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Effects of Citurs unshiu Markovich on growth performance and
bactericidal activity of nile tilapia Oreochromis niloticus
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Citurs unshiu Markovich is a medicinal product of dried tangerine peel (DTP). It is effective on
antioxidation, and getting fame as a medicine and functional food. By utilizing DTP as a feed additive,
we aim to enhance the growth rate, innate immunity, and bacterial infection resistance to Tilapia.
The DTP extract was added to the feed weight by 0.1, 0.5, 1, 5% and then fed to tilapia for 7
days to evaluate the innate immunity parameter, growth rate and anti-bacterial activity. Innate immunity
parameter results showed that the ROI was significantly higher in the 5% group added at high
concentration, while showing decrease or no differences in other experimental groups. In other
parameters, all the experimental groups showed no significant difference or decreased compared to
the control group. The challenge test showed a high survival rate of 71% in the 0.5% group and
the lowest in the control group (36%). For the growth rate, the feed efficiency was improved in
all groups except for the 0.1% group compared to the control group. In conclusion, DTP extract
has bacterial resistant effect in while not affecting innate immune system of fish. Also, it has shown
the potential as a possible feed additive as it has brought the improvement on feed efficiency ratio.
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713 (dried tangerine peel, DTP)= UigteFd ol &
U5 (Citrus unshiu Markovich) Sl 42 o] AZXE
2 Aojro] = Aot AFT W ghakgk A
ZEo) t)dte] Hesperidin (CogHz,015:610.56)°]
4% ol’d& FIEE kol A Atk
(Kim et al., 2007; Moon et al., 2012). Hesperidin-<
Z =2 YF< flavonoid glycosideZ A A2
TFFYE T4 A7, et 28, ZE o1
A5 o] H&Zol ik o] eh2HE, ks g, 3
A, FEAE, & AF 2L, ol AHE
o FZHE, it AHE, oFH A AL Fol HuHA
T} (Ham et al, 2008). =3+ Z 23 &7, HEIY R/,
limonoid & &9 T+ =S FFHatL A=
o] L] AR A 75o] HT dFolA 29

= 5 EFehRolE 5o 754 Aol wol B

AS AAR AT} (Park et al, 2011). ©]2 3 =
FE ol &3t &4 JAVE A A e 2=
5 37] Q3 FEES ASHIMAR A EE
A= Ao FA7F B o= FfE A
A Jx Ao Aol fojFoz =7
2 Vet (Jung et al, 2010). ZHEF2
Zol HIEH C7F B3] 12 HlES AFA
2 4EA Qo (Lim et al, 2005) &3¢
98 FXaAE 7| 5 A& A

Aol ¥ dEsz
Afol= HF AT 67+2.5¢2 detF o}

(Oreochromis niloticus)= 200 VW& T4HOIsta <
ool A ol APzl EAAZT. A3
of AHEH F2E 200 ¢ dFFEE T 2541
2 fFAA e &8 AASHE AHESES]
ot &A A "ty ol= 50 ppm 2] oxytetracycline
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&5 AA

HeY FF

Ao AHEE WY dF5 Edwardsiella tarda
(E. tarda, KCTC 12267)= Korean Collection for
Type Culture (KCTC)A] E &2 & 80T ol A
B S0 55 ARSIt 2d A 75 Sl
5351 brain heart infusion (BHI, BD, New Jersey,
US) brotholl HF3taL 25ColA 24412 wjlF &
Salmonella Shigella (SS, BD, New Jersey, US) agar
Z AW o] & FAE 54 =S F s
BHI broth® Althul ¥ o 2x #F5 FA3%

2A)SZHY Z|SHsten AFEES A&
371 918 DW. 100 mig 13 10 g& FHo] T8
3] S5 EHEE overnight IA ¢ & FHIJAA

9 Aoz AF St ANFEEL AR F
Z

Z+ ALE 100 g F D.W. 39.9 mlol] A9 F&
mlE #H71eE &, D.W. 39.5 mldll AIFZ
T %L DW. 35 mlo] 2¥]FZ
mlE A7FF 75 A2 0.1%, 05% 2 5%
3! FEE ¢lo] D.W. 40 mlE Ak
5 100 goll F2A1Z] #& UETLO2 39T &
£ 91 Ao o w MaF
=
=

EE50F0] Az Al
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e 4232 9H & Santarem et al. (1997)9] W
e ARSI T detdotE s Fate] AAe A
Z3t 5 4 ml9] Dulbeco's modified eagle's medium
(DMEM, Sigma, St. Louis, USA)+10% fetal bovine
serum (FBS)+1% penicillin-streptomycin solution
(Sigma)°ll YA Th HZE3 2142 10* um Spectra/
Mesh Woven Filgers stainless steel mesh (Spectrum
Laboratory, Inc., LA, USA)ol| &8 &3 42AIA
Wy E 9E A7l 3 histopaque-1077 (Sigma)=
o]-&-3t] 2500xg, 4 Col A 4023 A& T &
A4 buffy-coatZ ol A MY FE FH3ATH &
A3 Wd = DMEMOE 220xg, 4Coll A 583t
23] M| &3t & hematocytometer (Fortuna, Germany)
£ o] &3t AMEFE FASAL TLT AE
(1x10° cel/ml)7} B =5 33t gl AL8-3F
k.

g3 =3

g4 35 S8l detgole nHFoA 26 G
needleS F23F | ml FAZ| 2 AstP T 203
3 Y2 4C o)A overnightd+ ¥ 1200xg=E 10E
A4 Bt dAE FHER e Ao Ab
£ w712 20Ceo] ®BAstg Tt

SSEH=
H/a =20

AR A3 dF FENE WG FF
< ¥l 3}t7] 13l Nitroblue tetrazolium (NBT)<| £+
d 59

96 well plate®l] il 220xg, 4C ol A
583 A2 F 5L A s PBSE

1 ug/mle] phorbol myristate acetate
(PMA)E 718 1 pg/mle] NBTE 22+ 100 pl 2
Hohstel el GAelA 147 B WS
oF ol F - 220xg, 4TollA 523 AT &
FTNs AASI PBSE 23] washing AT
KOH 120 pl®} 140 ul dimethyl sulfoxide (DMSO,
Sigma)E #7}3 ¥ Sunrise micro plate reader
(TECAN, Minnedorf, Swiss)Z 620 nmol| 4 3%
& =434t

Phagocytosis &4

Phagocytic activity (PA)<= Pulsford et al., (1994)
o WHo g =43t Chamber slide (Thermo
scientific, Nunc, Waltham, US)el] £&]3 #E 7 &
200 pl¥ E33 $ g2 ¢AdolA overnight Hll
oFalA T vl ok 3ol zymosan (1x10° cell/ml, Sig-
ma)S well'd 10 nl ¥ E73 § 429 A
overnight B 3} Th Wl &F 3 220xg, 4T A 58
L AAEYsAL T e A7 ste] PBSE 23]
washing 3} T 70% methanol® 117 8F3L 220xg,
4CA A 53 AT F 4SS AASA
T}, Chamber slide2] @719} well & H2]3te] A
olAq Az A & 1FE AASIA Al Al
ATk A% 3o Wright giemsa stains 713}l 2
27+ GA3ta, Wright giemsa stain®] = “dEl ol
Al SAE e s UMt 483 AYS &
DW.2 A&t Az AAHT F3dn 7 (CX41,
Olympus, Tokyo, Japan)2.&2 77 sl 292
100712 WM =25 Al & zymosans ol
Mo 5 Alof offiof F& F2S o] 83t
PAE T3tA L AAE 28-S g WS A&
zymosan®] 2 U+ phagocytic index (PD)E T
3} Tt

PA =84 M 4/ Al 1007] x 100 (%)

Pl = zymosan?] 5 / &4 MXE F

Lysozyme &AM

Micrococcus lysodeikticus (Sigma)E 0.2 M citrate
phosphate buffer (pH 5.8)°l 2 mg/ml 3 E=Z FA]
2l S9S 96 well plate ZF well B 70 pl& €L
AAT EHE 30 W BFT F 3025 42 30
Z7HA] RESAIA ZAdE §3 =9 %S Sunrise
micro plate reader (TECAN)Z 405 nmol A §3=
S ZAsA 1 units 9 00019 F3=7F 7+

gt doE YEhldt.

B

ACH50 &3

Alternative pathway complement hemolysis 50
(ACH50) 2742 Yano (1992)2] HH'H & o] &3}
A8t B719] d4S A7) fal 23 G
needleS F-2+3F 5 ml FAF7]9ll 500 US| 3|2+ -&
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Agstar of7f Mol A dhg xFH 3] histo-
paque-1077 (Sigma)< ©| &3t HIFE £
Ao @ E7]e] A YT (rabbit red blood cell,
RaRBC)E 0.01 M ethylene glycol tetraacetic acid-
Mg-gelatin veronal buffer (EGTA-Mg-GVB)Z 23]
washing@ 3 1x10° cellsmle] EE 2 3]4I3}a] A}
&3ttt gdetujol A& PBSE 124) 314 &
96 well plate®l] well & 200, 150, 100, 50 pl¥ 3
3l3L EGTA-Mg-GVBE ZH2he] welloll F3Fo] 200
u7b B 5% 25590 RaRBCE 217k wellol
100 & 253t 25CoA A 1A12F F<F 73412
3 220xg, 4Tl A sEIF A4 Bt 4=
4% 100 W # 3+ Sunrise micro plate reader

(TECAN)Z o] 83} 405 nmoll Al A3 &

g8 AYET (V)= Y/(I-Y) 342 o83 50%

o] 882 A4 H uniymlE AHE3 T
HYE =™

JAskel Az A F AR FFFAA A9 skl
2R3 AERA 24 T SAY, S8, 2
J 4AE B ARASTE BEIAT

s HItol AV 8H AFF= E tardaE
A SS agaroll A FA A= Hsk 10
ml2] BHI brotholl Althul oFslar 25C ol A 2443
ksl th 32 HZFE 2x10° CFU/ml 52 100
A B4 FALs A HE o] Tl A Atm &
Zt& ALHA g8 FHA 24+ HE 9Y 1
AES viE] & AESEE ST

-
TAH

5 4

_|_4

SAEAM

HolHE ¥ FEEHAL (meantS.D)E EH
3ta Z+ 18 7re] $9olA AALS 98 ANOVA
ArEH|nE A3}

mlo ox

Newman-Keuls 7374

He
4
o

2 A4 AMEE 9= oo HIE Cob
Zedls 2 FYEro|EE et WA At
SIAE &&E Jon ool s AR E
AFolut 7] ool BAow &8Ha Qo ©
23 X199 Fe3t dikshs S o] &3tH o {FF
2l A9 F7} a5 7 Aol o
A7 AEE T detulo}

4 WA x| sl T FFT
S A% A3} 15= A5 HUe 5%
oA thztoll Bl Fo Al ST Ao
1 o] & FelAe dza3e] 193 o]t
wEH A Aokt (Fig. la).

Ao F4 HEZE dolrr] 93] phag-
ocytic activity (PA)2} phagocytic index (P& &7
3 2 A7 RO1O A9 vRIAIE 0.1%9 0.5%
oA T o2l 2ol 7t gllon @
38 5%olAl= dizTel Hlsl] AAE EAdo]
o)F o g 7kAadtE ACE UEGTH (Fig 1b & ).
ESH lysozyme &4 9 ACHS509 WHYEAE =4
A7 gzl H3)] ZE TAdlA fo &l 2ol 7t
T 2] ¢4 (Fig. 1d & le). Jung et al. (2010)°1]
w=H 2 H7t /‘]'EE“ Aol wofg & M4
W2 EQ] lysozyme S-S SHS 23 =& 4
oA iz st & &
7F YEbA etk Rasta ok %3 can-
osina red grape?] EEHE FEES F°
3tod 214l melanomacrophagesoll A &\
SAT A3 5855 oA ks a4 &
A it MESAo] YETH(Marcella et al.,
2017). ol&s AHE 1A E o & Oq“_rL"ﬂH
AHEE A FEES o 79 AHA " A x|

FEFES A Fou aEro| 1‘” 2 ]E‘% Al 2

2 f
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Fig. 1. Effects of dietary dried tangerine peel (DTP) on ROL (a), phagocytic activity (b), phagocytic index (c), lysozyme
activity (d) and ACHS50 (e) in nile tilapia. Data represent the mean+S.D. (n=6). Different letters above the bars
indicate significant differences (p<0.05) in different groups.

glgolo] Fof Al AP WE A Rolle= FEFS
FA| &= AFdAF = B35 0.5% 7oA o
E AYFe E8 txTol vls] 453 53
71%2] AEES AT ol vls] 0.1%T E 5%
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Fig. 2. Survival rates of Nile tilapia for 7 days following
Edwardsiella tarda (2x10° CFU/mL) challenge. Nile ti-
lapia were fed 0.1, 0.5 and 5% DTP added diet for
7 days, respectively followed by immersion infection
with E. farda. Normal diet was fed as a control. This
is the representative of three repeated experiments.

Antonio et al. (2010)0] w2 7HE 72
ol in vitroN X s
J= FE2EAHE
monene®l &]3F Zolgt ¥ @It} Kim et al
(2009)& A H7F AFERR AMSE dA] o] 240
limonene 3ol 7ol vl3| FolHdo=z &

=

s
G

A
ol
=
o
3
a

2ol Mxzy {#e B-1,3-glucan (Zhu and Wu,
2018; Marta et al., 2018), 34FSIA| 2 glutathione
(Xiaoxia et al.,, 2018), A Z Bacillus subtilis
(Nayak, 2007; Kumar et al., 2008; Aly et al., 2008;
Back et al., 2013; Lee et al., 2017, Choi et al., 2018),
Lactobacillus plantarum (Son et al., 2009; Geovana

et al., 2011), Saccharomyces cerevisiae (Mohamed et
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Table 1. Effects of dietary dried tangerine peel (DTP) extract on weight gain, percent weight gain, specific growth
rate and feed conversion rate in tilapia 7 days post feeding

Types of feed

Parameters
Control 0.1% 0.5% 5%

Initial body weight (g) 69.9+2.2 68.6+1.1 69.0+0.5 68.6+0.3

Final body weight (g) 76.8+1.7 75.7£0.7 77.9+0.7 78.2+0.6
Weight gain (g) 6.9+0.4° 7.140.4° 8.940.2° 9.6+0.4°
Weight gain (%) 9.9+0.9° 10.4%0.7° 12.940.2° 14.040.5¢
Specific growth rate (%) 0.7+0.1° 0.7+0.1° 0.9£0.01° 0.9+0.03°
Feed conversion rate 2.4+0.2° 2.4+0.1° 2.040.1° 1.8+0.1°

The numerical numbers in initial and final body weight (g) represent an average weight of 20 fish per each group

from three repeated experiments.

Weight gain (g) = Final weight (g) — Initial weight (g)

Percent weight gain = [100%(Final weight — Initial weight)/ Initial weight]

Specific growth rate = [{Final weight (g) — Initial weight (g)}/ DAY] x 100

Feed conversion ratio = Total feed given (g) / Weight gain (g)

Different superscript letters indicate significant differences (p<0.05) in different groups.

al., 2010; Marina et al., 2015)
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