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The acceleration of global warming and the rise in average winter temperatures have resulted in
the outbreak of pests such as gypsy moth (Lymantria dispar). In this study, we evaluated a natural
plant extract for controlling the larvae of gypsy moth using immersion and foliar application
methods. The eco-friendly insecticide (KEFAMAS) exhibited a 100% control efficacy when
applied at ratios of 200:1 and 500:1 in the immersion method, demonstrating its insecticidal effect
on gypsy moth larvae. Foliar application of KEFAMAS also showed a 100% control rate,
highlighting its excellent insecticidal efficacy in both immersion and foliar application methods.
Therefore, this compound is promising as a natural insecticide for effectively managing the
outbreak of pests like gypsy moths.
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22 Ee QR A ofE = ERlelE o =4 5737, 4H, F82] Goll = AR i34 Edeiso s
A7 0, vl=A e, Zaa], miejuEFol o, 5ol A Wi Lymantria dispar)> WFH1E2] H]
SRe] FA sliso = 22| E4u 1344 £ Afolz Botw|g)7t 9 ol R3Sk Lymantria dispar
dispar, 2, t=t, AH|2lo} Goll BXSN= Lymantria dispar asiatica, Q2N X26H= Lymantria dispar
Jjaponica= 37112 o}F-0 & F-E5EA1 Qltk(Jeon et al., 2016). -FHAE-] HiR|LEFo] H]S| oFAJo}AlE o] wijw L2
gdritgtopyet Mt Z7FiE o low, A7 AdEo] St vl s o & AAx|et 7| 7 ol 5 A
S} AFEat opet A0 2 ofFote] vt mollE 7|2 = AR e QIth(Hwang et al., 2021; Kang et al.,
2017). E2t ojuupd-2- U] B2 Sd6iEo = 2| o] wiet i lieh o] Ql=t| 2019 o] F S48k, Bds

A7E Sol A uhslo] Bl A g uq SI7F PR 1 © &2 LFERGTH Choi et al., 2021). ©]213H S %Hs(ﬂﬂﬂl
LHhE HASH] floll = 2FelaelRl AZA AR E AL gl ot EaolZ-o] A7 aotA] 1 Axt a8t 5
T¥sto] A=Al et AgAdo] oA 7]._/Ho] 331 o]u] CarbamateZ], Pyrethroid 7] 5-2] thoket Aol tis

Ao g A 02 B ko] Hf l 1 ojelg2 A1 Q= Aol Lee et al., 2014). 2FeFsoFS o] 81 HA] ©]
Qlof {715 A4 o1-8=4-E o181 AR tiste] 5714 Thilo] F7Istl . Y AlEfel &= A=A
0 g bRt A= H¢ szh 2 Ao vlel W2 58S 7 glom Eot Rt A el S HGokal Q]
o 2of| Aol ghdet Al o 2 Al A QthLee et al., 2022). B Ao A= Aot e M A E FEEES S-S
sto] sfigel 8 715 AARNE Alxstalar, AW vinupgol dheh A e s 879 fSste] 1 shiE

AE 71

e

Az AL H212 gelstia st

A7 Y
SAFS(OH0|LHE) 2R L SA 2
2 Aol AR iR e] B9 S E T AR g AP 48200 Y29 LEILNE, S E T a4t R
A AE] 90501 AR AU, /A H I T 7HoRt o E] 2800 AR HAUF R E] A= thE 3350 2|
of| A mm U S ARSI, A F- A AU ol A ARSI AR G5 0] 7392023 59 BT Aol A
IS et BE oF 50%71 B2l A-sstaint. Fobd §5-2 2 -39 AX7kA] A1F 90 mm, =°] 30 mm2]
Petri-dish(SPL, Korea)©l| 2 25 + 3°C, ATHE(RH): 60%, G272 FA]oto] 1 dof| RHHA] 41431 Ho| 5 ALy,
ARgsto] 2 Aol ARE-SH3ITh

SAIUAI(KEFAMAS) A=

SAIFA9] 739 =S AN (A5 EA] A2 7= 27 2 12-39) 0114 Matrine 0.9%
o] WFEE(Sophora flavescens Extract) 34.9%, Azadirachtin 700ppm 5=2] H FEE{(Neem extract)
31.6%, Acetic acid 4% 5=2] %_%O—E(Pyroligneous acid) 33.3%, AHZJA(Polyoxyethylene Sorbitan Monooleate,
CAS No. 9005-65-6) 0.2%2 74 2 A 23} TH(Table 1). £ 9FA] AL 2020 -2022 <JefisliE(Zuin], 240
Zea]S 2 rl=A e A Al AR AT IASEE TEAE A 85%, H FEE TEAIEA 70% oV
o] FE VR, 1A E S 811 B2 3E 250l|A=90% ool A autE Ueh) o] 2 2R B
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Table 1. Composition of the eco-friendly insecticide (KEFAMAS)

No Name Content (%) Concentration
1 Sophora flavescens Extract (Matrine) 34.9 0.9%
2 Neem oil (Azadirachtin) 31.6 700 ppm
3 Pyroligneous acid(Acetic acid) 333 4%
4 Polyoxyethylene Sorbitan Monooleate 0.2 -

GC-MSE SttoiE 22| F7IsUAN(KEFAMS) F8= e =4

TS 715 GAHNKEFAMAR) o] AAFE= 2 A2 L Aol et 8220 /=42 215l AgilentAt
OGC-MS(Agilnet-5975C, USA)E AF8513.0H, A7 9] 74-9-30 x 0.25 mm, 0.25 pm 2= ARSI 72 o]
7t AE(He) S ARSI, 2 QB 21250 -310°CE A% % 310°C 3587 523142 A3stgict,
MS 2] 7-2- 70 eVollA] EIM(Electron Impact Mode) 2 =41 ¥ NIST 2fe]|E2|2]E vl 240t siigae]-8 7]

SAAA sfobd] 23 A4 BT

HPLC-UVDE E3t 221212 §7 s UAN(KEFAMS) 0| CHgH A5 AHaksM

(L
FE TR0 A9 SRR

S-S 7715 AN (KEFAMAS) ] 9
2 HPLC-UVD(Agilent US/1200, USA)7|71E 53l 14, H, 22 FE2E2] 45 (Matrine, Azadiracthin,
Acetic acid)2 AFEAS HPsILh i (Matrine) FEE2] 437490 ¢ ZHE ACQUITY BEH Phenyl
(1.7 pm, 3.0 x 100 mm, Waters, USA) AH= ARSI Flow rate< 0.5 mL/min A475}%.2 ™, Detector= UV
detector(UVD) 217 nmoll4| A& AAsto] 451t} d F+EE(Azadiracthin) 2 5% Y(Acetic aicd)= A H
9] 742 5L 150 mm x 4.6 mm7+4 2] C 54 H(kinetex 5 um, Phenomenex , USA)S AF801L AT 0B 2
Q& =40 °C, | mL/min 2 A T A 5-88-5 10 uLF-45tq UV detector(UVD)E 53l Wavelength range S

717} 225 nm(d FEB), 210 nm(B2) 2710w BAS Flalsiglon, RE BAe 3o Hlalsiert

o

A(A2020-202) 7158 HiE L.

1o

(MAFRA, 2020).
RS St oHE22E 77 s UARN(KEFAMS)2| DHO L ALl A=Sw) Tt
A

719 w652 A7 90 mm 9] Petri-dish(SPL, Korea)oll 570414 L=Qlo W, “EUE GRS siEwd
28 5715 AAANKEFAMAS) Ol T4 2], 250:1, 500:1, 1000:1 H[&-& 3}A5}0] 1 2798 HA|519.1, A&
& 227} 2= Petri-dishof] HiuLPY §-25-8 EoHleh 82102 25 25°C, E=(RH): 60%, 95719
Growth Chamber(JSPC-200C, Korea)ol|A] AF8-2- 2135191 0 ™, 254 0 7 3U(72A17H & AT A7l AAE:
5 ALt AIZE FRlstitk(Fig. 1).



Fig. 2. Insecticidal effects of KEFAMAS8 on gypsy moth (Lymantria dispar) larvae in Aralia elata.

CES ZZ0IM] atis22IE 77 IS UARHKEFAMS)2| DHO|LEY | SAll=t ot

el ek shE-gelE: 715 YA (KEFAMAS) \A| 5.3} A 9l2 LBt Qe frAfstal 18 4
HAAR B} imupo] A eshs S Aol Kast3laL, 2 - 397 vieuby 18- #1271 104 A
Follrt. A=A o] ¢ FA 2, 500:1, 1000:1 314, F2712]19] A2 5 A5, 19] 44
IS s fFEol HoE e x| FolA| Zade AAskirt A a7 172 F 34(72ARh & #lst

Hom, 2F 38 F she e 77 1 A A 43t 55 vlarsto] i ) 550 S-S ARSI Fig. 2).

SHEA

ofjnjupdt oFA BHA| a vk Alge B 3P0 2 Zefr]glon B A AulE Ea) ol
EA| =R 73 SAS 9.4 2 138 8-85}o] T2 % (Duncan multiple range test)2 53 --2)4 A4S %1345}
th-3-2l5== P < 0.05).
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228 77 ISUAM(KEFAMS)S| GC-MS F8E Hd=A 21t

o318 57 PsAANKEFAMAS)®] GC-MS $15H4 43 23t 3 167719) sikgo] dasigen], 1
% Area ES 1.0% OV LIRS F-R510HE-2 £ 37702 Ltehic), 2 AelA] Auet shsaielg 4715204
L IHREE | F5E B0 ARBAR of2olA gt Bxalo) e tliE 47150 2 oA 9o
T2 oM EAK Acetic acid). 2= A QL] = A Aol A 2.48% Area a2 LR oFA|EATO] 11

AthHwang et al., 2002). FoF V4FEE9] Q9 SI5ME<91 ALPHA-MATRINE(19.83%), N-Methylcytisine
(1.22%) Al A2H 7S ZRIoHAthHwang et al., 2009)(Table 2). ¥FH d F2-=2] 344221 Azadiracthin®] 73
S AEEA At HEE|R] =t BF GC Y| -3 EAFH Molecular Weight)©] 5000] @& 242 E4517] of

S

==
2]-2M, Azadiracthin®] EAF(720.7 g/mol)©] 11 3= (792.4 £ 60.0°C) 2 =0t 2RIE| %] ¢F= 710 2 wrty]
THChoi, 2011).
Table 2. GC-MS component analysis of KEFAMAS
No RT Area Libarary/ID
1 5387 248 Acetic acid
18  9.660 1.28 BENZENE, 1,3,5-TRIMETHYL-
26 11.080 145 Benzene, 4-ethyl-1,2-dimethyl-
29 11567 125 BENZENE, 1,2,3,5-TETRAMETHYL-
30 11.636 1.78 BENZENE, 1,2,3,5-TETRAMETHYL-
34 12.687 1.79 NAPHTHALENE
44 14801 1.84 Phenol, 2,6-dimethoxy-
51 16253 144 Cyclopropane, nonyl-
65 18.780 1.86 Ethyl .alpha.-d-glucopyranoside
67 19.061 1.52 Tridecane
84 21.501 1.73 HEXADECANOIC ACID
90 22.621 122 N-Methylcytisine
93 23246 4.86 Linoelaidic acid
94 23402 1.03 9-OCTADECENOIC ACID (Z)-
104 24991 150  (2,3-DIHYDROBENZO[1,4]DIOXIN-6-YL)(4,5,6,7TETRAHYDRO-3H-AZEPIN-2-YL)AMINE
106 25.504 19.83 ALPHA-MATRINE
111 26.167 2.54 1-Phenoxyphthalazine
115 26.855 1.70 Sophoramine
135 29.683 1.33 Cyclopentanecarbonitrile, 5-hydroxy-1-methyl-3-ox0-2-(2-propenyl)-
148 31.556 1.40 SESAMIN
150 32323 2.6l PHOSPHINOLINE, 1,2,3,4-TETRAHYDRO-1-HYDROXY-, 1-OXIDE
154 3242 113 2-((E)-[((E)-2-([(E)-(2-HYDROXYPHENYL) METHYLIDENE]AMINO)PROPYL)IMINO]
METHYL)PHENOL #
155 33.524 292 Stigmasterol, 22,23-dihydro-STIGMAST-5-EN-3-OL, (3.BETA.,24S)-
158 34.155 1.26 3-(4-NITROPHENYL)PROPIOLIC ACID
160 34524 1.18 3-(4-NITROPHENYL)PROPIOLIC ACID
162 35.194 1.07 SILANE, TRIMETHYL[5-METHYL-2-(1-METHYLETHYL)PHENOXY -

165 36.076 2.53 PHOSPHINOLINE, 1,2,3,4-TETRAHYDRO-1-HYDROXY-, 1-OXIDE
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HPLC-UVDE Sst SHEE2IE 77 5 YARH(KEFAMS)O]| Cist =42 HakEA 2t
e 77 s HAFH(KEFAMAS) ]l tet HPLC-UVDE &3 & A 23 IS0 4811
Matrine 2] 74-¢- Retention Time(RT) 7.2952 0.31 + 0.00 ppm©] AEE| 1!, ZZxH ] FAHEL] Acetic acide=RT
22589 1.32 £ 0.03 ppm AEH 22 2RI 4= A3ict. T3t H FEE2] 482 Azadiracthin®] 739 HPLC-
UVD 443} Azadiracthin-B T2 RT 7.7559] 61.81 + 4.21 ppm©] A& ERI1E|2. 0™, Azadiracthin-A2] 7
F7.662011 167.47 £ 4.05 ppm®|™, Azadiracthin A+B2] &&F2229.28 + 8.01 ppm © 2 LEFITH Table 3). oli3

;

2

S
e 71 YANKEFAMAS)ofl @ 24, ', 520l &= 0 A7 4448 B T8 tiv] Ashd oAl

4

HEH A FRI6IATH Table 1). IFEE0] 75| 0] Q= PIER(Matrine), SAMFER(Oxymatrine)<> S5l
B ARt Sl A= dHA QItkKwon et al, 2022). TS H FEEC] A5 T4

Azadiracthin 4712] FE|(A, B, C, D) ZE11 9101 11 Fol|A] A28 LR = Azadiracthin A9} B2 4%
A4 Al AR, 258 28 5 okt 28 7128 Foll FRLIR sliEell ol it AE /g S HAgt

R T | o1 T10

o2 ok A QItkKim, 2021).

SIS 57 HSUAAKEFAME)S] THDILIt ALY AL 2R B} 243}

ofjr|upd AU AFaxt grE A R A 2E 24K HE 9 5uk] 5 5uke] B AESH] 100% Y
TES Hof 22T T 7P B2 0] WA RS HERAL, 2508, 5008 314 2] 7% 5ute] 5 5ute] R APES)
o] 100%2] 7Fg 93t WA RS vEhde A2t diH] 59211 ZfolE HolFiet sisdag 77134
(KEFAMAR)®l &-i5 125 (Matrine)2] 4% 450l 954 2 HE=A a9E 2to™, glutathione-S-
transferase} acetylcholinesterase 2/J0] 7440} LR A2 Teh=]o]ZIth Cheng et al., 2020). 10008 3]4]
A13.3% AYEE-E Kol 2500, 5008l H]sl 87.8%2] tha W2 WA S L=t ol skol ThE 84
2to] 2 =] QITH Table 4). Kowah -5-2] A0 SJobH 75% &0 1253 10008] 814 § A 2|3l of 72
AR S we Y (Lymantria dispar) &2 AFEEC] 71.67%0 HERHCH, o] & AETH 2 £2]5 Hol5
thKowah et al., 2023).

©

wWe s L20jMQ| SHE 2|2 {7 s UARH(KEFAMS) DHO|Litt okx| tix{| &0t T7} Za}

G5 oA S8 5715 AARN ] vl a | ofA WAl 8 Al A Axt R e o] 739 100% G5
ASES U™ 0%2] AP S Eol%100, 10008 34 A] 16.7% F5E= Holm T4 2]+ ] 92 A
7+e HojEqink 3t 5008 3]419] - 100%2] WAFE HolFm A4t 7Fg et A5 ES UEhlth

Table 3. HPLC-UVD component analysis of KEFAMAS8

Component Name RT Calculated Amount Untit
Matrine 7.29 0.31+0.00 %
Acetic acid 225 1.32+0.03
Azadirachtin-A 7.66 167.47 +4.05
Azadirachtin-B 7.75 61.81+4.21 ppm

Azadiracthin (A+B) - 229.28 + 8.01
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Table 4. The effects of KEFAMAS at different dilutions

Concentration Number of larva Survival rate (%) Control value (%)
Control 100 £+ 0a 0
250:1 0+0c 100
500:1 : 0+0c 100
1000:1 13.3+11.55b 87.8

*The different letters are significantly (P < 0.05) different according to Duncan’s multiple test.

Table 5. Insecticidal effect of KEFAMAS8 on gypsy moth (Lymantria dispar) infestation in Aralia elata

Concentration Number of larva Survival rate (%) Control value (%)
Control 100 £ 0a 0
500:1 10 0+0c 100
1000:1 16.7+5.77b 83.3

*The different letters are significantly (P < 0.05) different according to Duncan’s multiple test.

(Table 5). Kim et al.(2009)°]] 2J5HH 1AHFE23 EAa+59 éﬂii == o] S8 5715 A2t

HlEEL 558 95% O14] 95t A5 TAS HolEed ol 2 97 Asleh g4k 4Fe HehirkKim
et al., 2009).

=

[—

= AFolA AR SRS R s YAMN(KEFAMAS) = H 53, 52, FEa= A% 3o
GC-MSE 53 A4 A& 24487 550 IHFEE0] T2 oMIEAK Acetic acid), FuR-AIES
(ALPHA-MATRINE) 5°] &01%]%] o#], HPLC-UVDE 53f| ArEAlgH 23} 14}, Bx0l J FEZE0] A|7}4]
FEL1 Matrine(0.31 + 0.00 ppm), Acetic acid(1.32 + 0.03 ppm), Azadiracthin A+B(229.28 + 8.01 ppm) SA] &
AN=HA Fd& tiH] A4S ZRIskGIrh. T3t min Uiy {55 tid o= AWl A58} 871 22 2004, 5008)
B4 A 100% A7 HE UEF o™, WEF 37gollx] oA 872} A 5008] 3] 40l A 100% A7 S Hof=H
Aol et AF S HojFglt) et A58/ U= a8 718 YA (KEFAMAR) = =45
SIS A 7FsS A2 R s dAAIRA O] G52 95 H 873 sk

_l

AFA}

e FHEAAER O o R FHAETe72 87 7eAMd A A RIS A R&DANY O] A&
dro} AE]9-2(No. 821064-3).
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