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Effect of Dietary Supplementation of Fermented Mealworm on the
Growth of Juvenile Stone Flounder (Kareius bicoloratus)

Hyun Sol Jo', Moo Eog Park’, Sun Mee Hong'
Marine Industry Research institute for East sea rim (MIRE)
’Gyeongbuk Research Center Freshwater Fish
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o 2 At Ao EZFVA(Kareius bicoloratus) 873 Eo<& & & A= ARI7HE /NS 8 28AAY
5 ETHAG ol o8 i 715S 7He S T8 3§, ARHVIEENY 555 At olF HYA
(HEZ e, ATl dist FH71sS 7N SAFLAB: L. plantarum, W. paramesenteroides, P.
acidilactic) 0.2 HHTE ZMAAE & TR EO o] A AFAFEES A F 600 vt Ko E71Au](SF 5~6

gE FAIste] 100vH]4 =2 670 A9 wiX|et & 7 3524 dixan AUFLoR ERoto] 6577 B AT
AEE A5Gt 65 Fol dxd9 A ¥ 8 AL 8.42 cmolH, d2ZY AF B2 19.71

AFFL 20.28 g2 & HeTm_LpWpPa F7tl Qlof 4 314}7} ZUEE EIstA. 6579 TA LS R
223.26 %, AT 248.76 %Z HeTm_LpWpPa H7h0l 25 5 %p AFARWTE £, 657 FUY SHIEES RS
2.79 %/Q, AAT 2.98 %/LE AFF0] 0.19 %p B E}Th £ B AF olste] A $of YA E 3FA =
g2 279129 %), AT ovtEl(3 %)elL, 6FAE dxE 177+E(5.7 %), AHE 3utEl(l HE AFTolAE 3
o AF ol 1 %= 44T 4% anprt T ol AE Bolsol #%F & f4t TAEHeTm _LpWpPa)
AR F7HEY 10 % We7HA] AHE2 E7HAWE BSbehe ol X[ol9] A £X1d AT 2 AR

Abstract In this study, we aimed to develop a feed additive that can promote the growth of stone
flounder (Kareius bicoloratus). To this end, we fermented mealworm medium (5%, w/v) with lactic acid
bacteria (LAB) with antibacterial function (HeTm_LpWpPa) and evaluated its efficacy as a feed additive.
Fish (approximately 5-6 g) were reared in six completely recirculating tanks (100 fish/tank) for 6 weeks.
The total length of fish with and without HeTm_LpWpPa supplementation was 8.26 and 8.42 cm and
body weight was 19.71 and 20.28 g, respectively, at 6 weeks. The weight gain of the control and
experimental groups was 223.26 % and 248.76 %, respectively. The specific growth rate at 6 weeks was
2.79 % (control) and 2.98% (experimental), and the growth rate of the experimental group was slightly
higher (0.19 %) than that of the control group. At the end of the experiment (i.e. 6 weeks), the number
of fish below the mean weight in the experimental group was 3 (1 %) and that in the control group was
17 (5.7 %). These results indicate that feed supplementation of 10 % HeTm_LpWpPa could be utilized to

promote the growth of flounder in farming.
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1 A
FAldel Slof ofF AlRE T dfo] =2 oF
(fish mea)s F8 THAYPC=R ALGst Qict. 17
L} o]29] F9 o<l e, i, EX], olE] 5
S AR ol BARFo| HASIHA =99 F5HY
30| YR} olE AR HFE(soybean)Tt
252 (insect powder) 5o o} HAEZ WA T
3 ok FAATAIFF A7 Food and Agriculture
Organization of the FAO)Y
Animal feed resources information system
(https://www.feedipedia.org/node) o4& 71& 9
olF ARZ  o|&EE AN H|EHSchistocerca
gregaria), Q¥+ Jute] FLE7(Musca domestica) 2
FN(Bombyx mor)E VIES ZFAEC sl 53¢,
7R, ST AR, AR F7) A" D 9YEA o
St ¥l i Alget qlrh 2 SUE Z2AAA Y
(112} Foi5ell2-6] 59 FF/dEo] SA|, =HA, x|
2 17] 59 ARATHIRY 715, 7HA, &5 5ol
SREt B9, 48EFo=2 T5H ZMAAF
(Tenebrio molitor; Tm)E @A 52.6 %, A% 34.4
%] AR ZuEEH1]9] AlRYoZA 9] Jgst
A 77 AFHJY. B3 ZMAAY FE2ES 9
Az 49 A7], B9t [8] 5ol EatHQl Aoz o4
A Jom FEXTHY AFARE o]0 fEAGS 9
okl Qlrt. 13y oj i 1159 fEEdS A
&517] et g4t S50l qlof 48252 71474
oA 7]& ol&EES dAIS = olHE AoE HYEL
Ut olof thiEt ARt g Aol AT V5L =
o= AR N2 1 7Hs4E =Y Aotk
7453 o7 Atm W AAERE A Aol

Z|(2011)Eol w2t QAo Foligt FABALE FetA|
Aof| T4 A7E EolRA 2L Qlet. oof gk tigte g
&4 E4[9-13] = GRAS(Generally Recognized
as Safe) w5 F SRl FARKHZEHO|QEA,
probiotics)& 7} T oF ARl IR 844
Ql A+ AFF BT QleH14-16]. ZE2Hlo|e"A
EA9 At AZHETE ofUEt 7h5, ofFY] AW Al
+F AT HASH, A PR Sl ¥
F= A08 A T o]E9] Yol mejHio]oE
(Prebiotics)[17-1912} 2%} thAFER] EAEHIO]QE
(Postbiotics)[20]°] gt A-+7F Ldsict. ol G
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T4, olF WAT 24 B9 53 L A4 77 &
of 7|gfsi 15 Hopolrt.
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ot Aolg o
wAIRolo] AEHZ,

3 A7} Bast
¥ 4 9k 4%, WAE 52 oR s Hd
a4, 9, 5o 23 Bgo] BAY YYIH HEY
REBYIN 7152 RSk 4 Yk PO nRujol
28229] wolql Zejuto] 9|20 Y7t A7t Wt
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tho-13]. Ad=9] 7EAA dibdEs dad

(nitrogen) T+ B4 U(carbon)?] Yw& ALY 7]
2 A E AR 4= ITHO-13].

vt A Qe Exske E7F(Kareius
bicoloratus; stone flounder)= F& FAELS} Y
L9 FofictelA fA s Foltt. A5 g4 ¢
A BEFARLATEL Aolg FAlsto] 8~9
ool WRe g A% EUHAME HE-SE9ith

£ Aol A5 Y 7Y AAEEZA g
= Yol AREE A8 ZAAAZE olv] o] ¢
TollA 2EHY AlR Yo EN FYo] $45kal 45
& oJ&3 H|ZSH] olF HAIY & JlTHllE A2
o] whe} S48 YSEAATE At gt FAA
TAE AT Atk FolitE F olR 7HE 5o
olf AT chidYor FER= ThFEE(3,000Y
/kg) ] ZMAE](30,0009/kg)9] 7HEe] o} o]
£ U 713 wEed 10 %7t BAE 40 7t
% Ao AlgHY. A9 Fol®E ZMAA 9] g
T 7158 ASAE 5 e ATE Hlol ool o

ot 7Ise e 28 Aske e Ea
57 S Bidse 3t 28 dA(ZLER|29L)

FasicHi4, 18],
2 Aol mevlolegany Fo HgolA £

2t ol e SAE 35S Zejulolod A 4]
8259 AR BorE o] e 7, IR
7o) Brkan) Aol 10 %S Arlstol A, AE,
T 58 2A] P4 ol5el ARFAHRAS 7}
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= &7 (Kareius bicoloratus; stone flounder) #|
oj(B+ °F 5~6 g) 6009H]E A&t A¥S s
=7 diE 98 2(1.5 ton) 6709l ZF 1007+
A FZQI2 Aeisto] 23 ol &AJstgirh 2t ARz
£ dlE TFcke <A AARIoR Hit 22
20~21 T o], F7'487](aeration)E AA|5t0] F&
3 BEAAE fASIReH F7] e BEeE °lET
o] 121:12D 2R FAEUT. &4 5 Al HigA}
F(Love Larva no 4, Japan)E sF&of & #(09:002+
16:00) &&dFAL o1Fol= 378 4230072 1007}
g/ dE2dos Al HigAR 100 %S WAl
370 =z(3007t]; 100Vt /42)e ARAEATAL
FEZANAXND & YEE= 90:10; w/wE oo F
H 6F7E TE5kh

S

¢

22 SFY QUBFE Mt U £

4= 1 %= 0.1 % BCP (Bromocresol purple, Sigma,
USA)7} 271E MRS (Difco, USA) agar B0l =d5}
of 37CoA 197t ¥t & BCPLE] wh3of 9Jsff k=
D F2UE FAote 75 AR 13 Adst
ot 22k AL S EREAE oA 2o H]
Bt (Listonella anguillarum ACTC19264), 94
T+ 23(Streptococcus parauberis ACTC35668,
Streptococcus iniae ACTC 29177), @|AH|E|okt
(Listeria monocytogenes ACTC15313) o that Tt
2y AR Pl Fr2AdL agar well disc
diffusion method® 743l A7 455 Al
A4 HFstar 37 CTolA 24417 vijFsto] E/3HA|
70 g ARl 227t 200 ul¥ Bskal et
FHEoR NEA =25 T 308 7F ARAH A%
= #R] Yo "H# paper disc (8mm, Advantec,
Japan)g 91 SARFHIEAE 30 ul FRAIK T 24
AlZE & iyt s F2 23 Ak

Adbe] #5+= Mini genomic DNA extraction kit
(Promega, USA)E ©]-85}°] genomic DNAE &3 &
£ FFOo= AMEStaL, 27F (5'- AGAGTTTGATCCT
GGCTCAG-3")9}F 1492R (5'- GGTTACCTTGTTACG
ACTT-3') Zgto]H AccPower PCR premix
kit(Bioneer, Korea)E ©]&3s}o] TaKaRa PCR
Thermal Cycler(TaKaRa, Japan)2.& Z} #52] 16S
rRNA 73#F 918 S5kt 554 422 PCR
clean-up Gel extraction (Macherey Nagel, USA)O.2
At | ABI3730 DNA analyzer (Applied Bioxyxtems,
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USAE §347 AEE A Seld g+ a4t
o  WwF=  lactobacillus  plantarum  (Lps
KCCM12299P), Weissella paramesenteroides (Wp:
KCCM12301), Pediococcus — adicilactici  (Pa;
KCCM12472P)% =vBEREAE | 22 20181
8¥7 20199 3, 8¥o] 7E5tt

9] HHE HF ZAAAY 2= TaEC] deliA
2 io s PHdAdS 245K

al =2

=

0

0z
2

2.3 ZMINE| gE=E HX e

AN GeFEE2 TP 45 229(Tm &
) 100 gt Ed S5 900 ml (1:9, w/v)E ¥
et &, 2812 750 watt, 10 kHzolA 102 7+28
2 58 7F ZABFE S Sonics Vibra-Cell, USA). 1tk
=, 60 TY G0l 4~6A17t " &, ol& ZMAA
2] d4F2ZE(Hot water extracted Tm; HeTm)Z AF
|31t} A AetE Lp, Wp, Pa #5379 ZXAA
FeFEEANY A gRIston(data not

shown), &1 7} 455 &36te] 1x10° cfu/ml %

1o

o rob Hz

M

3

a

T2 1% 3™E9 30 £ 1 CollA 24A17HE3t BH)
Fote] ZAMAAE 455 LaEHeTm_LpWpPa)=

Azt Ay = FEARG] AARH7ER ARES)
St

ol mAE 24 f5FE gRlsh] flste] dxdE
(3M petrifilm, USA)Z o833t Az ZAAA
FSELY 1 %w/v) 84, Z8AAY /5 Q555
A% B 1 % (HeTm, w/v) $8%, AR
eFEE A IREG0 T, 2442 W)
1 % (HeTm_LpWpPa; w/v) $8HS ARES
A& 1 mlof] B 494 9 mle ¥ol 3
) AlFgA oz FH|sto] ZAHZoKEL),
AHAC), BE 2 FZo|(YM), +HCO) 5488
petrifilmTM (3M, USA)°| 1 ml F&sL 37 £ 1 T
oflA 24417t HiFsIATT.
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2.4 ZMAKNE| FE2E8=9 S35 24
ZAAANE §% FE2EHeTmH ZAAANE /%

28 AN T aE(HeTm_LpWpPa)e] £ W9 &
ZARIATE Tm 43 HeTm_LpWpPa
1% (w/v)Y 88S FHo= A5
A2 AEFHA9 dvt Aol wet 4=
Qlct HA(As) & FFEB(CHDL 1 % (w/w) AlE &
Ao Aoty fEAFE TRl WEEYY
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(Inductively Coupled Plasma Atomic Emission
Spectrometry, ICP-MS, KHSI-A-158)0] £i5}o] 3t
% 2ae et

IE9 A= AR dHFE To|AER{eE
(Microwave MARS CEM, KSHI-A-063)°] go] A4t
So& Asto] Eofigt § EgAT0 A4 SRTE
A9 gAor AIGHAY, FAFEAA YT
7] (Inductively Coupled Plasma Atomic Emission
Spectrometry, ICP-MS agilent 7700, KHSI-A-059)
2 JEELE ottt AEL I EAA AT

2(KOPTRDOl| =353t

2.5 S| 4% 24

EHHE AE AR A A (full-length) Al
(weight& 795t L, AE77t Foll= 25 HHC0 &
S5tk 54 A9 o7 AEHAE FHAslelr] 9
3l 0.05 % (v/v) 2-phenoxyethanol (Sigma, USA) 4=
BHoA BA]7|AL F7] =F AHE 4SS A
F2 AAAEE ol&ste] a5 AR D7 &7
st

Z7F 2 AT AFE ol8ste o (1), ()40l ot
g} Al &(incremental body rate; %I 47+ ALE
(Specific growth rate, SGR: %)< AAFSITE

SAE%) = (3T o7 S - A= o7
A&+ 2z oF AS} x 100 6))

A7t JFE%/ D) ={(n FF o7 He A5 - In
Fz ofF Bt AS()+AR7IZHA) x 100 (2)

3. 2m ¥ 2%
3.1 ZMAXE RMF LES EY

Z3ot djg=o 4] MRS_BCP HiA|oA =g ==
10059 fAitte 1244 225to] MRS A #jZlof 30
C, 24ARY Hielet & ot WIERQK(L anguillarum,
ACTC 19264), A2+t 23S, parauberis ACTC
35668, S. iniae ACTC 29177)% 4@l 22 H
glolt(L. monocytogenes ACTC15313) 4% disf
7152 7HE AN 35S AEe & 16s tDNA
G714 ES NCBI blastnZ A 23}, SEHRAHA

EHEE(L plantarum MK311261.1), o)Az}t u}at
HAEHZO)|=EA(W, paramesenteroides; C094432.1)%}
WA FFA AXIEA(P acidilatici, LC311071.1)
99 % FAMIE 7= d5UE RISkl ol g
SRR ZgetR 2MAAY =25 T
st7] 9ol ARESFATE Fig. 12 £ A9 ZAAA
AlRA7HE A 378 Al it BA ol

ZAAAY=(1] A 3ol ded da
(nitrogen)2.2 50.6 %] THAS 7}2]11 glof Ak
Lp, Wpet PaE 217} 30 T, 24A13F5?t wigst 4%
1x10° o439l A4S Yehyo] fakd Aol 43t
HjA 42 &elstgitidata not shown). 2= T4
At 352 FHiste] ofHat FF el et &
8L Eol1A St T wigEC] ohgt e o
H] JHIYEES 2 ~ 3H] o]ifo] S RISt
(data not shown).

e

i\

o o

Mix of Tm powder in distilled
water (1:9, w/v)

l 1

Extraction at 60°C for 4-6h
after sonication (HeTm)

Y t

Bioconversion by LAB (2%, v/v)
in HeTm at 30 °C for 24h —_—
(HeTm_LpWpPa)

y

Safety & antimicrobial activity
test

Experiment of feeding and
growth of Kareisu bicoloratus

Safety & antimicrobial activity
test

Mix of 10% HeTm_LpWpPa and
fish feed

Fig. 1. Process flow chart for HeTm_LpWpPa
production and feeding experiment.

ZAAAE FE2EHeTm)oIAY LpWpPa 352
1.18x10° cfu/ml 9 Bd57F AGEHAL ol G4kt
AL A]Q1 MRSEIA|OA 9] 474221 1.08x10° cfu/ml
Ho} g2 fAkto|Sitt ol 2l ZMAA A &
Z3 AP 2 %9 YAEZAE 1A FUIske] A
55 2715 9E5I9AT 6.0x10° cfu/ml & 74519
tHFig 1). ZAAAT FFEEL @4Y(carbon)?l
YAEZAO] 7} glo|x £ Aol A8 359 /4t
o el =g wiA Yol FRIF ATt o] & ETAtE
Ql tiRAME SO vighE: w5=7] flofl ZMAA ] &0
AE(HeTm_LpWpPa)= 524X w43t ot3ltt. 54
Az & A9 BFsE 1.3x10° cfu/ml 2 5274
FF gl A FRIeHATHFig 1).
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4E+08

Number of LAB (log cfu/ml)

2E+08

HeTm +2%Dextrose|

0.E+00

1E+09
HeTm Lyophilized

powder(10%)

Lp(KCCM12299p/W.p(KCCM12301p)/P.a(KCCM12472p)

HeTm

Fig. 2. Count of viable cells co-cultured with L.
plantarum, W, paramesenteroides, P. acidilactici
at 30 C during 24h according to the medium
condition and lyophilized TmLAB's powder.

ZAAAAR }eH(Tm), FEEHeTm)T F5L
E(HeTm_LpWpPa)2| 7|el H]AFE] gt 2 A-S &<l
st7] {18l 3MQ] 2AHZloKEL), YWHAIHAC), 35
F3o|(YM), Hd=HCO)2 HEZHLENA ERIgt 4
3, ZAAA Y (Tm)N A= 2AEZoret dubaltat 4

o] FFE SRIFJAAT ZAAAY] &
PSS UAmE(HeTm_LpWpPa)ollAE= 7]

(HeTm)=}

E} mAPEL BQIER] IgttH(data not shown). ol&
dAAAZ Y dFAYRE TE vBES B T & A
£ AoF IRIFJAT o= U=l ZYAA 9] Byt
& Aol w2t 718 vAEY] A ajlel E 5 s
Zog AYZEr.

lﬂoi'

r

A= =T

TTE=

HeTm LpWpPa
(KCCM 12299P,
12301P
12472P)

WParameseme

L plantarum P, Acidilactici

(KCCM12299P) (KCCM12301P) (KCCM12472P) HeTm

Sample

Listonella
anguillarum

Streptococcus
parauberis

Listeria
monocytogene
s

Fig. 3. Antibacterial activity of each LAB and
HeTm_LpWpPa against pathogens. Control is 7
molitor powder extracted by hot water(HeTm).

tReog Qal= ZAXE] 32 SaE(HeTm LpWpPa)
o e AR BAsi] hdde elsialr
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Table 104 B+ vfe} Zo] 352 0.0002 ug/kg, 7}

Z=E2 0.0057 mg/kg, Hl4&E 0.083 mg/kg, T2
0 mg/kgl 2 St 712 ZAAT BE2 IF

0.0226 ug/kg, ZI=F 0.0064 mg/kg, v]4 0.094
mg/kg, 20| —|7—} 00008 mg/kgl 2 &7 =0} ¥

BB HWlgE W 2FL 1138 FAHT =g
A&, 220 BT 7hAsio] 71-Aﬂ74:<111] & daFol &
FEo2RE PHTHS Felotich

Table 1. Comparison of heavy metal content in 7.
molitor powder(Tm) and 7. molitor

fermented with LAB (HeTm_LAB). As,
aluminum silicate; Cd, cadmium; Cr,
chromium; Hg, mercury
Heavy Metal unit Tm HeTm_LAB
As mg/kg 0.094 0.088
Cd mg/kg 0.0064 0.0057
Cr ug/100g 0.0226 0.0002
Hg mg/kg 0.0008 0
ojigol tist T+ HAko]l ZHAAE FEE
A e 9] e gt 23, L plantarum

(KCCM12299P), W/ paramesenteroides (KCCM12301P),
P. acdilactici (KCCM12472P)9] Z+ vjFET} o]&9]
S SENME BB QL. anguillarum), VNI
& 23(S  parauberis, S inia@?} T2 H|ZOHL.
monocytogenes)© W3t TS HelHATHFig 2).
@ i £ A AsHE FHigel Qs 1L AHE
A AT o E &AL s FAT 5= A3
o} & AolA ARG DA A DEES o]
Bt A4 7] 235t Aol FRIF Y

SF A

Lo
o=

3.2 S7IAH0| ¥t %‘ Hg g8 B4

AZ3 ZAAAY 5 fANF DEEC] ofF %ol
HAe G G5 HOH E7AH] iz 3007
oF AFT 3007HE R APttt dxTol=
7|20 Ap8otE LEAIER] vigA=E(Love Larva no
4, Japan)—a— SR 23] golotal, Aol 10 %9 2
AAAY & AR B8 EY(HeTm_LpWpPa)& &
Aot -2 s 6—1—2_ o] sttt

Azg A=) F7ol w2 S7EA] 3007 o] gt
Bt A AFQ 7832 Table 2,39 AASHA
Table 204 Hi= Hie} Zo] Alm Fof ZH(0YxhY
E7FA] Zo19] iR 3007 Bt Al 6.145
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+ 0.773 cm, A8 300729 BE A2 6.092 +
0.704 cmZ A@T0] A& o] thrto] H|s)] ZL45H
2o Aoz viepyt)

7t Atm go] Ao 2 HE 33 A ) df2A(Ykt
Atz Fo]) Ao19] W AL 7.2+1.038 cm, AFF

2 7.258 + 0.833 cmZ ¥ & 7H9] H Aol v
S SAEA 67 & ERHLRA R F01) 8.263
+ 1.198 cm, AF A=+ 8.423 £+ 1.010 cmE Hi=2
THT ZWAAE 25 EaEC] JA7HE AY AEE
wolgt A+ Aol B AAtHTable 2).

Table 2. Initial and final average height of 300
Kareius bicoloratus (stone flounder) fed at
different feeding for 6 weeks

Item Average height (cm)
Fish age (weeks) 0 3 6
Control 6.145 7.2 8.263
(LoveLarva) + 0.773 + 0.38 + 1.198
(periment 6092 | 7258 | 8423
+ 10 % HeTm,_LpWpPa) + 0.704 + 0.833 + 1.010

Table 3014 Hi= ule}t o] B A5l SlojA A
o A1 A9 71| #]ol9] tizx<E 3001}E]
9] A5 6.098 + 2.389 g, AT 3009t EE
AL 5.815 + 1.977 g2 & AFFo HFo] thi 2
A EA=A 7 Al=S] Fo] AlFF 35 STt
vt Alg Fo))9] AES 11.817 + 5.548 g, AFZEY
AFE 12.217 + 4.588 go & ZAAAR 39 &
UEES VISt AARE Folg A¥e B AlFel
iz vl o F7He ERIsitt. AlR Folgol
6F 9] 2 B A2 19.714 + 8.796 g, A¥
T2 20.281 + 7.123 gO& UEY, Aukalz Fol A]
Hoh ZaAAE & daso] HriE Agrt gold
Adiolxle] E71Am] ZJof Algol B FAKKTable 3).

kel
an

Table 3. Initial and final average weight of 300
Kareius bicoloratus (stone flounder) fed at
different feeding for 6 weeks

Item Average weight (g)
Fish age (weeks) 0 3 6
Control 6.098 11.817 19.714
(LoveLarva) + 0389 | + 5548 | + 8.796
%fgféij:;t 5815 | 12217 | 20281
+ 10 % HeTm,_LpWpPa) + 1.977 + 4.588 + 0.123
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E7IAb] A A A-O0LAD) Zol9] Hi AFe
279 HL 6.098 + 2.389 g, AEF2 5.815+1.977
g0 AT A% 2% 2F 6.0 cm W 6.0 g& 71ECE
S|A ZF A= Fo] AR & 09l 354}, 659
Azol vl MAE RASIITHTable 4). 574 A9
A%o] 6.0 g vVl AL E= Fgo] 6.0 cm TTHI
A%l A vgE wosiltt. A& Fo] AA0YAh
Q23 sRME A v A 71 12971, A9
T FRAME AF LA A S7F 1377 AL, 3F
3 o= d2 £29] A5 vl A7 27491, A
A FROAE v R YEtor, A9 AIFF & 65

t 25t Al7lole giREolA 9] AF vig 7iA =71 17
ot} AgolAe] AlF ug HAE vk ok

AT v A 5 FAA A diido] == 300 vt
of gt vl &%= ALISHH thRTt9] 0¥}, 35, € 6
Fof| 47 43 %, 9 %, E 5.7 %] H&E Yepton,
AgFo M= 093} 45.5 %OlA A1&ste] 35 2 650
27t 3 % 9 1 % $FO2 AF vld A 47 9t

A AR §F FEEY] M HaES A
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Table 4. Comparison of number of below the initial

average weight according to
HeTm_LpWpPa feeding for 6 weeks
Period (weeks) 0 3 6
No of below Control 129 27 17
the initial average
weight (fish) Experiment | 137 9 3
Percentage of below Control 43 9 5.7
the initial average
weight (%) Experiment | 45.7 3 1

SAEC oA HREQ AR FololM &
o] AlZ & 33A o= 93.77 %9 ZALS KA, AY
oAM= Fol AlF & 3540 110.08 %= YEh
o9l SAEo] o =9k, A3 JiA] 65 o
2] SALS 223.26 %, AP SALS
248.76 %= AFLoNAY FALC] RO HTE
25.5 %p A= o =AUHFig 3).

A7E AFE%/ D)2 0€AIA 33A a2
3.14 %/19, APFL 3.52 %/198, A4 dix
TR} 199 F 0.4 %p =7t o Ao, 353
APl A 65:2F Ale]9] A7 FES tRT2 2.42 %/1

2% 00

o
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U, AL 243 %/192 et Ago] $9H 6
FHOLA WA 6F2) HWat 47 BFEL 22
2.79 %/Q, AYFL 2.98 %/LE, ¥ 159 U7+ A
A5 AA= 2F 0.19 %p FEAcKFig 4).

OControl W 10%HeTm_LpWpPa

150.00

Weight gain (%)

100.00

30.00

0.00

3weeks
93.77
110.08616

6weeks
223.2673268
248.765157

[DControl
W 10%HcTm_LpWpPa

Fig. 4. The weight increases of Kareius bicoloratus
(stone flounder) fed diets containing 10 %
HeTm_LpWpPa as replacement for
fishmeal Control is LoveLarva.

OControl W10%HeTm LpWpPa

Specific growth rate (SGR, Y/day)

0~3 3~6
Weeks

0~6

Fig. 5. The specific growth rate (SGR, %/days) of
Kareius bicoloratus (stone flounder) fed
diets containing 10% HeTm_LpWpPa as
replacement for fishmeal Control is
LoveLarva.
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