5.73 <1 <1 <1
6 3.96 <1 <1 2.74
7 4.84 2.50 3.07 <1
8 6.30 2.80 3.30 3.43
9 2.80 <1 <1 3.47
10 4.50 <1 <1 <1
1 5.04 2.72 3.11 <1
12 2.76 <1 <1 <1
13 4.95 <1 <1 2.69
14 2.81 <1 <1 <1
15 2.65 2.89 3.23 <1
16 4.92 <1 <1 <1
17 4.57 2.59 <1 <1
18 3.84 <1 <1 <1
19 4.85 <1 <1 <1
20 2.90 <1 3.27 <1
21 6.17 <1 <1 <1
22 4.59 <1 <1 <1
23 3.83 2.70 3.20 2.95
24 5.20 <1 <1 <1
25 3.66 <1 <1 3.25
26 3.67 2.95 3.20 3.39
27 6.00 <1 <1 <1
28 5.98 <1 3.17 <1
29 4.51 <1 <1 <1

Ortalama * SS 4.33%+1.13 2.74£0.15 3.17£0.09 3.13£0.33

<1 tespit limitinin alti, KOB: Koloni olusturan birim, CFU: Colony Forming Unit, ORT: Ortalama, SS: Standart Sapma, SD: Standard Deviation

1s1l isleme tabi tutulan surimilerin dpatojen bakteri icermedigi
belirtilmistir (31, 32). Benzer sekilde incelemeye aldigimiz 61-
neklerde de bakteri sayilarinda diizensizlikler tespit edilmistir.
Bu durumun farklt Gretim ve isleme sartlarindan kaynaklana-
bilecegi tahmin edilmektedir. Zhao ve ark. (10), surimilerin 4
°C’de depolanmast ile baslangicta 1,87 log KOB/g olan toplam
bakteti sayisinin 6. ginde 4.73 log KOB/g, 9. gunde 4.89 log
KOB/g, 12. ginde 1se 5.17 log KOB/g’a ciktigini, ayni sart-
larda é coli sayisinin ise sirastyla 2.01 log KOB/g, 2.44 log
KOB/g, 2.84 ffog KOB/g oldugunu bil irmi§lerd§igr. Arastir-
macilarin TAMB sonuglari ile calismamizda elde ettigimiz bazt
bulgular uyumludur. E. ¢/ agisindan degerlendirdigimizde ise
calismamizdaki 2.95 log KOB/g ile arastirmacilarin 12. ginde
elde ettigi sonu¢ (2.84 log KOB/ %) yakindir. Corapet ve Gii-
neri (33), yengec surimiden Urettikleri susinin 1. giin analizinde
E. coli tespit edemediklerini, TAMB sayisinin 3.26 log KOB/g,
toplam psikrofil bakteri ve toplam koliform sayisinin <10 log

KOB/g oldugunu belirtmislerdir. Arastirmacilarin sonuglari ile
calismamiz bulgular arasinda farkliliklar bulunmaktadir. Bu-
nun nedeninin surimilerin farkli bir Girtine islenirken uygulanan
yontem ve kullanian katki maddelerinden kaynaklanabilecegi
dustnilmektedir.

Yiksek su ve besin iceriginden dolayt surimiler, depolama
stirecinde bakteriyel cogalma icin uygun bir ortam saglamak-
tadir. Zhou ve atk. (0), isleme alacaZ%;L surimilerde baslangi¢
toplam aerobik bakteri sayisinin 10>-10* KOB/g, enterobakter
saysinin ise tespit limitinin altinda kaldigini 48 saatlik ferman-
tasyon sonunda sayinin strastyla 10° ve 10* KOB/g oldugunu
ifade etmislerdir. Calismamizdaki sonuglarin bir kismi(16/29),
aragtirmacilarin baslangicta te(sipit ettikleri toplam bakteri sa-
yist ile uyum icerisindedir. Elde ettigimiz enterobakter sayisi
arastirmacilarin ¢ig 6rnekte bildirdiklerinin (<10) cok istiinde
olmasina ragmen fermantasyondan sonra sayilan 10* KOB/g
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sayisinin altinda (2.0x10° KOB/g) kalmistir. Uretiminde yak-
lastk %2.5 tuz kullanilan surimilerde enterobakter inhibisyonu
icin tuzlama 6nemli bir faktrdir (2). Ancak hazirlanmasinda
az tuz kullanilan ya da kullanilmayan surimilerin bu bakteri ag1-
sindan risk teskil edebilecegi dusuniilmektedir.

Sen ve ark. (34), surimi tretimi i¢in 4 ay donmus olarak de-
Eolanan mezgit ve sardalya baliklarindan efde ettikleri kiymalari
akteriyolojik olarak incelemisler ve toplam mezofilik bakte-
ti sayistnin mezgit kiymasinda 3,4x10° KOB/g, sardalya kiy-
masinda 1,5x10° KOB/g ayn1 sirayla psikroﬁl%)akteri sayisint
4,5x10° ve 2,5x10° KOB/g, koliform sayisin1 120 EMS/g ve
120 EMS/g, fekal koliform sayisini her iki 6rnekte de <3 EM-
S/g, 8. aureus sayisin1 <100 KOB/g olarak tespit etmislerdir.
Benzer sekilde inceledigimiz 6rneklerin 15’inde (%037.5) en az
iki bakteri tespit etmis olmamiz surimilerin aynt anda bir¢ok
bakteriyle kontamine olabilecegini ortaya koymaktadir.

Surimilerin dondurularak (-18 °C) depolanmasi gerekir. An-
cak dondurulduktan sonra ¢oziinduriilmesi biyolojik degerli-
ginde azalmaya seb? olabilmektedir (35). Bu yiizden soguk
muhafaza da tercih edilebilmektedir. Dinger ve ark. (36), mezgit
etinden Urettikleri surimilerden yaptiklart sosislerin +4 °C’de
15 giin depolandiginda bozuldugunu ancak depolama boyunca
patojen bakteri (5. aurens) tesEit edemediklerini belirtmislerdir.
Depolama siiresince ortama hakim olan psikrofil bakteriler .
anrens’a baskilamis olabilir. Bazt 6rneklerimizdeki E. co/, Ente-
robacteriaceae ve Psendomonas spp. bulgulart (6rn: Tablo 1'deki 2.,
5., 21. ve 29. smadakﬂer}:)) arastirmacilarin sonuclarint destekler
niteliktedir. Bakteri inhibisyonu saglayan esansiyel yaglarin (37)
kullanilmasiyla surimilerin raf 6mru uzatilabilir.

Sonug olarak, inceledigimiz surimi 6rneklerinde halk sag-
lig1 yoniinden tehdit o%u§turabilecek bakterilere rastlanil-
mistir. Surimiler bircok bakteri gelismesi i¢in uygun besi or-
tamidir Orneklerin 11’inde bakteri sayist tespit limitinin (<1
log KOB/g) altinda kalmistir. Onemli bir kontaminasyon
belirteci olan E. co/i 8 6rnekte ortalama 2.741+0.15 log KO-
B/g dizeyinde bulunmugtut. Sutrimilerin uretim, depolama
ve servis asamalarinda soguk zincirin kirllmamasina dikkat
edilmelidir. Bu asamalarda hijyen egitimi almis kisilerin gérev-
lendirilmesi halk saghgini korumaya katki saglayacaktir. Ayrica
nitelikli ham maddenin seciminin Griin raf omriine etki ettigi
unutulmamalidir. Elde edilen sonuglarin deniz drtnleri treti-
mi ve islenmesinde potansiyel kontaminasyonu 6nlemek icin
alinacak tedbirlere katki saglayacag dusinilmektedir. Genel
olarak su urtnlerindeki risklerin ortaya konulmasi agisindan
resmi kurumlarca denetim ve kontrollerin arttirilmasi ve yeni
arastirmalarin yapilmast 6nerilmektedir.
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Bu olguda Veteriner Fakiiltesi Hayvan Hastanesine getirilen 22 aylik Labrador Retriever 1rki kopekte
uzun siiren meme bezlerinde sislik olgusunun klinik ve laboratuvar bulgulari esliginde aydinlatilmast
sunulmustur. Anamnezde 6strus belirtilerinin tzerinden doért ay gegmesine ragmen devam eden meme
bezlerinin biytklighi ve bir 6nceki Ostrusunda gebe kalip gebeligi sonlandirmak icin aglepriston
uygulandigr bilgisi alindi. Fiziki muayenede meme bezlerinin kranialden kaudale artan Slgiide normale
gbre hiperplazik oldugu tespit edildi. Palpasyonda meme bezlerinin yumusak kivamli ve meme
baslarindan siit geldigi gorildi. Meme bezi ultrasonografisi ve akciger radyografisinde patolojik
bir durumla karsiasimadi. Kan serum prolaktin ve progesteron 6lgiimleri kaydedildi. Klinik ve
laboratuvar bulgulart dogrultusunda yalanci gebelik teshisi konularak kabergolin ve papatya cayi ile
tedavisi yapildi. Hasta bir yil boyunca yapilan sekstiel siklus takiplerinde ayn1 sekilde ve siirelerde meme
bezinde tekrarlayan biiylimeler meydana geldigi izlendi. Tedavi ve takipler siiresince meme bezlerinde
makroskobik herhangi bir kitle veya olumsuz durum gézlenmedi. Sonug olarak, hormonal gelisim
tam oturmadan erken yasta yapilan gebeligi sonlandirmak icin kullanilan ekzojen ajanlardan biri olan
aglepristonun, képeklerin sonraki sekstiel sikluslarinda dizensizlikler ve meme bezlerinde birtakim
sorunlara neden olarak, bozulan hormonal dengenin ileride cesitli rahatsizliklara predispozisyon
olusturabilecegi stiphesini olusturmustur.

Does Aglepriston (RU 46534) used to end pregnancy in a dog affect subsequent estrus
cycles and mammary gland enlargement?

ABSTRACT

In this case, pre/postoperatively clinical and laboratory findings at the case of swelling of a long time
mammary glands in 22 month old Labrador Retriever breed bitch were presented Veterinary Faculty
Animal Hospital. In the anamnesis, it was learned that the size of the mammary glands although it
has been four months since oestrus symptoms and that aglepriston was used to stay pregnant and
terminate the pregnancy in the previous oestrus. Physical examination revealed that the mammary
glands were hyperplasic from cranial to caudal and increased to normal. Palpation showed that the
mammary glands had a soft consistency and milk came from the mammary gland. Mammary gland
ultrasonography and lung radiography showed no pathological condition. Blood serum prolactin and
progesterone measurements were recorded. According to the clinical and laboratory findings it was
diagnosed as pseudopregnancy and treated with cabergoline and daisy tea. Repeated enlargements of
the mammary gland were observed in the same manner and durations during the sexual cycle follow-
ups performed for one year. No macroscopic mass or adverse condition was observed in mammary
glands during treatment and follow-up. In conclusion, aglepriston, one of the exogenous agents
used to terminate pregnancy at an eatly age without hormonal development is suspected of causing
disturbances the latter sexual cycles of dogs and some problems in the mammary glands, which may
lead to predisposition to various disorders in the future.
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Bir kdpekte gebeligi...

GIRIS
Kopeklerde bagarili bir ciftlesmenin gergeklestigi kabul
edildiginde gebeligin engellenmesi veya sonlandirilmasi
icin;  Ostrojenler, prostaglandinler, dopamin agonistleri

ve glikokortikoidler yaygin olarak kullanidmaktadir (1,2).
Istenmeyen gebeliklerin sonlandirilmasinda en giincel yaklagim,
progesteron antagonistlerinin  (antiprogestin, progesteron
reseptor blokérleri) uygulanmasidir  (3,4,5). Progesteron
antagonistleri, progesteron reseptorlerine baglanan  ve
reseptorleri isgal ederek endojen progesteronun etkilerini
engelleyen sentetik steroidlerdir(6,7). Mifepriston (RU 384806),
aglepriston (RU 46534), onapriston (ZK 98299) ic¢ farkl
progesteron antagonistleridir ve hidrofilik zincirleri birbirine
benzerlik gosterir(8). Progesteron antagonistleri giintimiize
kadar calisilan tim tiirlerde gebelikleri sonlandirmaktadir (6,9).

Kopeklerde — mifepriston  ve  aglepriston  gebeligi
sonlandirmak amaciyla kullanilmistir. Mifepristonun enjektabl
bir analogu olan aglepristone (RU 46534) uterusta bulunan
progesteron reseptotlerine, progesterona kiyasla iic kez
daha fazla affinite gOstererck baglanir, onlart fikse eder ve
progesteron baglanmasint bu sekilde énlemis olur. Fransa’da
gelistirilen ve Ekim 1996’dan bu yana Alizine® ad:i altinda,
kopeklerde gebelik sonlandirilmast endikasyonuyla veteriner
hekimlik alaninda kullanima sunulmustur.(3,4,5,9).

Koépekler monodstrik hayvanlardir. Cogu irklar 4-10 ay
(ortalama 6-7 ay) araliklarla Gstrus gosterir. Sekstiel sikluslart
4 evrede incelenir (10). Andstrus stiresi irka baglt olarak 2-10
ay arasinda degismektedir. AnGstrus sonrast dénem olan
proostrus, 21 giine kadar uzayabilmektedir. Ostrus dénemi
2-12 giinliik bir siireyi kapsamaktadir (11). Ostrustan sonraki
dénem di6strus veya metadstrus olarak tanimlanmustir.
Metdstrus terimini kullanan yazarlar Sstrustan sonra 18-
20 hafta devam eden ve progesteron degerlerinin yiiksek
seyretmesi olarak tanimlamuglardir (12). Diger vazarlar ise
didstrus veya metdstrusu corpus luteum aktivitesine baglt bir
siklus donemi olarak tanimlamaktadirlar. Bu dénemin 9-12
hafta devam ettigini ortaya koymuslardir (11).

Bu olguda, ilk Sstrus siklusunda gebe kalan bir képegin
gebeligini  sonlandirmak amaciyla  kullanilan  aglepriston
uygulamast sonrast Ostrus siklus strelerinin dizensizligi ve
meme bezlerinde neden oldugu anormal biytimeler ile yapilan
siklus takiplerde bu durumlarin tekrari  olgusunun bilgisi
sunulmustur.

OLGU TANIMI

Calisma materyalini Veteriner Fakiiltesi Hayvan Hastanesine
getirilen ve dis bakida meme bezlerinde belirgin sislige sahip
20 kg agirliginda, 22 aylik Labrador Retriever 1rki disi bir képek
olusturdu. Hastanin anamnezinde hi¢ dogum yapmadigy, ilk
Ostrusunda (11 ay) ciftlestigi, 1 ay sonra yapian kontrolde
gebelik teshisi konuldugu ve gebeligi sonlandirmak igin
aglepriston (Alizin®, Virbac) uygulandigi, uygulama sonrast
bir hafta siireyle hayvanda istahsizlik bulgular gézlendigi,
meme bezlerinin buytidigli ve sonraki ilk 6strusunun erken
g6rildiugt kaydedildi. Ayrica istah ve genel durumun iyi oldugu

bilgisi alindi. Vicut 1stst 38,5°C, nabiz ve solunum normaldi.
Fiziki muayenede biitlin meme bezlerinde siskinlik oldugu ve
bu siskinligin arka meme bezlerinde daha fazla oldugu tespit
edildi (Sekil 1).

Sekil 1. Memee fincié gérﬁleﬁ iperplazi

red

Palpasyonda meme bezlerinin - yumusak oldugu,
edilemedigi ve igerisinden seréz yapida sit geldigi belirlendi.
Meme bezinin ultrasonografisinde yer yer st kalsifikasyon
ve hiperplazik bez yapist gorildi, herhangi bir fittk bulgusu
olusturacak duruma rastlanmadt (Sekil 2A). Radyografik
muayenede akciger loblarinda makroskobik olarak metastazik
odaklar gorilmedi (Sekil 2B).

o

Sekil 2. Meme bezinin ultrason goruntist (A), Akciger radyografik
gorintisi (B).

Laboratuvar incelemelerinde serum prolaktin (16,81 ng/ml)
ve serum progesteron (1,12 ng/ml) seviyeleti kaydedildi. Klinik
ve laboratuvar bulgulari dogrultusunda; strus lizerinden uzun
zaman gecmis olup hayvanin andstrusta olmast gerekirken
hayvana yalanct gebelik teshisi konuldu. Tedavide kabergolin
(Dostinex®,Pfizer) 5ug/kg dozda giinde bir kere 1 hafta oral
olarak uygulandi. Bunun yaninda meme bezlerinde rezoliisyona
yardimet olmak i¢in lokal olarak papatya ¢ayt kompresi 6nerildi.
Bir hafta sonra yapilan takip ve kontrollerde memedeki sisligin
indigi belitlendi (Sekil 3).

Ayni hayvanin sekstiel siklus takibi bir yil boyunca yapildr.
Bu takiplerde de Ostrus siklusunun bitiminden 4-5 ay sonrasina
kadar ayni sekilde yalanci gebelik belirtilerine rastland.
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Sekil 3. Tedavi sonrast meme bezi gorintist.

TARTISMA VE SONUGC

Disi képeklerde progesteron, endometriyum  epitelini
implantasyon i¢in hazirlar. Fekondasyon sonrast uterus
sekresyonunu kontrol eder, implantasyon gerceklesene kadar
(18-21 giin) embriyonun uterus salgilariyla beslenmesini saglar.
Ayrica; gebeligin 65. giinine kadar, uterus kontraksiyonlarini
en disiik seviyede tutar. Progesteronun gebelik tzerindeki bu
etkilerinden dolayr istenmeyen gebeliklerin sonlandirilmasi
veya dogumun uyaridmast amactyla, antiprogesteronlar
basartyla kullanilabilmektedir (3,4,5). Aglepriston, ¢iftlesme
giniinden baslayarak gebeligin 45. glintine kadar gebelik
sonlandirma amactyla uygulanabilir ve uygulama protokoli,
24 saat arayla 0.33 ml/kg dozunda iki s.c. enjeksiyon olarak
belirtilmistir. Erken dénem gebeliklerde yapilan uygulamalar,
rezorpsiyonla; orta donem yapilan uygulamalar ise abortla
sonuclanmaktadir (1). Orta doénem gebeliklerde yapilan
uygulamalar sonrasi, vaginadan mukoid kahverengi bir akinti
gelir. Akint1 gériilmesinden 24 saat sonra abort baglar. Abortus
sureci yaklasik 3-5 giin stirer. Bu esnada hayvanda hafif
depresyon, anoreksi, meme bezlerinde konjesyon olusabilir
(3,13-15). Sunulan olguda ciftlesmeden bir ay sonra yapilan
aglepriston sonrast anamnezle almnan semptomlar literatiir
verileriyle uyumludur.

Antiprogesteron uyarimi sirasinda plazma progesteron
seviyesi dismemektedir. Ancak viicut sicakliginin dismesi,
servikal ~ kanalin  agilmast  ve dogum  davramuslarinin
gbrilmesi, normal dogumdan farksiz olarak gerceklestigini
gbstermektedir (16). Aglepriston uygulamast sonrast luteal
dénem ve interdstrus zamaninin kisaldigt (17,18) ayrica orta
dénem gebeliklerde uygulama sonrast 12 saat icinde prolaktin
plazma seviyesinde artis oldugu bildirilmistir (2,3). Son yillarda
aglepriston, kedi ve képeklerde etiyolojisinde progesteronun
rol aldigi bazt jinekolojik  problemlerin  tedavisinde
denenmektedir. Bunlarin baslicalar;; dogumun uyarilmast
(3,19), kistik endometriyal hiperplazi-pyometra kompleks
(7,9,20-22), meme fibroadenomatozisi (23) insiilin direnci (25)
ve asirt biylime hormonu salinimidir (25). Olguda gebeligin
sonlandirilmast amactyla 6nceden yapilmis olan aglepriston
uygulamast sonrast; interdstrus araliginin kisaldigl, prolaktin
artisina baglt meme bezlerinin biyldigi ancak iki ay sonra
indigi bilgileri bildirilen ¢alismalarla uyumludur.

Aglepriston uygulamasinin istenen Ozelliklerinin yant sira

Akkus

birtakim yan etkileri de belirtilmistir. Yapilan bir c¢alismada,
aglepriston uygulanan altt kopekten tciinde enjeksiyon
bélgesinde agrisiz yangt semptomlart olusmus ve belirtiler bir
aylik siire sonunda ortadan kalkmustir (1,14). Aglepriston ile
st Uste aynt kopekte iki kez yapilan abort uyarimi sonucunda
fertilitenin olumsuz etkilenmedigi (26), yapilan diger calismada
ise fertilitenin azaldigt ortaya konulmustur (2). Schifer-
Somi ve ark (27), aglepriston ile iki abort saglandiktan sonra
képegin 3 siklus boyunca ciftlestigi ancak gebe kalmadigin
belirtmis ve yapilan ovariohisterektomi sonrast kistik
endometriyal hiperplazi teshisi konulmustur. Pettersson ve
Tidholm (14), aglepriston uygulamast sonrast ilk Gstrusta iki
kopekte pyometra, bir kdpekte tedavide basatisizlik, diger
kopeklerde ise gecici olarak anoreksi, enjeksiyon bolgesinde
lokal reaksiyon, polidipsi ve kilo kaybt gérmislerdir. Galac
ve ark (2), aglepriston tedavisinden 4 hafta sonra uterusun
ultrasonografisi ile kistik endometriyal hiperplazi olustugunu
bildirmislerdir. Sunulan olguda ise aglepriston uygulamasi
sonrast Ostrus siklusu dizensizliklerin ddl verimini olumsuz
etkileyebilecegi ancak olgumuzdaki kdpegin jandarma egitim
kopegi olmast nedeniyle ciftlestirme ve gebelik diistinilmemesi
dolayisiyla fertilite degerlendirmesi yapilamamigtir.

Serum progesteron (P4) konsantrasyonlart <1.0 ng/mL
ile baslayan siire anéstrus olarak tanimlanir. Bazal olarak
tanimlanan kesin bir serum P4 konsantrasyonu hala calisma
konusudur. 1§levsel luteal doku, P4 <1.0 ng/mL oldugunda
yok sayilir. Anostrus icindeki kopekler <0.7 ng/mlL, genellikle
<0.3 ila 0.5 ng/mL serum P4 konsantrasyonlarina sahiptir
(28). Anéstrus, uterusun involiisyonu ve siklusun yeniden
baslatiimasinda 6nemli bir rol oynar. Dogum yapmamis
kopeklerde, endometrial iyilesme Ostrusun baslamasindan
yaklasik 135 giin sonra tamamlanir. Andstrus ilerledikge
hipotalamik GnRH dalga sayist ve genligi ile hipofiz ve
ovaryuma yanit verebilirligi artar. (29). Kisa andstrus, interdstrus
araliginin stiresini kisaltacaktir, bdylece normal endometriyal
iyilesmenin tamamlanmasini ve/veya hipotalamus-hipofiz-
ovaryum ckseninin normal baglantistni Onleyerek sonraki
izleyen dénemde dogurganligi olumsuz yonde etkileyecektir
(30). Sunulan olguda, degerlendirilen hormonal dl¢timlerden ve
siklus takiplerinden; dstrus sonrast doért ay gegmesine ragmen
tam ve yeterli bir andstrus dénemi olmayip ileriki siiregte
genital organlarda sorunlar ¢ikabilecegi distintlmistir.

Sunulan raporda geng bir disi kopekte (22 aylik) aglepriston
uygulamast sonrasi takip edenilk Ostrus siklusundaki dtizensizlik
ve meme bezlerinde siskinligin devam etmesiile hastanin bir
yillik izleminde de ayni sorunlarin devam ettigi gorilmustiir.
Geng yaslarda ve gebeligi engelleyen aglepriston gibi ekzojen
ajanlarin Ostrus  siklusunda diizensizlige yol acarak ileriki
yaslarda infertilite nedeni olabilecegini siiphesi uyanmistir.
Aglepristonun seksiiel siklus tizerine etkisinin net olarak ortaya
konulabilmesi i¢in ilave ¢alismalara ihtiya¢ duyulmaktadir.
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Diarrhea is a multifactorial symptom of infectious agents, nutritional and environmental factors. Alt-
hough many prevention and treatment strategies have been developed to prevent diarrhea, diarrhea
is still one of the most common problems in ruminants. Cryptosporidiosis, coccidiosis and giardiasis
in newborns and young ruminants are important protozoer diseases causing diarrhea. Although the

symptomatic treatment of neonatal diarrhea is similar, there are differences in the etiologic treatment.
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In this review, antiprotozoal drugs used in the treatment of cryptosporidiosis, coccidiosis and giardiasis

INTRODUCTION

Diarrhea that is caused by infectious or non-infectious factors
and is characterized by the removal of large amounts of fae-
ces frequently and watery consistency is a crucial symptom in
animals (1). As it is common all over the world, it is one of
the main problems for not only cattle and sheep but also goat
breeding in our country (2). Diarrhea is mostly observerd in
calves, lambs and kids through the neonatal period. There are
many infectious (bacterial, viral, parasitic, protozoan, fungal)
and non-infectious (alimenteric, toxic, allergic, etc.) reasons in
the etiology of diarrhea (1, 3). Cryptosporidiosis, coccidiosis
and giardiasis that cause diarrhea are critical protozoan disea-
ses f%r newborns. These protozoer diseases cause diarrhea by
themselves and/or as mixed infections (4-6). These factors
lead to diarrhea by causing abnormal motility, hypersecretion,
changes in ion transport and permeability disorders in the in-
testinal mucosa (1). Metabolic changes owing to neonatal di-
arrhea and symptomatic treatment ot diarrhea are similar, but
even so there are differences in etiologic treatment. Despite
chemotherapeutic advances, neonatal diarrhea is still progres-
sing with high morbidity and mortality. Furthermore, growth
retardation and high treatment costs due to diarrhea cause gre-
at losses in the national economy (3, 7).

Cryptosporidiosis Treatment

Cryptosporidinm parvum (C. parvum) is an intracellular protozo-
an parasite that causes gastrointestinal disease and diarrhea.
Cryptosporidiosis is a vital neonatal infection in calves, lambs
and kids with high morbidity (8). The epidemics of diarrhea
caused by cryptosporidiosis are encountered in many count-
ries. Deaths caused by cryptosporidiosis, which is an impor-
tant reason of neonatal diarrhea in our country, cause serious
economic losses (9).

Bu makaleye atifta bulunmak icin/ To cite this article:

The main problem of cryptosporidiosis is the lack of a ef-
ficient method or drug for disease prevention and treatment
(10). Because oocysts are resistant to environmental conditi-
ons and most of the disinfectants (11). More than 200 active
substances have been tested against cryptosporidiosis to date
(12). Although some of these substances tested have shown
promising etfects for the treatment of the disease, none of
these drugs have completely eliminated the disease or fully got
the clinical findings under control. Clinical and parasitologi-
cal responses to tl%e treatment of the disease vary depending
on the immune system of animals, duration of antiprotozoer
treatment and the use of other drugs in treatment (10). The
drugs used in treatment are shown in Table 1.

Paromomycin, an aminoglycoside derivative, is one of the ap-
propriate antibiotics so as to take C. parvum infections under
control. Paromomycin shows antiprotozoer effect against the
substance by being absorbed in small amounts along therest-
rictive a ica?] membrane that binds extra cytoplasmic parasites.
(10). When paromomycin is used prophylactically at 100 mg/
kg 1n calves and kids for 11 days, it not only reduces the oocyst
excretion in the faeces but also shortens the oocyst excretion
period (13, 14). However, oocyst excretions can be observed in
animals once again right after the use of the drugs is prophy-
lactically over (15). When paromomycin is therapeutically used
in lambs at different doses and on different days
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Etiological treatment of protozoer..

Table 1 Drugs used in cryptosporidiosis, doses, application times and routes of administration

Drugs Dosage/Application time Administration route
Treatment 100 mg/kg, once a day, 3-5 days
Paromomycin By adding into drinking water or milk
Prophylactic 100 mg/kg, once a day, 11 days
Treatment 0.1 mg/kg, once a day, 7 days
Halofuginone Oral
Prophylactic 0.1 mg/kg, once a day, during 7 days after birth
Azithromycin Treatment 1500 mg/day, 7 days Oral
Decoquinate Treatment 2.5 mg/kg, once a day, 21 days Oral
Calves; 60 ml, twice a day, 4 days.
Treatment
Lambs and kids; 10 ml, 4 days, twice a day.
Organic acids Calves; 60 ml/day, 7 days, once a day, during 7 days | By adding into the milk or by directly drinking
Activated charcoal after birth. the solution.
Prophylactic
Lambs and kids; 10 ml/day, 7 days, once a day, during
7 days after birth.

(100 mg/kg, 3 per day, 200 mg/kg, 2 per days), it diminis-
hes the oocyst excretion and severity of clinical findings (16).
When all these data are taken into consideration, paromomy-
cin can be applied in both prophylaxis and treatment of cryp-
tosporidiosis.

Halofuginone lactate, a derivative of quinazolinone, is an effe-
ctive antiprotozoal agent against lactate eimeria, theileria and
cryptosporidia (17). Halofuginone shows a cryptosgoridios—
tatic effect on sporozoite and merozoite stages of C. parvum
(18). Halofuginone lactate is frequently used in the grop laxis
and treatment of cryptosporidiozis in calves, lambs and kids
(18-21). In the study cond%cted over calves, animals in the tre-
atment group were treated with halofuginone lactate at a dose
of 0.1-0.12 mg/kg for 7 days (18, 20, 21). In these studies,
the use of halofuginone lactate in reducing oocyst excretion
is an appropriate treatment option whereas the etficacy of the
active substance in the treatment of diarrhea is controversial.
In the studies, because reoccurrence of oocyst excretion of
some animals after treatment indicates that halofuginone can-
not completely prevent the life cycle of parasite. In addition to
this, halofuginone lactate treatment alleviates the clinical fin-
dings regarding to cryptosporidiosis and decreases mortality
rates in calves }1 0, 22). Prophylactically use of halofu]jginone
lactate (0.1 mg/kg) in calves during the first 7 days following
birth significantly reduces the oocyst excretion rate in animals
(22). The use of the active substance in small ruminants at the
indicated dose and time decreases the oocyst excretion in the
facces (10). In general, halofuginone lactate can be effectively
used in both prophylaxis and treatment of cryptosporidiosis
(at a dose of 0.1 mg/kg for 7 days) (19-22).

Decoquinate is an antiprotozoer substance that can be used in
the treatment of cryptosporidiosis and toxoplasmosis, espe-
cially in coccidiosis (23). It has been reported that the use of
decoquinate in experimentally infected calves (2.5 mg/kg, for
21 days from birth) may be effective in treatment (10). Howe-
ver, in another study where decoquinat was used at a dose of 2
mg/kg twice a day fyor 28 days from birth, it was stated that the
active substance had no effect on oocyst excretion or clinical
findings (24). In a comparative study conducted about efficacy
of halofufinone (0.1 mg/kg) and decoquinate (2-5 mg/kg), it
was found that halofuginone significantly reduced the excreti-
on of oocysts compared to decoquinate (25).

Nitazoxanide is a nitratiazole benzamide derivative antiparasi-
tic agent effective against most helminths, bacteria and proto-
zoa. The antiprotozoer effect of nitazoxanide is different from
its antibactertal effect. The antiprotozoer effect on C. parvum is
thought to be similar to its effect on Neospora caninum (IN. Cani-
num). After taking nitazoxanide by an oral way, it turns into an
active metabolite tizoxanide by being hydrolyzed (10). In vitro,
it was determined that nitazoxanide inhibited N. caninum pro-
tein disulfide isomerase enzyme and restrained the metabolic
activity of the parasite in N. caninum (26). Nitazoxanide is app-
lied for the treatment of cryptosporidiosis in AIDS patients
along with anti-retroviral therapy in humans. There is little in-
formation about its effect against cryptosporidiosis in animals
(10). In a study where nitazoxanide was used for treatment and
Erczlphylaxis in calves (twice a day by adding 15 mg/kg milk to

ody weight), it was reported that the active substance had no
effect on oocyst excretion (27). In another study, however, it
was reported that when nitazoxanide was used in calves (1.5 g,
twice a day, 5 days), the oocyst excretion period was shortened
and fecal consistency arranged (28).

Azithromycin is a macrolide antibiotic used for immunocom-
promised humans and the treatment of cryptosporidiosis in
animals. Thanks to azithromycin treatment, oocyst excretion
was suppressed in naturally infected calves (1500 mg/day, 7
days) and it was reported to contribute to clinical recovery
(29). However, azithromycin is an expensive active substance
and there are not enough studies to evaluate the efficacy of the
drugs for the disease (%O)

Activated charcoal used along with organic acids obtained by
distillation and putrification %rom tree barks can be used for
the protection and treatment of cryptosporidiosis (30). Whi-
le activated charcoal affects normal flora very few in the in-
testinal system, it contributes to the reduction of the number
of oocyst by adsorbing oocyst of Cryptosporidium spp. On the
contrary, organic acids reduce the number of oocyst by aiming
at replacing disinfectants against C. parvum oocyst. It is also
thought that organic acids have an inhibitory effect on the
development of active substances. It has been reported that
oocyst excretion in animals has reduced by oral administration
of activated charcoal containing organic acids to calves (10 g
solution with milk substitute feed, at intervals of 8 hours for
4 days) experimentally infected with C. parvum (31). In another
study, it was reported that oocyst excretion reduced and cli-
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Table 2 Drugs used in coccidiosis, doses, application time and routes of administration

Drugs Dosage/Application time Administration route
Sulfamethazine Treatment 140 mg/kg, once a day, 3 days. Oral
Sulfaquinoxaline Treatment 60 mg/kg, once a day, 4 days. Oral
. ) First day 55 mg/kg as a half dose in the following days,
Sulfadimethoxin Treatment Oral
once a day, 4 days.
Sulfathiazol Treatment 150 mg/kg, 3-6 days. Oral
Calves; 10 mg/kg, once a day, 5 days.
Treatment
Lambs; 50 mg/kg, once a day, 5 days.
Amprolium Kids; 100 mg/kg, once a day, 4 days. By adding to drinking water
Calves; 5 mg/kg, once a day, 3 weeks. Lambs; 50 mg/kg,
Prophylactic once a day, 3 weeks.
Decoquinate Prophylactic 0.5-1 mg/kg, at least 28 days. By adding to feed
Treatment Calves; 5 mg/kg, single dose.
Toltrazuril Lambs and kids; 20 mg/kg, single dose. Oral
Prophylactic Same as treatment doses.
Diclazuril Prophylactic 1 mg/kg, single dose. Oral

nical findings improved when mixtures (2-3 times a day, 3.75
g/day dose, as a suspension in the milk substitute feed) was
provided to the kids aged 3-17 days (30).

It has been reported that oral bovine serum concentrate used
for passive immunotherapy reduces oocyst excretion in calves
and reduces the severity of clinical symptoms. (5 days at 57 g/
day in added milk replacer, 2 days at 57 g/day by blending with
rehydration liquid). Three potential different mechanisms have
been proposed for the efficacy of bovine serum concentrate
in reducing the severity of cryptosporidiosis. The first possible
mechanism of effects is that immunoglobulins in oral bovine
serum concentrate may cause a decrease in the number of Ea—
rasites over the intestinal system. The second possible mecha-
nism is that growth factors in bovine serum increase the repair
of intestinal cells. The third possible mechanism is that bovine
serum concentrate may reduce the invasion and replication of
the parasite in reducing the severity of infection (32).

Coccidiosis Treatment

Coccidiosis is a protozoal infection caused by coccidia pa-
rasites of the Eimeria genus, leading to diarrhea by affecting
particularly young ruminants (33). gs a result of intracellular
growth and proliferation of the active substances, the dama-
ge in the intestinal cells and mucosa occurs. Mortality, growth
retardation and veterinary expenses are among the economic
damages of the disease to livestock (33, 34).

In a herd, managing economy can be successfully accomp-
lished in coccidiosis after obtaining detailed information and
management principles about the disease. Unless such infor-
mation is observed, systematic treatments ate not appropria-
te. Preventive measures are the key to controlling coccidiosis.
Effective methods for disease prevention involves minimizin,

theme of susceptible young animals with infective oocyst an

administration of coccidiostatic drugs prophylactically injec-
ted to animals during agamous developmental stages of the
parasites. After the oocysts are transferred to the intracellular
form, the effects of drugs on the parasites are limited (33-35).

Anticoccidial drugs have different modes of action on the

endogenous phase of the life cycle of eimeria species (33).
Sulfanomides, amprolium and decoquinate Earasites make an
effective impression in the early stages of life cycle (33, 30).
Toltrazuril and diclazuril are molecules that are effective in all
stages of life cycles of coccidia. These active substances can
be used both in the treatment of the disease and prophylaxis
of the disease (33). The active substances used in coccidiosis
are shown in Table 2.

Sulfanomides are fundamentally effective on the agamous
growth phase of the parasites. Sulfanomides are frequently
carried out in treatment, but still they do not have sutficient
effect on gamonts. However, sulfanomides are effective in
controlling secondary bacterial infections in cases of coccidi-
osis (30). Sulfaquinoxaline, sulfamethazine, sulfadimethoxine
and sulfathiazole are sulfanomide derivatives implemented in
the treatment of coccidiosis. There is a risk of toxication due
to long term use or overdose of sulfanomides (37).

The structures that amprolium targets are meronts. This active
substance has low toxicity and is conducted by adding to drin-
king water of animals throughout 3-5 days (36). Amprolium is
recommended to be used for 10 days in cattle, at 50-62.5 mg/
kg for sheep through 5 days, and at 100 rng/ kg in 4 days f%r

oats. Given that amprolium is an antagonist of vitamin B1,
it should not be used for a long time and vitamin B1 supple-
ments must be implemented. In spite of hygienic measures,
amprolium can be orally used for 3 weeks by adding 5-10 mg/
kg milk or drinking water as long as outbreaks of coccidiosis
cannot be prevented in the herd (37, 38).

Decoquinate is used as anticoccidial drugs that are injected
into the feed in many countries. Long-term use is recommen-
ded as decoquinate coccidia is effective in only initial phases
of the life cycle (36). It was determined that oocyst excretion
decreased when 0.5-1 mg/kg decoquinate was injected to the
rations of experimentally infected calves. Furthermore, It is
reported that decoquinate positively contributes to the growth
rate of calves. As a result, when decoquinate is implemented
by adding 0.5-1 mg/kg dose to the animal feed, it successful-
ly suppresses the formation of oocyst and prevents cases of
coccidiosis (39).

30
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Table 3 Drugs used in giardiasis, doses, application time and routes of administration

Drugs Dosage/Application time Administration route
Treatment 20 mg/kg, once a day, 3 days.
Albendazole ) Calves, 5 mg/kg, once a day, at 27 days interval, 3 Oral
Prophylactic .
times.
Fenbendazole Treatment 10 mg/kg, once a day, 3 days. Oral
Paromomycin Treatment 50-75 mg/kg, once a day, 5 days. Oral
Dimetridazole Treatment Calves; 50 mg/kg, once a day, 5 days. Oral
Calves; 30-400 mg/kg, single dose.
Secnidazole Treatment Oral
Lambs; 10 mg/kg, single dose.

Benzene acetonitrile compounds (toltrazuril, diclazuril) are ef-
fective against all stages of develo;l))ment in the life cycle of
eimeria. These compounds are suitable for both treatment and
prophylactic use (33). The single use of toltrazuril at a dose
of 15 mg/kg decreases oocyst excretion and provides clini-
cal findings improvement in infections caused by Eimeria bovis
(E. bovis) and Eimeria zuernii (E. guernii) for calves (40). It was
reported that coccidiosis could be under control by using a
single dose 1 week before the emregence of expected outb-
reaks. Toltrazuril dose rate that will be implemented to kids
is recommended to be double dose rate approximately rather
than the dose which is going to be conducted to cattle and she-
]ef (33). It was stated that the cases of coccidiosis attached to

. bovis and E. zmernii was prevented thanks to administration
of diclazuril prophylactically at a dose of 1 mg/kg with single
dose (30).

The regular use of anticoccidial drugs in the poultry sector
has provided eimeria species develop resistance to these drugs.
However, it is not certain whether eimeria species will develop
resistance to anticoccidial treatment in cattle or not, it should
be remembered that a potential risk may ocur (30).

Giardiasis Treatment

Giardiasis is an important infection arose from Giardia intestina-
lis (G. intestinalis), which is an intestinal protozoan with flagella,
causing diarrhea, weight loss and lethargy in farm anima%s (8,
11, 39). It is one of the most common parasites causing loss
of yield in ruminants. Most mammals are susceptible to infec-
tions caused by G. zntestinalis (11).

Many active substances are known to be effective against giar-
dia. However, no drug has been licensed to use in the giardiasis
treatment for ruminants nowadays (41). The active substances
used in giardiasis are shown in Table 3.

Nitroimidozols such as metronidazole, tinidazole, quinacrine
or furazolidine are extensively used in the treatment of giardi-
asis for humans. In veterinary medical science, metroni%azole
and secnidazole are used in pet animals, calves and lambs (39,
42). It has been reported that the administration of a single
dose of secnidazole, a nitroimidazole derivative in lambs and
calves, significantly reduces cyst excretion (42, 43). Volpato et
al. reported that secnidazole, which was administered as a sing-
le dose (400 mg/kg) in calves, treated giardiasis and that dru
continued the efficiency for 30 days (43). Besides, Toros an
Ural reported that secnidazole administered at a single dose of
30 mg/kg in calves resets cyst excretion (44).

Benzimidazoles, extensive-spectrum antihelmentics, are ot-
her compounds used in the treatment of giardiasis. Benzimi-

dazoles have a high safety margin and selective toxicity (41).
In vitro studies, it has been reported that benzimidazoles are
more effective on giardiasis than metronidazole and tinidazole
(41,45,40). Benzimidazoles affect tubulin polymerization, an
important component of cell skeletal structures of giardia
trophozoites. In this way, all functional activities of the tubuli-
ne structures such as median line and ventral disc are limited.
In conclusion, benzimidazoles cE)t(avent trophozoites from at-
taching to intestinal mucosa and colonization (14). Fenbenda-
zole and albendazole reduce cyst excretion in calves (41,47,48).
Fenbendazol, provides regeneration in the clinical appearance
of the disease by reducing the duration and peak level of cyst
excretion (41,49). The doses of benzimidazoles required tor
iardiasis treatment are higher than those used in antihelmint-
ic treatment (41). When albendazole is used 20 mg/kg for
3 days and fenbendazole is used at 10 mg/kg for 3 days, it is
uite effective to eliminate the infection (39, 42, 50). Since the
uration of treatment is more important than the doses in the
prophylaxis of the disease, it is recommended that benzimida-
zoles be administered in small doses and at frequent intervals
in the studies (47, 49).

Paromomycin Cryptosporidium yﬁp., regarded as effective against
protozoan parasites such as a broad-spectrum, is an aminogl-
ycoside derivative antibiotic (10). Paromomycin, by being atta-
ched to the small subunit of tfRNA, inhibits protein synthesis
which has a direct effect on giardia (41). The active substances
showing poor absorption from the gastro-intestinal system is
well tolgerated by caﬁfes (15). In experimentally infected cal-
ves (50-75 mg/kg/day for 5 days) it was determined that pa-
romomycin reduces cyst excretion effectively (41). In a study
examining the efficacy of albendazole and paromomycin on
the disease in lambs with giardiasis, it was stated that paro-
momycin implemented at a dose of 100 mg/kg/day for 3 days
was more eftective than albendazole (50).

Drugs used in the treatment of giardiasis are effective against
giardia, but cyst excretions can be observed in animals within
2-3 weeks after treatment. Since giardia cysts can survive up to
1 week in faeces and up to 7 weeks in soil, the action time of
most active substances may be insufficient to protect animals
from re-infections (14). The studies emphasize the importance
of establishing a combined control program that includes clea-
ning, disinfection and treatment protocols of animals in order
to minimize re-infections after treatment (11, 41).

CONCLUSION

The complete treatment depending on the cause in diarrhea
which causes great harm to the economy of our country is the
most important factor affecting the success of treatment. It is
required to be performed at appropriate dose and time throu-
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¢h appropriate drug selection in order to eliminate not only
the infection but the risks of re-infection as well. This study,
which we think that it will be the current reference guide for
veterinary practioner, will also provide positive contributions
to the protection of herd health.
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