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Effect of Fermented Black Soldier Fly on the Body-Fat Improvement
of Immature Masu Salmon (Oncorhynchus masou)

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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Abstract In this study, we investigated the effects of the utilization of fermented black soldier fly (H.
illucens), BSF, larvae feed on the growth, changes in gut lactic acid bacteria (LAB) diversity and
abundance, and body fat of masu salmon (Oncorhynchus masou). The efficacy of BSF larvae as a feed
additive (replacement of 4.5% of the total feed), fermented by four LAB species with antibacterial and
lipase activity (HiLAB), was evaluated. The experimental fish (approximate weight of 14-15 g) were
reared in six tanks (50 fish/tank) for four weeks. The specific growth rate (SGR) of the control group
(CONT) was 0.52%, whereas it was 0.56% in the experimental group (EXP). Thus, SGR in EXP was slightly
higher (0.04 %p) than that of CONT, but without significance (p{0.05). Four weeks later, the species
distribution of LAB in the gut of EXP was established, which was as follows (in a descending order): L.
lactis (61.8%), E. faecium (32.1%), L. mesenteroides (4.6%), L. brevis (0.9%), and L. plantarum (0.6%). The
body fat of EXP masu salmon was higher than that of CONT, with contents of UFA and SFA of 0.98 and
1.35 ug/g, respectively. Furthermore, EXP had higher w-3 (ALA, EPA, and DHA), -6 (LA and ETA), and
-9 (OA and EA) fatty acid contents than CONT. These results indicate that feed addition of BSF larvae
as a feed additive (replacement of 4.5% of the total feed), fermented by four LAB species with
antibacterial and lipase activity could be utilized to promote the development of beneficial intestinal
bacteria in fish, which can result in changes in the body fat contents and the distribution of w-3, w-6,
and -9 fatty acids.
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u7k L, FHTols SAEAY7|E Hol2 dh= Bof
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a1 QITH6]. Folsoll= 40% ol/de] dwt 30% o4
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g A dEo|tH7,8]. Soisol 52 A4 24
L ZpREAKSaturated Fatty Acid; SFA; 59.1%)°]
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(medium chain fatty acid, MCFA)S] £5%2 4
o] qlo] M FHAR AMEE = Slo] FEIL Qltt
[11,12].
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(poly-unsaturated fatty acid; PUFA)E E&3ic} A
ol AAoRE= MUFA% PUFAE 2 A(Good
Fat) 22 SFAE U X(Bad Fapl 2 EHF3tch A%
= 9Ieh A 5= MUFASF PUFA9] %, omega-3(w-3),
omega-6(w-6)2] H|E&o] FaFS Fxst JUrH13]

FIEER, SAE 59 249 solisol=
ulgEo] o3t Hio] 3% (bioconversion)H2 A&
foll 249 A, R AEAS}, YA A7 FoE
AT 715 =olal UH14,15]. A4kt o] &3t
Hlo] oA 7|&2 A P S22 BabetaL, AHA|
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Y Y S, A A, vieka A8 de A
7)< 7FIH19,20].
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€ Bystal Ado] A8t ikt 52 915t Hl
A Sl 2 5%(w/me ¥l 121 CTolA
5 wote] EHeknt. E, fANES SEsiAr
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Fohsel A Easg] Aol AR A ax

otal By B FAARS ARHITER ARSI
0l 2% Galactose?} ZAAUQ 0.5%
yeast extract= B & ARESITHSigma, USA).

2.2 N0 Atz HIZE 2 H4E 24

AEdo] mdo] AR AEeA e AR ATATE
(BAEE, Z)olA iR A=(4.5% T2} A A
F(4.5% HILAB)E AZ3313L(Table 1), JEEME Al
Fotart. Az A= 20 goll 20 HIAI HA| diAKsea
sand) 40 g& &6l 105 TO 2EfA 5A7F Ax
sto], A7t Ao SEFH(HR & AE FA/
Az A AEFA) x 100}, 550 CTollA 3AIZE Axsh=
Y3 ol-goto] 23R T, AerTHA 24
7I(Auto kjeldahl system; Bunchi, Switerland)E ©]
B3t Ah AR oR 2o d=F ofH|E(ether) 3
S0l wet 2% e St 25 TR
AOAC 349 o= BEAsHTH23].

Table 1. Feed composition for immature masu
salmon (O. masou) used this study.

CONTENTS CONT EXP
LT fishmeal(Denmark) 40.00 40.00
Soybean meal 4.50 -
Hi_LAB - 4.50
Wheat gluten 12.00 12.00
Tankage meal 12.00 12.00
Starch 6.70 7.20
Wheat flour 9.00 9.00
Vitamin Mix 1.00 1.00
Mineral Mix 1.00 1.00
Vitamin C 0.20 0.20
Vitamin E 0.10 0.10
MCP 0.50 0.50
Choline 2.50 2.50
Taurine 0.50 0.50
Fish oil 10.00 9.50
Total 100.00 100.00

* CONT, control feed: EXP, experimental feed.
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SHe Abdo] 2|o|(B oF 14~15 g) 30071215 ARt
Fct. Aol ZF somtE]= A =2(1.0 ton) 67H0lA

=

FFe Bl ArFloR B oL

M
b
flijo

ol

20~21 T o], 271E 7] (aeration)S AR5l &
3t 8EMAE AT BT FESS o185t
121:12D 2702 |AEHJ}. A Az et A
FARRE 2t 370 exol(1500t]; 50vtel /42 242t ot
Fo| = W4 F 4 F7b FFoHtH2021.08.13.~
2021.09.12.).

r
kg

2,

rlr

>

ook
N

ny

b A Afull-length) AZ(weight)
< S5, AR7ITt Folles 15 1HEoR 45 B3t
SR AT ARAZEE ol8sto] &g AR &
72 EHotedrt. S7F A AFE ol-&sto
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Aol = Fol 4FA ol 2Tt AYT oA Z+
12ut)(=2Y 4rtE)E QR AHgt & WS AlA
skl SRS Rop 0.5 N HEEA FASRES
(NaOH) &¥o& 3027+ sk, 14% mg24 E
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o] ofAH| 23 esterification) SFHTE. AAAAH AHRAE
AAHEE o]4L2EHiso-octane; CsHis; Sigma, USA)O]
0] Gas chromatography (US/HP 6890, Aglient
Technology, Youido, Korea)® #4519t} #3& &
e 2d7le9iUndecanocic acid;  C11H202;
Sigma, USA)Z A8}, GC ZAL silica capillary
column(Omegawas 205, 0.25 um)°] FU 2=+
225 T A&7l 285 TE A6 28 2w
100 TollA 250 T7HA| A5oiA 1583
9] 8L 23] wHESto] Akt SRS
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2ol w2 4F9 «FE Adskalth Add
LI(KCCM13066P), Lm(KCCM13067P), Lp(KCCM

13068P)2} Lb(KCCM13069P) 4% tiijew EdR
Ej7o] Baf 7158 AR A3 Lpyto] EAgo] gl
=o] gajolA] A4 7]%50] U BRIsHArHdata not
shown). &S0l F&E&E9] f4t MY HF 24&
BRI el 5% Boisol B tigt &5 459
LI(KCCM13066P), Lm(KCCM13067P), Lp(KCCM13068P)
9} LH(KCCM13069P)E 1%(1x10° cfu/mL; 1.00E+08)&
AEste] 30 ColA 24 AR B vt &, A7t
8.00x10 cfu/mlL (8.00E+92} 1.00x10" cfu/ml(1.00E+11),
3.00x10" cfu/mL (3.00E+11)} 3.70x10° cfu/mL
(3.70E+08) od9] A7t #E=UckFig. 1). o=
MRS HiAOIM9] 6.26x10° cfu/mL (6.26E+9)2}
1.20x10" cfu/mL (1.20E+11), 2.80x10" cfu/mL
(2.80E+11)} 1.90x10"" cfu/mL(1.90E+11) B#457F
A9l fAFete] 5%9] Bolsol FEES fakt A3l
33t o] m3he vix| S ERlsielth A 2 &
A BY FEZS 98 422 A4 0.25% (1x10°
cfu/mL; 1.00E+08)% ZdEst] Fufjaget 49 solis
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o] 2% "iXolA 1.20x10" cfu/mL (1.20E+10),
MRS HIAIAE 2.40x10" cfu/mL (2.40E+11)°]1
tHFig. 1).

o8 fakt 449 235 £0)7] s 2ade
2 IF7A 2% galactoses 2ol ANE A A+
3t A3KFig. 1), B wid Fuig oA 37t &t
7} gRl=lgieh. E5], Lm(KCCM13067P)2 1.50x 10™
cfu/mL(1.50E+14)E 7V a7t 2ok,
ko] AL 1.40x10" cfu/mL (1.40E+13) O& 100
~1,000 ®f &3} A=t Bosol B 40~
43% ZhE 30~35% ZAH, 8~9% FEFIER
TFAEH[6,7], BSHE v]go] Tl d} X go] B s
Aoz yol B4AYOo 2K galactosed H7MF
AN B8 5E =0l 9T ok AeE A4
o} AAYOoRE 0.5% yeast extractiS Yol A4S
2ARE A3, F94%= 4% A= f9AITHdata
not shown) o] Z3o| A <t 750l &S 5o A
7}stdeH1].
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Fig. 1. Viable cells of LI(KCCM13066P), Lm(KCCM13067P),
Lp(KCCM13068P), Lb(KCCM13069P) and co-
culture by adding 2% galactose.

AN 37 ATE S5k, 5% Bolsol 2=l
2% galactose®} 0.5% yeast extracts Tl5to] 121 €
oA 1587 "Edtd FE2o| LIKCCM13066P),
Lm(KCCM13067P), Lp(KCCM13068P)2} Lb(KCCM
13069P) 4%& (1x10° cfu/mL; 1.00E+08)8 Z+
0.25%(FA 1%)E F8Este] 30 TollAl 24417 B¢t
Hjget BiE(HILAB)S AFdo] AR H7=E=E &9st
At AFRS] AR Ao HILAB2 AXIEHGBM
petrifilm, USA)& ©]85t 53 7|et n|BE2] E4&
gRlIgt A3t 4kt o]9)= ERIHA] AgttHdata not
shown).
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3.2 MHO Atm YEEE Y HY &85 0.70

YTl ARATAEHCILRE, ZPolA A oo 056
Z(Table 1)3F tiR AHE(4.5% TR FH= S8 — 0.52
286% ZTE 5267% ZAM 17.21% EIE S s I
10.13%, =312 0.13%0]%] BEke 5.245 cal/go] S
QTHTable 2). A¥ AL&(4.5% HILAB)= S8 2.45%, € 040
ZhA 52.48%, ZAM 16.93%, 2318 10.67%, % z 030

5312 0.20%0]9 DS 5.229 cal/gO2 22T} &

37{] 2to]7} AitHTable 2). AIZE AR 7]ek 93] 2 020

mREe] e QbAde AXWEWEGM petrifilm, i
USA)o 2 3RIE 9 o(data not shown), A A& 0.10
o FARFS 16s DNA AIAR Sl 23 959 & 0.00
ANt 4% % Lm(KCCM13067P)o] -8 Z0]tH90%; CONT EXP

data not shown).

Table 2. Analyzed composition of manufactured feed
for immature masu salmon (O. masou)
used this study.

Fig. 2. The specific growth rate (SGR, %/day) for
immature masu salmon (O. masou) fed diets
during 4 weeks. CONT, control feed; EXP,

experimental feed.

3.3 AHO| B OME 24
Item CONT EXP s . B . R
z o

Moisture (%) 2.86 2.45 EH'L }\}ig} é /\]-E O] 4-'— N J‘—;d(ﬂ H] 301
Crude Protein (%) 52.67 52.48 Z‘ILZ} 121]]—3]2 EHAJ‘—E XJ-LH ] g & A ]-6]—011’4—
Crude Lipid (%) 17.21 16.93 (Table 3). AJESJFERFAA A TAIRE 2l d=F 19%
Crude Ash (%) 10.13 10.67 (https://www.foodsafetykorea.go.kr/foodcode/;
Crude Fiber (%) 0.13 0.20 2020.10;BF1-2~40)T Akgo] A=H HIAF

Enerey (calle) 5245 222 Leuconostoc mesenteroides, Lactobacillus brevis

* CONT, control feed: EXP, experimental feed.

Az f2atdt AR AR 457 golska, gl
AZHOF) & 453%0]| A o] w]/Ado] Z+ 150utE]o) thgt
L7HILE(SGP; %/day)S EA5HHtHFig. 2). HZRT
2.0.52 %/day, AETS 0.56 %/day= , AgFo] o
Z7o] "8 190 0.04 %p A= o AFh= Aow
et 45709] go] A9 717t ot 1 /84
| =4 F43(p<0.5)°0] Hof 4 aTE Il
AFL 477 FoldEol Wad Zor AEdHY &
|12t FA7}E019] Folsl H7HE AR gol ATH4,5]
o} HAIRY 7FsdS AAEUAT FAEC] ¢lA
(BAD) 0.02 %/day(FA| 7502 ZALE A}, Bolis
Akt %a“’ A7He gololl tigt Aol ol &
A p_J‘- 7]7}4 Z?ﬂo] 53t 74_3 A Z+E]
(4,5]. 2 Aol Axst di2atdt AT A= Folol
Aol F 1‘;‘ 5 HAE2

= ¥

o

il

d_xmgérﬁrlr

gl9itHdata not shown).
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5%9] fAto] ERIEItKTable 3). 53] HiLAB AR
H7FEo AR F91 Lactococcus lactis= 61.8%Z
TR GRIHIN, FFSHA &2 Entercoroccus
faeciumP] 32.1%= T HAZE wo} 23%9] glo] 93.9%
Aot WHA] 352 Leuconostoc mesenteroides 4.6%,
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Table 3. Distribution of Lactic Acid Bacteria (LAB) in o= 27} AX|gHH4]. Choi S1412 Bofsol A
intestine of immature masu salmon (O. *}E 3%9]( 6%9] 5_1’_2_} .‘::]Lo:] /\1-53% Ei}ﬂ‘%}’}_}.ﬂ- %~
masou) fed diets after 4 weeks. _ _ _

SEAFAE EFE](UFA/SFA)7E Bk Bigh thkwtoll H]
Item Intestinal Bacteria (%) E—H 7_1'—7_11— Olg%ﬂ. 0.15% %7].@‘_]‘-]:]__“_:_ H §E];}- %oﬂ%oﬂ
2 e T R4 EREBY) MO} 433 Fo] B 0.37%9 F
Lactobacillus acidophilus - - J— = =
: 7te mol, RS UL F7HTIE T 9
Lactobacillus casei - - oo 5 oo o - A1 -
== A|AFS iler: & %
Tncrobacilius gassert ; ; 22 AR EE SA(broiler; 27)9k 4B oj(017)
Lactobacillus delbrueckii - - = %__04 1}017 ]' 9»1]]?_1' - ﬁE‘Tq' = %oﬂ%oﬂ /q'i @7 ]'%
Lactobacillus helveticus - - 9] EXSIA AL F71 a3t oSt Vs AdS BRItk
Lactobacillus fermentum - - HiLAB_O,] _‘§‘_jf|-,‘i_ /ﬂ-id 0-] XC}—LHO]] _i_xﬁﬁ].,‘i E]—}H \;!_l %}H
Lactobacillus paracasei - - AHAL AL 7)159] QANES] BVl ]ISk Ao ® AY
Lactobacillus plantarum - 0.6 Z_I]_% E]_[lg]
Lactobacillus reuteri - -

Announce J; bacillus N N

strains actobacillus rhamnosus Table 4. Fatty acid profile of immature masu salmon
Lactobacillus salivarius - - (0. masou) fed diets after 4 weeks.
Lactococcus lactis - 61.8
Enterococcus faecium - 32.1 Free Fatty AICidS O. masou
EUfEI'DCDCCUS faec‘a/fs - - <ug/g Fuse e) CONT EXP
Streptococcus thermophilus - - Cl4 Myristic acid 2.47+0.01 | 2.52+0.10
Bifidobacterium bifidum - - C16 Palmitic acid 18.88+0.44 | 15.18+0.36
Bifidobacterium breve - - C18 Stearic acid 6.18+0.15 | 4.99+0.12
Bifidobacterium longum - - C20:0 Eicosanoic acid 0.31£0.00 | 0.39+0.01
Bifidobacterium animalis - - C22:0 Behenic acid 0.572£0.01 | 0.56+0.01

Non- Leuconostoc mesenteroides - 4.6 €240 Lignoceric acid 0.08+0.00 | 0.0940.00

Announce

strains Lactobacillus brevis - 0.9 SFA 28.49 22.82

Total (%) 0 99.875 Cl4:1 Myristoleic acid 0.37+0.01 | 0.45+0.01

* CONT, control feed; EXP, experimental feed. Cl6:1 Palmitoleic acid 0.63+£0.09 | 0.98+0.09

C18:1 Oleic acid 20.76%0.47 | 22.31%£0.49
3.4 AEMO| X[EiAL H5} ci8:2 Linoleic acid 2.91+0.07 | 3.1440.07
C18:3 a-Linolenic acid 1.48+0.03 1.5940.03
L o Z o A2 Al ASF AFxlolo] x|ut
Table 4= Hol 45 F, &= AAT AHole] A1 C20:3 | Eicosatrienoic acid 0.024£0.00 | 0.03£0.00

A} 3 B4 Ay =z 17} A1SISLo] A}z

‘1- %}%& i EJ}O]E}' EH'L‘-“L]- E‘:'E‘L 11-;54_0101]/\—1 C20:5 Eicosapentaenoic acid 0.38+0.01 | 0.44+0.01

187]9] A[gAto] BRI 91, Fr]E4Hpalmitic acid; c22:1 Erucic acid 0.30£0.01 | 0.34+0.01

C16)31]' —‘%a]/&(Okd acid; ClS:DO] = AR ]4_ C22:6 Docosahexaenoic acid 0.56+0.00 | 0.82+0.01

Bl ol dojael Abdoio] it S dA)st C20:4 Arachidonic acid 0.1240.00 | 0.12£00

AoH21]l. " EAHpalmitic acid; Cl16) R+ 201 Gadoleic acid 0.34+0.01 | 0.28+0.01

18.88 ug/g, YA AFFONA 22.31 ug/gCZ H C24:1 Nervonic acid 0.16+0.00 | 0.1440.00

=2 FFoz =AU ESAHHAES  giRo] MUFA 2257 24.61

28.49 ug/g, AFFo| 22.82 ug/gell, EXIAHAL PUFA 5.47 6.11

9] MUFAE tiZs#o] 22.57 ug/g, AETo] 24.61 UFA/SFA 0.98 135

ug/gel™, PUFAE tiZRF 5.47 ug/g, AL 6.11
ug/gl & Addo] o A A Azpyo=z
HiLABo] Zste Atz Folo gt Akdo] 34y 9] &

ESAP G B2 I olde) Folse] wue
SANER BN ) Ae] BEsAPi] S
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* CONT, control feed; EXP, experimental feed; SFA, saturated
fatty acid;, MUFA, mono-unsaturated fatty acid; PUFA,
poly-unsaturated acid; UFA, unsaturated fatty acid.

Aol FEF 7159 LH7B(w-3) 2t 2=
AHe-linolenic acid; ALA; C18:3), ofo]ZAMHERAE



Fohsel A Easg] Aol AR A ax

(eicosapentoaenoci acid; EPA; C10:5), =TAFSIAL
AiHdocosahexaenoic acid; DHA; C22:6)°] 543t
olFoa IA QltH22l. HiLABe] A7ke A= ol
oAM= w-39 3% 25 F7HEAL, B3 0-6%] HE
C18:2)3  oflo]ZAFEMAE
(eicosapentaenioci acid; C20:5) TF w-9%1 4
AHoleic acid; C18:1)3} oFA4Kerucic acid; C22:1)
g Al AdEo] "YxFEo =4 ST
HIiLAB A=37He Fole 2HI713, 6, R 99 Ex3}A]
HhAE SRS Eol= AT EUHTable 4). & 5(4]9)
Bol5ol B SAI6%) AEA7HE AFol EXIH
v At} 2SR RAR T EAR FEgto] 7 A
of wls] £ 979 HILAB ARH7HES ofgtr|&=4t
(Arachidonic acid: C20:4), 7F&d4HGadoleci acid;
C20:1)3 dEAKnervonic acid: C24:1) 22| 9719
E XA A TeFo] F7HE Qi olofl Bofsel 4kt
YEEHILAB)Y F7F= dojel 4bdoi9] Ay /<
o+ 37t A}t A A ST AR F EXSRT
A 71 fkste At Ao= AlgEoh

@ Klinoleic  acid;

o] 1-
~

4. ZE

2 e Ao} ARTRERA Folel fikt

229 ofF 4%, AW w37 H ARG A4l
et a5 A3E AASI 4.5%2] oSl fikt
=]

TR E(HILAB)o] H7Hd AHdo] AlgE foid2 ¢ldl
A9H(p<0.05) o179 Y7HIFES] vlulgt S7F &Rl
=lo] g5 A7z go] A¥oR A S 7Fe e
AASIAL. 45 Fo] F9] 4bHo] A wPE EA2
HiLABo] 71 ¥+ AolAE tiRaolA 1=
A2 559 fAkto] TEE o] ofF Aol folt &
7He SRIEGITh ESE A A2 AdS 4ol
EZSRHMAR MUFAS} PUFA B5 &9t0, o] X3}
A4kl thgh BRI RbAgol| 9lo] tix<to] 0.98
ug/g, Aol 1.35 ug/gl 2 &RIF o] HiLAB &°|7t
Abzlol o] A|xete] Wste] IS & 4 U= AlAF o
Act. AT} 2 FofFol AN YEE(4.5%) 7=
9717ke] go] Agog 4 JF2 nHlstAA T AU
Fod S7He AR A 9 adto] faTe F<l
Stgitt. ol I AlRATVEERY Folsol Aol
o] thfet o}F 7153t B E g H8ol 7|23
A2 S8E 5 QS Zo= ARdHY
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