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Effects of Citrus unshiu Peel extracts on growth performance and
anti-scuticociliates activity of olive flounder, Paralichthys olivaceus
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In an attempt to find a feed additive showing an anti-scuticociliate effect, extracts from Citrus
unshiu Peel were tested against virulent scuticociliate infection. The most effective anti-scuticociliate
killing activity in vitro was observed in the extract squeezed from homogenizing water-soaked dried
tangerine peel (DTP). In addition, we have investigated the effect of DTP as a feed additive on
growth rate and anti-parasitic activity of olivaceus flounder. DTP extract added diets (0.1, 0.5, 1,
and 5%/feed weight) were fed to flounder for 7 days for checking a growth rate and 14 days for
a challenging test. As a result, the feed conversion rate was significantly improved only in 1% DPT
extract group compared to the control and 0.5% DTP extract fed group showed 100% of survival
rate in the challenge test, all of which indicating that DTP extract would be a potential feed additive

against scuticociliatosis.
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H3 It} (Kang et., 2014). A 7R ~FE 715
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Vector (Promega, Madison, USA)°ll TA cloning¢t TF
< Escherichia coli DH5a competent cell (TaKaRa,
Kyoto, Japan)°ll &2 33} 2™ plasmid DNA
+ AccuPrep pasmid purification kit (Bioneer, Dae-
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DNA 9714 A% & ABI Prism BigDye Termina-
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Weight gain (g)=Final weight (g)—Initial weight (g)

Percent weight gain (PWG)=[100x(Final weight-
Initial weight) / Initial weight]

Specific growth rate (SGR)=[{LNFinal weight (g)-
LNInitial weight (g)} / DAY]x100

Feed conversion ratio (FCR)=Total feed taken (g) /
Weight gain (g)
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Table 1. Output of BLAST for scuticociliate
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Accession No. Description Score (bits) Identities (%) E value
AY550080 Mla‘mzenszs avidus 18S ribosomal RNA gene, 1319 100 0
partial sequence
EUS31214 Miamiensis avidus strain A3 cytochrome oxidase 1663 100 0

subunit I gene, partial cds; mitochondrial
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Fig. 1. The parasite killing effects of dried tangerine peel
(DTP) by five different extraction methods. A, extract
squeezed from water soaked ground DTP; B, extract
squeezed from homogenizing water soaked DTP; C, su-
pernatant extract centrifuged from homogenizing water
soaked DTP; D, hot water extracts at 60, 70, 80, 90 and
100C; E, 70% ethanol extract.
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Table 2. Effects of dietary dried tangerine peel (DTP) extract on weight gain, percent weight gain, specific growth
rate and feed conversion rate in Olive flounder after 7 days. Data represent mean+S.D. (n=10/group).

Conc. of DTP extract (%)

Parameters
0 0.1 0.5 1 5
Initial body weight (g) 38.5+1.1 37.3+0.9 38.3+0.7 36.2+1.7 38.6+1.3
Final body weight (g) 49.0+4.1 50.9+0.9 50.8+1.2 52.3+0.5 52.6+0.1
Weight gain (g) 10.5+£5.2 13.6£1.7 12.5+0.5 16.1+£2.2 14.1+1.4
Weight gain (%) 2.8+1.4 3.7+0.5 3.240.1 4.5+0.8 3.7+0.5
Specific growth rate (%) 0.2+0.1 0.2+0.0 0.2+0.1 0.3+0.1 0.2+0.1
Feed conversion rate 1.5+0.6" 0.9+0.0 1.0£0.1%° 0.840.1° 0.9+0.1"

Weight gain (g) = Final weight (g) - Initial weight (g)
Percent weight gain (PWG) = [100x(Final weight-Initial weight) / Initial weight]
Specific growth rate (SGR) = [{LNFinal weight (g)-LNInitial weight (g)} / DAY] x 100
Feed conversion ratio (FCR) = Total feed taken (g) / Weight gain (g)

Different superscript letters indicate significant differences (p<0.05) in different groups.
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of o] G A 3k A ARG ATl
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2010).
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Fig. 2. Survival rate of Olive flounder (Paralichthys oli-
vaceus) following scuticociliate (Miamiensis avidus, 2
10° cells/mL) challenge. Olive flounder (n=10) were fed
0.1, 0.5, 1 and 5% DTP added diet for 7 days, respec-
tively, followed by immersion infection with M. avidus.
Normal diet was fed as a control.

o YS AT & ATl vEld ARt
A8 TF (Harikrishan et al., 2012; Hwang et al.,
2015; Bang et al.,, 2019). ©]A 3 A4 HYR|Zo
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B =8-S 202030 d 5 At dta 4k ek

T4 T=AuE ALEHAS.
References

Bang, S. J,, Lee, C. H., Kang, T. Y., Choi, J. H., Jung,
S. M., Kang, 1. S., Park, K. H. and Choi, S. H.:
Effects of Citrus unshiu Markovich on growth per-



A (Cirus wnshin Pee) 0] 7HEl A9 ol WAIS] 44E § RATEAF Take] WAL 4 183

formance and bactericidal activity of nile tilapia
Oreochromis niloticus. J. Fish Pathol., 32(2): 105-
111, 2019.

Gomez-Saladin, E. and Small, E. B.: Oral morphogenesis
of the microstome to macrostome transformation in
Miamiensis avidus strain Ma/2l. J. Euk. Microbiol.,
40(3): 363-370, 1993.

Ham, I. H,, Jung, E. D., Lee, K. J., Lee, J. H,, Bu, Y.
M., Kim, H. C. and Choi, H. Y.: Analysis of the
content of hesperidin and essential oils from the
peels of various Citrus Species. Kor. J. Herbology,
23: 159-170, 2008.

Harikrishnan, R., Kim, J. S., Kim, M. C., Dharaneedhar-
an, S., Kim, D. H.,, Hong, S. H., Song, C. Y.,
Balasundaram, C. and Heo, M. S.: Effect of dietary
supplementation with Suaeda maritima on blood
physiology, innate immune response, and disease re-
sistance in olive flounder against Miamiensis avidus.
Experimental Parasitology, 131: 195-203, 2012.

Hwang, J. Y., Kwon, M. K., Seo, J. S., Kim, K. D., Lee,
Y. S. and Jung, S. H.: Effect of herbs on vaccine
efficacy to olive flounder, Paralichthys olivaceus.
JFMSE, 27: 1491-1498, 2015.

Iglesias, R., Parama, A., Alvarez, F., Leiro, J. and San-
martim, M.: Antiprotozoals effective in vitro against
the scuticociliate fish pathogen Philasterides dicen-
trarchi. Dis. Aquat. Org., 49: 191-197, 2002.

Jung, S. J., Kitamura, S. L., Aoyama, M., Song, J. Y.,
Kim, B. K. and Oh, M. J.: Immune Response of olive
flounder Paralichthys olivaceus against Miamiensis
avidus (Ciliophora : Scuticociliatida). J. Fish Pathol.,
19(2): 173-181, 2006.

Jung, S. J., Im, E. Y., Striider-Kypke, M. C., Kitamura,
S. 1. and Woo, P. T. K.: Small subunit ribosomal
RNA and mitochondrial cytochrome ¢ oxidase sub-
unit 1 gene sequences of 21 strain of the parasitic
scuticociliate Miamiensis avidus (Ciliophora, Scuti-
cociliatia). Parasitol. Res., 108: 1153-1161, 2011.

Jung, Y. H., Kim, D. H,, Kim, H. Y., Shin, T. S., Oh,
M. ], Lee, J. H,, Kim, J. H,, Im, S. Y. and Kim,
E. H.: Effects of diets supplemented with Yuzu
Citrus Junos Siebold ex Tanaka on disease resist-
ance of olive flounder, Paralichthys olivaceus. J.
Fish. Pathol., 23: 389-398, 2010.

Kang, S. Y., Lee, S. Y., Choi, J. H. and Jung, S. J.:
In vitro Anti-bacterial and anti-scuticociliate activ-
ities of extract and bromophenols of the marine red
alga Polysiphonia morrowii with structure-activity
relationships. Kor. J. Fish Aquat. Sci., 47: 45-51,
2014.

Kim, J. W., Yoo, K. J., Song, H. C. and Kim, H. K.:
Antiparasitic effects of chitosan-oligosaccharides
against scuticociliatids collected from Japanese floun-
der, Paralichthys olivaceus. J. Citin and Chitosan,
6: 47-52, 2001.

Kim, M. S., Moon, S. W., Lee, Y. D., Kim, S. J., Kim,
Y. J, Lee, J. W, Lee, J. H, Lee, J. S., Kim, B. Y.,
Ahn, J. S. and Ahn S. C.: Effect of Citrus Fermented
by Lactococcus lactis W-44 isolated from Kimchi on
growth of cultured flounder, Paralichthys olivaceus.
Kor. J. Microbiology, 43: 124-129, 2007.

Kim, S. M., Cho, J. B., Kim, S. K., Nam, Y. K. and
Kim, K. H.: Occurrence of scuticociliatosis in olive
flounder Paralichthys olivaceus by Phiasterides di-
centrarchi (Ciliophora: Scuticociliatida). Dis. Aquat.
Org., 62: 233-238, 2004.

Kim, S. M., Lee, E. H.,, Kwon, S. R., Lee, S. J., Kim,
S. K., Nam, Y. K. and Kim, K. H.: Preliminary anal-
ysis of recombinant B-tubulin of Pseudocohnilembus
persalinus (Ciliophora: Scuticociliatida) as a vaccine
antigen candidate against scuticociliatosis. Aquacul-
ture, 260: 21-26, 2006.

Lee, J. H., Park, J. J., Choi, J. H., Kang, S. Y., Kang,
Y. J. and Park, K. H.: Effects of clioquinol on the
scuticociliatosis-causing protozoan Miamiensis avi-
dus in olive flounder Paralichthys olivaceus. J. Fish
dis., 1-12, 2017.

Lee, J. H,, Park, J. J., Choi, J. H., Shin, D. H. and Park,
K. H.: Anti-scuticociliate effects of aquatic hydrogen
peroxide preparation in olive flounder Paralichthys
olivaceus. J. Fish Pathol., 30(2): 107-114, 2017.

Lee, N. S., Joeng, S. H. and Jee, B. Y.: Anti-fish patho-
genic efficacy of hot water extracts obtained from
5 herbs in-vitro, and efficacy and toxicity in flounder
of the one selected herb, skullcap. J. Fish Pathol.,
23: 137-143, 2010.

Lim, H. H.: Studies on extraction of limonene from citron
and immunomodulation activity of limonene. The
Graduate School of Technology, Hankyong National
University, 2006.

Mallo, N., DeFelipe, A. P., Folgueira, I,, Sueiro, R. A.,
Lamas, J. and Leiro, J. M.: Combined antiparasitic
and anti-inflammatory effects of the natural poly-
phenol curcumin on turbot scuticociliatosis. J. fish
dis., 40(2): 205-217, 2016.

Medlin L., Elwood, H., Stickel, S. and Sogin, M.: he
characterization of enzymeatically amplified eukay-
otic 16S-like rRNA-coding regions. Gene, 71: 491-
499, 1988.

Moon, P. D. and Kim, H. M.: Antiinflammatory Effects



184 K

b

4

=

of Traditional KoreanMedicine, JinPi-tang and Its
Active Ingredient,Hesperidin in HaCaT cells. Phyto-
therapy Research, 26: 657-662, 2012.

Park, C. U, Lee, S. M., Kim, Y. C., Ryu, J. S., Kim,
T. K., Kim, J. H., Kim, M. K., Song, H. C. and
Park, H.: Antitrichomonas Activity of Herb-medi-
cine Generally Used in Dong-Eui-Bo-Kham. Kor. J.
Oriental Physiology & Pathology, 19: 191-195, 2005.

Park, G. H., Lee, S. H., Kim, H. Y., Jeong, H. S., Kim,
E. Y., Yun, Y. W,, Nam, S. Y. and Lee, B. J.: Com-
parison in antioxidant effects of four citrus fruits.
J. Fd Hyg. Safety, 26: 355-360, 2011.

Park, S. B, Jang, H. B., Fagutao F. F., Kim, Y. K., Nho,
S. W, Cha, I. S, Yu, J. E. and Jung T. S.: Combina-
tion treatment against scuticociliatosis by reducing
the inhibitor effect of mucus in olive flounder,
Paralichthys olivaceus. Fish & Shellfish Immunol.,
38: 282-286, 2014.

XH 5 .;gl/})]‘ﬁ.ﬂ—o Ao.o]

o
(o

corhete 24

™

ot

Sitja-Bobadilla, A., Palenzuela, O. and Alvarez-Pellitero,
P.: Immune response of turbot, Psetta maxima (L.)
(Pisces: Teleostei), to formalin-killed scuticociliates
(Ciliophora) and adjuvanted formulations. Fish &
Shellfish Immunol., 24: 1-10, 2008.

Soldo, A. T. and Merlin. E. J.: The cultivation of sym-
biote-free marine ciliates in axenic medium. J. Pro-
tozool., 19(3): 519-524, 1972.

Youn, H. J., Lakritz, J., Kim, D. Y., Rottinghaus, G. E.
and Marsh, A. E.: Anti-protozoal efficacy of medici-
nal herb extracts against Toxoplasma gondii and
Neospora caninum. Veterinary Parasitology, 116: 7-
14, 2003.

Manuscript Received : Aug 20, 2020
Revised : Nov 17, 2020
Accepted : Nov 23, 2020



