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Han In-jin (Artemisia iwayomogi Kitamura) and Cham Dang-gwi (Angelica gigas Nakai) exhibit antibacterial, an-
tiparasitic, antifungal, and antiviral properties in vitro. In this study, mixture of the extracts of these two medicinal
plants was absorbed on pellets. Thereafter, these pellets were fed to olive flounder Paralichthys olivaceus for 12
weeks at laboratory (1% experiment) and 24 weeks at field test (2™ experiment), and the immune activity and disease
resistance properties of the extracts were examined. It was observed that lysozyme activities of plasma, spleen, and
kidney improved after 12 weeks. Furthermore, when the olive flounders were artificially infected with bacterial
pathogens, their cumulative mortality decreased in the group that was fed the extracts for 12 weeks compared to that
in control group, and the relative percent survival also improved. This study concluded that mixture of Han In-jin and
Cham Dang-gwi extracts provides disease resistance in vivo.
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L2uete] Q9 oFA] AYAF oF9l I X|(Paralichthys oliva-
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012} B3] 5 (Jung et al., 2008), 2171 5 13%(Jeon et al., 2020),

H|E 0|2 W uk-g-of Tato] o A3 W AFR] L Z(Jung et
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ma)(Jee et al.,, 2012), LA (Seo et al., 2015), 2 5 6
(Seo et al., 2016)S o]-8-3F AF | A thekgh &5l thaljA]
T7t ol RO A gt SFA| T, A A7} uEE 4k oJoRE e
2 AFESiE o] AMLEITL Sl AE-S uh e A oleh.

shebal s} ere] AJebAl o AR e ARshekT, obd A7
S E o] Qlof Aol JlojAl ARZ o] gl Al 7 2 43 o]
o}, sHAIRE YRS OfoFE o2 AlFstelr] flaiA FE e
£ S AT fra/d ghE v FaAofnh I Fol A g
o - A Aol et kA 2ARE FaliA] Aufekd of] wt
£ 24 HIE Y 5 =F djofgith

= o 5Lo]| A ARR-EF 3H01 A (Artemisia iwayomogi Kitamura)
o S} 4B T9)x7]e] ARl T, FeTl(Angelicae
gigas Nakai)= n|uhe] 2} A5 2 3] o] #le] Fitolo) o] &
o] B2 thokRt A5 Bl At FEEol, I, dH 5
2rgdo] lrkal A A qlom, ook Hdhe siA] B2o]
o A EEA] SHEAZ A% 753t decursin} decursinol
angelate®] oF2] 28 A#A Q1tk(Son et al., 2009; Ahn et
al., 2019). A AFooREeH A of| X7 WAl A= 2+
of qlom, QIAof ebRE AYoFA &= =91 ¥ ct.

2 7= o)A dt(Jeon etal., 2020)E S5, i EE Y
Alofl Thet gat, Fat, 71485, Fatel 22 A5 (in vitro)o|
ek =2 A2 RISk, 0] 2F EHFEEERIA AT
Ty Al FHAIA Tt (in vivo) HA[2] HAZY B
sy ol diet - 2ASHA s,
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SFQ1 %1 (Artemisia iwayomogi Kitamura; ©$X] 7)) 2
H(Angelica gigas Nakai)2| Az YA = U stk A}
(Dachakhanyakguk, Iksan, Korea)25-E 113l oH, 2=
ANEe BEEFrE 38 A 5 oehE 552 AlAkskelth
SHRIZI- 2 of] gt oflghe 552 5= 1H(50, 70, 100%)
2 0|5 AJokA o] TakA|Z Bl & (1:1, 122, 135, 2:1, 5:1)& &}
TS ZARF AP A9E E5l, o= A= 50% ollgh-Z
Feg FEPe O, 72 ol B Ble(: DY W, 7P =&
A4S Vehl 9l t(data not shown). weha] Z- AR E 5
g¥ T3 2255 10 goll 50% olghE 100 mLE t3tef 40°C
oA 3AI7HR 3 221} 2%(B3510; Branson, New York,
NY, USA) &, 7+¢F 5=(CVE3100; EYELA, Tokyo, Japan)
sto] 52 A 2(FDU-2110; EYELA)E A7 A28l 9} 2%
Moz 5or) 2 AKel ERREES 5712 HAL U9l
w8 20°ColA] ABo] A A7) mastotct
Al&0]

=

o) B RO RS AE7] 919, ATAA Y 2
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A - FA FEE A A 635

AR AT FA BAARQA AF)OR o] A
+3.8cm, BoAl5 17.8+£5.6
golle ZFaA dA| FAlA ARt | X|(Paralichthys
olivaceus) s 2.5% 3719|471 FRP=2(2001}2] 4=-8/=2)0]
o] 22 AZL00], A87|7F $9F AHL(205+1.5C)
& FABHAA BeE FE(18-24351 /Y Bh)solet. 234 A
HEAAA 13.3+0.7 cm, Bt A5 20.7 +4.3 g)ofl+= 234
A o] GAFAA 1745 A7gsto], 271 4=2(1.,400mt2] =8/
S2)% A3 8 pelshA Agel Agstach 13keh 27 4
A7t Foll AR OfoFE-E AMESIA] §RekaL, Al AAES
F3 7185 A9} 72 oAl © vo]2l 28 PCR (poly-
merase chain reaction) 2 AlSEe] A 7FH o HE 3Helsl%]
onf, 24 0.2 Apolo] HyAtS SISt
MoHRY HIHAE HE U 7SO

1A S-S 84 g AEP (extruded pellet) A}=(Sajodonga-
one, Seoul, Korea)S o5 (kg) & 50% o2 AJoFA| =3t
FEES A5E(0.01%), 555(0.05%) ¥ 15=(0.1%)=
SEAA TsolA 2 ARAIA A2k 2= oA
AFEES AP sHA] g2 GAEPALREYE SF5k3ith Az
F AR 7 b= A E ol AFE-SE7] A7HA] 20°Coll A Bt
Ak 13 A o] Foj7| 7k 1252 3193, A Y= 50%
e Aok T55EE-20.01%, 0.05%, 0.1% 5= & A2
3 37} ARTE ekl Aok A7 ARS ATR B9
oF. 22k Aol 12} A Y] A, A= g2 A7 50% o
L2 AYoRAl] TotEE2] 0.01% s =2 A2 ALRE
S0 ah9lr}. 27 A179] Fol7|7hE 4] 0% E5} 171X 24
262 STk 13 Aol A =l A%} 54,8, 1257
o, 22} Ag o A= 4, 8, 12, 16, 20, 245A] o) S HA5}612] E
4, lysozyme TH4, W] 225t Wi} 9 A (A A1)
& AT F7h 02 13} 8 27 15 Fel Aslole) 4
e (EAE)E A

ERITEL SN

rol‘ [‘}014

% 2 o

124, 8, 1257) & 22} A34, 8, 12, 16, 20, 24F)of| A A
ot Fof7|3ho] whef, Hi kel Atk 10024 A9
= AElsto] ofA]|e] dolot HAS S7dstich A= &
AL A 2] o] R mof A & stod, capillary tube
(heparin treated, 11000 rpm, 5%)2 | EZZHI(Hb) =5
Sk, U A o2 2441(12,000 rpm, 152)5t] S
weste] WEHIH-80°C)skt 3 ool &gt
7|(DRY CHEM3500i; FUJI, Tokyo, Japan)E A8-5lo] &l
Asteta] Frsks SAskI . A total cho-
lesterol (TCHO; mg/dL), glucose (GLU; mg/dL), glutamic
oxalacetic transaminase (GOT; U/L), glutamic pyruvate trans-
aminase (GPT, U/L), alanine aminotransferase (ALP; U/L),
total protein (TP; g/dL), triglyceride (TG; mg/dL), blood urea
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nitrogen (BUN; mg/dL) 5 87} 52 245}3)c}.
Lysozyme &4 24

12K4, 8, 1277) 9 23} AH9](4, 8, 12, 16, 20, 245=)0l| 4 274 T
Foi7|7bol| whel, A3 el thztatet 10ufe] 4 FAkele A
glsto] Foll, A, A4 08 Uro] A, lysozyme 23S
EA53I T}, Lysozyme &4 ol = Parry et al. (1965)2] &
AS Agstelnh 2 Ao A8E = WA (turbidimetric
assay)-> 0.05 mM sodium phosphate buffer (pH 6.2)]] 1]2]
=0]& Micrococcus lysodeikticus (0.2 mg/mL)E 7| A2 AR
sholck @42 AH(100 pl) 2 108) 34 3F S 7|2 100 pL
2} =351 microplate reader (Sunrise; TECAN, Mannedorf,
Switzerland) o] A 37°Col|A] 302 2 55 52t 600 nmoj|A] &
Freo] Hass S v A2 lysozyme 22
A7)0 o] My o, %2 BA2] 10 volume®] 0.05 mM
sodium phosphate buffer (pH 6.2)E t]3l v}l (homogenize)
sto] A3kt &, A4 (12,000 rpm, 4°C, 10i2)3+9] /5
NS dojffo] FFE=E S5 S3 == 24 600 nmo]|
A1 OD (optical density)#r2 1.00.2 HA3}0] A7} -2 vf
oz 453t

SCIELILE

12H4, 8, 123) W 22} A% (4, 8, 12, 16,20, 2450l A A A5t
F017| 7k mhef, Aot ti 2ol A 2 suke] 4 ke = A
sk, 10% S/ 2=28=lof ofrh|, 7k, B, A, A4, 4
SRS A7 shih. 24417 3 A, A, B, R sl wkek
Ao Aty e AA viehd 22 552 AlAstaL, 2]

LB - g

o - 53]

(HistoCore MULTCUT; Leica, Nussloch, Germany)E AR
sto] BhAgt & Sefo| Egefiof F2kA]# Hematoxylin and
Eosin (H&E) @43Hich. #5017l QA2 S50 35}au]
ZJ(Axio ITmager A1; ZEISS, Goettingen, Germany) 2.2 ]
22342 Walg B,

stal mAb

o |

g2 Aol et A dot 7] fiek 9 A¥
o A8 o FRSALIE10] Seatn) 4B gL
(Korean Culture Collection of Aquatic Microorganisms, Ko-
CAM)o|| A B339l Edwardsiella tarda (GY 10), Streptococ-
cus iniae (FT5228)E AME-31%tt. o5 5+ BHIAH|A] <
A Al st o, BaFEAR Aol Eat R A Hag ol
A AEFiA s AU 12 AR 9 izl
= E. tarda®] 3555 0.99 % 10°-2.99 X 10° CFU/fish, 0.1
mL/fish2 243 om, 22} Ad 2] 27t oll&= E. tarda®} S.
iniae®] BEEEE 2.5%10~5.0 X 10° CFU/fish, 0.1 mL/fish
& 2Aelich T, TR A4 e g Bl Bk 4}
SHQIT). 124, 8, 122) 9 23} A3 (4, 8, 12, 16, 20, 245)2] 2}
Eoj7|7te] FRH ol Fol, APTHZ A91Ad AL F
27 FOr R AALR S Atk 4 Al ek 915t
of, AA7NA L] W- - A7|24e A4 &, AT S £
els) 4 PCRAAE & AZstach
S5jj5tx| B

2E AR A Al IBM SPSS 10 software packageE:
o[ §3to] HAlstg o, 14 A A = AR ok 7 Aol

Table 1. Physiological and heamatological changes in olive flounder Paralichthys olivaceus fed with diet supplemented medicinal herb
extracts of Artemisia iwayomogi Kitamura and Angelica gigas Nakai (0.01, 0.05 and 0.1%) for 12 weeks (n=10/group)

wks Diet  BW BL Hb  TCHO GLU  GOT  GPT ALP TP TG BUN
%)  (9) em)  (gidl) (mg/dl) (mg/dl) (UL)  (UL) (UL)  (g/dL) (mg/dL) (mg/dL)
0 457144 17.0t54 7.7+1.1 1855£30 32.3t21 34.1422 2.3+25 122.0£31.0 4.8:0.5 338.0:90 4.6:0.3
4 001 56.6+18.0 18.846.0 8.6£3.2 177.1:14 322417 372416 2.0+1.9 105731.0 4.7:0.3 3157421 5.3:0.7
005 50.0£16.0 18.1t57 6.7t1.7 160.3t8 36.0+18.0 25.3+15 2.0:0.5 1015287  4£0.27 350.0429 5.8+1.0
01  49.0+155 17.6t56 6.4+1.7 170+10.5 23.5¢15.5 35.4+11.7 2.0:0.3 117.0424.0 4.1:0.4 303.0+22 5.70.7
0  97.7430.0 21.0t6.6 55:3.3 234.3:45 4511354812105 2.8+1.6 126.1427.0 4.2¢0.6 274.0+32 4.6:0.6
g8 001 095.8£30.0 21.846.9 6.5:1.3 230.0£21 37.411.3 47.9+11.3 24420 1245¢30.0 5:05 250.0t54 4.5:0.6
005 90.8425.0 20.6¢6.5 6.2+1.2 2231429 33.4+19.8 38.6:6.8 2.8+1.2 119.5¢28.1 4.3:0.4 238.3:58 3.8+1.1
01  90.4%250 20.7¢6.6 6.5:04 243.0+32 38.2410.0 36.1¢8.8 2.6¢1.3 1130312 4.1:0.6 236.0458 4.0+1.0
0  140.6+44.0 22.3t7.0 6.3+1.7 250.0479 38.7418.0 36.7t8.4 2.2+0.7 143.0¢450 4.9+1.6 251.4+79 4.2+1
12 0.01 147.0£59.0 22.5¢7.6 6.2+2.6 245371 37.746.0 337475 2505 113.5:36.0 4.4+14 256.5:81 3.6:0.8
0.05 142.7442.0 23.3t7.4 6.3t2.3 240.4+76 38.2¢5.8 36.1t8.3 2.7+8.3 123.8£39.0 4.41+1.4 2481471 3.8£0.9
01 13254420 22.8+7.2 6.4+2.3 247.3:78 27.3:23.0 33.4+7.4 2.1:0.6 1059335 4.3:1.4 265.0£83 3.3:0.7

WKS, weeks; BW, body weight; BL, body length; Hb, Hemoglobin; TCHO, total cholesterol; GLU, glucose; GOT, glutamic oxalacetic
transaminase; GPT, glutamic pyruvate transaminase; ALP, alanine aminotransferase; TP, total protein; TG, triglyceride; BUN, blood urea

nitrogen.
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Table 2. Physiological and hematological changes in olive flounder Paralichthys olivaceus fed diet supplemented with medicinal herb ex-
tracts of Artemisia iwayomogi Kitamura and Angelica gigas Nakai (0.01%) for 24 weeks (n=10/group)

wks Diet  BW BL Hb  TCHO  GLU  GOT  GPT  ALP TP TG BUN
%)  (9) em)  (gidl) (mg/dL) (mg/dl) (UL)  (UL)  (UL) (g/dL) (mg/dL) (mg/dL)
0 0 20743 13.3:0.7 5014 152.7434.4 14.7+4.6 235+13.1 44413 166.3+14.3 3.6:0.4 116.0£19.3 3.440.7
A 0 5864135 18+1.6 7.5¢1.3 2215463 11.0¢7.9 28.0t7.1 3.5¢1.6 164.5£39.5 5.0+0.7 186.5¢37.0 5.3+1.5
0.01 5864123 182414 7.7+1.8 234.5:36.8 14.4+6.9 29.046.3 4.5:2.8 187.7+38.3 51404 242.0+77.4 54%0.9
; 0 117.8427.1 22.3t+1.8 9.8+1.5 17644453 22.3t54 255+10.0 2.8+2.3 271.6465.3 4.4:0.6 215.7+61.5 3.240.8
001 109.911.6 222412 9.1+1.4 219.3:71.2 19.4:9.4 32.9+13.6 3.8+2.3 251.2¢30.0 5.3:0.8 247.0+77.2 3.6£0.7
, 0 1942042335619 99418 2018:27.7 121463 133244 21303 197.5:237 3.72:0.5195.4£39.8 25803
0.01 141.4426.0 24.8+1.9 10.1:2.0 161.3t59.7 9.9:4.0 13.34.6 2.0:0.0 188.6+47.8 3.8£0.5 228.7+34.9 3.2+0.6
g 0 29214498 200:15 86+17 24014461 113633 18.9407 4.5:65 22074493 49405 17242381 28405
0.01 322.0¢56.7 30.6£2.0 9.5:1.2 262.0:28.0 11.2:3.9 16.9+10.6 3.1:1.8 229.437.7 5.0£0.6 143.6+37.4 2.7+0.7
jo O 3084560 306+14 10,0623 2479595 127465 15.9:4.0 34416 22494638 7.0:22 9914268 62406
0.01 321.6£36.9 31.5:0.8 10.4+2.0 251.0£56.7 10.1:4.0 14.142.6 2.3:0.8 214.1£52.0 5.3:0.5 103.1:31.9 3.8£0.6
,q 0 336.1#628 322422 10529 24524330 15.047.8 203167 4.3:3.1 20864622 6.152.1 151.1£59.7 6.3+16

0.01 352.4+43.7 31.5+1.7 10.61£2.6 257.4+29.3 13.7+7.3 18.7+4.1 1.7+0.5 223.7+56.6 6.1+1.1 168.0+26.6 3.5t1.2
WKS, weeks; BW, body weight; BL, body length; Hb, Hemoglobin; TCHO, total cholesterol; GLU, glucose; GOT, glutamic oxalacetic
transaminase; GPT, glutamic pyruvate transaminase; ALP, alanine aminotransferase; TP, total protein; TG, triglyceride; BUN, blood urea

nitrogen.

Table 3. Lysozyme activity (mean+SD, unit/mL) of plasma, spleen and kidney in olive flounder Paralichthys olivaceus fed diet with supple-
mented medicinal herb extracts of Artemisia iwayomogi Kitamura and Angelica gigas Nakai (0.01%) for 12 weeks (n=10/group)

) Extract diet (%)
Tissue Weeks Control
0.01 0.05 0.1
0 346.0+17.4 - - -
4 442.5+46.0 432.5+48.0 465.5+29.0 430.0+£53.0
Plasma (U/mL)
8 486.2+41.6 486.21+61.0 475.1£76.5 431.1140.0
12 512.5+33.0 465.04£67.0 483.0£51.0 491.1455.0
0 653.5+76.3 - - -
4 594.9+56.8 708.3t74.5 793.9+70.8 690.3+97.7
Spleen (U/mL)
778.9+51.1 753.9+44 .4 765.5+75.6 744.5+68.4
12 636.4+165.3 635.8+161.1 651.6+164.3 647.6+£179.1
0 528.4+67.0 - - -
) 4 576.2+65.5 605.2454.1 744.1+65.1 681.0+51.8
Kidney (U/mL)
648.6151.4 1479.0+226.6° 881.11£93.64 968.6+107.420
12 715.0+94.6 733.3+186.1 786.4+268.8 719.9+131.6

Values with different letters are significantly different (P<0.05).
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2007), 71-&4, @82, 3N W 65(B, a4k, 29, 523,
EIA, A4 BUSERS Bo7l 20 2H &S ehilo
™ (Hwang et al., 2015), 35(Pagrus major) | A= 45(AA
A AT AP AF) AobAle] BUFEES o] At 27]
o A% &2 avE e t(Takaoka et al., 2016). ©]= A
oF) 2250] o|fe] Aol ulAE BT ALl £5
o ofFof ute} o2 AE vEhd = Qe BR, of 7ol 4%
of WA= Aol tishA oz o W2 A7F Hagt Al
2 AR ECh

MBI S

12} Ao A 27} A 710.01%, 0.05%, 0.1%)2] F-of
7171ol| whE gAY sFeHA] A o] et kS Table 1]
LB ST, 970 0] SAGES T2} 371 A Afel |
Fol Al 2ol & I 4= §giet. 23k Aol A 2ot A
A70.01%)2] Fof 7|7 o wh2 d YAy skeha] Aol A 1
A A v A 2 tf 2 Ttet ARl Abolof| 28] 2] 2o 7}
§l3ItH(Table 2). 12} 9 22| FolAYa}etA Aups2 A
Aol Al 52(0.01-0.1%)2 125 oA Fof Al gx]o] &Y
Ayokeba] Mol A -0 2191 20| & e A] oot ofA|of] F-
28-S iRl o5 &9l & = Qiek & A2 et
AVl 8+7](Astragalus membranaceus) 2 21'5(Lonicera ja-
ponica) FEES Fogk Yetu]ok(Ardo et al., 2008), =+ &
9] 3% B3-S ES Hel #5-o|(Harikrishnan et al., 2010),
ORIl AT YRS BUSEE U 9% FohE2E(lung ef
al., 2002), "= F===(Cho et al., 2010), 214 2] F==E(Seo
et al,, 2015), Al ARAAR A4 3(Ji et al., 2007)2 &
T o] Wolna duleh GARE Auk, Aop) 258 F
o7} AP Eoll AAsteA kS mIAA] ga= Eelst
et
Lysozyme &4

12 AR of| A Tz -2k A 50.01%, 0.05%, 0.1%) 9] Fo17]
b4 lysozyme Bd& 2413 A}, 37) A 7hedl A=
(0.01%)2] TEFEES T3t TLEollA 854 A1 2249
A19] lysozyme 2/ 0] STt = AS ER15HTh(Table 3). w}
b oI A 2B 85 olAf Fo] A H|Eo]4 W
A ST AL ERIsk) 22F A oA 22t
AH0.01%)2] Foi7]17HE lysozyme BHS w413 At
o] FH gl 222 Fllof| A= 1254 58, A} v
1657 0| lysozyme 2/ ] 575} (Table 4), 125 0]+
717t B 7} @R 9] njEo| ] HeEA o] Frtof kS vl
£ 222 Yepylth 2 A A} eIzl g £
Fol= 85 o] FojA] H|Eo]d HAS 7M7Y, A7
FoATRE a4 oS gRlskoint.

o] F2] toFgt S04 wo] 7|2}k F lysozyme 22| F7t
AN E g E W SIS AAJAIA H| 5ol F Y

= 1= 1

02N ox o

0

9424

LB - g

o - 53]

22 27X 7| 22 (Robertsen et al., 1994; Wu et al., 2013) AJ
o) &5 Folo w2 vl gy & &<lsh] el lyso-
zyme TS Z45t5ck. etulolel T4k 358 Fojsi(Wu
et al., 2013), F Aol 6F2] HoFA| (S5 LAHFu]-F-23)-2;
4B FEES FolA] B lysozyme TAo] §2)
02 271819 (Seo et al., 2016), Ao T4t FEE FoA
AT 22| (2L, 81, A7)l A lysozyme 2 9 AN &
Aol M= £0142] 2718 LERYTK(Seo et al., 2015). SHA/RE
oA FEES Tht FRAE S0l 223E 0] §lof o] A&
So] mE x| o] wol7| el Hake 2ol 2 §uH=A U]
7] ofel ), Ak 27140l A7t Had ow Anst,

SOt

134 9 23} Aol 4 Foi7|7ke] mhe ook A7)
571 (obhu, 21, B, AV, A% 2 AskhelA] B go
2ol ZARAgo] ek ghe-& SHelsa(Fig. S, Fig

82), oA EE=e A7 Folsitizte YAl =4
VI WA o= gl & = AT Ak Al L2

Table 4. Lysozyme activity (mean+SD, unit/mL) of plasma, spleen

and kidney in olive flounder fed diet supplemented with medicinal

herb extracts of Artemisia iwayomogi Kitamura and Angelica gi-

gas Nakai (0.01%) for 24 weeks (n=10/group)

Weeks Control 0.01% Extract diet
0 405.9£138.3 -

Tissue

4 1284.74496.6  1229.3+218.3

8 15651.3+280.3  1365.2+641.1
Plasma (U/mL) 12 1663.0+£57.3 1822.74259.2*
16 1720.0£249.2  2214.1+285.4

20 1470.0£345.4  1749.3+314.5

24 1331.0£256.4  1723.8+221.2
0 304.0£127.0 -

1185.9£307.8  1621.6+205.9
8 1681.8+288.8  1578.3+272.6
Spleen (U/mL) 12 1886.9+283.7  2378.2+187.0
16 1617.2£263.2  2945.5+147.7*
20 1721.3£331.8  2791.4+281.7*
24 1475.3+378.4  2177.0£195.9
0 511.1+143.1 -
2206.5+1138.9  1800.7+424 .4
8 2208.5+1046.0 1793.6+572.4
Kidney (U/mL) 12 3369.1+1438.2 2799.4+1379.3
16 3136.0+1159.0 4095.8+1076.0*
20 2681.1£799.8  2880.4+486.3

24 2042.4+385.9  2481.9+407.1
*Significant difference at P<0.05 compared to control.
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Fig. 1. Cumulative mortality rate (%) of olive flounder Paralichthys olivaceus in which artificially infected with Edwardsiella tarda after fed
diet supplemented medicinal herb extracts of Artemisia iwayomogi Kitamura and Angelica gigas Nakai (0.01, 0.05, 0.1%) for 4 to 12 weeks.
A, 4 weeks; B, 8 weeks; C, 12 weeks; @, control; 0, 0.01%; V¥, 0.05%; A, 0.1%.

(Angelica acutiloba)S 5013t S=2] B2] 22 8F2] 7] 7 of A
Eo|gt HHe T2ty A] oo} EAURS 0] gl
ARHMEDS, 2005), RFR1Z1 % H3E @Y E
ofgt o] A A= EIe 4= gl

O{EAMH QLG ME SH=

12} Aol A YRR EgtaEE2] A TH(0.01%, 0.05%,
0.1%) §-017]7to] whe}, E. tarda® Q19170 A& /\1/&]6]— A
I}, FAFH AL 0.01% AF Lol A 7HE W Pgm:]

0.05%, 0.1% A 7-2] <=4 = Lhebar, 7]70d -Hl*lgg

Bl aRh A}, 1254 A7 wARES e Ek(Fig. 1.

1 AT 0.01% AR EFF2Z LS 1250|4F A 7| 7H Aok

ﬁ‘“%% Fo7h 1917 A olA HAES Wi vt
Rlatgict.

27 Aol A= AE40.01%)9] Fo17] 7ol w2t E. tarda

O} S. iniacs Q1$17F AR B AT AR T FAHALEo]
1277 o3 HAS| olx|t 2& 2l & 5 g

o)t ATHe 13} Alslo] ATho}-§ Al A0 LR ehFig.
2). Ty 12560 H BA7IIH2457H]) Foistel  w|AkE:
o] §ol0.2 Wafsia) sfgkom, ek S-S Fol 12
FAo AR AHALE TS LR 125 5 o] 4]
ol gt 19 AE Ax}, 7P 2o =R AR (55%) =
UERE T, o]3 16329} 205270l 55-60%2] F2HAR-S
Uieby o m, 245 2% Aol t3t A HARg o] B 55%
& Uehit 28 & 4 itk mhebd, Aok B9 ES
123744 Hol Y29} 1 0]AK(16, 20, 245) W2l Y= Al
of thet oA FAQ AtolE UehliA] gFom, 125
Fo7F 7 A ol S Eelskyie: I el oS A7t
Sk AR E o] A] 57155482 (Epinephelus malabricus) 2] E.
tarda®] thet A go] 521(Wang et al., 2011), Eetu] o}
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Fig. 2. Cumulative mortality rate (%) of olive flounder Paralichthys olivaceus in which artificially infected with Edwardsiella tarda after
fed diet supplemented medicinal herb extracts of Artemisia iwayomogi Kitamura and Angelica gigas Nakai (0.01%) for 4 to 24 weeks. A,
4 weeks; B, 8 weeks; C, 12 weeks; D, 16 weeks; E, 20 weeks; F, 24 weeks; e, control E. tarda; o, 0.01% E. tarda, V , control S. iniae; A\,

0.01% S. iniae.
Ao g Qo 2E25E Tt § A9 A Ak, &
71 9 lE FEE2 o 2RUAo] tishe] 45% A S-S
(Ardo et al., 2008), 3+& Z(Eclipta alba) 2&52 o| 2 HUbA

o

g |

ool tisle] 57% AFiAYZ-8(Christybapita et al., 2007), 34F

FEE2 A4l tiste] 73% A AEE(Wuetal,, 2013)
< vepiith x| of] Yo FEES Folgh 3 A A



Aol A= g FEE2 o= Eqtol thsto] Xt 88% 4
A= (Jee etal., 2012), LA FEE-L o =& o] Tfj 5o
Z|tf 78% AYEjAEE(Seo et al., 2015), 1Hs FEES of| &4
ZFo tiale] 10-55% AtiA=E(Lee et al., 2010a; Woo et
al., 2010), +AK Citrus junos) 252 A=Y =qtof tjsto]
30% “F A EE(Jung et al.,, 2001 )& LERHTE. o] &k o] of iy
Altoll thet Adth B EE0] Zol= th/dol&, AHofAe] F52t
FEH, SANE LAY FR A T ohdr At
ojof WhE Aoz St

FAARY S HholE A Bl et Ao W e R F 1js)
£ wolgtyl, A 2 & fIol AMg-oh= Sketora A7 =4
2 AR A -7 Qiek o]" BARE-S A3ty flsliAl
AN E 83 AGE AP, o= A= H
5ol H7)5 Aotol 523t A4S st, HAAA S gt
ol &, oh4t, AT e At o= FXRttAL(Zhy,
2020) A ek 2 5 N ES o3 9 6 (B 1L
423 G2 A ) 3 AR FEES T
HAollA E. tarda W4 &5 Sl gt ake Selskoitt
(Hwang et al., 2015).

AokA) 7]uke] melA A A EL] HE7|5S
AL, At 3 AR S =017] wiiZell, ek A
A& BE Eol7] fIvt 7P 2A 9] e A<l
(Newaj-Fyzul and Austin, 2015; Van, 2015). A 2F#|
A E3F 0|9} T Ut 28-S o), ofetEd 3l v
Agt 4= o= BAA QL A A 2 A A = AL QlTH(Van, 2015
& e AAAEQ ol=et A7 HlE =2 wlE WA
o, x4 SdUo =N QHAgo] B ok, ¢
A AH-S AAE 4= 9l Hok AR iete 2 Aest
(Hoseinifar et al., 2020).
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Fig. S2. Histopathological changes of olive flounder Paralichthys olivaceus 0.01% natural products diets for 24 weeks.
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