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ABSTRACT

Fattening of mangrove crab S. serrata has been practiced in the Philippines and is considered ecologically
sustainable. Trash fish is one of the best natural foods for fattening crab cultures. Meanwhile, stingray also contains
plentiful proteins; however, they are not economically valuable in the southern Philippines, causing them to be
discarded by most people owing to their unpleasant taste. Considering this, this study aimed to determine the effects
of two different diets on mangrove crab fattening using modified plastic cages in mangroves. The experiment was
conducted at Sitio Sindang, Indanan, Sulu, Philippines, for 30 days fattening period. Adult crabs (n=12) weighing
100 to 110 grams were reared in modified plastic cages measuring 17 cm x 24.5 cm x 6 cm. Plastic cages were
partitioned into six compartments; each contained one crab. Two types of experimental feed, namely: stingray
(Taeniura sp.) (chopped stingray) as Treatment 1 and trash fish (Sardinella sp.) (entrails of fish and chopped trash
fish) as Treatment 2, were given to the experimental crabs. The amount of feed given to the crab was calculated
based on the 10% body weight. The result showed that the use of stingrays as a source of feed was significantly
higher (p>0.05) in the weight of mangrove crabs during the early ten days; however, the superiority disappeared
after 30 days. Both treatments did not significantly (p<0.05) affect the survival performance of mangrove crabs. In
addition, the specific growth rate of Treatment 1 (0.25 + 0.20% day™) was significantly different than Treatment 2
(-0.70 + 0.27 % day™) after 30 days. During the experiment, some uncontrollable factors, such as cheliped
disintegration, were encountered that may have influenced the outcome, which reduced crab weight. Thus, this study
suggests that stingrays might be useful as a source of food for the fattening of mangrove crab S. serrata. However,
future studies are needed to validate the study’s results.

KEYWORDS: Fattening, mangrove crab, modified plastic cage, Scylla serrata

How to cite this article: Imbuk, E. S., Indanan, S.L., Sailadjan, S.J,
Yiiriiten Ozdemir, K., Sarri, J.H. (2023) Fattening of Man-

grove Crab Scylla serrata Fed with Two Different Diets

(Stingray and Trash Fish). MedFAR., 6(1):1-9


https://orcid.org/0000-0001-7693-7797
https://orcid.org/0000-0003-3742-4862
https://orcid.org/0000-0002-5672-1291
https://orcid.org/0000-0002-5561-5702
https://orcid.org/0000-0002-4798-0566

Imbuk, E.S., Indanan, S.L., Sailadjan, S.J., Yiiriiten Ozdemir, K., Sarri, J.H.

1. Introduction

The fattening mangrove crab has been
practiced in Southeast Asia for a long time,
and it is considered to be ecologically sus-
tainable (Mirera, 2011). This method has
been established by the private sector pri-
marily to meet the demands of the domestic
and foreign markets by culturing marketable
crabs in a short period (Samarasinghe et al.,
1991). In some private sectors, crabs are fat-
tened for 15 to 20 days for consumers to en-
joy the meat of large male pincers and the
bright red roe of gravid females (Trifio and
Rodriguez, 2001). In recent years, the man-
grove crab S. serrata has been considered
one of the most promising aquaculture spe-
cies due to its rapid growth (Rodriguez et al.,
2007; Ye etal., 2011, Meng etal,
2017; Wan Yusof et al., 2019). However, in
the domestic market, mangrove crabs (S.
serrata) command a relatively low price as
they are harvested even in underweight size,
which contributes to the low demand and
rejection in the export market (Trifio and
Rodriguez, 2001). In the early 2000s, man-
grove crabs were cultured in pots, bamboo,
and cages as part of an experimental program
(Khatun, 2007). In shallow lagoons of Bang-
ladesh and coastal waters of India, bamboo
cages and pens are used, as well as galva-
nized wire netting and polyethylene netting
for mangrove crab fattening (Cholik and
Hanafi, 1991). In the Philippines, fattening
crabs in bamboo and net cages and pens has
become a means of providing an alternative
livelihood for fishers (Kuntiyo, 1992; Trifio
and Rodriques, 2002). In aquaculture, man-
grove crab species, such as S. serrata, S.
oceunica, S. transquebarica, and S. para-
mamosai, are edible and commercially pro-
duced both in the wild and in cultivation
(Susanto et al., 2015). The majority of their
commercial production is sent live to market,
making them one of the world's most valua-
ble crab species (Shelley and Lovatelli,
2011). The majority of the early mud crab,
also known as mangrove crab farming,
demonstrations were conducted in Asia and
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Africa using trash fish, clam meat, or animal
by-products as feeds (Fitzgerald, 2002; Da-
vid and Abdhallah, 2009; Hairol et al.,
2022).

The term ‘'trash fish' refers to fish caught
in fisheries that are not economically valua-
ble, including uneatable low-value marine
fish and juveniles that would have been dis-
carded by most people (Kasthuri et al.,
2021). The use of trash fish as a "standard
food" for fattening crabs has been wide-
spread in crab culture enterprises since it is
considered one of the best natural foods
(Bunlipatanon et al., 2014). Since trash fish
are a great source of protein and other nutri-
ents, they could supplement livestock feeds
to meet nutritional requirements (Kasthuri et
al., 2021). In Indonesia, the stingray is one of
the most popular and acceptable species of
fish to be smoked, especially when it is pro-
cessed in the traditional manner (Swastawati
et al., 2012). In addition, as stingrays are not
economically valuable in the southern Phil-
ippines, they are usually discarded due to
their unpleasant taste and smell. Although
stingrays are not highly-priced compared to
other commercial marine fish in the local
market, they contain high protein and other
nutrients (Uddin et al., 2018). Moreover,
there have been few studies examining the
use of stingrays in the diet of mangrove
crabs. Considering the above-mentioned in-
formation, this study aimed to examine the
growth of fattened mangrove crab S. serrata
fed two different diets (stingray (Taeniura
sp.) and trash fish (Sardinella sp.)) in an in-
dividual chamber of modified plastic cages
in order to avoid predation submerged in
mangrove areas of Sitio Sindang Indanan
Sulu, Philippines.

2. Materials and Methods
2.1. Study Site and Duration
The study was conducted along the man-

grove areas of Sitio, Sindang Indanan Sulu,
Southern Philippines (Figure 1) for 30 days.
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Figure 1. Map showing the study site.
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2.2. Source of Crab Seed

Mangrove crabs in good and healthy con-
dition, weighing 100 to 110 grams without
broken legs and chelate (Figure 2), were col-
lected from the wild and purchased from
Maimbung public market, Sulu, Philippines.

121.00E

2.3. Experimental design

This study was conducted under a com-
pletely randomized design (CRD). Twelve
(12) modified plastic cages measuring 17 x
24.5 x 6 cm were coupled together and used
as individual compartments. A total of six
(6) cages are divided into each treatment. To
avoid dis alignment of the coupled cages,
nylon locks were used to secure the modified
plastic cages, joined by haft (1/2) inch blue
PVC pipes and by PVC (polyvinyl chloride)
elbows at the corners. The two treatments
were conducted using joint-coupled cages
(Figure 3).



Imbuk, E.S., Indanan, S.L., Sailadjan, S.J., Yiiriiten Ozdemir, K., Sarri, J.H.

MedFAR (2023) 6(1): 1-9

—_ , 245cm

Treatment 1 TIR] TIR2 TIRS
— |
| 17cm
' !
» Basket
Pipes
TIR4 TIR5 TIR6
Treatment 1 = Stingra
Treatment 2 DRI TR — gray
| | J Treatment 2 = Trash fish
|
| ( \‘
|
|
|
|
T2R4 T2R5 T2R6

Figure 3. Experimental Design.
2.4. Feeding

The feeds used in the experiment were
stingray (Taeniura sp.) and trash fish (Sar-
dinella sp.). Afterward, the trash fish and
stingray were cut up into smaller pieces,
washed with clean water, and stored in the
refrigerator to maintain their freshness. Feed-
ing was done twice a day in the morning and
afternoon at a rate of 10% of the average
body weight.

SGR:

_In (Wf)-In (Wi) y

2.5. Growth and Survival Sampling

Every crab was harvested and weighed
using a weighing scale. Sampling was con-
ducted after every ten days of fattening. A
specific growth rate (SGR) was calculated at
the end of the study to express the growth.
SGR and survival rate were determined us-
ing Romano and Zeng (2006).

100

Where:
Wf = final weight
Wi = initial weigh

- Days of culture

Final number of samples

x100

Survival rate=

Initial number of samples

2.6. Data Analysis

An independent sample t-test was carried
out to test the significant differences between
the mean weights, SGRs and survival rates

of two treatments using IBM SPSS software
version 20. The level of significance used in
the study was 0.05. Data were presented as
mean + SE (standard error).
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3. Results and Discussion

The SGRs of mangrove crab S. serrata of
Treatment 1 (stingray) and Treatment 2
(trash fish) were 1.0 =+ 1.03 % day* and -0.56
+ (.88 % day}, respectively, on day 10 of the
fattening period (Figure 4). Analysis showed
no significant difference (p>0.05) between
treatments. At day 20, SGRs of Treatment 1
(0.61 +0.52 % day™) and Treatment 2 (-41 +
0.53 % day™) were not significantly different
(p>0.05). The SGRs of Treatment 1 and
Treatment 2 were 0.25 £+ 0.20 % day™* and —
0.70 + 0.27 % day™, respectively, at 30 days.

2,5 -

a

2
1,5
1

Specific Growth Rate
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Analysis revealed that Treatment 1 was sig-
nificantly different (p<0.05) than Treatment
2. In addition, the mean weight value of
mangrove crabs fed with stingray and trash
fish were 166.67 £ 15.22 g and 106.67 +
22.01 g (Figure 5). Crabs fed with stingrays
performed significantly better (p<0.05) than
crabs fed with trash fish as early as 15 days
of the fattening period. However, they were
not significantly different (p>0.05) at the end
of the fattening period. Moreover, the sur-
vival rate of Treatment 1 (66.67 £ 21.08 %)
did not significantly differ from Treatment 2
(66.67 £ 21.08 %) (Figure 6).

m Treatmentl ™ Treatment2

Figure 4. The SGR of mangrove crab (S. serrata) (T:= Stingray, T.=Trash fish) fattened in
modified plastic cages for every sampling period. Bars with the same letters are not signifi-
cantly different, while bars with different letters are significantly different.
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Figure 5. The mean value of mangrove crab (S. serrata) (T1= Stingray, T»-Trash fish) fat-
tened in modified plastic cages for every sampling period. Bars with the same letters are not
significantly different, while bars with different letters are significantly different.

100 -
90 - a a
80 A
70 A
60 -
50 |
40 A
30 |
20 -
10 |
0 .

Survival rate (%)

Treatment 1 Treatment 2

Figure 6. The survival rate of mangrove crab (S. serrata) (T:= Stingray, T.=Trash fish) fat-
tened in modified plastic cages after 30 days. Bars with the same letters are not significantly
different.

The fattening of mud crabs provides hu-  Moreover, this technology provides fisher-
mans with an important food with protein, men with another source of income aside
essential minerals, and energy, while the from fisheries, which is indeed economically
shells can serve as an alternative source of  feasible in practice. The inherent tendency of
protein for animals (Islam et al., 2022). crabs to escape the farm during culture is one
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of the most important problems associated
with mangrove crab farming. It is necessary
to employ a variety of management measures
to prevent crabs from escaping the pond or
cages, such as fencing and effective feeding
schedules (Anil and Suseelan, 2001). In the
present study, mangrove crab S. serrata was
reared for 30 days in modified plastic cages
fed with stingrays and trash fish. Results
revealed that crabs fed with stingrays im-
proved their growth as early as ten days;
however, it did not significantly differ at the
end of the culture period, suggesting that
stingrays can be used as a source of food for
the fattening of mangrove crabs S. serrata.
In addition, S. serrata fed with both trash
fish and stingrays did not affect its survival
performance after 30 days. A stingray's nu-
tritional value is similar to that of small na-
tive fish, in which smaller specimens are
used as animal feed, fertilizer for fish ponds,
and human consumption as well (Uddin et
al., 2018). Furthermore, the growth of S.
serrata fed with trash fish was lower after 30
days of culture in the present study. Similar
results were found in the study of Oluwole et
al. (2020), where the land crab Cardiosoma
armatum, grows less after being fattened for
three (3) months with trash fish. The report
also found that the mangrove crab S. ocean-
ica was inferior in terms of growth after 45
days of fattening on trash fish (Anil and
Suseelan, 2001). In studies involving brown
mussel flesh and fish caught bycatch, re-
searchers found that brown mussel flesh re-
sulted in higher mean final weights for male
mangrove crabs (Trifio and Rodriguez,
2001). Despite this, specifically, growth rate,
carapace width, carapace length, and survival
were not significantly different between the
treatments after 30 days of fattening. This is
consistent with the results obtained by Anil
and Suseelan (2001), who fed mud crab with
trash fish and clam meat for 60 days and
observed comparable growth. On the contra-
ry, using trash fish as feed for mangrove
crabs increased the feeding rate by 10-15%
of body weight (Cholik and Hanafi, 1991). It
has been found that larvae produced from S.
olivacea broodstocks fed trash fish contain
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high levels of most essential fatty acids
(Herlinah and Septiningsih, 2015). Further-
more, the crab often shows negative growth
after losing claws or limbs, which could be
due to energy redistribution in the body, loss
of foraging opportunities, or a reduced op-
portunity to feed (Drew et al., 2013). Natural
declawing of crab claws occurs when
stressed or threatened, and the crabs that
have been manually declawed exhibit behav-
ior that indicates a conscious awareness of
the wounds, such as touching and shuddering
or shielding the wounds with the remaining
legs (McCambridge et al., 2016). Declawing
altered the feeding habits of the crabs in con-
trolled experimental settings, resulting in
weight loss after the crabs consumed the
same amount of food (Davis et al., 1978;
Patterson et al., 2009; Duermit et al., 2015).
In the present study, mangrove crab S. serra-
ta may be affected by the sound of the boat
engine produced near the mangrove area of
cultivation, which may be the reason why
they became stressed, disintegrated the
chelipeds, and developed weight loss in both
treatments. In addition, there is evidence that
actual crabs can be stressed and dangerous as
a result of noise pollution (Weilgart, 2018).
Researchers stated that stress levels rose in
crabs when artificial sounds like cruise ships
and giant oil tankers were present
(Slabbekoorn et al., 2010; Carter, 2019).

4. Conclusion

The fattening of mangrove crab Scylla
serrata fed with stingray was better in
growth performance during the early ten
days, but the superiority disappeared after 30
days. On the other hand, the crab growth was
affected by uncontrollable factors such as
cheliped disintegration, which led to reduce
crab growth. However, the results might be
useful to the mangrove crab fatteners due to
stingrays' ability to improve crab growth
more than trash fish. In addition, the study’s
results need to be validated for future re-
search.
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OZET

Arastirmada yabanci bir tiir olan Trachemys scripta elegans (Wied-Neuwied, 1839)’in Mersin-Anamur Tatlisu
sistemlerinde dagilim durumu ile 6rneklenen bireylerin morfometrik dl¢iimlerin belirlenmesi amaglanmistir. Tiirlin
Mamure Kalesi ve Alyanak Sulak alaninda dagilimi yumurtlama 6ncesi ve yumurtlama sonrasi donemde izlenmistir.
Her iki 6rnekleme doneminde toplam 40 adet birey sadece Mamure Kalesi’nden 6rneklenebilmistir. Alyanak sulak
alaninda ise sadece yumurtlama 6ncesi donemde 6 adet birey gozlenmis, sulak alanin biiyiikliigii, suyun derinligi ve
bulaniklik durumu, bireylerin saklanmasina olanak veren vejetasyonun yogunlugu, bireylerin hizi, ekibin su
kaplumbagasi yakalama deneyimi gibi sebeplerle ile herhangi bir birey alandan 6rneklenememistir. Calismada T.
scripta elegans bireylerinin ilk kez Mamure Kalesi hendek alan1 disinda ve hendek alani ile direk baglantisi
bulunmayan bir alan olan Alyanak Sulak alaninda varligi tespit edilmistir. Ayrica ¢alismada Mamure Kalesi hendek
alaninda yumurtlama oncesi ve sonrasinda orneklenen birey sayisi, disi erkek orani, olgunlagsma durumu tespit
edilmistir. Mamure Kalesi hendek alanindan yumurtlama Oncesi ve yumurtlama sonrasi donemde Orneklenen
bireylerin morfometrik 6zellikleri dl¢iilerek, olgunlasma ve eseye bagl olusan farkliliklar tespit edilmistir.

ANAHTAR KELIMELER: Yabanc: tiir, Trachemys scripta elegans, Morfometri, Mersin-Anamur, Tatlisu rezervleri

Determination of Distribution Status of Non-native Species Trachemys scripta elegans (Wied-Neuwied, 1839)
in Mersin-Anamur Freshwater Systems

ABSTRACT

This study aimed to determine the distribution status of Trachemys scripta elegans (Wied-Neuwied, 1839), a non-
native species, in the Mersin-Anamur Freshwater systems. The distribution of the species in Mamure Castle and
Alyanak Wetland was observed in the pre-spawning and post-spawning periods. In both sampling periods, 40
individuals could be sampled from Mamure Castle. In the Alyanak wetland, only six individuals were observed in
the pre-spawning period. No individuals could be sampled due to the wetland's size, the water's depth and turbidity,
the density of the vegetation that allows the individuals to hide, the speed of the individuals, and the team's
experience of catching freshwater turtles. In the study, the individuals of T. scripta elegans were detected for the first
time outside the moat area of Mamure Castle and in Alyanak Wetland, a place without connection with the moat
area. In addition, the number of individuals sampled from the moat of Mamure Castle before and after the spawning
period, female-male ratio, and maturation status was determined. The morphometric characteristics of the sampled
individuals were measured, and differences depending on maturation and sex were determined.

KEYWORDS: Non-native species, Trachemys scripta elegans, Distribution, Mersin-Anamur, Freshwater
Reservoirs
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1. Giris

Gelisen ulasim teknolojisi ile ¢esitli
cografik bolgeler arasinda yeni koridorlar
kurulmasi, bir¢cok canlinin bir ekosistemden
digerine gegme hizint belirgin 6l¢iide
artirmistir. Egzotik tiirler dogal topluluklarin
yasama alanlarim1 isgal ettikce (biyoistila),
bu yayilma ile basa ¢ikamayan yerel tiirler
yok olmaya baslamislardir (Taylor ve ark.,
1984; Coblentz, 1990; Lodge, 1993; Aca
Townsend, 2003; Ozdemir ve Ceylan, 2007).

Yabanci  tiirler yeni  habitatlarina
yerlestikleri andan itibaren beklenenin aksine
hemen dominant hale gelmezler. Bu tiirlerin
sayilar1 zaman igerisinde artis gosterir ve
daha sonra aniden yayilis alanlar1 ve sayilari
cogalir. Lag faz1 olarak bilinen bu siirecte
tiirler arasinda hibridizasyon ve adaptasyon
gerceklesmektedir. Hibridizasyonla birlikte
yabanci  tiirler aym1  tiriin  yerel
popiilasyonlarindan daha fazla genetik
cesitlilige sahip olurlar. Gozlenen yabanci
tiir sayist az olmasina ragmen bu tiiriin yerel
tirler Ttlzerindeki genetik etkisi oldukga
onemlidir  (Echelle ve Echelle,1997).
Gilinlimiizde cesitli tiirlerin sebep olduklari
istilalar1 destekleyen bilgiler yok olmanin
sebebi olarak bir¢ok durumda tahmini ve
sinirh gozlemlere dayanmaktadir (Gurevitch
ve Padilla, 2004).

Diinya capinda; tath su ekosistemleri, act
su bolgeleri ve Akdeniz ikliminin etkili
oldugu alanlar, yabanci tiirlerin yerlesmesine
en acik olan bolgeler olarak
degerlendirilmistir. Anavatani Amerika ve
Meksika olan kirmizi yanakli tath su
kaplumbagalarinin (T. scripta elegans Wied-
Neuwied, 1839), evcil hayvan olarak ilgi
gormeye baslamasi yarim asr1 gegmistir.
Evcil hayvan olarak Kirmizi yanakli su
kaplumbagalarina olan talebin c¢arpici bir
sekilde artmasi, ABD’de ticari kaplumbaga
ciftliklerinin kurulmasina ve bir¢ok iilkeye
ihracatina yol a¢mustir (Bringsee, 2006).
Simdiye kadar, bu kaplumbaga Avrupa,
Afrika, Okyanusya, Asya ve Amerika’da
70’ten fazla iilke ve bolgeye yayilmistir
(Kraus, 2009; Rhodin vd., 2017; Global
Invasive Species Database, 2020).

11

MedFAR (2023) 6(1): 10-25

Kirmizi yanakli su kaplumbagas1 gii¢li
bir rekabet kabiliyetine sahip firsat¢i bir
omnivordur. Bu  kaplumbaga, goéller,
rezervuarlar  veya  camurlu  havuzlar,
hendekler hatta haligteki aci sular olmak
tizere, c¢esitli ortamlara uyum saglayabilir
(Bringsee, 2006); onlart neredeyse tiim kirli
ve temiz sularda gorebiliriz. Bu nedenle
diinyanin en tehlikeli 100 istilact tiirtinden
biri haline gelmistir. T. scripta elegans genis
bir nise, farkli ekolojik faktorlere toleransli
cesitli fizyolojik aktivitelere ve hatta bazi
cevresel streslere karsi direnglidir. Tiiriin
giicli  bir davranigsal adaptasyon ve
esneklige sahip olmasi, cesitli cevre
kosullarina uyum saglamasina yardimci olur
(Global Invasive Species Database, 2020). T.
scripta elegans yasam alani olarak, yumusak
zemini, su bitkileri ve uygun giineslenme
bolgeleri olan biliylik durgun su kiitlelerini
tercih eder (Bringsee, 2006; Ernst ve Lovich,
2009). Bu tiir zamanin1 yogun bitki Ortiisiine
sahip su kaynaklarinda besin arayarak veya
kiitikler iizerinde giineslenerek gegirir.
(Global Invasive Species Database, 2020).

Mamure Kalesi, 3. Yiizyilda Romalilar

tarafindan ~ Mersin’in ~ Anamur  lgesi
(36°4'51"K 32°53'40"D) kiyilarinda,
Akdeniz ve Kilikya ticaret yollarm

gozetlemek ve ticaret gemilerini korumak
amactyla insa edilmis tarihi bir kaledir.
Yiiz6lgiimii 23500 m? olan kalenin cevresi
10 metre genisligindeki savunma amagh
hendekle c¢evrilidir. Kale duvarlarinin
oniindeki hendek, 1.5-2 m derinliginde, 3 m
genisliginde, 500 m? biiyiikliigiindedir.
Kalenin ¢evresindeki hendekler bolgede var
olan ve farkli faktorler etkisinde taginan pek
¢ok tiire 6zel habitat olusturmustur. Hendek
alan1 Pharagmytes australis, Juncus sp.,
Lemna minor gibi akuatik vejetasyon ile
kaphidir.  Yerli  tathsu  kaplumbagasi
tirlerinden  Mauremys rivulata, Emys
orbicularis ve yabanci tiir olan T. scripta
elegans’a ev sahipligi yapmaktadir (Cigek ve
Ayaz, 2015).

Alyanak Sulak Alan1 Mamure Kalesine 1
km wuzakliktadir. P. australis, L. minor,
Juncus sp. gibi akuatik bitkilerle kapli olan
sulak alanin denizle baglanti kanali sahil
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morfolojisindeki degisimlere bagli olarak
bazen acik, bazen kapali konumdadir. Suyun
genel karakteristigi tatlisu karakterinde olup
tuzlulugu mevsimsel olarak %o 3-5 arasinda
degismektedir. Cok sayida yerli kus tiirii
bulunmast  yaninda gé¢ zamanlarinda
gocmen kuslar i¢cin de gecici konaklama ve
savunma alan1 niteligindedir. Sulak alanda
her mevsim tatlisu girisi olmakta ve kismi su
kiitlesinde degismeler goriilmektedir. Yine
de mevsimsel alg patlamalar1
goriilebilmektedir. Bunun nedeni hem su
sirkiilasyonunun yavas olmast hem de
tarimsal faaliyetlerden kaynakli dere suyu ile
tasinan azot ve fosfor yiikiinden kaynaklidir.
En derin yeri 70 cm olan sulak alanin
ortalama derinligi 45 cm’dir. Sulak alan
yabanci bir tiir olan T. scripta elegans’a da
ev sahipligi yapmaktadir.

Bir tiiriin taksonomik olarak incelenmesi,
poplilasyon  dinamiginin ve  ekolojik
etkilerinin  belirlenmesinde  morfometrik
arastirmalar Onem tasir. Bu ¢alismada,

[

Sekil 1. Calisma sahas1 (Kirmizi oklar 6rnekleme ve gozlem noktalarin1 gosterir).
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Mersin ili Anamur ilgesinde yer alan tatlisu
sistemlerine  yerlesen yabancit tathh su
kaplumbagas1 T. scripta elegans’in biyolojik
ve morfometrik 6zelliklerinin incelenmesi ve
tathisu ekosisteminde dagilim durumunun
belirlenmesi amaglanmustir.

2. Materyal ve Yontem

Aragtirma, materyalini  Mersin-Anamur
tath  su sistemlerinde dagilim gosteren
yabanci bir tatli su kaplumbagasi tiirii olan T.
scripta elegans (Wied-Neuwied, 1839)
olusturmaktadir. Arastirma siiresince tiiriin
birey sayisi, disi erkek orani, olgunlagma
durumunu belirlemek amaciyla &rnekleme,
ciplak gozle ve diirbiin ile izleme galigmasi
yapilmig, fotograf ve video kayitlarindan
olusan bir veri seti olusturulmustur. Ayrica
orneklenen bireylerin morfometrik 6zellikleri
belirlenmistir.  Arastirma  sahasma  ait

koordinat bilgileri ve Ornekleme noktalar
Sekil 1°de gosterilmistir




Eldeleklioglu, M.A., Cift¢i, N., Ayas, D.

Sekil 1 tiir izlemesinin yapildig1 alanlar
gostermektedir. Alanin kose koordinatlar:
36°04'28.5"N 32°52'38.2"E, 36°04'51.9"N
32°53'42.4"E, 36°04'39.6"N 32°53'09.0"E,
36°05'03.3"N  32°53'03.3"E, 36°04'54.9"N
32°52'14.3"E’dur.

Ornekleme ve izleme calismalar1 tiiriin
yumurtlama  oncesi  (Nisan-2022)  ve
yumurtlama sonrasi (Kasim-2021) olmak
tizere 2 donem yapilmistir. Anamur Kalesi
ve Alyanak Sulak Alanlarindan yumurtlama
Oncesi toplam 15, yumurtlama sonrasi 57
adet T. scripta elegans bireyi gézlemlenmis
olup, gozlemlenen bireylerden toplam 40
adet Dbirey Orneklenerek  morfometrik
Olciimler i¢in tasima kaplart ile Mersin
Universitesi Deniz  Canlilar1  Miizesine
getirilerek Onceden hazirlanan 5x10 m

boyutlarindaki toprak havuza
yerlestirilmislerdir. Toprak havuz tiiriin
gereksinimini karsilayacak ozellikte
hazirlanmis  olup, havuz ortasinda ve
kenarlarinda giineslenmek lizere
cikabilecekleri dogal tas ve kayalardan
tepeler olusturulmustur. Bireyler havuz

igerisinde gilineslenme ve saklanma gibi
biyolojik isteklerini dogal ortamda oldugu
gibi saglayabilmislerdir. Bireyler giinliik
olarak biomasin %?2’si kadar pelet yem
(AHM  Gammarus Turtle 1000 mL-
Kaplumbaga Yemi) ile beslenmistir.

Ortama uyum saglamast amaci ile
havuzda on bes giin tutulan bireyler bu siire
sonunda havuzdan c¢ikarilarak her bireye ait
morfometrik Ol¢limler yapilmistir. Yabanci
tir T. scripta elegans ait bireyler tekrar dogal
ortama birakilmamis, Mersin Universitesi
Deniz Canlilar1 Miizesinin bahgesinde yer
alan havuzda tutulmaya devam etmektedir.
Morfometrik Olgiimler belirlendikten sonra
elde edilen verilerden bazi indeksler
olusturulmustur.  Indeksler  olgunlasma
durumu ve cinsiyet farkliliklar1 iizerinden
karsilastirilmistir (Gradela ve ark. 2017).

3. Bulgular
T. scripta elegans bireyleri Mamure
Kalesi ve Alyanak Sulak alaninda

yumurtlama oncesi ve yumurtlama sonrasi
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donemde izlenerek, iki ayr1 Ornekleme
doneminde toplam 40 adet birey Mamure
Kalesi’nden yakalanmis, Alyanak Sulak
alanindan tespit edilen bireylerin higbirisi
dagilim gosterilen alanin sartlar1 nedeni ile
yakalanamamistir.  Orneklerin =~ 8  adeti
yumurtlama sonrasi, 32 adeti ise yumurtlama
oncesi hendek alanindan Orneklenmistir.
Yumurtlama sonras1 donemde ergin olmayan
birey yakalanmamistir. Yumurtlama oncesi
donemde ise ergin olmayan birey sayis1 10
adettir. Yumurtlama sonrasi yakalanan 8
bireyin 3’0 disi 5’1 erkek iken yumurtlama
Oncesi yakalanan 32 bireyin 12 tanesi digi 20
tanesi erkekti. Yumurtlama sonras1 donemde
Mamure kalesi hendek alaninda toplam 15
birey gozlemlenmis bunun sadece 8 adet
bireyi Orneklenebilmistir. Yumurtlama
oncesi donemde ise Mamure Kalesi hendek
alaninda 51 adet birey gézlemlenmis, bunun
32 adeti Orneklenebilmistir. Alyanak sulak
alaninda sadece yumurtlama 6ncesi donemde
6 adet birey gozlenmis, sulak alanin
bliyiikliigli, suyun derinligi ve bulanikligi,
bireylerin saklanmasi icin ortam saglayan
Juncus sp., P. australis gibi bitki tiirlerinin
ortamdaki yogunlugu, bireylerin hizi, ekibin
su kaplumbagas1 yakalama deneyimi gibi

sebepler ile herhangi bir  birey
yakalanamamuistir (Tablo 2).
Tlrlin ~ ana  popiilasyonu =~ Mamure

Kalesinde olup alanda tiire ait birey sayisinin
51-66 birey arasinda oldugu goézlenmistir.
Alyanak sulak alaninda 6 bireyin dagilim
gosterdigi  belirlenmistir. Mamure Kalesi
hendek alaninda Orneklenen toplam 40
bireyin %75’inin ergin, %25’inin ergin
olmayan bireylerden olustugu saptanmistir.
Ayni  zamanda  Orneklenen  bireylerin
%37,5’inin disi, %62,5’inin erkek oldugu
saptanmigtir  (Tablo 2). Alyanak sulak
alaninda  yumurtlama Oncesi donemde
gbzlenen 6 bireyin tamaminin ergin birey
oldugu, Alyanak sulak alaninda dagilim
gosteren Dbireyler arasinda ergin olmayan
bireylerin bulunmadigi gozlenmistir. Bu
durum yumurtlama dénemi Oncesinde ergin
bireylerin Alyanak sulak alanina {ireme
amaci ile geldiklerini diistindiirm{istir.
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Tablo 2. T. scripta elegans bireylerinin 6rnekleme ve gbézlem verileri

Yumurtlama sonrasi Yumurtlama oncesi
(Kasim 2021) (Nisan 2022)
Alyanak Alyanak
Mamure Sulak Mamure Sulak
Kalesi Alam Kalesi Alam Toplam
Orneklenen Birey sayisi 8 - 32 - 40
Ergin olmayan/Ergin 0/8 - 10/22 - 10/30
Ergin olmayan/ 0/8 - 10/32 - 10/40
Toplam birey sayisi
Ergin olmayan / 0 - 31,25 - 25
Toplam birey sayist (%)
Ergin/ Toplam birey sayisi 8/8 - 22/32 - 30/40
Ergin/ Toplam birey sayis1 (%) 100 - 68,75 - 75
Disi/Erkek 3/5 - 12/20 - 15/25
Disi/Toplambirey sayisi 3/8 - 12/32 - 15/40
Disi / Toplam birey sayis1 (%) 37,5 37,5 37,5
Erkek/Toplam birey sayisi 5/8 - 20/32 - 25/40
Erkek / Toplam birey sayisi 62,5 62,5 62,5
(%)
Gozlemlenen Birey Sayisi 15 0 51 6 72

Mamure Kalesi popiilasyonunda ergin
olmayan bireylerin bulunmasi,
sulak alanini sadece ergin bireylerin tercih
etmesi, tiirlin hendek alan1 disinda Alyanak

Alyanak

alanindan
morfometrik
sunulmustur.

orneklenen
analizler

Mamure

Kalesi

sulak alanini da tireme alani olarak segtigini
gostermektedir.

hendek

bireylere  ait

3’de

Tablo 3. Mamure Kalesi hendek alanindan oOrneklenen T. scripta elegans bireylerinin

morfometrik dl¢timleri

Morfometrik ozellikler Yumurtlama éncesi | Yumurtlama sonrasi
(Cm) X i Sx X i Sy Esey

Diiz karapaks uzunlugu I - - Q
(SCL) 13,10 + 1,27 - J
M 18,5+1,05 21,5+2,12 Q
16,00+ 0,09 19,00+2,03 3
Diiz karapaks genisligi | - - Q
(SCW) 10,35+0,92 - J
M 14,00+0,45 15,75+1,77 Q
12,75+0,35 14,5+0,75 d
Kavisli karapaks | - - Q
uzunlugu (MCL) 14,65+1,12 - 3
M 23,3+£2,05 23,35+1,63 Q
17,5£0,71 21,00+1,4 3
Kavisli karapaks | - - Q
genisligi (MCW) 13,00+ 1,41 - 3
M 21,00+0,85 21,5+2,12 o
16,25+0,35 20,00+1,9 3
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Morfometrik ozellikler

Yumurtlama oncesi

Yumurtlama sonrasi

(Cm) X x Sy X x Sy sey
: : 9
Orta hat plostron 12,8424 - 3
uzunlugu (MPL) 19,5+1,39 20,25+1,06 Q
14,00+1,41 19,00+0,86 4
: : 9
Orta hat plostron 7,2+1,84 - 3
genisligi (MPW) 10,5+0,54 10,25%1,06 Q
7,75+0,35 9,8+0,82 3
: : 9
Diiz plostron genisligi 8,30+1,13 - 3
(SPW) 12,3+0,48 13,25+1,34 Q
10,3+0,42 12,00£0,25 J
: : 0
Plostron maksimum 12,35+1,20 - 4
uzunlugu (PLmax) 19,7+1,32 20,75+1,77 Q
14,5+0,71 19,5+1,68 48
: : 9
Plostron minimum 9,354+0,49 - )
uzunlugu (PLm) 14,5£1,00 15,3+0,99 Q
10,8+0,71 15,00+1,06 )
: : 9
Diiz viicut yiiksekligi 4,95+0,64 - 3
(SBH) 8,00+0,13 8,9+0.85 Q
5,9+0,14 8,00+0,82 4
: : 9
Kopril genisligi (BW) 46’,295;:0%241 6.85£1,06 g
5,03+0,03 5,9+0,07 3
: - - ?
ool harcketlon i 4,08:0,04 : 3
en kisitlayict boyut (E) D EVp S Bl 2
4,8+0,14 5,7+0,30 4
: - - ?
ot el Ul R - 5
(PCL) 1,65+0,02 1,93+0,53 Q
1,2+0,00 1,9+0,08 J
: - - ?
Kol Kok - ;
(CETL) 3,3+0,06 3,45+0,64 Q
2,35+0,07 2,9+0,09 48
: : Q
N o 1,63+0,25 - 4
Marjinal genislik (MW) 2.250.01 2255021 5
1,83+0,04 2,00+0,05 ]
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Morfometrik ozellikler

Yumurtlama oncesi

Yumurtlama sonrasi

(cm) X+s, Xt s, sey

: : 9
Nukal karapaks 0,40+0,14 - J
uzunlugu (NCL) 0,75+0,04 1,3+0,71 0
0,55+0,07 0,07+0,02 3
: : 9
Prekloakal uzunluk 1,00+0,14 - 3
(PreCL) 1,65£0,03 1,93+0,53 Q
1,2+0,00 1,4+0,08 )
: : 9
Postkloakal uzunluk 1,90+0,42 - 3
(POCL) 3,5+0,56 3,65+0,35 0
2,7+0,57 3,2+0,34 3
: : 9
. 2,70+0,28 = 3
Kuyruk uzunlugu (TL) 7.220.84 7354120 0
3,6+0,28 4,3+0,48 )
: : 0
. 3,75+0,35 = 3
Bag uzunlugu (HL) 6.8+0.2 7.6£1.56 0
5,00+0,00 6,2+1,50 3
: : 0
s 2,25+0,21 - d
Bas genisligi (HW) 2.95+0,05 3.0320.46 0
2,23+0,04 2,78+0,34 )
: : 9
. . 1,40+0,28 - 3
Bas yilksekligi (HH) 2,47+0,03 2,54+0,21 Q
1,85+0,07 2,24+0,02 3
' ' 5

< e 1,65+0,07 -
Ag1z genisligi (MW) 3654021 371008 9
1,88+0,11 2,48+0,32 3
' ' 5

, 5 4,93+0,81 -
On ayak uzunlugu (FLL) 9.5£0.23 045057 0
6,6+0,14 8,00+0,87 3
: : 0
Arka ayak uzunlugu 6,30+0,14 - J
(HLL) 10,5+0,72 10,5+0,71 Q
7,75+0,21 9,2+0,64 )
: - 9
) 1,30+0,14 - 3
Tirnak uzunlugu (NL) 13103 1.0840.11 9
1,6+0,28 0,9+0,09 3
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Morfometrik ozellikler Yumurtlama éncesi | Yumurtlama sonrasi
(cm) Xts, Xts, Esey
| : : ;
: 6,00+0,71 - d
Bas cevresi (HC) 0.120.45 XIERE o
M 7,3+£0,42 7,5+0,19 48
| : ‘ 5
< 383,00+£151,32 -
Toplam agurlik (TW, g) N 1424,00£55,90 1534,00£350,72 ®
583,00+12,73 1118,00+89,05 )

T. scripta  elegans’in  belirlenen  (Tablo 4) ve eseye bagh (Tablo 5) olarak
morfometrik  Ozelliklerin  diiz  karapaks  hesaplanarak indeks olusturulmustur.
uzunlugu (SCL) na oran1 olgunlasma

Tablo 4. T. scripta elegans’in ergin (M) ve ergin olmayan (I) bireylerine ait morfometrik
Ozelliklerin aritmetik ortalamalariin diiz karapaks uzunluguna oraninin yiizde indeksi

Morfometrik
ozellikler
(cm) Ortalama Standart hata Min-Mak Indeks
SCL I 14,95 1,00 13,5-16,0 100
M 21,46 1,79 19,92-23,72 100
SCW I 11,64 0,61 11,05-12,5 77,86
M 16,22 1,72 14,53-18,06 75,58
MCL | 16,59 0,72 15,95-17,5 110,94
M 22,92 0,83 21,96-23,98 106,83
MCW I 15,16 1,03 14,0-16,25 101,39
M 21,05 0,51 20,49-21,73 98,10
MPL I 13,50 0,38 13,08-14,0 90,27
M 20,08 0,93 18,92-21,0 93,56
MPW I 7,40 0,43 7,07-7,98 49,52
M 10,50 0,57 9,85-11,05 48,92
SPW I 9,51 1,01 8,21-10,6 63,60
M 13,12 1,04 11,88-14,2 61,14
PLmax I 13,74 0,66 13,0-14,5 91,91
M 20,97 1,10 19,91-22,2 97,74
PLm I 10,51 0,49 10,08-11,09 70,30
M 15,44 1,03 14,21-16,56 71,93
SBH I 5,34 0,36 4,91-5,77 35,69
M 8,59 0,75 7,68-9,5 40,01
BW I 4,65 0,49 3,96-5,05 31,12
M 6,98 0,55 6,42-7,6 32,54
E I 4,48 0,37 4,0-4,91 29,93
M 5,90 0,28 5,52-6,15 27,48
PCL I 1,10 0,08 1,0-1,2 7,36
M 2,00 0,24 1,76-2,3 9,31
CETL I 2,18 0,13 2,05-2,35 14,57
M 3,54 0,36 3,17-3,9 16,47
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Morfometrik
ozellikler
(cm) Ortalama Standart hata Min-Mak Indeks
MW I 1,67 0,27 1,28-1,89 11,14
M 2,23 0,15 2,04-2,4 10,38
NCL I 0,49 0,09 0,36-0,58 3,24
M 1,34 0,39 1,01-1,8 6,26
PreCL I 1,14 0,07 1,07-1,2 7,64
M 1,97 0,31 1,69-2,3 9,18
POCL I 2,40 0,33 2,01-2,8 16,07
M 3,64 0,21 3,43-3,9 16,95
TL I 3,53 0,50 3,06-4,02 23,63
M 7,15 0,94 6,19-8,2 33,32
HL I 4,67 0,44 4,21-5,05 31,24
M 7,74 0,85 7,01-8,7 36,08
HW I 2,37 0,17 2,22-2,59 15,85
M 3,11 0,22 2,89-3,35 14,49
HH I 1,68 0,13 1,55-1,85 11,22
M 2,53 0,13 2,39-2,69 11,78
MW I 1,76 0,15 1,59-1,95 11,77
M 2,77 0,13 2,63-2,95 12,89
FLL I 5,96 0,62 5,19-6,62 39,88
M 9,39 0,44 8,95-9,8 43,76
HLL I 6,57 0,39 6,06-6,93 43,91
M 10,52 0,52 9,98-11,01 49,04
NL I 1,53 0,19 1,37-1,8 10,23
M 1,14 0,08 1,08-1,25 5,32
HC I 7,02 0,52 6,5-7,56 46,92
M 9,00 0,68 8,28-9,6 41,92

Tablo 5. T. scripta elegans’in Disi (?) ve Erkek (&) bireylerine ait morfometrik dzelliklerin
aritmetik ortalamalarinin diiz karapaks uzunluguna oraninin yiizde indeksi.

Morfometrik
ozellikler
(cm) Esey | Ortalama Standart hata Min-Mak Indeks

SCL Q 18,75 0,35 18,5-19,0 100
) 16,87 4,27 13,10-21,5 100

SCW Q 14,25 0,35 14-14,5 76
3 12,95 2,71 10,35-15,75 77

MCL Q 22,15 1,63 21,00-23,00 118
3 18,50 4,44 14,65-23,35 110

MCW Q 20,5 0,71 20,00-21,00 109
3 16,92 4,29 13-21,5 100

MPL Q 19,25 0,35 19,00-19-50 103
3 15,68 4 12,8-20,25 93

MPW Q 10,15 0,49 9,80-10,5 54
3 8,4 1,63 7,2-10,25 50

SPW Q 12,15 0,21 12-12,3 65
3 10,62 2,49 8,30-13,25 63
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Morfometrik
ozellikler
(cm) Esey | Ortalama Standart hata Min-Mak Indeks
PLmax Q 19,6 0,14 19,5-19,7 105
3 15,87 4,36 12,35-20,75 94
PLmM Q 14,75 0,35 14,5-15 79
) 11,82 3,10 9,35-15,3 70
SBH Q 8 0,00 8-8 43
3 6,58 2,06 4,95-8,9 39
BW Q 6,40 0,71 5,9-6,9 34
3 5,38 1,33 4,25-6,85 32
E Q 5,83 0,18 5,7-5,95 31
3 4,92 0,91 4,08-5,88 29
PCL Q 1,78 0,18 1,65-1,9 9
3 1,38 0,49 1-1,93 8
CETL Q 3,1 0,28 2,9-3,3 17
3 2,57 0,8 1,9-3,45 15
MW Q 2,1 0,14 2-2,2 11
3 1,9 0,32 1,63-2,25 11
NCL Q 0,73 0,04 0,7-0,75 4
3 0,75 0,48 0,40-1,3 4
PreCL Q 1,563 0,18 1,4-1,65 8
3 1,38 0,49 1-1,93 8
POCL Q 3,35 0,21 3,2-3,5 18
3 2,75 0,88 1,90-3,65 16
TL Q 5,75 2,05 4,3-7,2 31
3 4,55 2,47 2,7-7,35 27
HL Q 6,5 0,42 6,2-6,8 35
3 5,45 1,96 3,75-7,6 32
HW Q 2,87 0,12 2,78-2,95 15
3 2,5 0,45 2,23-3,03 15
HH Q 2,36 0,16 2,24-2 47 13
) 1,93 0,57 1,4-2,54 11
MW Q 2,57 0,12 2,48-2,65 14
3 2,08 0,55 1,65-2,70 12
FLL Q 8,75 1,06 8-9,5 47
3 6,98 2,26 4,93-9,40 41
HLL Q 9,85 0,92 9,2-10,5 53
3 8,18 2,13 6,30-10,5 49
NL Q 1,1 0,28 0,9-1,3 6
3 1,33 0,26 1,08-1,6 8
HC Q 8,3 1,13 7,5-9,1 44
3 7,37 1,4 6-8,8 44
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4. Tartisma

Bu c¢alismada yabanci bir tiir olan T.
scripta elegans’in Mersin Anamur Tatlisu
Sistemlerinde  daha  6nceden  dagilimi
belirlenmig olan Mamure Kalesi
popiilasyonu ile ilgili yumurtlama 6ncesi ve

sonrast birey sayisi, disi erkek orani,
olgunlasma durumu ile ilgili  veriler
toplanmigtir.  Alyanak  sulak  alaninda

yumurtlama dénemi Oncesi tiriin 6 adet
bireyi gozlemlenmistir. Alyanak sulak alani
Anamur’da tiiriin dogrulanmis ikinci dagilim
alan1 olarak tespit edilmistir. Yapilan drenaj,
sulama kanallari, Dragon Cay1 ve baglantili
derelerde yiiriitillen arazi ¢aligmalarinda
kirmizi  yanakli tath su kaplumbagasi
bireylerine  rastlanilmamistir. ~ Mamure
Kalesi’ne en yakin su sistemi olan Alyanak
sulak alaninda bu tiirlin dagilimi tiiriin
Mamure Kalesi hendek alani disinda da
yerlesme egilimde oldugunu gostermektedir.
Cicek ve Ayaz (2015), 2005 yilinda Mamure
Kalesi’nde 500 m? alan icerisinde 20 adet E.
orbicularis ve 400 adet M. rivulata’nin
varhigimi bildirirken T. scripta elegans’in
sadece 10-15 bireyini kaydetmislerdir.
Calismada 10-15 adet arasinda T. scripta
elegans bireyi bildirilirken bizim
calismamizda Mamure kalesinde 51 adet
Alyanak sulak alaninda 6 adet gozlenmistir.
T. scripta elegans’in  Mamure Kalesi
poplilasyonunda  birey  sayisinin  artis
egiliminde oldugu ayni zamanda Alyanak
sulak alanina da yerlesme egiliminde oldugu
gozlemlenmistir. Yerel halkin Mamure
Kalesi hendek alani disinda herhangi bir T.
scripta elegans bireyini gérmediklerini ifade
etmelerine ragmen tliriin yaklastk 1 km
uzakliktaki Alyanak sulak alaninda bireyleri
ile karsilagilmistir. Ayrica 2005 yilinda
Cicek ve Ayaz (2015) tarafindan bildirilen
birey  sayismnin  bizim  c¢alismamizda
belirlenen birey say1s1 ile
karsilastirdigimizda tiiriin birey sayisindaki
artisin  fazla olmadigr goriilmektedir. Bu
durumun Mamure Kalesi’nde kirmiz1 yanakl
kaplumbagalarin satis amagl illegal yollarla
kismi oranda ortamdan ¢ekildigi ya da diger
tatlisu  kaplumbagas1 tiirlerinin  kirmizi
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yanakli kaplumbagalar ile rekabeti nedeni ile
poplilasyonlarinin denge altinda tutuldugu
seklinde degerlendirme yapilmistir. Kirmizi
yanakli kaplumbagalar ve iki yerel tiirlin
beslenme, gilineslenme ve yumurtlama
alanlar1 agisindan rekabete girdigi bu
durumun hem yerel tiirler hem de yabanci
tirtin  poptilasyonlarin1  denge  altinda
tutabilecegi degerlendirilmistir. Uzerlerinde
herhangi bir predatdr baskist bulunmayan
korunakli bir alanda yasam siirdiiren yabanci
tirliniin toplam birey sayilarmin c¢ok fazla
artmamasi kirmizi yanakl kaplumbaga ile bu

iki tir arasindaki rekabetin  siddetini
gostermektedir. Alyanak Sulak alaninda
yiriitilen izleme ¢alismasinda, kirmizi

yanakli kaplumbagalarin 6 adet bireyine
rastlanmis olup, Mamure Kalesine yaklasik 1
km uzaklikta bulunan bu sulak alana
bireylerin ana popiilasyonun bulundugu
stnirli  imkanlarin = var oldugu hendek
alanindaki tiir i¢i ve tiirler arasi rekabet
iligkilerinin azaltilmasina yonelik yeni yasam
alani bulma amaciyla gittikleri
diisiiniilmektedir. Daha Once yapilan bir
calismada tliriin 2-6 m uzaklikta Mamure
Kalesi i¢i ya da 1,6 km uzaklikta uygun
yumurtlama alanlarina hareket ettikleri
vurgulanmigtir  (Cigek ve Ayaz, 2015).
Alyanak sulak alam1 ana popiilasyonun
bulundugu alandan yaklagik 1 km uzaklikta
olup arastiricilarin bildirdigi mesafe sinirlari
icinde tiirlin bireylerinin dagilim gosterdigi
goriilmektedir. Bu durum T. scripta
elegans’in bolgede var olan diger tatlisu
kaplumbaga tiirleri ile yumurtlama alanlar
icin rekabeti sonucunda Alyanak Sulak
Alanina yerlesmeye basladigi  seklinde
degerlendirilmistir.

T. scripta elegans’in disi bireylerinin 3-4
yasinda cinsel olgunluga eristigi, 5 yasinda
ise liremeye basladigi, iireme biiyiikliigiine
ulasan bireylerin diiz karapaks uzunlugunun
>160mm oldugu bilinmektedir (Perez-
Santigosa ve ark. 2008). Bu arastirmada
Mamure Kalesi hendek alaninda iireme
Oncesi ve sonrast Orneklemede ergin
olmayan ve ergin toplam 40 adet birey
toplanmigstir. Ornekleme siirecinde, Mamure
Kalesinde tiire ait birey sayisinin yaklagik 51
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birey oldugu tahmini yapilmistir. Alyanak
Sulak Alaninda ise 6 birey gozlemlenmistir.

Bu durum tiirin ana popiilasyonunun
bulundugu Mamure Kalesi’nden yeni bir
alana  yerlesme  siirecinde  oldugunu
gostermektedir.

Yabanci tiirler katildiklart ekosistemin
yerel tilirleri ile olduk¢a biiyiilk rekabet
gostermektedirler. Beslenme, iireme ve
yasam alani olusturma amaciyla tiirler
arasindaki bu rekabet genellikle yerel tiirlerin
baskilanmasi ile sonuglanmaktadir. Bunun
en biiyiik nedeni ise yabanci tiirlerin genetik
ve karakteristik olarak yerel tiirlerden daha
baskin 06zelliklere sahip olmalandir. Bu
durum genellikle yerel tiir popiilasyonunun
bolluk olarak azalmasi ile sonuclanir. T.
scripta elegans’in, E. orbicularis ve M.
leprosa ile yemek, giineslenme ve yuvalama
alanlar1 i¢in rekabet ettigi bildirilmistir (Cadi
ve Joly 2003, 2004; Ficetola ve ark., 2012).
Mamure Kalesinde yliriitiilen bu arastirmada
T. scripta elegans’in bolgede yasayan yerel
tir, E. orbicularis ve M. rivulata ile
beslenme, giineslenme ve yasam alani
olusturma amaciyla rekabette bulunmasinin
yanisira bu rekabetten kagmmak igin yeni
yerlesim alanlarina yerlesmeye ¢alistigt
gbzlemlenmistir. Bu bulgu Cicek ve Ayaz
(2015) ile uyumludur.

Bir ekosistemde yabanci tir ile yerel
tirler arasindaki rekabet o ekosistemin besin
zinciri lizerinde etkili olmaktadir. Yabanci
tiriin beslenme sekli, diyetini olusturan
tiirlerin popiilasyonunu da etkilemektedir. T.
scripta elegans omnivor bir tiir oldugundan

katildig1 ekosistemin makroalg,
makrozoobentoz ve amfibi topluluklar
tizerinden  beslenmekte olup  besinini

olusturan tiir popiilasyonunun yogunlugunu
etkileyebilmektedir (Teillac-Deschamps ve
Prevot-Julliard, 2006). Hem yabanci tiir hem
de yerel tath su kaplumbaga tiirleri
tarafindan sinirli bir alan olan hendek
alaninda olusturulan besinsel rekabet ve agiri
sOmiirli yabanci tiirii nisbeten daha yogun
makroalg, tatlisu bitkileri, makrozoobentoz
barindiran Alyanak sulak alanina dogru
yonlendirdigi degerlendirmistir. Bu durum
yabanci tiiriin Anamur tathisu sistemlerinde
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dagilimi agisindan bir itici glic olabilir.
Yapilan bir baska c¢alismada T. scripta
elegans’in, bulundugu habitatta suyun pH,
iletkenlik siltasyon artis1 ve yaprak ¢Opiiniin
ayrigtirilmasi sonucu kimyasal
parametrelerde degisime ve nutrient girdisine
katk1 saglayarak omurgasiz tiirlerin bolluk ve
biyokiitlece artmasina yol actig1 belirtilmistir
(Lindsay vd., 2013). Arastirma bulgulari
istilac1 olarak tanimlanan bu tiiriin besin ag1
kurulmasinda ve stabilitesini saglamada
oynadig1 ekolojik roliin yeni bir ekosistemin
olusmasina ve de isleyisini etkileme
potansiyeline sahip oldugunu
ispatlamaktadir. Diger yandan T. scripta
elegans’in rekabet¢i karakteri yerel tiirler
lizerinde  habitat  baskis1  olusturarak
katildiklar1 ekosistemde degisime neden
olabilirler. Dolayisiyla bu tiirlerin biyolojik
cesitlilik ve ekosistem isleyisi tlizerindeki
ekolojik etkilerinin anlasilmasit oldukga
onemlidir (Lindsay ve ark., 2013). Yabanci
tiirlin ekosistemde tistlendigi islevsel rol tam
olarak anlasilmadan tiiriin istilac1 ve tehlikeli
olarak  tanimlanmas1 ve  alinabilecek
onlemler yeni olusan ekosistem isleyisinin
engelleyebilecek en biiyiikk tehdit olarak
degerlendirilmistir. Dogal bir sulak alan olan
Alyanak sulak alaninda tiirlin  besin
zincirinde kazandig1 islevsel rol iizerine
calisilmasina ihtiya¢ bulunmaktadir.
Gilineydogu Amerika’nin yerel tiirii olan
T. scripta elegans evcil hayvan ticareti
yoluyla pek cok iilkeye tasinmis olup bugiin
Antarktika diginda tiim kitalarda yayilim
gosterdigi bildirilmektedir. Diinya genelinde
dagilim gosteren bu tiiriin biyolojik ya da
ekolojik ozelliklerini bildiren ¢alisma sayisi
oldukca simirlidir. Mevcut caligmalarin da
daha ¢ok anavatami {lizerinde yiiriitiildiigii
belirtilmistir (Ramsay vd., 2007). Her ne
kadar tiir ile ilgili ¢aligmalarin az oldugu
bildirilse de T. scripta elegans’in hem
anavatan1 hem de anavatani1 disindaki dogal
sucul alanlardaki dagilimi c¢alisilmaktadir.
Biiyilkk Goller Havzasi’'nda (Great Lake
Bolgesinde) T. scripta elegans’in mevcut
dagilimi ile gelecekte Ongoriilen dagilim
oraninin incelendigi bir arasgtirmada Biiyiik
Goller Havzasindaki birey sayisindaki artigin
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%26’dan %50’ye ulasabilecekken Erie Golii
daha biiyiik risk oranmna sahiptir. Iklim
degisikligi nedeniyle T.scripta elegans igin
uygun alanin kuzeye dogru kaymasi Erie
GOl kadar Superior Golii'niin de risk altina
girecegini gostermektedir (Spear ve ark.,
2018). Yabanci istilact tath su kaplumbagasi
T. scripta elegans’n yerel tiir E. orbicularis
arasindaki rekabetin kapsaminin anlasilmasi
amaciyla Kuzey Italya'da her iki tiiriin
bireyleri 6rneklenerek azot ve karbon kararli
izotop analizi yapilmistir (& 15 N ve 6 13 C).
Penge Orneklemesi allokton bir tiir olan T.
scripta elegans ile otokton tiir olan E.
orbicularis’in yetiskinlerinde diyet
bilesenleri bakimindan kisa ve uzun vadede
bir ayirim saptanirken, yetiskin alloktonlar
ile gen¢ otoktonlar arasinda bir Ortiisme
saptanmigtir. ~ Ayn1  arastirmada  kan
orneklemesi bulgulan tiirler arasinda kismi
ortlismenin bulundugu dolayisi ile T. scripta
elegans’in yerel tiir E. orbicularis iizerinde
kismi rekabeti kanitlanmistir. Bu arastirmada
yerel tiiriin poplilasyonu {izerinde yerel
olmayan tiir rekabetinin azaltilmasi amaciyla
yerel tiriin belirli yasam evrelerinde
korunmasmin gerekli oldugu belirtilmistir
(Balzani vd., 2016). Taiwan’da yapilan bir
arastirmada, T. scripta elegans’in her ne
kadar  yerel tiirler iizerine  baskisi
kanitlanamasa da ozellikle kuzey ve orta
bolgelerde yaygin olarak bulunduklar1 ve
ozellikle, Keelung Nehri'nde popiilasyon
kurduklar belirtilirken, Shuanglian
Rezervuari, Banciao, Lujhu, Yangmei ve

Wurih gibi bazi1 habitatlarda aragtirma
sirasinda gozlenen juvenil bireyler bu
bolgelerde de kismen lireme

popiilasyonlarinin kuruldugunu gosterebilir.
Her ne kadar Avrupa’da tiiriin yerel tiirler
tizerine baskisit kanitlansa da Taiwan’da T.
scripta elegans popiilasyonunun yerel tiirler
tizerine  baski  kurabilecek  biiytikliige
ulasmadig1 belirtilmekte olup tiiriin yerel
tiirlerle birlikte giineslenme davraniglari
bildirilmistir ~ (Chen,  2006).  Onceki
calismalar T. scripta elegans’in kentsel
alanlarda daha fazla dagilimi bulundugunu
bildirmektedir. =~ Kuzey  Kaliforniya'nin
Sacramento Nehri havzasinda tiirlin drenaj
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boyunca dagilim gosterdigi ancak yerel tiir
E. marmorata’nin  bulundugu habitat
igerisinde smmirli sayida gozlemlendikleri
belirtilmistir (Thompson ve ark., 2010).
Bunun nedeni tiiriin evcil hayvan olarak
beslenmesi ve yine insanlar tarafindan kent
icerisindeki sucul alanlara birakilmasindan
kaynaklanabilir. Son yillarda yabanci tiirlerin
yerel tiirler tizerindeki etkileri ve var olan
ekosistemleri  degistirme  potansiyelinin
anlasilmaya baglanmasi bu tiirler iizerinde
calismalarin artmasma yol agmistir. Bizim
calismamizda Mamure Kalesi hendek
alaninda popiilasyon kuran T. scripta
elegans’in yakin g¢evredeki ¢ok sayida sucul
alanlarda  varlik  yokluk  durumunun
belirlenmesine ¢alisilmuis, tiiriin sadece 1 km
uzakliktaki ~ Alyanak  sulak  alaninda
bulundugu tespit edilmistir. Uzun zamandan
beri Mamure kalesinde bulunan bu yabanci

tiriin yakininda c¢ok sayida sucul alan
olmasma ragmen Alyanak sulak alani
disinda  dagiliminin  bulunmamas1 dikkat

cekicidir. Yabanci tiiriin diger sucul alanlara
dagilmasini engelleyen faktorlerin
incelenmesine ihtiya¢ bulunmaktadir.
Mamure Kalesi hendek alanindan
orneklenen T. scripta elegans’in
morfometrik 6zellikleri olgunlasma ve eseye
bagli olarak calisilmistir.  Yumurtlama
sonras1 Orneklenen bireylerin yumurtlama
oncesi donemde Orneklenen bireylerden daha
biiylik olduklar1 belirlenmistir. Arastirmada
disi bireylerin erkek bireylerden daha iri
olduklar1 saptanmigtir (Tablo 3). T. scripta
elegans’in ABD Texas tatlisu sistemlerinden
orneklenen bireylerinde karapaks uzunlugu
(CL) 171 mm (30-328 mm), karapaks
genigligi (CW) 129 mm (31-220), plostron
uzunlugu (PL) 157 mm (29-267 mm),
pektoral scute plastron genisligi (PW) 102
mm (21-175 mm), maksimum viicut derinligi
(BD) 70 mm (13-122 mm) olarak
belirlenirken viicut agirhigr (W) 913 g olarak
Olciilmiistiir. Hindistan’in Goa kentinde
istilact bir tir olan T. scripta elegans’in
kuzeyde Khandepar Nehri’nde bir disi,
giineyde Taleigao bolgesinde ise bir disi ve
bir erkek bireyinin kirsal ve banliyo
alanlarinda  gdzlemlendigi  bildirilmistir.
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Yapilan morfometrik Ol¢ltimler yakalanan
bireylerin yetigskin oldugunu gostermektedir.
Gilineyden orneklenen bir erkek ve bir disi
bireye ait bazi morfometrik OSlglimler
sirastyla CL: 20,6 — 22 cm; CW: 17,5 - 21,5
cm; CH: 6 - 6,4 cm; PL: 19,8 — 21 cm; PW:
14- 15 cm; TTL: 7 — 5 cm ve W: 1402 g
olarak, kuzeyden orneklenen bir disi bireye
ait morfometrik Olgiimler ise CL: 21,2 cm;
CW: 19,5 cm; CH: 6,3 cm; PL: 19,8 cm;
PW: 14,7 cm; TTL: 5,6 cm ve W: 1625 g
olarak belirlenmistir (Jadhav ve ark., 2018).
Her iki arastirma da bildirilen sonuglar ile
bizim ¢aligmamizda Orneklenen bireylerin
morfometrik o6l¢iimlerinin benzer oldugu
goriilmektedir.

5. Sonuclar ve Oneriler

Dogal yasam alanindan farkli bir
ekosisteme katilarak dagilim gdsteren tiirler
olarak tanimlanan yabanc tiirler, yeni yasam
alanlarinda rekabete dayali olarak flora ve
fauna Tlzerinde baski olusturabilirler. Bu
durum o ekosistemin biyogesitliligi {izerinde
etkili olabilir. Besin ve ilireme alanina ortak
olma yerel tiir popiilasyonlarinin dinamigini
degistirerek  onlarin  azalmalarima, yok
olmalarina ya da habitat degistirmelerine yol
acabilirken, av-avcr iligkisi besin zincirinin
diger  halkalarim1  olusturan tiirlerin
popiilasyonlarinin dengesi iizerinde Onemli
role sahiptir. Yabanci olarak adlandirilan
yerel olmayan tiirlerin yeni katildiklar
ekosistemdeki ekonomik ve ekolojik etkileri
olumlu ya da olumsuz olabilirken notr etkiye
de sahip olabilir.

T. scripta elegans, evcil hayvan olarak
pek ¢ok yerde uygun fiyatla satilmakta ve
evcil olarak biiyiitiilen bu hayvanlar, bakim
ve kontroliinliin saglanamamas: nedeniyle
biiyiidiilkten sonra dogaya birakilmakta,
dogada genis dagilim alani bulabilmektedir.
Biyolojik Cesitlilik Sozlesmesi (CBS 2015),
yerli olmayan tiirler i¢in ¢ asamali
hiyerarsik bir yaklagim 6nermis olup Bunlar;
1) onleme, tespit/gdzetim ve hizli miidahale,
2) kontrol ve 3) yok etme. Yabanci tiirlerin
dagilim1  belirtilen  antropojenik  etkiler
nedeniyle dinamik bir yap1 gostermekte olup
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ekolojik ve ekonomik olumsuz etkilerin
Onlenebilmesi ve kontrol edilebilmesi i¢in
¢evre izleme calismalarinin siirdiiriilebilir
olmasi dnemlidir.

Mersin 1li Anamur ilgesi ve iilkemizde
dagilimi bulunan diger tatlisu sistemlerinde,
Kirmiz1 yanaklhi tatli su kaplumbagasinin
demografik ozellikleri (yogunluk, biiyiime
orani,  hayatta  kalma  orani, yas
kompozisyonu, cinsiyet orani, difiizyon vb.),
ireme ve dagilim potansiyeli hakkinda
kapsamli olarak yiiriitiilecek caligmalara
gereksinim bulunmaktadir. Yabanci tiirlerin
poplilasyonlarinin zamansal ve mekansal
degisimlerini  uzun  vadede izlemek
ekosistemde {istlendikleri ekolojik roliin
belirlenmesi i¢in 6nemlidir.
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ABSTRACT

The protein hydrolysates with antioxidant and antimicrobial potential have become a theme of great interest for
pharmaceutical, nutraceuticals, as well as food processing and preservation industries. On the other hand, chemical
composition of fish protein hydrolysates is significant in nutrition perspective of human health. Hence, in the present
study proximate and amino acid compositions, antioxidant and antimicrobial activities of Alburnus tarichi roe
protein hydrolysate was estimated. Protein, lipid, moisture, and ash content were found to be 87.24+0.1, 0.72+0.04,
8.79£0.3, and 7.01%0.09%, respectively. Glutamic acid, aspartic acid, lysine, leucine and alanine were found to be
the most dominant amino acids, whereas, cysteine was found to be the lowest amino acid in roe protein hydrolysate.
The 1Cso value of roe protein hydrolysate for DPPH radical and hydroxyl-radical scavenging activities were 54.33
pg/mL and 77.02 pg/mL, respectively. The reducing power of A. tarichi roe protein hydrolysate was analyzed, the
optical density values of roe protein hydrolysate and gallic acid at 700 nm were 0.45+0.03 and 1.14+0.09,
respectively. Roe protein hydrolysate had shown maximum zone of inhibition against Klebsiella pneumoniae
(11.1£0.30 mm) followed by Salmonella enterica (10.7+0.46 mm), Proteus mirabilis (10.1+0.35 mm) and Candida
albicans (8.7+0.34 mm). The results demonstrated the importance of amino acid composition in determining the
bioactive potential of the peptides. The results showed that roe protein hydrolysates of A. tarichi was proved to show
good effect on antioxidant and antimicrobial activities and can be used a source for nutraceuticals and
pharmaceuticals.
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1. Introduction

Fish is one of the potential sources of an-
imal protein and essential nutrients for the
maintenance of a healthy body in the devel-
oping countries (Lees and Carson, 2020).
Fish protein hydrolysates are reported as a
source of promising health benefit compo-
nents for nutritional or pharmaceutical appli-
cations (Chakniramol et al., 2022). The fish
protein hydrolysates obtained after hydroly-
sis are composed of free amino acids and
short chain of peptides showing many ad-
vantages as nutraceuticals or functional
foods because of their amino acid profile.
The amino acid composition of any food
proteins has substantial role in numerous
physiological activities of human body and
affects either directly or indirectly in main-
taining good health (Alboofetileh et al.,
2021).

Fish protein hydrolysates have been
proved to have potential role in nutritional
and pharmaceutical applications (Lees and
Carson, 2020; Alboofetileh et al., 2021;
Chakniramol et al., 2022). Certain fish pro-
tein hydrolysates have been reported to have
noticeable antioxidant activities and it has
been proposed that they can be used as a
natural antioxidant (Heffernan et al., 2021).
The protein hydrolysates with antioxidant
potential have become a theme of great in-
terest for pharmaceutical, nutraceuticals, as
well as food processing/preservation indus-
tries (Nirmal et al., 2022). On the other hand,
fish exhibit different types of antimicrobial
peptides. Almost all antimicrobial peptides
obtained from fish have antibacterial or bac-
teriostatic functions against several gram-
positive and gram-negative bacteria (Zamo-
ra-Sillero et al., 2018).

Alburnus tarichi, Giildenstdt, 1814 (pearl
mullet) is an anadromic endemic carp spe-
cies that migrates to streams (between mid-
April and mid-July) living in the high pH
waters of Lake Van and pouring into the lake
for breeding. A. tarichi can leave approxi-
mately 6.000-16.000 eggs. Due to its fast
growth and suitable price, A. tarichi current-
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ly is regarded a high economic value fish
species in Turkey (Oguz, 2018).

In this study, it was aimed to investigate
the proximate composition, amino acid com-
position, antioxidant, and antimicrobial ac-
tivities of A. tarichi roe protein hydrolysate.

2. Materials and Methods

2.1. Preparation of Roe Protein Hydroly-
sate from A. tarichi

A. tarichi was obtained freshly from sev-
eral fishermen in Van, Turkey in March
2019. Necessary permissions were obtained
from Van Animal Experiments Local Ethics
Committee of Van Yuzuncu Yil University
(Decision  number: 2019/03, Date:
28.03.2019). Roes of the fish were isolated,
homogenized, and kept at —20°C until use.
Roe protein hydrolysate was prepared from
defatted A. tarichi roe powder using Prote-
ase N (Bligh and Dyer, 1959).

Protein

2.2. Chemical of

Hydrolysate

Analysis

2.2.1. Total Protein

The total protein content was estimated by
Folin-ciocalteu method (Lowry et al., 1951).

2.2.2. Total Lipid

The lipid content was estimated according
to the method of Folch et al. (1956).

2.2.3. Moisture and Ash

Moisture and ash contents were
determined using the method of Kuzucu et
al. (2017).

2.2.4. Amino Acid Analysis of Hydrolysate

The lyophilized hydrolysate was analyzed
for the amino acid composition in the HPLC
(Agilent 1100 HPLC system, Agilent
Technologies, Santa Clara, CA, USA)
(Baker and Han, 1994).
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2.3. Antioxidant Activity

2.3.1. DPPH Radical Scavenging Assay

DPPH radical scavenging activity of hy-
drolysate was determined by the method
followed by Wu et al. (2003).

2.3.2. Hydroxyl-radical Scavenging Assay

The hydroxyl-radical scavenging activi-
ties of the samples were analyzed by the
method described by Halliwell et al. (1987).

2.3.3. Reducing Power Assay

The reducing power of the fractions of roe
protein hydrolysate was measured by the
method followed by Zhu et al. (2008).

2.4. Antimicrobial activity

Antimicrobial activity of roe protein hy-
drolysate was analyzed by well diffusion
method followed by Schillinger and Luke
(1989).
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2.5. Statistical Analysis

All experiments were arranged in tripli-
cate. Obtained data were presented as mean
+ standard deviation. Statistical evaluation
was performed using SPSS software version
15.0 (SPSS Inc., Illinois, USA). p<0.05 was
taken into account in the evaluation of the
data

3. Results

3.1. Chemical Analysis of Hydrolysate

The proximate composition of roe protein
hydrolysate of A. tarichi was given in Table
1.

The amino acids were analyzed from the
protein hydrolysate of A. tarichi roe. Table 2
shows the amino acid composition of protein
hydrolysate of this fish. In the studied fish
protein hydrolyzate, aspartic acid, leucine,
lysine, alanine and glutamic acid were found
the most among all the amino acids studied.
Cysteine was determined as the least amino
acid.

Table 1. Proximate composition (%) of roe protein hydrolysate of A. tarichi

Composition Percantage (%)
Protein 87.244+0.19%
Lipid 0.72+0.04%
Moisture 8.79+0.3%
Ash 7.01£0.09%

Table 2. Amino acid composition (%) of roe protein hydrolysate of A. tarichi

Amino acids Percantage (%0)
Aspartic acid 10.1
Alanine 9.8
Glutamic acid 14.7
Cysteine 0.2
Proline 4.4
Glycine 6.3
Tyrosine 3.2
Arginine 5.1
Histidine 2.8
Isoleucine 3.7
Leucine 8.6
Lysine 9.9
Methionine 3.8
Phenylalanine 2.6
Threonine 5.8
Serine 4.2
Valine 4.4
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3.2. Chemical Analysis of Hydrolysate

The scavenging ability in DPPH and
hydroxyl-radical assays of A. tarichi roe
protein hydrolysate in a concentration of
pg/mL was found to be 63.8+2.3% and
53.842.8%, respectively (Figure 1 and
Figure 2). The ICso value of roe protein
hydrolysate for DPPH radical and hydroxyl-
radical scavenging activities were 54.33
pug/mL and 77.02 pg/mL, respectively.

B
50
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0
10
20 40 60 80 100

Concentration (pg/mL)
Figure 1. DPPH radical scavenging activity
of roe protein hydrolysate of A. tarichi

20 40 T 60 " 80 | 100

Concentration (ug/mL)

Figure 2. Hydroxyl radical scavenging activ-
ity of roe protein hydrolysate of A. tarichi

DPPH radical scavenging activity (%)

Hydroxyl radical scavenging activity (%)

As a result of the analysis, the optical
density values of roe protein hydrolysate and
gallic acid at 700 nm were 0.45+0.03 and
1.14+0.09, respectively (Figure 3). The re-
ducing power of gallic acid using as positive
control in our study was statistically signifi-
cantly higher than the protein hydrolysate
(p<0.05).
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Protein hydrolysate

Reducing power ability (0.D.)

Gallic acid

Figure 3. Hydroxyl radical scavenging activ-
ity of roe protein hydrolysate of A. tarichi

3.3. Antimicrobial activity

In the present study roe protein hydroly-
sate was analyzed for antimicrobial activity
by well diffusion method. Seven human bac-
terial pathogens such as E. coli, S. typhi, S.
enterica, K. pneumoniae, P. mirabilis, S.
aureus and V. wvulnificus and three fungal
pathogens such as C. albicans, C. glabrata,
and C. tropicalis were used for antimicrobial
activity analysis. The zone of inhibition was
observed against all the pathogens tested.
Hence the result of roe protein hydrolysate
had revealed their potent antimicrobial activ-
ity (Table 3).

Roe protein hydrolysate had shown max-
imum zone of inhibition against K. pneu-
moniae (11.1£0.30 mm) followed by S. en-
terica (10.7£0.46 mm), P. mirabilis
(10.1£0.35 mm) and C. albicans (8.7+0.34
mm) (Table 3). Hence roe protein hydroly-
sate from A. tarichi were proved to have high
antimicrobial activity against the tested hu-
man bacterial and fungal pathogens.



Berkoz, M., Yunusoglu, O., Ozkan-Yilmaz, F., Ozliler-Hunt, A., Yalin, S., Tiirkmen, O.

MedFAR (2023) 6(1): 26-36

Table 3. Zone of inhibition produced by roe protein hydrolysate of A. tarichi

Pathogens

Zone of inhibition (mm)

Staphylococcus aureus
Vibrio vulnificus
Proteus mirabilis

Klebsiella pneumoniae

Salmonella enterica
Salmonella typhi
Escherichia coli
Candida albicans

Candida glabrata

Candida tropicalis

7.1£0.24
8.1+0.46
10.1+0.35
11.1£0.30
10.7+0.46
5.6+0.23
7.6+0.39
8.7+0.34
7.6+£0.28
7.1£0.56

4. Discussion and Conclusion

The chemical content of fish protein hy-
drolysates is important for a healthy diet of
humans. (Lees and Carson, 2020; Al-
boofetileh et al., 2021; Chakniramol et al.,
2022; Borges et al., 2023; Langlois et al.,
2023). In the present study the protein con-
tent of roe protein hydrolysate of A. tarichi
was 87.24%. Hence, this protein hydrolysate
was rich in protein content, it could be con-
sidered as an essential source of proteins.
Similar result was recorded by Kristinsson
and Rasco (2000) and Pacheco-Aguilar et al.
(2008) in Salmo salar (88.39%) and Merluc-
cius productus (88.6%) muscle protein hy-
drolysates, respectively. The protein content
of fish muscle hydrolysates has been report-
ed as 60-97% of the total composition. (Kris-
tinsson and Rasco, 2000). The excess content
indicated for fish protein hydrolysates can be
explained by the dissolution of the proteins
during hydrolysis and also the removal of
insoluble solid particles by centrifugation
(Chala-maiah et al., 2012). The high protein
content of the investigated fish hydrolysates
made it suitable as a dietary supplement.

We found the lipid content of roe protein
hydrolysate of A. tarichi as 0.72%, similar
result was reported from Lutjanus vitta mus-
cle protein hydrolysates (0.64%) by
Khantaphant and Benjakul (2008) and Oreo-
chromis niloticus meat hydrolysates (0.67%)
by Foh et al. (2011). The lipid content of
most of the fish muscle protein hydrolysates
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were reported as less than 5% by several
researchers in various fish species (Kristins-
son and Rasco, 2000, Pacheco-Aguilar et al.,
2008, Khantaphant and Benjakul, 2008). It
accounts for the low oil content of fish pro-
tein hydrolysates due to the elimination of
undissolved compounds and lipids by cen-
trifugation (Shahidi et al., 1995).

Moisture content was 8.79% in the cur-
rent study, almost similar value of moisture
content was reported by Thiansilakul et al.
(2007) and Dong et al. (2005) in Decapterus
maruadsi (8.75%) and Saurida elongata
(8.5%) protein hydrolysates. But the present
value was lower than the value reported by
Khantaphant and Benjakul (2008) in Lutja-
nus vitta muscle protein hydrolysates
(11.16%). It causes low moisture content in
protein hydrolysates due to the type of sam-
ples and oven drying and evaporation pro-
cesses (Bueno-Solano et al., 2009). Most
studies have proven that fish protein hydrol-
ysates from various species contain less than
10% moisture (Kristinsson and Rasco, 2000,
Pacheco-Aguilar et al., 2008, Choi et al.,
2009).

In the present study, the ash content was
7.01%. Dong et al. (2005) recorded almost
similar value of ash in Saurida elongata pro-
tein hydrolysates (7.1%). The ash content of
most of the fish muscle protein hydrolysates
was reported as 1.76% to 24.56% of total
composition (Kristinsson and Rasco, 2000,
Thiansilakul et al., 2007, Pacheco-Aguilar et



Berkoz, M., Yunusoglu, O., Ozkan-Yilmaz, F., Ozliler-Hunt, A., Yalin, S., Tiirkmen, O.

al., 2008, Choi et al., 2009, Foh et al., 2011).
The ash content of fish protein hydrolysates
may have been found to be high due to the
acid or base substances added to balance the
pH of the medium (Kristinsson and Rasco,
2000, Dong et al., 2005, Pacheco-Aguilar et
al., 2008, Choi et al., 2009).

Among the amino acids studied aspartic
and glutamic acid and lysine were found to
be dominant in the protein hydrolysate pre-
pared from A. tarichi roe. This result shows
good agreement with the amino acid compo-
sition of various fish protein hydrolysates
(Klompong et al., 2009, You et al., 2011,
Ghassem et al., 2014). In this present study,
amount of glutamic acid was recorded in A.
tarichi roe protein hydrolysate to be 16.5%,
almost similar value was recorded by
Ghassem et al. (2014) in Channa striatus
myofibrillar protein hydrolysates (16.4%)
produced by proteinase K and You et al.
(2011) in Misgurnus anguilliacaudatus pro-
tein hydrolysates (16.7%). The amount of
aspartic acid was recorded to be 10.1%. Sim-
ilarly, Khantaphant et al. (2008) recorded
10.65% and 10.73% of aspartic acid in Lut-
janus vitta muscle protein hydrolysates. Ly-
sine was also found to be dominant in A.
tarichi to be 10.1%, almost similar value was
recorded by Ghassem et al. (2014) in Chan-
na striatus sarcoplasmic protein hydrolysates
(9.9 £ 0.64%) produced by proteinase K.
Fish protein hydrolysates have been reported
to exhibit differences in their amino acid
compositions (You et al., 2011, Hou et al.,
2011, Ghassem et al., 2014). Some factors
such as hydrolysis conditions, type of en-
zyme, raw material may be the reason for the
difference in amino acid composition of fish
protein hydrolysates (Klompong et al.,
2009).

Protein hydrolysates of various fish
sources such as whole capelin, tuna cooking
juice, skin gelatin from brown stripe red
snapper, mackerel, yellow fin sole frame,
Alaska pollack frame, round scad muscle,
Atlantic salmon, hoki, conger eel, yellow
travelly, mackerel, loach and Pacific hake
muscle have been proved to have antioxidant
activity (Klompong et al., 2009). Some stud-
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ies have shown that there is a good correla-
tion between certain amino acid residues and
the antioxidant potential of protein hydroly-
sates (Gonzalez-Serrano et al., 2022). It is
accepted that peptides with higher content of
lysine, tyrosine, histidine, methionine, tryp-
tophan, proline, alanine, valine and leucine
have more antioxidant properties (Liu et al.,
2021). The protein hydrolysates prepared
from A. tarichi roe contained all these anti-
oxidants related amino acids. Hence the pre-
sent study has also focused on the antioxi-
dant activity of protein hydrolysate prepared
from A. tarichi roe. For this aim, DPPH and
hydroxyl radical scavenging assays were
used for finding out the antioxidant activity
of the protein hydrolysate of A. tarichi roe.
DPPH, one of the organic nitrogen radi-
cals, takes an electron or hydrogen atom,
becoming a stable and commercially stable
diamagnetic molecule (Maikinen et al.,
2022). Maximum DPPH radical scavenging
activity of the protein hydrolysate of A.
tarichi was found to be 63.8%. Sampath
Kumar et al. (2011) reported almost similar
value of antioxidant activity in the crude fish
protein hydrolysate prepared from the horse
mackerel, Magalaspis cordyla viscera pro-
tein to be 61.1%. Similarly, Nazeer et al.
(2012) recorded to be 59.7% of DPPH radi-
cal scavenging activity in croaker muscle
protein hydrolysates. The hydroxyl radical is
an extremely reactive free radical that can
severely damage polymer biomolecules such
as DNA, fatty acids, proteins (Zhou et al.,
2012). Maximum hydroxyl radical scaveng-
ing activity of the protein hydrolysate of A.
tarichi was found to be 53.8%. Almost simi-
lar value was recorded by Sampath Kumar et
al. (2011) in the horse mackerel visceral pro-
tein hydrolysates (48.3%) and Nazeer et al.
(2012) in the croaker muscle protein hydrol-
ysates (49.7%). In the present study the 1Csg
value of protein hydrolysates of A. tarichi
roe for DPPH and hydroxyl radical scaveng-
ing activities were recorded as 54.33 pg/mL
and 77.02 pg/mL, respectively. Similarly,
Ranathunga et al. (2006) reported 1Cso value
of 74.1 uM for hydroxyl radical scavenging
activity of antioxidative peptide derived
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from muscle of conger eel (Conger myrias-
ter). However, Kim et al. (2007) reported
ICso value of hoki frame protein hydrolysates
for DPPH and hydroxyl as 41.37 uM and
17.77 uM respectively. Sun et al. (2013) also
reported that 1Cso value of tilapia gelatin
peptides for hydroxyl radical scavenging
activity was 22.47 ug/mL. The DPPH radical
scavenging property may support that hy-
drolysate have hydrophobic amino acid con-
tent, which is more suitable for oil-soluble
radicals of DPPH. The hydroxyl radical can
be scavenged by the electron/hydrogen do-
nor process by protein hydrolysates. The
activity of the hydroxyl radical is the strong-
est among the free oxygen species, since it
reacts more easily with biomolecules such as
protein, lipid, and DNA. Since it reacts more
easily with biomolecules such as protein,
lipid and DNA, the activity of the hydroxyl
radical is the strongest among the free oxy-
gen species. Therefore, neutralization of the
hydroxyl radical is perhaps the most effec-
tive defense for a living cell or organ (Liu et
al., 2023).

The reducing power of roe protein hy-
drolysate exhibited the optical density value
of 0.45+0.03. Free radicals are reduced by
electron donating. The electron donating
probability indicates the reducing ability of a
compound, which is its antioxidant property
(Zhang et al., 2023). The reduction potential
of protein hydrolysates has been determined,
but the details are not clear. The reductants
can reduce free radicals by transmitting elec-
trons to them. The electron donating possi-
bility of a given compound, termed as reduc-
ing ability, may serve as a substantial indica-
tor of its probable antioxidant activity
(Zhang et al., 2023). The reducing power
ability is observed commonly from protein
hydrolysates, but the exact nature is still un-
Clear.

In some studies, it has been revealed that
the peptides of the fish proteins obtained
have stronger antioxidant potential in differ-
ent oxidative systems (Sun et al., 2021). Alt-
hough the information about the antioxidant
function of peptides is not known in detail, it
has been stated that histidine and a few aro-
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matic amino acids are of great importance in
this case. Antioxidant activity of protein hy-
drolysates mainly depends on the peptides
present in the hydrolysates. The hydroly-
sates, which are rich in peptides containing
especially hydrophobic amino acids are sup-
posed to possess high antioxidant activity
(Heffernan et al., 2021). As a result, we can
suggest that the amino acid composition of
peptides in protein hydrolysates is a critical
factor in directing the antioxidant activity of
protein hydrolysates.

In antimicrobial activity roe protein hy-
drolysate tested against seven bacterial path-
ogens and three fungal pathogens. Roe pro-
tein hydrolysate of A. tarichi was proved to
have antimicrobial activity against the tested
human bacterial and fungal pathogens. This
result was supported by Ramkumar et al.
(2005), who reported antibacterial activity of
epidermal layer of coral reef associated fish
of Tuticorin coast and proved that antibacte-
rial activity of Siganus canaliculatus against
eight bacterial pathogens. Wang et al. (2011)
also reported that the serum sample from
rabbit fish (Siganus oramin) can inhibit the
growth of both gram-negative bacteria and
gram-positive bacteria especially B. subtilis,
E. coli and A. sobria were highly sensitive to
the serum.

Furthermore, the protein hydrolysates ob-
tained from various fish sources were proved
to have antimicrobial activity. Song et al.
(2012) proved that pepsin hydrolysate of
half-fin anchovy (Setipinna taty) have anti-
bacterial activity against E. coli. Sila et al.
(2014), reported that peptides from the pro-
tein hydrolysates of Barbus callensis muscle
showing antibacterial activity against the
gram-positive (S. aureus, Listeria monocyto-
genes, Micrococcus luteus, Enterococcus
faecalis and Bacillus cereus) and the gram-
negative (Pseudomonas aeruginosa, E. coli,
K. pneumoniae, S. enterica and Enterobacter
sp.) bacterias. Tang et al. (2015), stated that
Anchovy (Engraulis japonicus) cooking
wastewater protein hydrolysates having an-
timicrobial activity. And also, the second
structure of peptides, peptide content, amino
acid sequence are important factors that
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change the strength of antibacterial activity
(Shahidi and Zhong, 2008).

In conclusion, the results demonstrated
the importance of amino acid composition in
determining the bioactive potential of the
peptides. The results showed that roe protein
hydrolysates of A. tarichi was proved to
show good effect on antioxidant and antimi-
crobial activities and can be used a source
for nutraceuticals and pharmaceuticals, in-
deed in vivo studies are needed.
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