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A Study on the Natural Insectifuge for Food Wrapping
Corrugated Board Using Tree Extractives’
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ABSTRACT

This study was carried out to investigate natural insectifuge materials from tree extractives
in order to substitute for organic synthetic insecticides for food wrapping corrugated board.
Tree samples were collected, extracted, fractionated with hexane, CH:Cl, ethylacetate(EtOAc)
and H;O, and then freezed dried for further study. EtOAc or H;O fractions were
chromatographed on a Sephadex LH-20 column for isolation and purification, and the
isolated compounds were characterized by spectroscopic tools such as NMR and MS. Crude
extractives of EtOAc and H:O fractions were added to the printing ink for corrugated board
with the concentration of 2% or 3% based on the weight of the ink, then the prepared ink
was printed on the corrugated board to be used for evasion test using larva of indian meal
moth(Plodia interpunctella(Hubner)). Robtin, dihydrorobinetin and leucorobinetinidin were
isolated from the wood extractives of black locust(Robinia pseudoacacia) and the bark of
poplar(Populus alba x glandulosa) contained many kinds of compounds such as (+)-catechin,
naringenin, aromadendrin, eriodictyol, sakuranetin and its glycoside, taxifolin, neosaturanin,
salireposide, p-coumaric acid and aesculin. Much of (+)-catechin was isolated from the bark
extractives of willow(Salix koreensis) in addition to (+)-gallocatechin and p-coumaric acid and
the bark of weeping willow(Salix babylonica) also contained (+)-catechin, (t)-gallocatechin,
dihydromyricetin and myricetin. The yew(Taxus cuspidata) needles contained a big amount of
(+)-catechin in addition to (-)-epicatechin, kaempferol and its glycoside, and quercetin. The
torreya (Torreya nucifera) needles also contained many kinds of flavan-3-0l compounds such
as (+)<catechin, (-)-epicatechin and their methylated ones including (+)-gallocatechin,
(-)-epigaliocatechin and protocatechuic acid. The evasion test on the larva of indian meal
moth indicated that the extractives of torreya needles shows the best activity and the next is
the extractives of yew needles. However, the extractives of the other trees did not indicate
any positive activity on the test. This fact means that the high activity of the torreya and
yew needle extractives on the evasion test may be attributed to the high concentration of
flavan-3-ol compounds in the extractives.

Keywords : Natural insectifuge, extractive, chromatograph, evasion test, larva, indian meal
moth, ethylacetate, fraction, flavan, torreya, yew
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FUe) dal E¥siod 4331 A ¥4
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Qe AHINAQ APARE AHEIHAT. oMAA,
HALA B SguEL 19983 ZFedigtn 7
YoM Agte Ao 3T FEE WA
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Table 1. Yields of each fraction extracted from the experimental samples (Unit : g)
Sample  Hexane CHxCl, EtOAc HO
Tree species weight  soluble soluble soluble soluble Residue Total
(ke) fracHon fraction fraction fraction

R. pseudoacacia(W) 15 - 9.0 317 43.7 - 844
P. alba xglandulosa(B)’ 1.5 11 10.5 274 140.8 71.0 250.8
S. babylonica(B) 15 5.2 6.5 21.8 80.6 174 1315
S. koreensis(B) 23 5.2 1.9 14.8 274.2 164 312.5
T. cuspidata(N) 1.0 - - 27.6 171.6 - 199.2
T. nucifera(N) 1.5 - 53.3 88 132.5 4.9 199.5
‘W = wood, B = bark, N = needle
23 APdazciEagy HEg FYPsid  Hga  Bd9  leuco-

EtOAc® 4 = 484 ¥Yozyiy 3%
€< dEdr] Hdd A8 71A deo] 1 3P
< 7IAE #E 2P & ol83ty Z=nETY
HF FYysgor] FFEIAZE  Sephadex
LH-20& A&z S8z s dug 2
Wege 549, 221 JdEe-H EFYL
AL2Elgt Zgoezde HoAe S92
fraction collector(Gilson FC204)& |83} &
2Ho g2 AFPHd wtorn AFPFEQ] dEd
B dgzox dEzzoEdlds(TLOZ
golatdn). z 229 EtOAc &= S84 #
g ol 2L AFL 539 &5 3
E& E2sHh

231 oAANGR EZAR FE4E

OPZIA T ZA R dYolAEo|ERAY Y
&8 20gg NEL-HIQ2NES Sz
AL&E ZPazviEaddE AAsta 34
o] ¥goz FEste E1 259, E-2 14.38g ¥
E-3 045g& <den E25 W@gL-E11E
AazctEeloE 33t robtin(152mg)}
dihydrorobinetin(2.59g)-& &&l3 i}

¥8 F84 £9 15g¢ UA vgL-E(1)
& 8&vz ZEnEIHYE AASY )
9 gyor pEI W-1 801g W-2 4.27g
W-3 03g 2 W4 08gg d3en W-2¢] o
3l ogg-dih41)3) B2 AYAZnEY

robinetinidin 72mg& ¥4<¢ 4+ YA}
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HAAUE 3 oddolMEolESY £Y
F2E 60.13gE wdL-EGY BuE ALS
3o ZYI2otEaYTAE HAEY 449 §
Yoz Yruoew, 2 Y2 HBEZ Fgst
A FAPEZE 8o I FEEY ¥ HBE
1& 247g, HBE 2& 31.00g, HBE 3& 18.39g
233 HBE 4= 0.71g ot

£ $84 £y F&E 280g2 e
E(13)9 &8viz FHAZtEIYAE F
Y3t 9] FHeoz RsA HBWE H
Adtg e HBW 12 4.93g, HBW 2< 16.69g
aglx HBW 3& 0.76g2 214 Ao

2z F¥d dstd AL ZPazviEa
A& A3 dotAEIESA EHolA
€  (+)<catechin(30mg), naringenin(123mg),
eriodictyol(20mg), sakuranetin(287mg), arom-
adendrin(207mg), taxifolin(56mg), sakuranetin-
5-O- 8 -D-glucopyranoside(194mg), neosaturanin
(73mg), p-coumaric acid(68mg), salireposide
(1.85g)& Y3} F8AH EYINEe
aesculin(35mg) & &l &t
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Bk {+)-catechin(4.09g), (+)-gallocatechin
(102mg)$} p-coumaric acid(25mg)& @& 3R
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2} B3yo) gy ALHQ BYPI2AEIYY
2 33E (+)-catechin(426mg), (+)-gallocatechin
(39mg), dihydromyricetin (970mg)3% myricetin
(225mg)& TelsHach
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2 % ¥ dE-did219 E¥Jo
Az EafHE AA)S  quercetin R
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Brucker 400MHz NMR spectrometer& A}-8-3}
o] 'H-NMR# “C-NMRE& Z23sdx EHE
i 2 methanol-de& AHE3 AT E2ld &
429 ¥xFL MicromassAte] Autospec
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717 A Y] Al&E chambere Y33 £%
(30T)st FE(75%)7F FAHEE 2AHE 3
7 30cm oj¢e feElé71E AHgIHAR ¥F
FHo Z1gAdPe AHgHE A ANEE F
3, & FFde FAY gaA2 AHE A8
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Ag4olA RBIAA AFE Gt
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€ Jh2dl Hde fF50] AEE Ho} 7
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92 S E 43 a2 FEI HALRY
YogRe FEAHEE FE3T  hexane,

CH.Cl,, EtOAc 2 & S &z 2¥% X
1 % EtOAc R & B8 U3 AYPIZnE
agAE FYstd 2+ YRS Eedz NMR
24 ANl E2lE e 728 54
sttt 2983 & %9 F& £ F

ol AFXEE FTHA AQ FFANIA AL

EtOAc ¥ & Hfoz gxude {fF&
ol &g 7FAP &
AR R

s85te o R o] sHAE
=434

8 Ry=H, Ry=H, Ry=OH, Re=OH, Re~01L, rebtin
I-O". Ry=H, Ry=OH. R=OH, RO} dihydrorsbinetia
9 R,=OH. Ry=OH. Ry=OH, ROH, Ry=OH,
m—vneﬂ-
=1L, nartagrain

=, Ry=OH, Rt
n » -H.Wl,—mknﬂm.u,-u eridictyal

42 Ry=H, Ry=OI, Rymh, Rewit, Re=OH, Re=H, RymiL,
($ratechin

2 Ry=OM, Ry=tl, RyH, Re=H, Ry=OH, Re=H, RyoH.
(revientechin

3: Ry, Ry=OH, Ryoth, ReIt, RgOH. Re=1, Ry=OH,
%

4 RO Ry=H, RyH, Ry}, RO, Re=H, R=OH,  13: Rymii, R=OH, Ry=OCH;, Rem1L Re=H, salcuranstin
(opiguivcrioctin 4 Ry=0H, RO, R=0IL K I et rvmodmkte

§: Ry=H, Ry=OH, Ryt R-OH, Rgait, o, R=OIL Ry ~OH, Ry=OH, Ry"OH. RO ReoH, tasitolie
cacobinstinidte Ry=H, Ry=OH, RyOGhe, R oH. Ryobl,

& RymH, RyOH, Ry=H, Re=H, ReOH, Re=CHy. Ryetl, -u-.«- S-0--D-ghucoprronaide
¥-O-mathyl{+)colochin

7: Ry=OH, Ryt RyH, Re=H, Re=OH, RemCHy, Rrbl
3'-O-matiryl-{+)-oplestochin

17 R g D-gucsse, Ry=DH, Ry~ quorcviin-; £)-5-D-ghicepyraneide
10 Ri~p-Deghuconc, Ry=H, R=H, ksemplerol;-0-p-D-ghucopyraaside
1 RysH, Ry=OH, Ry=OH, myricvtin

24: protocatechuic acid
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311 oAANUF HAR FE2YR
OMAA R Z AR EtOAcSA EYPozxn
B flavanone 2}§}&-2) robtin(8)# dihydro-
robinetin(9) & £33t 1 F2& YA
O} EAR 2 HEZ 713 BE &
F8 uYelle 7L robinetind} dihydro-
robinetine. 24 £ HgiME  dihydro-
robinetino] 7}4 @& %oz 5o Roux
¢} Paulus(1962)oll 9|3t BMng Ao} A}
ATk =3 3E 83 99 BEHAH o)F g
(Rf)iik NMR 9 MS datax ThE A7z}E0)
st  ojn] muE Afg FYIFYY
(Agrawal, 1989; Roux$} Paulua, 1962; Roux
S, 1976). FH 84 HYorME flavan-
34-diol 3E<2] leucorobinetinidin(5) g e
g o] stgHEel izt 7(1999) R wiel &
(2000) &l 9j3ld g NMR ¥ MS datas}
st FUg F2YL FAsH

312 HAMGS 3 4%

AN YR 3] EtOAcE4 BYoAE
oe] 7k 79 sPEEC] dese o1 7
7} #3EAtk. WA flavan3-ol HEFE<Q)
(*)-catechin(l)e] v]gog ZEA3n YPoo
naringenin(11), eriodictyol(12), sakuranetin(13),
aromadendrin(14) ¥ taxifolin(15)% j& 7}%]
FH 9 flavanone #¢gEo] dalgAnt. B A
de §3to del¥ flavanone B}FEEL o
o B2 A7AE o8 2 72 9y up
Ues FUoA = Ham3} Bae(1995)off <8
ol H¥E] digkt NMR ¥ MS £4& 53
TZ TtEel ool ul Ytk o}gH
flavanone w9 #8t8<) sakuranetin-5-O- 4
-D-glucopyranoside(16) NMR % MS ¥ 2{dj
&t 1 Fx7 $UHUGD. o5 YE o
2ol chalcone 2Pl neosaturanin(20),
salicin %4 3 g&9l salireposide(22) ¢
3 #7148 dEQ] p-coumaric acid(21)SE

F34% ZEH AN sES AR
g3 I FzJ @A HBPESYy
(Erickson, 1970; w9} ¥, 2000). APA YR L 4
T 799 F&A4¥0 A @ 3 Fx4
s° d¥ez E¥HY Ude X i(Pear,
1969)9} o} salireposide’} 714 B 9o
gelso] E A7 ARE o|HF AMMD Yx
31 AL ¢ F AN ¥ £849 By
AMe A4 F£FdME Bad b} Q=
coumarin ¥ G| 2§89 aesculin(23)o] Ak
@l 5 itk (Matsuda®} Kikuchi, 1995).
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H=uyR £09 EtOAcEA F28d ug
Y A20EIYNE B3t S¢edel 3
A2T9E FASe  flavan3-ol  FHFEQ
(+)catechin(l)e] oz Hason wa
(t)-gallocatechin3)= #2l5o] 1 F2E 7
BeA. olF BHFE oo N9 YF
Q1 p-coumaric acid(21)7} AFoz a5 o]
TE7F A A, 2000).

314. #YHE 59 FE2HE

FIHE 79 EtOAcEY FEEZRE
flavan-3-ol 3}EE2 (+)-catechin(1)3%}
(+)-gallocatechin(3)& w2|dle] 28 Q3
Hon 11 o]2 flavanone 3}Z<) dihydro-
myricetin(10)% flavone #1389 myricetin(19)
€ #23td O F2& FYSACHE, 2000).

315 5 9 4%

FE 99 #&4EF EtOACEAY 28 o
¥ #Y aA2otEOdgsE 4o flavan-
3-ol BEEQ (+)<catechin(l)& ThFoz Ee
Ren 1 o)elol] 439 (-)-epicatechin(2)E
A dAHATG. EF £84 EeME
flavone wiFA ¥ EQ  quercetin-3-O-
arabinopyranosyl-(1"'-6")-glucoside(17) &}
kaempferol-3-O-arabinopyranosyl-(1"’-6")-gluc
oside(18)7} el Qo Ham $(1997)e) 9
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B2 Qle] EtOAcEA FEAHE Lz REH
o9 flavan-3-ol 3HFgEEo] FeH F2
7t ARFHAY. WA (+)-catechin(l)o] 71F B
& goz EAFT Ao (-)-epicatechin(2)
T Hx@ gz EYHAY. £ flavan T
z¢] B@o] Al s§e] OH groupe] XN§Ho 3
= 728 JAe (+)-gallocatechin(3) 7
(-)-epigallocatechin(4) = §7 @e]lHo] Foo &
(1997)0] ZBAEA Ee$ FFE 1, 2, 3,
2 49 £J§ NMR data® Jeh 3z Ak
EF  (+)catechin®} (-)-epicatechin®] OHS¢j
CH; groupo]l A¥E  3-O-methyl-(+)-
catechin(6)® 3’-O-methyl-(-)-epicatechin(7) 3}
FEx A ZesHyen ojEL& Morimoto
$(1985)0] B1¥ NMR datas} £Y& e
vehlilth o] flavan JFEEL £ &
de] 71 2A SFAZ SR AY 2%
Y 334 e IHYg & 992 ddsy
procyanidin 3 $EE FAL 3lch(Petereit,
1991). webA £ Agel sty vz 99
EtOAcE®A F&4ES U¥¥ flavan-3-ol ¥
a2 F=AE FAEH ASE ¢ F U
olg} & Hiue ZEAEAAME WS ol F
¢ FEHE 24E Y e Aotk §
H 584 ¥YodAr e benzoic acid AT &
714kQl protocatechuic acid(24)7} £2F o2 &
Zld A oldde UE HFYEEL FeHA
%%t

32 qFIF Y §3E o83 /AN

321 AR BAR B FAAUR SR
#84 228
NAANYE BAY £84 2 BT &
A% £84 2% 3EEL A4E Y2 W7
s 2RAE AZH F SYH chambero] 4

FAl 0¥ E 3 A & 2014 BHe 4
gt Zol It {FFel dE s AHs}
e Aoz yegen L33 FAg ArR
OE %2 380 29EJ]T

T84 FE2EL ¥ 49 d53EFH 0
F=AE T3} glen ool sFFUY
#FE dsl JIHARE JehIRTGE L
32 FAAAE FEsie Ao A4dd.
tgo] AT 84 FEHED ST
59} FAMAUT 19 84 JEQ AHE
32 gl gle BRE T 39 84
Yo FoF ¥ o)E0] FFJ L &
Fol dste 7 aAE Heh 7] dE e
2 AZ49g. a3y sEYs 3 ARAYE &
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Table 2. Results of the evasion test on EtOAc and H,O soluble ﬁacﬁons obtained from

the extractives of samples trees

Number of larva Replication Total
Fractions st 2nd 3rd 4th °
H,0 R. Pseudoacacia(W)(2%) 9 11 12 32
Soluble P. alba xglandulosa(B)(2%) 7 8 9 24
Control 4 4 5 13

R. Pseudoacacia(W)(2%) 16 6 14 36

P. alba x glandulosa(B)(2%) 7 2 9 18

Control 7 12 11 30

S. babylonica(B)(3%) 2 2 3 5 12

go‘(ll’:;fe T. nucifera(N)(3%) 2 0 0 1 3
Control 4 5 4 12 25

T. cuspidata(N)(3%) 1 7 2 3 13

S. Koreensis(B)(3%) 10 15 10 12 47

Control 8 15 5 6 34

W = wood, B = bark, N = needle

o] Fao g FE2AF2Z ¥eA U+ robinetin
7 dihydrorobineting] & o riUsle
Aeg HwHuHER YrkHart, 1989; Schultz,
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g 1M EAE YehlA) Ree Aoz 4AR
o}
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