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Abstract: Effective microorganisms (EM), which are sources of fermentation
byproducts in herbal medicine, were compared with oyster mushrooms (OM) to identify
alternative larval feeds for white-spotted flower chafer (Protaetia brevitarsis seulensis).
The nutritional composition of each fermented feed was analyzed. The content of crude
protein, crude fat, and fiber was higher in the OM fermented feed, except for crude ash.
No difference in nutritional content of larvae based on fermented feed was observed. A
comparative weekly analysis of the live weights of larvae was based on the fermented
feed used. The average weight was significantly higher in the feeds using EM and OM
from third week of observation. The larval survival rate in the presence of fermented
feed was 96.7% compared with 9.8% with non-fermented feed. The results suggest that
fermented food source is essential for the growth of white-spotted flower chafer, and
OM was a stable alternative to EM as a fermentation source for the survival of white-
spotted flower chafer.

Keywords: fungi fermentation, edible insects, effective microorganism, oyster
mushroom fungi, alternative food source

N = Fapoiu] TOAT QAT O gy E o] glon)

(Chung et al. 2013; Kohlerab et al. 2019) @A = A-821F2¢

A AA °F 2097 ol4Fo] 1,90001 F ool 52 A O] 2. ok g A SHE L3 A7 @5] o] Fol 2 9l

E£0 2 0|85} UTHFAO 2013). HEA Q! A 81570 T} (Bukkens 1997; Van Itterbeeck and van Huis 2012). $-2]1}

& UHH] 5 (Lepidoptera), =78 d 2l = (Coleoptera), 157 |5 2ol A AlFoJeFaEtAA F 1059 o] Iyt

(Orthoptera), 217} 1] = (Isoptera), 'B-5 (Hymenoptera) 5©I A E 9 AEUR 2 A 555 o] QITH(NIEDS and NIAS
ST} (Chung et al. 2013). A-82Z-2 (edible insects)<> FIA]| 2021).
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© 2 W & L5l S0} (Cho 1969; Zhang 1984; Kim
and Kang 2006). S35 5 AFRZAZ O F 713 o]
8 Sl Al BT f5= AAS AE AT
T o]F0JR| 3L Tt (Park et al. 1994; Kang et al. 2000; Lee et
al. 2001; Cho et al. 2003; Hwang et al. 2005). $178o] 225
A §59 &k disASe] A4 ol o5 9loff <F
A QIFAE FFI BlE A77F TR ook g
of. el A B E G2l E thA] Hol2 Foigt At |
iﬂ 21 (Kang et al. 2012), R1-5At=7} S13dHTo] 2R %]
Z9] FEE 5ol 1A= B (Yoon et al. 2016),
Hi T2t § a2 E AR R Sto] Sduto| 252
2ol U] 2= F3F(Lee ef al. 2018) H A FAME-S T

AAtE =R ARgShe] S13dHto] 27 2] o] Hhgof| m| 2= G
(Knn etal. 2019) 50| A= S} S Ho] 2R 7] %% A
SO ARE R Zo] ofum, Q]=tol A= Sdut

01;-%—-%11 %
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9] 71573l tigh A+ (Kan et al. 2009), &
Hurol Z£52] 2] 224 ztolo] w2 P2 $3 (Suo et al.
2015) 5°l Oq:rLEl"*E‘r

Aol ZRA] 55 FANS Al F-81|AYE (Effective
microorganism, EM)= ©|-85to] AtRE T E 3Tt (Yoon et
al. 2016; Kim et al. 2019). FHH 2 EM2 AA Ha2H E
FollA wegh of 2] nlES &8 viesto] 2-Eo] A4t
4 371 flal AFgERE gttt (Mohan 2008). EM2 E%F
Ul l8E o] AETde S7HA AR SR 95
of Ego] ¥, B nAE] IS A= A
7} 9Tkl SHH (Condor et al. 2007), 2HE-2] F3Hd 571 H
Sfj5-2] oA W oo k& F11, 5] Ee] EAich=
F71E 2ol SR T AFH 229 FUety
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= U A Al A, Aol et thEr of = A8+t
S At AR HA At ol H= AR £ 4 Tt
(EM A4t Al L mAdE Hles sk AR =A)
(Higa and Parr 1994). A1-825-2 9|5t At=.2] A& Ao},
AASE AAEFL Q15 = Algaiz= EHEk/\]-_D'_oﬂ _,_11]7}.
= 75 4ol
T (fungi) °ll 2
(Stierle and Stierle 2000), A 75 AHH o] AEAH |2 <l
St oA SheF Z7}(El-Enshasy 2007) 2 119 A4 @hg
(Wang and Yang 2007) S0l d&] AREAL Qlom, &
5] FEAtEe] AR E= wtRoll ot HaE ohE s
2 oIgt nE Bl A5 2RE-S Slulslil, Atr thAlE
9] AHFAQ iR, AlRAdFH EA (7184 palatablhty)
7B 52 BT ATt (Ghorai et al. 2011). ©] 23t o+
gase QoSS 45 4, BAs 2
2 A5 a7 QLS B2 (Roupas et al.
2012), A]-8- ¥ A1t (edible mushroom fungi)% EM A A

Jck (Higa and Parr 1994).
Sl Hlg L ggma@z& A=} x194 Aﬂ/\}

= Agsieha 2 5 ek
2 Q7L QYOIRRA) £50) KA Plole el

5 % 9 Rgatoln)

uﬂ;ﬂ og XJIEﬂo}— 7].7:14. _?.0101 %o]ﬁ

e H A F+F (Oyster mushroom fungi) #] 2o T-Z, Tf
Al Aol FAE Blwet 750 A=l nA= =

2, Agulo| 22 X] §% WXl 2ol =

thA] Hol A=E o e FatE2 o 4
o9 (LA A AT T Lhe gebE 5715}
o 70°Coll A 12A]7F 7LL’ZE(agricultural products dryer KED-

035A) & 11&5A) 24Y7] (GRC-12, Garyeo industry, Siheung,



Korea) = A g|oto] &4t o] FH7|=4d &
(FACT; The Foundation of Agri, Tech, Commercialization &
Transfer, Tksan, Korea)©ll ©]Z]oto] 2T 25, 27
W £5)%0) Qo JFEAH T35 AES A
T}, StoFA] BALE B Ax} olulelop Hol SHES. 7}7}

spelstgon, o] 3 5342 AEHA AUTHTable 1),
QP B o] WS 99 STkl BAA R g
S h o—Q-UVHE(eﬁ‘"ectlve mlcroorgamsms, EM yeast, lactic
acid bacteria, Bacillus, photosynthetic bacterium, &]& - -8
ol sfebAElel A Hop Tt o E el LereH A
—"7"(oyster mushroom fungi, OM, & T HA &% =&

3, Potato Dextros HI A5 ©]-§-5o] 28°CollA] 743t O—H’}:}
HH‘*) & o]-85to] FEFH] 20%2] Hl& =2 EMwt ¥ =8t
2 A Fat gl (x 10" cfu 012 ZH2} H7Foto]
ST & A2 25°CollA] 307 Ak T otef
A Fates o867t tiAtmEs Dol FA] F35olA

Aol RA §50) oA Holdoz A
) 9 Aol RA fEel AEd] HE o
2 SF=2AE AT (KER]; Korea Food Research
Institute, Wanju, Korea)°ll +4] 2]2|51%] 0m, oJF/d-=9]
743 24 ARE Aok B W SF T (Tables 2~4).

Table 1. Analysis of nutritional composition (%) of herbal medi-
cine byproducts in this study

Components Proportion
Crude protein 11.34
Crude fat 3.45
Crude fiber 1724
Crude ash 412

Heavy metals Not detected

Fungi fermentation of feed of insects

oM. flo d
4 -
o,
st
M
)
=
fu
=k
e —
@
o]
\<T'
o
3
e}
=
o
B
Q’/
=>é
i)
lo
e
ofl
—
to

o] 8cm)-&71°llA 17 7] &
Z 10124 ARgstgom W7 W Als I7kA] A
S&LE s flote] 5 13] n|FAAAE
(HS3130F Hansung Inc.)& ©]-§3to] FAIE S35k
722 AEE 1T 75 F, 559 E8717E 1]
TSIt B AR 33] BEE sl 5
Z9] 27 o] SASEE 189 PROC GLIMMIXS
O]—Q-ﬁ]' Repeated measure ANOVAE A7, A2 W4k
S 5% ool A H| WL EA45FITH(SAS institute 2010).

L E

2ot g 2y

1L O A2 GU4E, 334 BMnt A=Y
Yguolzex K50 AU Hla

= EM—Tq' OMSo = E‘E}E/\]ZJ c])l-QFZH l:ll_/\].:x 9] o]

v geysta 24 w4 Ak ML EA Bk A2
Heom EMT OMO & BF

2] 93Xt} (Table 2). EM¥} OM

a2 AFRE SlHdo| 22 7] 6

=]
U 399 B4 A0 2 4 A

L
ol
et
B rlu
o{

8
og M
1o
o,
E

o

Qo FEE2 HEE]A] LUTH Table 3).

Tade] ot fr1e9 A=Y =2 7P A

‘:]'b K17} Q1.0 B = (Stierle and Stierle 2000), W& H Al=
< oapell m20] F 4 9l Ao AL B4
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Table 2. Comparison of general nutritional composition (%) of herbal medicine byproducts obtained via different methods of fermentation

Fermentation method Crude protein Crude fiber Crude fat Crude ash Heavy metals
Non-fermented 11.08 6.12 3.41
Effective Microorganisms (EM) 18.47 3.55 10.06 Not detected
Oyster Mushroom fungi (OM) 19.68 4.85 733
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Kim et al. (2019)-2 FHFHEEY Fo] Sijdfo] 27
2] 5-%0] T FHFS 45.6% =2 B 1513 01, o] OM
Y EM B R SefA FAtES gold B oF 20% A=
A oFe] S7PF S-S UEbdnh GREA Q1 A E o
A T fheFo] 100g 715 tHF 8.5~14.4%, S5 152~
34.7%, o1& 10.4~47.7%% A 7F<tsHH (Food nutrition
ingredient database, Ministry of Food and Drug Safety, Korea),
SlAuro| 2R 7] &0 il A Glefo] LE3F| =2 o
o} & 4= 9Tt Lee et al. (2018) S zhjrdtg Edhyl = =
7 WA (Aol BaEAY ot 5wl AT 97
HPol A {759 FE4 o] Aol A (Pleurotus
eryngii) (10.28%), EIH A (Lentinula edodes) (9.86%), ‘W&
E4(9.06%) .02 Lehdeha shgict 2 A7 Aol
H Xolgt v o g2 }_/\].5].93\21/} AjA el el
QFsfeiehs 1 Aol AAE S ekt so% of
Aol & Holil Sl & & Utk o] Z¥h= Table 29
A AvtellA Aggize] thAl At=l tefAl FatE2
ol obo] w7 U] fE o s AtRET, o
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Kim et al. (2019)2 ZHF EM Ha RS Folgt 3%
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Table 3. General nutritional composition (%) of 100 g of larval
powder of Protaetia brevitarsis seulensis grown in the presence of
fermentation byproducts in herbal medicine

. Effective Oyster
Composition . . )
microorganism mushroom fungi
Moisture 14.9 19.2
Crude fat 9.9 10.1
Crude protein 65.1 61.1
Crud ash 70 6.9

Heavy metals Not detected

Table 4. Amino acid concentration (mg) in 100 g of larval powder
of Protaetia brevitarsis seulensis in the presence of fermentation
byproducts in herbal medicine

Effective Oyster

Amino acid compositions . . .
microorganism mushroom fungi

Threonine 15479 1582.3
Valine 1829.4 1865.2
Methionine 584.9 565.7
Essential Isoleucine 1326.5 1348.6
Amino acids  Leucine 2256.7 2193.6
Phenylalanine 1564.0 1548.2
Lysine 2319.7 2413.6
Histidine 1252.6 1253.8
Arginine 1665.8 1615.7
Aspartic acid 29078 26079
Serine 2002.2 2000.5
Non essential Glutamic acid 58974 5516.5
Amino acids  Proline 2976.1 3100.1
Glycine 2744.4 2463.7
Alanine 2145.3 20279
Tyrosine 2870.5 2996.3
ZR27] §Fol|lA 47 1252.6,1253.82 2 °F 16% F= =

Al veRg e, dad It Aol 9] YTt (Table 4).
gk H] "= ofu| ARl asparatic acid, serine, glutamic acid,
glycine, tyrosin, arginine, proline2] &% Kim et al. (2019)
o] Ao}t H| WobH, glutamic acid”} EMd 22 T F AT
AMRE FET AFHOIRTA FEolAM AHH Lz =
U, proline®] 2 tiH] EMY OM 2.2 ZH7F g A
7 A Folgh AP ERA §5o4 oF 3} A=
E2 25 UEFH AT (Kim et al. 2019; Table 4).
A ARSI G4 S XA 2 Lo
AEAAL, EM TR A Bole] A EIFA Aol

r{m



Table 5. Fatty acid composition (%) of larvae of Protaetia brevitar
sis seulensis in the presence of fermentation byproducts in herbal
medicine

Effective Oyster

Fatty acid compositions . . )
microorganism mushroom fungi

Myristic acid 1.0 0.9
Palmitic acid 18.7 18.0
Stearic acid 22 1.9
E::tuyrztjgs Arachiic acid 0.6 05
Behebnic acid 0.1 0.1
Myristoleic acid 0.2 0.2
Sub total 22.8 216
Palmitoleic acid 9.7 10.9
Oleic acid 59.7 60.6
Linolenic acid 3.9 3.6
g;;j?gi;sd y—linolgnic apid 1.2 1.0
Gadoleic acid 04 0.3
Arachidonic acid 0.1 0.1
Sub total 75.0 76.5

22.8%, FESFAIARE 75.0%0] 1L, OM BHa tfA] 9o
o] 79 ZSFA|HAL 21.6%, EESHAHARS 76.5% =

LT (Table ). ZF AARE Ao A 71 =2 H]
oleic acid= 60.6% STt (Table 5). Kim et al. (2019)-2 it
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OMOE AgHIE A A-8at5of| 7 u|2|= P2 2ol 7t

dauhd o] whE tigAlE 2 ARSRE Slgdlo] 2R 7] &
%o B HE-S Fig 17 2k vl aEAls ATt
HaAE AP 12527 2pel7t §llon 354t
e AF ASS d=t 7727 §5 S0 ERAIR
Ao A FolotA Eobx]7] A&t (Fig. 1, LSD test
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Fig. 1. Weekly average weight of larvae of Protaetia brevitarsis
seulensis according to the fermentation method used to generate
byproducts in herbal medicine as an alternative food source. EM:
effective microorganism; OM: oyster mushroom. Same letter
within same treated week is not significantly different (LSD test,
P>0.05).

in Repeated measured ANOVA, P < 0.0S, SAS institute 2010).
AGHol R A -5 SEAS 3FATH oM HaAte
Aol EM I BALE APFET 2 S0 T
Ak oM Y aAtE AT EM W aAts AdTe]
T H A 3,5, 772 ASA 7)ol Fof§ atol 7t
Ao, v aitm Adwe] 2tolE HwRtthH EM}
OM ¥H&0] ztol= 18] AA] 4o, 4, 652 oll= +
O3t Zpo| & Hol2] gdet. B3 1 SRS vt
A 672l A 772t T Het §lo] Hd7] e
2 W BRI 4 YT (Fig 1,P>0.05).

BE WEAR APTNA Aol ZRA fE L
96.7%] AE&E HYoD] AT AFL] 4

10% "|7HO] AE-E-0] T = AT (Table 6).
ofe] S0l TR {5 Aol AA A= Y

Edo s, 11 9] AHofA WHd shEo]l Rong S
e gl Holgo] ofyH 1 AEE0] PAsHA HolA|
20 &2 AR EITH(Table 6, Cho 1969; Zhang 1984; Kim and
Kang 2006). TH Lee et al. (2018)2 B4l =8 & -2 v
A5 HEo] wrazte] glo] tiA] HolYow Fojste] 9
Heo| TR S AR, ARERE B Alo] Aol Al
(P eryngii) @t FEITHAL (L. edodes) O™ FITH A} Afjg-o]
HAL HIR] O] FH w7 RS e o, A F
ol ot FhhrEe] Hart " Aos AtgHch
oj2ft AVE Fohd AYHol T A ARs Al Hold
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Table 6. Survival rate of larvae of Protaetia brevitarsis seulensis
during the experimental period (7 weeks) according to each fermen-
tation method

Fermentation methods Survial rate (%)

No fermentation 9.8
Effective microorganisms 96.7
Oyster mushroom fungi 96.7

o] ¥ gy}Ao] 3 & Hlo]|EEZ]
VARSR=IPN EHE]’(Flg 1, Table 6).
et al. (2019)> URFA QI T3 Abs Al A H
% % AMERE 7§ AEgo] oF 9o%etal stelom, 2
AAATe} oF 6.7% 2ol 5 Hol7]= ShA|Rt o= AA
A o2 Aot} whapA 2 Aol ARSE HaH
Hol| thE A AR =7]E0] BPA ) TaFER Ateet
H|wsho] SlHro] 2 72] gold o g QHAo|tt (Fig. 1,
Table 6).
Park et al. (2012)2 &2, &5 7oA (L: D=16:8,
27.5+2.5°C, 65+5% RH.) &% 52 Folgt 59|
He|7] 2 SA7A] 9] ol 1057 ATt Halst

{59 el BHHA

=712 éﬁroﬂ/‘ﬂE %‘%Xﬂ —‘?—ﬁ%
oA et Foldde AT 4= AT (Table 2,

A1) Bge 919 AT Ak o] St Roluet S
SITH(RDA 2016, 2017). 2 Atet of2 A 23s £
off HH, -850 S Hol 2R R §-5-9] Holde T
R 7} A8 =]ojof 2} (Table 6, Cho 1969; Zhang 1984; Kim
and Kang 2006), ¥5H4Ql 57F= EMe = U8 Ale=
3uto] ZEZ]E A8 912U (Yoon et al. 2016; Kim
et al. 2019), EM> AAF Al o] wheh o n]dE Hlea
A5l @A o] B7Fs5H2 2 (Higa and Parr, 1994), Z- A
A2, A7]0f| whe} v AlE H]Eo] Aoljt Aol 4
4 Bl nES FAY 4 /lthe A2 EMo]
‘j?} *}%T% —‘Hﬁ]‘ A}EJ H}_&ﬂq og o]—x%x%o];(] Eg}ni

AT Alm 3Ee AT BA S BEE 4 gle

(ErON o=
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= (Kang et al. 2012; Lee et al. 2018), e g A2y &5
Aol shfjol] whe FAA Q] ti AR e o
4157} 2 Zo|thH(RDA 2016).
o]} H]—U—O]’O:] T (fungi) = FE PO 2 o
AF&3H Aol AtjH oz otgHo|t)
TYRNY BATEE FEAIA A%
J =42 A4Skl (Stierle and Stierle 2000; Wang an
2007), e A el = et A Wi g JgEe] o
& 3718 F =Tt (El-Enshasy 2007). 775 &
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¢l ke, 7197 A 5o At ekl B
(Ghorai et al. 2011). 53] 'R YU S 2 AME- 7Fa3t
AgmMAZETL ATl Fofared, ofzl 7h] Qe
27} QITkal BT (Roupas et al. 2012).

2 AFoA A FaA= 1 7FeAS EI oM
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of st DI BT A 50 PR ol =
2 E 708 ARgh
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S uto] 25 2] (Protaetia brevitarsis seulensis) 2] ™
AAr= ] grekAl HANE T el §-81 8= (Effective
microorganism, EM) ¥} LB} H A
fungi, OM)= H| W SHTE. ZH R H Alm o] Y= H
DE Ak 282G ASE Fu, 2, 24T B

& (Oyster mushroom
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o] OM HaAtmolA = ettt 2 dad Ale g
S5 Aol =R %ﬂ %OJ@%% H ek 2
o]7} ghate|z o) =
%9 *JM]%Q %—‘?:3 HlJL fﬁ@ A1} 3
el EM3} OME o143 Akzollq gt
FEFo] frolot EOUTE 15 A% Al AEE
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