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A Review on the Insecticidal Activity of Neem Extracts (Azadirachtin)
and its Current Status of Practical use in Korea
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The Research Institute for Subtropical Agriculture and Biotechnology, Jeju National University, Jeju 63243, Korea

ABSTRACT: As a tropical plant, the neem tree (Azadirachta indica) has been used for a long time for disease and pest control and
medical purposes. In this paper, we reviewed for the active ingredient of neem, the mode of action of azadirachtin in terms of insect
growth regulation, repellent, feeding inhibition and oviposition against plant pests. And also we reviewed the current status of practical
use in Korea. Among 57 products of neem-based eco-friendly organic agricultural materials distributed in Korea, seven products were
certified for their efficacy. The average azadirachtin content of the seven products was 0.38%, which was 5.5 times less than the average
content of 2.1% distributed worldwide. In the control effect on neem products in Korea, it showed some variation on aphids, but most
showed a control effect of more than 90%. The treatment effects of Lycorma delicatula nymphs were 73-77%, and the control effects for
thrips were obtained in the range of 50-72% mortality. The mortality effects against bug and moth species were generally low. It is
expected that this review would provide important information necessary for the understanding of distributed neem products and the
interpretation of experimental data.
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3 90% o)) WA EHE BTt Fufjn] okl FAASEL 73~T7%E BRI, FAEH o g HAZ = 50~72% M= x5}
LA AT =} VR ti3 Al & viAlE e 2 Yisit), Bale e se 9AIE] olslel At i e Ba st Fo g R
EAEHE S Fo 2 7dErt

M0 HA, oAt Etad, A EAE ek, 1A, S LAl

WS Meliaceae)o] &3t ArjAlZel AW 2013). V|He] YR Bejxn AAw Baow gho %)
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o] F EBT LU RIE] w3t ofafr] ghelo] 22E3)
3I(Butterworth and Morgan, 1968), 3}8F24] 2127} gh& %] 0.0
(Butterworth et al., 1972; Zannao et al., 1975; Broughton et al.,
1986), 524} HelE $a% &2 AEA LHE=
9} 8A}ST U K 1= 0| = F(tetranortriterpenoid limonoid) o]] <3
olz}]2}= El(azadirachtin) 0] A== Mordue and Blackwell,
1993).

QI BT ALEEA o) Frel ofxtr el el e 72
202 4714 FE(A:B:C:D=100:50:1: 1)= 2k gt}
(Rembold et al., 1984; Rembold et al., 1987a,b; Forster, 1988).
71E} g]H o= 2 "o FE 2] 2(meliantriol), A=} (salannin),
'? Rl(nimbin), ‘g 5| (nimbidin) 5 thet B/ 4dEo] A
A2 (Akhtar, 2000), 25 BEEIS U= 2oz B
%] tKIsman, 2006; Morgan, 2009; Salehzadeh et al., 2002).

oA Bt Rl Lo KL= F9fof ghpE o] glo) FAt
o 7Hg @ol g-rElo] 3l em(Govindehari, 1992), A] %} A
273, 1ejal FE7]sof ue kol Mol7k e Ao B
L= ¢{ck Morgan (1981) 'd EA19] opait]etadl gHekol
AEAR 0.2%, 7hbake-3.5%E 2a1gt v 913, ¥HH Ermel
et al. (1987)-C E11(Togo) Ak 6.2%, Q1AL 3.5% ke 1.1
ahlr). e E RS ulgto 2 Bajgh At Uslelalel gLy
oML 4.8% i1, QI vlokl melH(Mauritius) e
3.3~3.9%= 0|7} QI3Iek. ol2Rt oAt ek E ol
Az ejet Haof 25 HAl A-8AIE2 AFailel 3=
u] 2] 31 Q) ch(Kilani-Morakchi et al., 2021).

A= 5ol 35, AT 55 2T A, e, e
A, S, U, w5759 5123 sl avs
el Aoz A2]H v} 9lal(Jacobson, 1986), Schmutterer
and Singh (1995)= Holl 45| Bh-5-5h= 413% Al=38)5
= Bkl o 2fRh gA o 9] sfjsofl thet 2/ okt
tietaglo] 7|ul, A A, 52, Aol 5 thest
G712 2k Q7] Wit 2 Sl 4] & m(Schmutterer, 1990),
wpeha] oFA| AR o] A7 A A3} ko Qhst
of g AfupEnt opu e} A Elol A sis-F- 2 E|(IPM,
integrated pest management) =8 A] £ Q30F A E-5OFO R
FERr . QJti(Schmutterer, 1990; Chaudhary et al., 2017;
Kilani-Morakchi et al., 2021).

A F2) | B AlEo] A AlAA o= F-E =L Q)
O m(Khater, 2012), -84 =] A% g 7%= thoFslch(Kilani-
Morakchi et al., 2021). ‘dA| 2] tjFae} S-871x] 2] Fa4d vt
T G A oA B o AR S A = A
3= E=FRo] Wo] S| ¢l cl(Schmutterer, 1990; Subrah-
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manyan, 1990; Kabeh and Jalingo, 2007; Isman, 2006; Asogwa
et al., 2010; Maia and Moore, 2011; Pankaj et al., 2011; Grdisa
and Grsié, 2013; Agbo et al., 2015, 2019; Kilani-Morakchi et
al.,, 2021). SFA|TE ol A= oF2] G Al of] 73t S| =20)7}
2R AR olH, thul o)t " 9 o5t £ 4
O 2 gt 2= 2315 4= QIti(Han and Kim, 2013). w2}
A 2 argol A= ot Rt O] 28712k ar ksl HA|
A T3S A8k Sujofl e Eal Yl Al
715 A & S5 Al m ) ol s 4= Q= A EE AT
Fazl kATt ol et A H = dA S8y ZAA T

oM |A
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= A7 5 2R AgA A=E 2 EPTTH, prothoracicotropic
hormone) 1} &a}elA]| A}=-5 2 X(allatotropin) ] W& A
sjof 717} eal s 2Ea fobs 2ol gl JRe vl
CH(Krauss et al., 1987; Mordue and Blackwell, 1993; Reviewed
in Kilani-Morakchi et al., 2021). T3+ 97150, Ad2elA), 7}
tol7HAl & WA Al 23 2] Sh22] WAL frsto] U]
7152 A7) = o2 B I E St Mordue et al., 2010).
ohite UEH|AY AFA ] Az Mo s U EH| S e A
WA Q1 Rt ] 7F A E= Al o= sl A 4= Qlrk
o] g5 22} phsto] oA Y A= 25 E
Zof| 4| ZHEA O &2 Adlr] AH| 20| =(ecdysteroid) =& 7F

Al7]= Ao 2 WEE Q31 (Garcia et al., 1990; Marco et al.,
1990), T35} A t] £ AL E Av(ecdysone 20-monooxygenase)©]|
FEF= FolA EujEaedl dyis] 4SS AAIAT=
Z-8-t= 319 THSmith and Mitchell, 1988). 7€} ofx}t]at= ¢l
ik offet o) the B4 A4 A, W l(6-desacetyl
nimbin 33} F AFEE 130 HHTEE TS 50% ¢
Agrckar B 1= 9t Mitchell et al., 1997).

TEH o2 & uf A= 25 WZuAll chefsiA 9%

= e RN SoE s, 7193 4 ekl 5 25 A

6 gm

B oo



Az AA 2] 282 3= 7] © 2 FrhE clHasan and Ansari,
2011; Tomé et al., 2013; Lai et al., 2014).

AR Y TmiRig

Y57 2.2lol gg=lo] 9l WelohI(Miliacin)& £UHE
Uell= ¥3o)al, %3t El& A K tignic acid, 5-methyl-2-
butanic acid)&E ZEE]o] Ql=t o] JEL =EE3 7|2 WA
(MHs3H) 2] AJEo|ti(Schmutterer, 1990). HA2] o] HEE
o] FFroz A A, AFEA] & thekRt 7] 9485 YE
Aoz 2AET Yok, opaicielaelo] £t AAHES
As}o] u]7F 71771 0] kA1 TS olAlels Ao R
28 A1 9chLee et al., 2010; Weiss et al., 2011; Delventhal
and Carlson, 2016). (8-S Yut#] 0 & 120] A AIR|=A]
2 FRET 9ov], o orieasie 2uteldA S
4 AN LRHE-L slo] B ulZy] o) ka4 o)
at, o3t 7] 92 o) mupnl g Al S o o3 A= o] F43
(Hh 719] 22 AAIRITK(Yan et al., 2017). whebA] oFA}
HelREe sk A% HoldE FAstel Jlobaelz
%] 31(Mordue and Nisbet, 2000) #}7] 2] 0. & 1129] t}oksl AY
|24 o] et gkS n) X thMordue et al., 2010; Khosravi
and Sendi, 2013; Shannag et al., 2015).

ol 441 A) e 7|m 283} 0S| AE Ao 1
o] o, A1) olATIeiE e BEH] 7| 2gE Uk}
(Bezzar-Bendjazia et al., 2017). 18] 11 L2=0f| A oz}t 228l
A&z Hol 7 SA Elm T2 420k a4l duf-opdeto}
A|(a-amylase), 7]E]LtoFA|(chitinase) X 3 2 E|o}A|(protease)
o Z/o) a1, 2lutoA|(lipase) 9] /= T7HI7 = &
2OAES WA= A BAE o= o] ti(Bezzar-
Bendjazia et al., 2017).

fr

A} A2
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OII

fol

of A\l Betstel opTlEtaEe B v
Spehul g E A ) R )
o Aletargol] SAE= 4ol e EItiBoulahbel et al,
2015; Amaral et al., 2018). AA| GA| 22| A] theFst slj==of A
Akt Zashs dANo] YERFTHTomé et al., 2013; Er et
al., 2017; Oulhaci et al., 2018). ofx}t]e}=El o] 2 SHkE
HAY EYFYE 712 e m d=y o] Aot dids]
A& o] Ql=d|(Kilani-Morakchi et al., 2021), 0]+&= F-oF S 22
o] ZA7A e} 1A A =0 It Rembold et al., 1987¢).
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il
s
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ol

c

ol

2
P

opAbiekE A2l ek U A ES] A4 ol A E
9] HZ So] ®1E|QtiRembold and Sieber, 1981; Ghazawi
et al., 2007; Ghazawy et al., 2010). 2t]<o|L} AT AH| 20|
= WA E As B7] WA A EZ(follicular epithelium
cell)olI A1 B o] ok ATHE|n, wjpg 27 Eule A
(cuticulogenesis)©]] ToJ3ITHSubrahmanyan, 1990). wa}A]
CHEA| O] WA Qg o] B 20| = B4 kS LAk
of wrgrello} chiol URAIZY| 448 oAtk Rembold
and Sieber, 1981).

TR = oAt RLE: Aol Ay g
A2 BEUSARS GaFstch(Krauss et al., 1987; Ghazawi et
al., 2007; Oulhaci et al., 2018). F-Fs 221} Elu] g 2 10|
o] gujof w9 2Rt ofu 2} A 4 (oogenesis) oLt
(Rembold et al., 1987¢) A x}& AJ(spermiogenesis) ]| &= {5}
B2 5§ FErel Ags 44t ozl 25l
Aol S ATk 248 47 A 2 slck 71e olat
ClelERe AAHEe] JRrg FolA] Lu] 4TS WA
(Oulhaci et al., 2018) A#| 2 o] H-3-2 AAA|5}7| = S}a(Dorn
et al., 1987), AFgt7| 3] 2} W3l (Tomé et al., 2013) 5 Th5HA|
540 S vlA= Ao okeiA ok

Mo} SR W 7Ie} 218

ofRtriel el el AlEANE A5 2 chilz) Hajol el
& 7tAgtolA| o)&4] 7 2 (caspase-dependent pathway) S 5
3}oJ(Riedl and Shi, 2004) <LZ-of| 4] A|3ZAFE(apoptosis)©] f-
5= Ao 7 HE It Anuradha et al., 2007; Shu et al.,
2015; Sun et al., 2018).

M|z ol A opA| Tt T gHdat 2ulE 1
215} 31(Paranagama et al., 2004; Roberston et al., 2007), 2}
Sesollx] EalEhE 5 riake T o) kel wlo) a1
7 B Ao] YT Lai et al, 2014). o]2f3 288 7]
SIghg T B A Tl SH0] QRS FolA 23] A
Aol grofabri(Shu etal., 2021). 7]}, 525 g4 o] Tofa)
= 8 549 ¢35} -f-4 K encoding gene)of] A-&-5to] FroF
s 2Xol gu| 5 229 $HA-S wekslA|(Zhao et al., 2017
Liu et al,, 2019) HO&2 FI1 02 7130 o] o5
el gk

E30) 49 UG AHVAEY $AF AP
(IGF, insulin/insulin-like growth factor) Al & A&7 22} WA
3] ATtz]o] 9l=d|(Tennessen and Thummel, 2011), o}F&}T]
2t gl A2z zujE|o| A IGF Aledg 4 =e| wetd o]

.
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TAE K Lai et al., 2014). AT 5742 A dAIE Az SAbell A A-8skar QL
ZJe} opxjeieaele] ujiule} AR AT AR = BAS W 44 ojsfat 4 Slek(Fer ctal, 2000). Ak 5
SEA =7 Al A (excitatory cholinergic transmission) i} Hu) o) JA| 2 FAo] Al2FgS s Qoksto] AAEHA
-5 2(calcium channel) 9] 7|52 YAshs Ao2E il thFig. ). d S s8sto] axjesia Az ol gag
= 1tH(Qiao et al., 2014). A TRt FEH= AlESiRit: 5= AlEQ 9-5-Al= 12 2
5ol gt 2Rk op e} opAbr] R el 2 Bt oY B 3 H 2 (NSO, neem seed oil & HEAL U0 TS L2
HPABEl et AAEE de] g rkReviewed in =250 A 23K o] Al A ofAttllaEl dHke- 0.3%7)
Mordue and Blackwell, 1993; Pankaj et al., 2011). H). 4ed 4244 F=E(hydrophobic extract)2> 2 U2
YL % F W HAER 1)3E H okriela s o

W HZ20] [ 24483} 0.900) EgtElo] U= AHE olulaiet, Yo 2
3 G TN E 14 Aol 27} Hw, ol 1

ol Aol A L] SRS olAtielE skl AE  Hstel WAlo] SR ElF0.5%)0 ek AES Az 17
(Azadirachtin-based products) ¥} ‘5 2 Y A|Z(neem oil products) dA o] Zoj|= Alteko] ozt gl El o] TS| of 91 7] wl o]
TESFe] A7) 5kl It Caldwell et al., 2013). H 2 Y A|&& A 4322 FE35)0] A2 H(saroneem)2 A 23t} H&-
/32 ot e g Y ohE Aol hrE] Yle A 71F v R(EA D)= 13} Al0|AE S FESL H2
o2 Hedo] PAE 248 FZE(hydrophobic extract)o] 22 gAlo| A FEAF S Edtoto] Al AlEelh &

e} 71EF 100% #2012 Y o ole 9 By
2 of-83to] HliEetA|R] Al AT
oAt etaE 75| A F-E Azadirachtin AS FEECE ol GAlO]AR A= {752 oFA] 2fE 0.05~0.1%,

Stk E3H 224007 FEsle] U-FE QA A2

= AA
o 99 2 ofisto] 119 SH9E URE AR 4 ek 2

StaL glom AAAOR f-5 5w AR A o] S A4 4.8%2 T35 $lol(Kumar, 2021) B] 2.9} EOFAREA)
71&o 2 3}l QtiBenuzzi and Ladurner, 2018). Kilani- 2 A=

Morakehi et al. (2021)2] Z2Ato] Wh2H A4 -5 AlE=2 H FEEs g8t oy PRI AR S)olu
Azadirachtin A $F2-0.15%01| A 6%7}14] T}kl cH Suppl. OOk 5 ThoFet S = 2 AMRE o] A A 717 w2 Fle s

Table S1, available online).

{Neem-coated |
urea

Filtering

\. oil

Expression

Alcohol

Extraction

5
BAE 3 Qlek A 9 AR 2013 503.5 WiRHE o9l

Harvest

-------- Sterilization (CaOCl,)

Neem
fertilizer

Extraction

Cosmetic
ingrdient
(Neemsar ‘0"

Neem
emulsion
(Neemroc EC
0.3%)

Alcohol
Hydrophobic - Extraction
extract Grinding
Neem
powder Saroneem
(Neemros 0.5%)

Fig. 1. A processing of neem seeds into bio-pesticides, an example in Kenya (modified from Fer et al., 2000).
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(NPCS, 2015), 2015 715 | 17.4%% 43510 2022 ol =

oF 209z E A o2 oS5l ITHAMR, 2021). 23

FAA F7HA 7 27t wom, wY-8o] A B 2/3

£ 2128} 931 20162022 717F ¥ 16.6%2] 7o) o=
2ITHAMR, 2021).

IS 7Bl HEAR

ojgfdo] Fojun g EA(HF o) AT TS
Adl= A2 wo] AL3513l It Thoeming et al., 2003;
Premachandra et al., 2005; Thoeming and Poehling, 2006). =
gAY HACIA A2 s ue RAMSER 2
95%7}A] HHA| &= £ 4= 919 i Thoeming et al., 2003). o}
AlelEEe BEAR Mok o du S8k 49 A5
ol WAl mYrE S7ksh=t, d Yol AEAf L5
opA|o] AR LA B, 3% W HURE Bol/] fhroE
3|4 €Itk Stark and Walter, 1995). 'gA|0] 3= 3HaE]o] gl
ORIt ARLO R A% Eis AME AHEAF ofje} fd
2o HES 2 o2 AE0 H|R o] 8 AES T
7] %= SHeh(Ketkar, 1983). 71BF AF/ ool A Aa2] A7
© 1A FIAAIE, 527 5 ulgE] M E Loju
g, WAl AHlE EuAES AASHE AR MAS

A |5to] EA] A4S 21517 K Grant et al., 1983).

= RIS =X 01=H

SRt ABAR SN FABE(SAZELY

2912021. 8. 30 @A)l Z2} =5 AHHS= 1,91780] HAHE
8ol T, BEG L AE S-S T, o] T FEEC]
U e RS S s A= F ST EOI A ES AL,
Suppl. Table S3, available online). J-4KZ dAlo| )< P&
=23 EPNE 9 A Aego s ERE 7E 28] 2%
Elo] glom, A= g FEEE AEo] 7]EE o] qlrh
FAER oAt El AEehdol 715, asat
FAIE A= 7€l =2t (Table 1). U A|= obAtr] k=

a1
B S I 4 g Y FEEL Rk Lo, A A)

! ] OTaas all AR

2 (Fig. )04 o= 340 AFEE21A] Thdstr] o Pk
Jerd B AThEA] ® S - AP o) Bt oA ek
Bl 3RS 0.38% =M A|AF o2 SE 5= )i 153 (Kilani-
Morakchi et al., 2021)2] Ht 315F 2.1%2} v) 0 g w) oF 5.545]
wokek, w3k ) S5 A1 5 opie e weo] 1 Be
AL 1.8%0] L} Felols R 6% Tl AEol 5
RIS

S

7 st AT AN AR, Al AR LA
o4 AAlo] = R4S sl thal Aahha) o)
% 2 1613 KA Fol A FA|of thek A1
AHE el el ATHe BFAR Table S49} 25
THSuppl. Table S4 with references, available online). tF-5
ARl Ho) Rele B7)of AR So] WakelA| gk
U Ao WAl aYE FAY - e ARE Btk AYE
S0l gt Al E k= HiE ARl A thas Hol= e
LH90% o] o] WAl &S H ATk =3 7FRol ol T A
fik 945 A5 ES Wik Zojulof the g fake of
AR TT1%E B gl e g
o Ao ek,
A= A7 1= 50~72% 92 A2 a

it

of
2
uE
i)
=2
u)
ot
OJI

Table 1. The commercial products of eco-friendly organic agricultural materials including certified Azadirachtin content in Korea

Product name' Active Ingredient Validity period Manufacturer

Cheongsasu Azadirachtin 0.01%, Matrine 0.6% 2019.01.29 - 2022.01.28 Agrigento Ltd.
Pachungtan gold Azadirachtin 0.15% 2019.06.30 - 2022.06.29 Yooill Ltd.

Agrochung  Azadirachtin 0.01%, Rotenone 1.1%, Others 16.0% 2019.04.24 - 2022.04.23 Bio Force Ltd.

Azadirachtin 0.58%
Azadirachtin >0.08%
Azadirachtin 1.8%

Nabang-cheol-i
Modu-ssag-chung
Pest-ttug

Deossem

Azadirachtin >0.05%, >Acetic acid 0.6%

2019.09.25 - 2022.09.24 Korea Bio Research Institute Co,.Ltd.

2019.10.24 - 2022.10.23 Nara Bio Ltd.
2020.04.24 - 2023.04.23 2MBIO Agro. Corp.
2020.07.24 - 2023.07.23 Nara Bio Ltd.

'"These products are based on publicly announced as eco-friendly organic agricultural materials that listed at the database of the
National Agricultural Products Quality Management Service (accessed on August 30, 2021 at https://www.naqs.go.kr/contents/

contentsTab.do?menuld=MNS50068).
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Aoz vepyith Uil tieiA=
SRR 19.7-98% 2 B0 7}t 7 31, nfj | ubke. 1 2 AR
£20.0~67.5%2] Hlol Qlolek. T3 ujSsubo] WA 7k
73%E RA} ZHlo] o] tldt Bk 2] 38.7~56.0%2] A
ES LRt oo -9 2prAlgoflol thaliAl=56.9-99.8%
o] W71} Q191 a, Auto|Loflof il WA 7} 16.7% 2
- & Auprh B ik

A Sk Ul 2 1 A==, o5 T
ST 5ol whet ol 7wl ARt A Eﬂﬂ"i Rnom o
Lol At e x| o= 97} wWrl(Kilani-Morakchi et
al., 2021). AA|] ofx}t] 2t=2 8 9] FI2| As- S (LCso, ppm)+= 3
3 IS ek & WolE Holil glth(Reviewed in
Kilani-Morakchi et al., 2021) (Suppl. Table S2, available online).

ol A= ob4] opatr] ek’ 9] siof wE ASEo] o
S ARARl BrF Haurt gle Aog Heltk sl f-55 =
HA 5 oAttt Rl ool 7P =2 AlE(1.8%) 2 F3E
=5 1,00082al g wf ]| 2 SHKH Y] vs. Fu)3)
W, AL F = oF 1.8 ppmo] Frh wheha] 7|&E opxir] 2t ™
9] 3|54 Whx| ARs-%(Table S2) 9} H] w3 uff 5L Z0] 530
BT UERE Ao R o SETh

cPeaRE A 45 Yo d UAE 24 2t

s 2] A el ek o). Thapslo] WA E

FAY AR ke Al ZAIT Fol = Tisee]

AEo] $FE T QLo EARA|} v G| o] B 4

41 2ol LAY Aol ;L_q é W ok
_Q_

OPXM E}ﬂ E} Jf& @iﬂlh’% Neg A gleong
T EARS & olsfatal A-gohe - EA o] aukal Auks
PS4 U Ao Aty Eis f-55= FAIEY ol
o AztE ] B Ao Hagt Fadt YRS AlFHE 2R
7|k
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