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Siamese Fighting Fish (Betta splendens) during Short-Term Transportation
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ABSTRACT

Transport procedures have emerged as potential stress-inducing factors. The use of clove oil is a
common practice in aquaculture to mitigate stress, but it may also induce negative side effects.
Particularly in Siamese fighting fish (Betta splendens). In this study, we investigated the effects of
different concentrations of clove oil on water quality and stress-related gene expression, including HSP70,
HSP90, GR, MR, and HIF-10X. Siamese fighting fish (body weight 1.91 + 0.42 g; n = 30) from a local
farm in Nakhon Pathom province were subjected to simulated transport in 80 mL of water for 24 hours,
with the addition of 0, 5, and 10 mg/L of clove oil. Samples were also collected before transportation.
The results demonstrated that the dissolved oxygen in the control group had the most significant decrease
(p < 0.05), along with the expression level of MR (p < 0.05). Conversely, the addition of 5 and 10 mg/L
of clove oil decreased oxygen demand and resulted in a significant decrease in pH levels and alkalinity
compared to the control group (p < 0.05). Moreover, 5 mg/L of clove oil significantly increased
the expression levels of GR and HIF-1Q (p < 0.05). Additionally, 10 mg/L of clove oil significantly elevated
the expression levels of stress-related genes, including HSP70, GR, MR, and HIF-10 (p < 0.05). This
indicates that transportation can have a negative impact on water quality. Furthermore, the addition of
5 and 10 mg/L of clove oil induces stress in Siamese fighting fish and is inappropriate for short-term

transport. Future studies should concentrate on the smaller concentration of clove oil between 0-5 mg/L.
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Table 1 The primer sequences for stress-related genes in Siamese fighting fish (B. splendens) used in
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R GAAGGAGTAGCCACGCTCTG (2020)
HSP70 F GGGAGCTGAACAAGAGCATC 190 XM _029157549.2
R ATGGTGGTGTTCCGTTTGAT
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Table 2 Water quality parameters were monitored after transportation, and the levels at various clove

oil concentrations were determined, with fish sampled before transport used as the negative

control group. Data is expressed as the mean + S.D. (n = 3).

Parameters Negative Control 5 mg/L 10 mg/L
control (No clove oil) of clove oil of clove oil
Temperature (C°) 26.9 + 0.00° 24.43 + 0.06° 244 +0.12° 245 + 0.00°
pH 6.78 + 0.00° 6.53 + 0.03° 6.46 + 0.04° 6.47 + 0.02°

Alkalinity (mg/L as CaCOQO;) 104 + 0.00°
DO (mg/L) 4.96 + 0.00°
TAN (mg/L) 0.17 + 0.00°

Nitrite (mg/L) 0.00 + 0.0000

113.33 + 3.06° 109.33 + 4.16® 104.67 + 4.16°

3.22 + 0.06° 3.55 + 0.01° 3.52 + 0.03°
2.69 + 0.29° 3.12 + 0.62° 3.28 + 0.84°
0.00 + 0.0080  0.00 + 0.0041  0.00 + 0.0048

Note: In the same row, values with different superscripts are significantly different (p < 0.05), as determined by the DMRT. DO =

Dissolved Oxygen, TAN = Total Ammonia Nitrogen.
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Table 3 The relative expression ratios of stress-related gene expression levels after transportation at

various clove oil concentrations were determined, with fish sampled before transport used as

the negative control group. Data are expressed as the mean + S.D. (n = 3).

Target genes Negative Control 5 mg/L of 10 mg/L of
control (No clove oil) clove oil clove oil
HSP70 1.04 + 0.32° 1.90 + 0.42° 0.92 + 0.54° 3.51+0.77°
HSP90 1.01 £ 0.21° 0.13 + 0.06° 0.05 + 0.02° 0.25 + 0.20°
GR 1.02 + 0.26" 2.97 + 0.64° 3.04 + 0.59° 3.67 + 0.99°
MR 1.05 + 0.42° 2.51 £ 0.10° 0.91+0.18" 3.80 + 1.40°
HIF-10 144 +1.13° 12.62 + 2.61° 12.23 + 5.45° 20.13 + 6.97°

Note: In the same row, values with different superscripts are significantly different (p < 0.05), as determined by the DMRT.

GET)

1. msussdania ngszozawdunm 24
Falug genansznulasasee aqmmwﬁ:’] laun
maRaduessuanlufiesin 6 pH uazU5anm
sandlauaraoiin Seaaatadadioddn lag
mﬂﬁwﬁnﬁ'umuwgﬁ 5uaz 10 un./a.
fanumunsalumitioanaanmsieandian
madﬂmimiwmwudﬂﬁmﬂmfmf,j&l‘ﬁmumi
muﬁdvl,xiL@wﬁm”umuwgasmﬁﬁfﬂﬁm”mumdaﬁa
(p < 0.05)

2. msﬁﬂmwamaaﬁm‘”umuwaeiams
ugasaanvasbuiiisatasiuanuaisaludm

N NETZTRINIMIVRFITEUSR I WLITNIVWES

[

ﬂmﬁ'@Lﬂumm@;maamml,ﬂ%'mslmmvuga Nt

€

=

mMaduiidunIung 5 uaz 10 an/a. 16
AMYUENNIDIUNNITILUITINNANNLATLA LA

™ ™ 1 v A a ‘il l&/ v
SLummaunmmwa"L%m@mmmimﬂgwu‘l@
Taglsz i nanainmsusadaanuasdunineITa
AuauLasaa laun HSP70, GR, MR uas HIF-

{ J 1 = o L= aa

10 Ngdnad il nadayn19aia (p<0.05)

WRIMEIBMTVRFILT W 24 T2L1a9

wWINWMIANEIAa L1
mm‘?uﬁﬁﬁumuwg}ﬁ w lduaansatae
muquqmmwﬁ'}izwj’mmiwdﬂﬁagiuﬁaaﬁ
wanzawlel uaszau T RTUA 5 uaz 10 un/a.

. v a X4 .
ﬂauaqwa%m@mmm’%mgamu L4DINNILAU
mmLﬁuﬁ’u@”\ménawazgmﬁuvlﬂ LINT I
= 1 A = a U U
nIAnEdallfa ANETEAUAMNTNT WY

‘L‘i,m”umuwgluﬂ%mmﬁamzmwma 0-5 ¥N./A.

ANDUADL

NUI ﬂﬂﬁ%’ﬂﬂﬁaﬁfuagunumsﬁﬂm
AU UAAANEINURINENR LN BATANRAS
(This research is funded by Kasetsart University
through the Graduate School Fellowship
Program) uaz#la39n133383383 113NN
WAMUAILEY TIULTEN DL 2564 TWAlATINT
KPS-RDI 2021-015

1@N&13D 1999
@i’mm’mé’@’fﬁ'}mmmﬂmuq’;ﬁmgfj. (2562).
s1891%132511] 2562 il 15 GENRE
2564, 97N https:/Mmww.fisheries.go.th/local/
index.php/main/site2/fishquarantine-suvama

bhumi

fian fraBIAsd. (2554). wanluilanumemnzia e
JO3N. 19EIMILSzAN, 64(5), 441-445.

T3 931 5eUna. (2556). L@ INenvasE i,
(1. 655). NFANWe: AUNAAWIM NG

INAINRET.



13 Inemansuazinalulad ymInenapinsasmans I 13 aUui 2 2567 18

- o o v o4
lua3 ar9ead. (2531). mmsvi‘qmmwmm Ny
ﬁumaaﬁ'@fﬁﬁ@. mMItszgunITms

A o & & A
YDIURVINIR LN HATAIRAT ATIN 26
(. 101-107). NIILNWY: WAIVINYIAE

NEATFFAS.

AUNNUNINITIUFUA NN BATLRZDNWITUAITA.
(2552). m51/;{7:1}“57/17\7nmwm5\7?1»:/\75%97:7r
WiGs U uaise unw. 7417,
(W. 97). NTINWY: NITNTINNBATURZ

6
FWRNITU.

fUNITBATMNIMBNEY. (2562). Wiz e
g dlusafinszsmé 30awlae
udiananwal. \ile 15 A81AY 2564,
3 1 N hitps:/mwww.thairath.co.th/news/politic/
1488612

Akar, A. (2011). Effects of clove oil on the response
of blue tilapia (Oreochromis aureus) by
transportation stress. Journal of the

Arabian Aquaculture Society, 6(1), 77-86.

Alton, L. A., Portugal, S. J., and White, C. R. (2013).
Balancing the competing requirements of
air-breathing and display behaviour during
male—male interactions in Siamese
fighting fish Betta splendens. Comparative
Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 164(2),
363-367. doi: 10.1016/j.cbpa.2012.11.012.

Aluru, N., and Vijayan, M. M. (2009). Stress
transcriptomics in fish: a role for genomic
cortisol signaling. General and
Comparative  Endocrinology, 164(2-3),
142-150. doi: 10.1016/j.ygcen.2009.03.020.

APHA, AWWA, and WEF. (1995). Standard
Methods for the Examination of Water and
Wastewater (19 Ed). (p. 541). New York:

American Public Health Association Inc.

Amparyup, P., Charoensapsri, W., Samaluka, N.,
Chumtong, P., Yocawibun, P., and
Imjongjirak, C. (2020). Transcriptome
analysis identifies immune-related genes
and antimicrobial peptides in Siamese
fighting fish (Betta splendens). Fish &
Shellfish Immunology, 99, 403-413. doi:
10.1016/}.fsi.2020.02.030.

Aydin, B., and Barbas, L. A. L. (2020). Sedative
and anesthetic properties of essential oils
and their active compounds in fish: A
review. Aquaculture, 520, 734999. doi:
10.1016/j. aquaculture.2020.734999.

Barton, B. A. (2002). Stress in fishes: a diversity of
responses with particular reference to
changes in circulating corticosteroids.
Integrative and Comparative Biology,

42(3), 517-525. doi: 10.1093/icb/42.3.517.

Bhatnagar, A., and Devi, P. (2013). Water quality
guidelines for the management of pond
fish culture. Intemational Joumal of

Environmental Science, 3, 1980-2009.

Bortoletti, M., Maccatrozzo, L., Radaelli, G.,
Caberlotto, S., and Bertotto, D. (2021).
Muscle cortisol levels, expression of
glucocorticoid receptor and oxidative
stress markers in the teleost fish
Argyrosomus regius exposed to transport
stress. Animals (Basel), 11(4), 1160.
doi: 10.3390/ani11041160.



13 Inemansuazinalulad ymInenapinsasmans I 13 aUui 2 2567 19

Boyd, C. E. (2019). Water quality: an introduction. Hekimoglu, M. A, Suzer, C., Saka, S., and Firat, M.
(p. 440). Switzerland: Springer Cham. K. (2017). Sedative effect of clove oil and
2-phenoxyethanol on marine clownfish

Cardenas, C., Toni, C., Martos-Sitcha, J. A,
Cardenas, S. de las Heras, V. (Amphiprion ocellaris) and freshwater
swordfish (Xiphophorus helleri). Pakistan
Joumal of Zoology, 2209-2216. doi:10.175

82/journal.pjz/2017.49.6.2209.2216.

Baldisserotto, B., Heinzmann, B. M.,
Vazquez, R., and Mancera, J. M. (2016).

Effects of clove oil, essential oil of Lippia

alba and 2-phe anaesthesia on juvenile Honryo, T., Oakada, T., Kawahara, M., Kurata, M.,
meagre, Argyrosomus regius (Asso, Agawa, Y., Sawada, Y., Miyashita, S,
1801). Applied Ichthyology, 32(4), Takii, K., and Ishibashi, Y. (2017).
693-700. doi: 10.1111/jai.13048. Estimated time for recovery from

t rtati i d starvati [
Cole, B., Tamaru, C. S., Bailey, R., Brown, C., and ransporiafion sfress and siarvaton in

juvenile Pacific bluefin tuna Th
Ako, H. (1999). Shipping practices in the Juvenie Faciiic bluefinfuna - faunnus

orientalis. Aquaculture, 484. 175-183.
doi: 10.1016/j.aquaculture.2017.11.023.

omamental fish industry. (p. 25). Hawaii:
Center for Tropical and Subtropical
Aquaculture Publication. lwama, G. K., Thomas, P. T., Forsyth, R. B., and

. Vij M. M. (1 . H hock i
Gokegek, C., Ogretmen, F., and Kanyllmaz, M. sayan, (1998). Heat shock protein

(2017). Efficacy of dove oi, 2 expression in fish. Reviews in Fish Biology

phenoxyethanol and benzocaine  on and Fisheries, 8(1), 35-56. doi: 10.1023/

A:1008812500650.
European catfish, Silurus glanis linnaeus
1758. Turkish Journal of Fisheries and Javahery, S., Nekoubin, H., and Moradlu, A. H.
Aquatic Sciences, 17, 129-133. (2012). Effect of anaesthesia with clove oil

in fish (review). Fish Physiology and
Biochemistry, 38(6), 1545-1552. doi: 10.10
07/s10695-012-9682-5.

Greenwood, A. K., Butler, P. C., White, R. B.,
DeMarco, U., Pearce, D., and Fermnald, R.

D. (2003). Multiple corticosteroid receptors

in a teleost fish: distinct sequences, Jerez-Cepa, |., Fernandez-Castro, M., Del Santo
expression patterns, and transcriptional ONeill, T. J., Martos-Sitcha, J. A,
activities. Endocrinology, 144(10), 4226- Martinez-Rodriguez, G., Mancera, J. M.,
4236. doi: 10.1210/en.2003-0566. and Ruiz-Jarabo, 1. (2019). Transport and

f gilthead b S
Harmon, T. S. (2009). Methods for reducing recovery of gilthead seabream (Sparus

L ) aurata L.) sedated with clove oil and MS-
stressors and maintaining water quality

: I , 222: effects on stress axis regulation and
associated with live fish transport in tanks:

intermediary metabolism.  Frontiers in
Physiology, 10, 612. doi: 10.3389/fphys.

2019.00612.

a review of the basics. Reviews in
Aquaculture, 1(1), 58-66. doi: 10.1111/].
1753-5131.2008.01003.x.



13 Inemansuazinalulad ymInenapinsasmans I 13 aUui 2 2567 20

Jia, Y., Wang, J., Gao, Y., and Huang, B. (2021). Pattanasiri, T., Taparhudee, W., and Suppakul, P.

Hypoxia tolerance, hematological, and
biochemical response in juvenile turbot
(Scophthalmus maximus L.). Aquaculture,
535, 736380. doi: 10.1016/j.aquaculture.
2021.736380.

Livak, K. J., and Schmittgen, T. D. (2001). Analysis

of relative gene expression data using
real-time quantitatve PCR and the 2(-
Delta Delta C(T) Method. Methods, 25(4),
402-408. doi: 10.1006/meth.2001.1262.

Monvises, A., Nuangsaeng, B., Sriwattanarothai,

N., and Panijpan, B. (2009). The Siamese
fighting fish: Well-known generally but
little-known scientifically. ScienceAsia, 35,
8-16. doi: 10.2306/scienceasia1513-1874.
2009.35.008.

Ni, M., Wen, H., Li, J., Chi, M., Ren, Y., Song, Z,

and Ding, H. (2014). Two HSPs gene from
juvenile  Amur sturgeon (Acipenser
schrenckii):  cloning,  characterization
and expression pattern to crowding
and hypoxia stress. Fish Physiology
and Biochemistry, 40(6), 1801-1816.
doi: 10.1007/s10695-014-9969-9.

Omeji, S. Apochi., J. O., and Egwumah K. A.

(2017). Stress concept in transportation of
live fishe. Journal of Research in Forestry,

Wildlife & Environmen, 9(2), 57-64.

Pankhurst, N. W. (2011). The endocrinology of stress

in fish: an environmental perspective.
General and Comparative Endocrinology,
170(2), 265-275. doi: 10.1016/.ygcen.2010.
07.017.

(2017). Acute toxicity and anaesthetic
effect of clove oil and eugenol on Siamese
fighting fish, Betta splendens. Aquaculture
Intemational, 25(1), 163-175. doi: 10.1007/
s10499-016-0020-2.

Portz, D., Woodley, C., and Cech, J. (2006).

Stress-associated impacts of short-term
holding on fishes. Reviews in Fish Biology
and Fisheries, 16, 125-170.
doi.org/10.1007/s 11160-006-9012-z.

Pottinger, T. (2008). The Stress Response in Fish-

Mechanisms, Effects and Measurement.
(pp. 3248). New Jersey: Blackwell
Publishing. doi: 10.1002/9780470697610.
ch3.

Refaey, M. M., and Li, D. (2018). Transport stress

changes blood biochemistry, antioxidant
defense system, and hepatic HSPs
mRNA expressions of channel caftfish
Ictalurus  punctatus. Frontiers  in
Physiology, 9, 1628. doi: 10.3389/fphys.
2018.01628.

Rnic, A. (1975). Effects of pH on the rate of

aggressive display for mirror image
reinforcement in siamese fighting fish
(Betta splendens). Aggressive Behavior,
1(3), 213-215. doi: 10.1002/1098-2337
(1975)1:3<213::AID-AB2480010303>3.0.
CO;2-M.

Sambrook, J., Fritsch, E. F., and Maniatis., T.

(1998). Molecular Cloning: A Laboratory
Manual. (p. 34). New York: Cold Spring

Harbor Laboratory Press.



13 Inemansuazinalulad ymInenapinsasmans I 13 aUui 2 2567 21

Sharma, S., and Husen, A. (2015). Anaesthetics

efficacy of MS-222, Benzoak® vet, AQUI-
S® and clove ol on common carp
(Cyprinus carpio) fry. International Journal
of Research in Fisheries and Aquaculture,

5(3), 104-114.

Souza, C. F., Baldissera, M. D., Baldisserotto, B.,

Heinzmann, B. M., Martos-Sitcha, J. A,
and Mancera, J. M. (2019). Essential oils
as stressreducing agents for fish
aquaculture: A Review. Frontiers in
Physiology, 10, 785. doi: 10.3389/fphys.
2019.00785.

Stolte, E. H., Nabuurs, S. B., Bury, N. R, Sturm,

A, Flik, G., Savelkoul, H. F., Lidy Verburg-
van Kemenade, B. M., and Flk. G.
(2008). Corticosteroid receptors involved
in stress regulation in common carp,
Cyprinus carpio. Journal of Endocrinology,
198(2), 403-417. doi: 10.1677/JOE-08-
0100.

Tacchi, L., Lowrey, L., Musharrafieh, R., Crossey,

K., Larragoite, E. T., and Salinas, I. (2015).
Effects of transportation stress and
addition of salt to transport water on the
skin mucosal homeostasis of rainbow trout
(Oncorhynchus mykiss). Aquaculture, 435,
120-127. doi: 10.1016/j.aquaculture.2014.
09.027.

Thongprajukaew, K., Takaeh, S., Esor, N,

Saekhow, S., Malawa, S., Nuntapong, N.,
Hahor, W., and Choodum, A. (2023).
Optimal water volume for transportation of
male Siamese fighting fish (Betta
splendens). Aquaculture Reports, 28,
101430. doi: 10.1016/j.agrep.2022.101430.

Wu, S. M., Chen, J.-R., Chang, C.-y., Tseng, Y.-J.,

and Pan, B. S. (2021). Potential benefit of
I-Tiao-Gung (Glycine tomentella) extract to
enhance ornamental fish welfare during
live transport. Aquaculture, 534, 736304.
doi: 10.1016/j.aquaculture.2020.736304.

Yousefi, M., Hoseini, S. M., Weber, R. A,, da Silva,

E., Rajabiesterabadi, H., Arghideh, M.,
and Delavar, F. H. (2022). Alleviation of
transportation-induced stress in Nile
tilapia, Oreochromis niloticus, using
brackish water. Aquaculfure Reports, 27,

101378. doi: 10.1016/j.aqrep.2022.101378.



