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Insect industry has been focused as production of food, animal feed, pollinator and for environmental
remediation. Hermetia illicens, called as black soldier fly (BSF) is famous as nutritive feed. In this study,
to evaluate the antithrombotic activities of BSF, the larvae (instar 2~6), pupae, residue after adult
emergence [RAAE] and adult of Hermetia illicens [black soldier fly, BSF] were collected and their etha-
nol extracts were prepared. Growth of BSF larvae was very rapid and the weight of larvae was in-
creased to 25-folds during 10 days cultivation. The ethanol extraction ratios showed from 1.0% (pupae)
to 18.5%(adults). The highest total polyphenol, total flavonoid, and total sugar contents were observed
in RAEE (17.2 mg/g), pupae (3.4 mg/g), and instar 6 (37.6 mg/g), suggesting that metabolic changes
occur during the life cycle of the BSF. Anti-coagulation assay showed that extracts of RAEE, instar
6 and pupa of BSF significantly inhibited thrombin, prothrombin, and blood coagulation factors.
Furthermore, the extracts of RAEE, instar 3 and adult of BSF showed a strong platelet aggregation
inhibitory activity. Our results suggest that pupae and RAEE of BSF have potential as antithrombotic
agents. This is the first study to provide evidence of the antithrombotic activity of the BSF and bio-

activity alterations during its life cycle.
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ZAZ HF BEe U kg% 3,500~5,0009 4%,
g 8~402 o] HujE Lt} EF Fol 5
I SAE 275 Y F 2-3Y A& ASEe EHE
AYakshe, o] 20 ke 80009 ol TlE 3 Q= AA ot
FlsAY 5 7IbE AS @A whet 2eAY T
15209 &8 5w, Ao wet A 5440 7 WHatd
o B4 1394 637HA ¥ 2~39 A=7t 285, o] F
BE AA HE7|2 vl B350 2§53 23]. Tl 5Ol
A Yol glo] Hol&gs 3k o, ok 1099 BE7]
’8}?%1 wHE &t ol F AL vfg 22 e
< 9 1,000 A=
goh. A A xﬂﬂlﬂﬂ% o 35~419 2 LA °‘EH18]
TGl #HE Fo AFE FE A 54[18,22] &
AREA o] &4 FHFH Jom[12 13], AT FF %
o] Fatst &A1, 28, 30], I SA4[3, 25, 27], B F
2402, 16], #W &4[33]0] I HI QLo e FEA4
4o g A= nu G dAolH, 53] FHFA 4
ﬂ(ufe cyce)ol Al A5 A7 AR wg 9 24 B dF
T Aot wekA B dFoA e Folsoe Bt &

fol rr o W ooY ox M
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Pupae R Adult

Fig. 1. Photography of the black soldier fly (Hermetia illucens)
used in this study Symbols: L2 ~L6: Larvae stage (instar
2~ instar 6), P: Pupae, R: Residue after adult emerge,
and A: Adult.

MEME Y Al
£ A9l A58 Fol5ols A% 249 104
Sl #3036

H7] &7t 9 AFES Al Fol AHESHA th(Fig. 1, Table 1)
o) EA L AAZ ANEQ200 g5 HAEAA (LG Fashion

M-279W, 700W, Korea)=
< o] &3kl 50~100 W4 BEE A=
§E F2E AZE A B4 B2 1OBH«] 95% etha-
nol (Daejung Chemicals & Metals Co., Ltd. Siheung, Korea)
S Mt 3 AeoA 33 FEF F FE9 2 filter paper
(Whatsman No. 2)& A& ¥ 7+¢} &3 (Eyela Rotary evapo-
rator N-1000, Tokyo Rikakikai Co., Ltd. Tokyo, Japan)a}]
TR ZA AT FEESS DMSOY AT T8
o], 48 24 2 38 24 Bt Agsglt FeA
L 7tel A3 AL AR control plasma (MD Pacific
Technology Co., Ltd, Huayuan Industrial Area, Tianjin,
China)E AH&3}% 21, PT reagent®t aPTT reagent MD
Pacific Hemostasis (MD Pacific Technology Co., Ltd,
Huayuan Industrial Area, Tianjin, China)9] #4] Al 2%F-& Al-§
sto] S48k Th24]. 718 A 92 Sigma Co. (St. Louis, MO,
USA)9l Aot ol de] Al &S THsk] AH&staint. A3l
S Tlsol NEe deista 4FIEStTolA Ba
3t §lth(voucher specimen 2019-BSF1~8).

Journal of Life Science 2020, Vol. 30. No. 4 387

881 #4

A& AN7E Fol5d F2E9 3851 24 L thrombin
time (TT), prothrombin time (PT) ¥ activated partial throm-
boplastin time (aPTT)& 22} 3743t H7Fat A TH19]. T+
37Coll A thrombin (0.5 U, Sigma Co., St. Louis, MO, USA)
50 pl9t CaCl, (20 mM) 50 ul, 3% v%9 A& A7E
A5l F=E 10 ul¥ Amelung coagulometer (Amelung,
EHd 85t 287 vk A7 &, A
100 ulE A7ke § @3] Sud f7iA 9] Azt A
O PT 342 8% 70 s s w29 A% A7E SH5
o %% 10 ulE coagulometer FH.ol| 743t} 37°C o A
383 7F %, 130 wle PT reagents 718ty 4o 18
W7kA e AZbe AT WAE dd A Am
=, YA 70 1ot B¢ w529 A5 A7E Fole
%% 10 ulE coagulometer FH O 7}t 37C oA
7h& 3, 65 ule] aPTT reagents 7}stal thA| 37T
&3t
A,

Lemgo, Germany)

133t o] F 65 pl CaCl, (35 mM)S 3 7}3t
g QA NS SAEAT e AL
FAZ Yefglon, 4zte] 31 &4

=3 3517}"]9] S N FHEAE FHMA Y SILA
Ao B2 GER A9, 21].

o
©r

i 3 Mol g

A& A7TE Follsl F2EY 49 SPAN 24
Whole Blood Aggregometer (Chrono-log, PA, US.A)E At&
dto] impedance W 0. & B7FstATH21]. A U3t w5 4
F(platelet rich plasma: PRP)S A4 2] 3 FAF $ HF &
4% FE71 4x10°/mlo] HE2 243 Agagor, &3
FEAZE collagen (1 mg/ml)e AF&3STHIRB-Andong
National Univ-482: 1040191-201602-BR-001-01]. & 4% <3
B2 collagen 7} & 1287 43192 amplitude,
slope, area underg 43t 7at G tH32]. ol®, amplitude
(ohm)= 4% FIAFEAE Z7letde | dove F
0 $HAEE YER Y, slopes $HAEAE H7s 4%
FH 18 549 3549 712718 UeiH, area under
T AAAQ €49 S AEE RS
F7tell W& slope H419 WA S 4‘3]5&‘4[32]. %ﬂiv&
<3 Al g As H7HAY area underdt I DMSOE

Table 1. The average size and weight of the black soldier fly (Hermetia illucens) used in this study during life cycle

Larva
Stage Pupae R* Adult
Instar 2 Instar 3 Instar 4 Instar 5 Instar 6
Size (mm) 12.8+1.0 20.3+0.6 23.2+1.0 25.8+0.8 26.0+1.0 25.8+0.9 23.3+3.9 20.2+3.4
Weight (mg) 2.5+0.3 74+15 22.849.6 60.5+17.4 62.4£11.5 58.2+14.2 255+1.6 10.5+3.5

*R: Residue after adult emerge.
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A71e Z2T9 area underdtd] HIZ JER A TH21].

ol7F MET 2SN

Sy
A& A7E S5l F2E9 A A48T &8 24
PBSE 33| A& °17J A& 100 ulE 96-well microplate®l]
Zbeta e w59 FEE 100 plE 7HE o 37CAA
30&3t HeAA o, o] F, ¥ S 1023 YA E 2 (1,500
rpm)3te] A5 100 plE A & microtiter plateZ %31 ¥
4o B2 2N §2F Y55 414nmol A ZH o}ggu}
ANEY &1 2F2E DMSO (2%)E A&t o, 2
482 A 4% 27 EE Triton X100 (1 mg/ml)x am-
photericin BE AH&35tH €8 A& the9 £4 2 o &
stof A4t TH24].
(%)Hemolysis = [(Abs. S - Abs. C)/(Abs. T - Abs. C)]x100
Abs. S: A& A7 &35, Abs. C : DMSO A 719
FEE,

Abs. T : Triton X-100 A7}9 §3=

JIEt B4 & SHEN

Total flavonoid (TF) 2 Total polyphenol (TP) && Z4 &
719 Rag W31l gt A5 g o, —}7—.‘ rutin?
tannic acidE EFA O 2 ALES AT TR A$ A g Ha

A& 100 pl¢t 10% aluminum nitrate 20 ul, 1 M potassium
acetate 20 pl, &2 300 plE& YT o] F FHF 560 ulE
7hate] 1A B9t WAI8F AT ©]F microplate readerE At
&3t FRE ¢S 415 nmol A AT AR FREE
FFEAQ rutin® 2 FF34E A48k RE (rutin equiv-
alent) 2 YEFHSITH TP SA2 Al @&l AE 20 wle S/F
700 plZ 7}3}al Folin-Ciocalteu A ¢F 100 pl& £33 & 14
7+ FoF B8k th o] 3 20% sodium carbonateZ 100 pl
7be & 30Tl A 3023t BHEAA LT, o] & HEA S 700
nmol A A8 AT A5 FHFE+ tannic acdE EFFA
S #4339 TAE (tannic acid equivalent)2 UER ATH F3
%] 7§ = phenol-sulfuric acid¥ & ©] 83 2™ [34],
A& 100 ploll 5% phenol 300 plo} A 34t 1.5 mlE 7}3taL
30T A 30&7 B3 A A oH, o] F, ¥ A2 490 nmol| A
A8 A8 FHEE sucroseZ EFEFAE 2451
SE (sucrose equivalent)2 UEFH A Th 2t2te] R4 A= 3
3 wEG AP Had dAE Yo 49 Ade
SPSS 23.0 M A& A43te] mean + SDE YERYAOH, 7t
T+9] Aol= ANOVAR 4385 oH, Fo4F & p<0.05
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O KA AN 5 FHT F32%~6%
7], 87 9 A% ethanol FEES AZT T o] &
< BAetRen, 1 Ade Fig 20 YERAT Sl Fole
FEAZ A 1 A ) Bk uhet H4E TR H
(23], 5%l EAAEA FA o2 FA G ThFig. 1). 2% ol A
7] 128 mm, A 25 mg9 okF &L FFo| oY, 69
AlZ1ol A& 7] 260 mm, 77 624 mgO & 159 A&t
oF 258} F-A 7} F718t % th(Table 1). 1% WH 7] 34& AA
AFol hegton, 4Fol e 39 872 B 7] 233
mm, 77 255 mgl 2 W7 FA Y 44%E A oG on,
A5E B 7] 202 mm, FA 105 mgo 2 A7) FA 9
18%%5 A3kt
H O AEAVE 358 Tl 5 AEY ethanol
&2 23 (82%)°NA 43 (13.1%)7HA & F7tste FA

o] & 5% (11.6%) < A 68 (1.75)0] HAEHA 54
Zadte] A7l E 1% FE25&S el ol
3 7] A7 B A Wt dehda Ye
< Yulsta Aot =F A% EAAE 474 185% B
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23t 23 (18 mg/g)N A 6F7MAE FrAEA 2, el
HolEo] 51 mg/go 2 F/tHAh M B FFe 47t

(172 mg/g)ellA vetwom, 85 4 283 fAH 2.0
mg/g< VERN AT (Fig. 2B). WH TF $o] 7§ 28 RE
597MA = At oW, 6% - F7tske] W7o A 714
2 34 mg/gs e o, &40 dUH o e
2.8 mg/g& UEM A th(Fig. 2C). 39 3% 63 A &

=2 376 mg/gs L}E}LM 2% 9] 19.84, 5% o] 494, &7t
2HH, 959 19.80 &FS UEbH ATh(Fig. 2D). mekA 5ol
oo A4S o AV FFETE W], 404 £
T Aol Yetvee odE it

L=

SIS F&£29 AUSTNof &M
ohkg KA 7)o 3]st A
€1 24 < TT, PT, aPTTE 44 34
AN ETQ aspirine YA FHAARE AESHaL L
o, 4 AHEEEQ 15 mg/ml F 01]/‘1 “‘l”ﬂ EH"?‘”“ H]SH
TT, PT, aPTTES 27 1.83, 129 2 14

Slsd FE2EY &

stol B7hsteeh. WA

2)
&1 Z4L FAsAT STl %—%%(5 mg/ml)2 7
$28~5% 2 A% FEEL FYT EEN D Z2EEY
A g o] AFHA gton, 6%, W] ‘;‘ %7# FEE
A &ul ozl W) Ztzt 138w, 1259 2 1538 9] A4E
TT 2 1408, 13349 2 172809 9442 PTE § Jé}%t}(ﬁg.
3A, Fig. 3B). ¥4, aPTTY| 7% 4%, 59, 84 FZ2EA
144 o] A%EHo S @%‘%lﬂz} A3 24& gl
3% th(Fig. 3C). ol A< FEA &40l ¢raitt Lzl
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Fig. 2. Extraction yields and component analysis of the ethanol extract of black soldier fly (Hermetia illucens). Symbols: L2~L6: Larvae
stage (instar 2~ instar 6), P: Pupae, R: Residue after adult emerge, and A: Adult. Different superscripts within a column
differ significantly (p<0.05).

EEA421], , RY7H24] B r7bE Gei[19] Y & ER A, A7) Ade Tl FEES o4 AAL dE T
e Aoz o g FA oL, oA dYHN F o E A o] 7edte AL JoH, FE T &7
AAN AEH L e A (Fujr] ¢35 %), 22, A5 (0 FEES LY G4EA £ 4 54 A7 2asida
AdE), FEZA )G AR TS FAH T st
(14, 29]. B3 76% ] &% FE= 5 EEN As@Ao] ¢
sttha Ha[29]E o], S, vid=dA, E4-2 SIS0 FES9 4T SEXH &M

FHGE 58 FAodh A7) 25 A Eo] A g A7 ol grate] 2R S5 FEEY &
A o} FEI F& FRT £ glon urkde nEdT 2% SRAY d4s Frtatgon, 1 AdE Table 2 %

Table 2. Platelet aggregation inhibitory activities of the ethanol extracts of black soldier fly (Hermetia illucens)

Chemicals/Samples (mg/ml)  Amplitude () Slope (L /min) Lag time (sec) Area under PAR' (%)

DMSO 28 6 50 209 100
Aspirin (0.25) 10 1 40 67.2 322
Aspirin (0.125) 16 2 30 1141 63.7
Tnstar 2 (0.25) 2 4 30 1704 816
Instar 3 (0.25) 19 4 32 1383 66.2
Instar 4 (0.25) 28 8 10 259.4 1242
Instar 5 (0.25) 28 7 12 254 1216
Instar 6 (0.25) 23 6 23 1833 874
Pupae (0.25) 2 5 2 1754 836
RAAE? (0.25) 20 4 20 1633 782

Adult (0.25) 13 2 2 1136 544

'PAR: Platelet Aggregation Ratio. Data are presented as representative result relative of independent three determinations. Amplitude
is expressed as ohms by maximum extent of platelet aggregation, and slope (rate of reaction) is determined by drawing a tangent
through the steepest part of curve. Area under is a calculated area in descent drawing during platelet aggregation. RAAE: Residue
after adult emerge.
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Fig. 3. Effect of the ethanol extracts of black soldier fly (Hermetia
illucens) on blood coagulation. Anti-coagulation activity
was calculated on the clotting time of sample divided
by the clotting time of solvent control in blood coagu-
lation assay. The thrombin time (TT), prothrombin time
(PT) and activated partial thromboplastin time (aPTT) of
solvent control (dimethylsulfoximide) were 31.5 sec, 20.5
sec and 80.9 sec, respectively. Data are means + SD of
triplicate determinations.

Fig, 49 ebuiich, u%xa Yo SHANA o2 u4
025 % 0125 mg/ml F=olA 77 @747 0
3229 37%9) A 2L Yo B5
g3 49 A48 A4S eyt 545
(0.25 mg/ml)e] %% 2%, 6% 2 W79 A5 47 816,
874 2 83.6%9 &S HEol 3 dad A

S yehioen, 33, 82 2 4% 4% 662, 782 @
54.4% Q%J £ Yehy o] okA3# 0125 mg/mlol ¥l E &=
F4e 5% $1 A B4 L Fe| ATh(Table 2). o] #

Table 3. Hemolytic activity of the extracts of black soldier fly
(Hermetia illucens) against human red blood cells

Chemicals/Samples (mg/ml) Hemolysis (%)

DMSO 0.0+1.6
Triton X 100(1.0) 100.0£0.4
Amphotericin B (0.1) 100.5+1.8
Instar 2 (1.0) 88.5£0.6
Instar 3 (1.0) -8.8+3.0
Instar 4 (1.0) -5.6+4.5
Instar 5 (1.0) -6.1£4.0
Instar 6 (1.0) -3.540.1
Pupae (1.0) -7.8+2.2
RAAE’ (1.0) 48.1+7.8
Adult (1.0) 57.3+4.9

Ade, A2 49T @ 2% SRAY ZA o] ¢ Fia

= 419k HluH s - 24
%ﬂ @Z]Zjl dgz%xﬂ °o|& 7}‘5"3% V‘
Ueho] w23 7stA @Z‘\_‘l %@% %—ﬁﬁ}ﬁE}(Fig. 4).
pl 3 S dad S A
A B A3 43 A (correlation coefficient) 7t B 0.1

v

)

ootz e, 2229 TP, TF % %% #%9 9248 ¢34
% AHAY due AR Gtk Bk I8 FhE
of foles ASA7ol dhet AR oA EE 21 B
48 U £ e adasen g % A9 4% 3%

thoke AK A7)0 38t 2A® FolEel FE2EY A
HAET LESH S ke A, 2%, £ 2 HF FEE
oA wk frojgh &8 & o] e Th(Table 3). &4, 71E&9
F+, FUAZ AHEE L 9= amphoterin B 4§ 7 gt
AT gdeAgo] IR HH19], ol 9} vl A u)$ o3 &8
FHY9s & F A (Fig. 5).

olde] Axte, 4% 5} E—% 2 AEE ZF02 OF A
51 e AN &7 FE2F0 2 EEW A,
ZREEY A, Y-S0 A3, d4B SHAHNE T
g A 2A4S vehdH, diF A 3 H71H 3 e Sl
ol Mel7] @ 8748 o] 83 s A %E, SIAF LA
Z o]l BAFS AN Utk FF FofFol wH] &
L4002 RE FHELY A} HAVZ] AF7 L3}
o, A3, i, FEF T 71EY AT FoA Ead
884 Wts Fasit

ZARe| 2
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Fig. 4. Diagram of impedance changes during platelet aggregation after addition of aspirin and the extracts of black soldier fly
(Hermetia illucens) in whole blood aggregometer. (A) DMSO, (B) aspirin (0.25 mg/ml), (C) aspirin (0.125 mg/ml), ethanol
extract of (D) instar 2, (E) instar 3, (F) instar 4, (G) instar 5, (H) instar 6, (I) pupae, (J) residue after adult emergence, and
(K) adult of black soldier fly. Aggregation was induced by addition of 2.5 ul of collagen (1 mg/ml) into cuvette containing
50 ul of washed PRP and measured the impedance change for 12 min. The sample concentrations used were 0.25 mg/ml,

respectively.
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Fig. 5. Hemolytic activity of amphotericin B and the extracts

of instar 2, residue after adult emerge, and adult of black
soldier fly (Hermetia illucens) against human red blood
cells at different concentrations.
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