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ABSTRACT

Development of the Biological Attractant for harmful insects
Using volatile compounds from Pichia anomala

Shim, Young—Kun

Advisor: Prof. Lee, Jung Heon, Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

Many moth pheromones and synthetic attractants have been used to monitor or
decrease pest populations. However, due to their low economic efficiencies and narrow
target specificities these methods are of limited use for trapping pests in large
agricultural fields. This study was conducted to attract and control the lepidopteran pest
using volatile flavor compounds by Pichia anomala KCTC 17625 during fermentation. The
yeast Pichia anomala was cultured with varying the media composition and incubation
time to examine their effects on the production of fruity—floral compounds.

Of the factors affecting the production of volatile flavor compounds by the vyeast Pichia
anomala, the variation of cultivation media such as carbon and nitrogen sources was
carried. Fructose and Sucrose, as carbon sources, were found to be good source for
the production of flavors based on its nature and intensity.

Phenylalanine was found to be the best nitrogen source in terms of intensity of the
volatile flavors.

The volatile flavors by Pichia anomala were estimated to be fruity—floral compounds such
as ethyl acetate, isopentyl acetate and isoamyl acetate.

A total of 57 taxa were trapped, including 42 species of lepidopteran pests. The most
frequently caught lepidopteran pests included Adoxophyes orana, Oraesia excavata and
Adris tyrannus amurensis.

Notably, less fruit damage was recorded in the experimental orchard versus a trap—free
neighboring control orchard. These results suggest that adult moths might be effectively

attracted and mass captured using P. anomala fermented oak sawdust media as bait.
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Table 1. Mean number(xSE) of E. phalonia moths feeding with different fruit puree
in a solidified phytogel (Reddy et al., 2007)

Plants Common name Number of moths feeding
Musa X paradisiaca L. Banana 15.9+0.1
Psidium guajava L. Guava 9.3+0.3
Citrus spp. Orange 9.3+0.2
Actinidia deliciosa Chev. Kiwi 5.310.2
Malus pumila P Apple 49+1.0
Ananas comosus (L.) Pineapple 51£0.1
Pyrus communis L. Pear 5.0+0.2
Carica papaya L Papaya 5.210.1
Mangifera indica L. Mango 4.310.3
Citrus paradisi M. Grapefruit 2.7+0.2
Vitis vinifera L Green grapes 2.5+0.1
Control(water) - 0.0£0.1
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Table 2. The synthetic sex pheromone and its composition of moths

Insect species

Sex pheromones and its composition

Spodopera litura
Spodoptera exigua
Plutalla xylostella
Helicoverna assulta
Helicoverpa amigera
Mamestra brassicae
Peridroma saucia
Pseudaletia unipuncta

Diaphania indica

Z9E11-14AC(90), Z9E12-14AC(10)
Z9E12-14AC(70), Z9-140H(30)
Z11-16Al1(49.5), Z11-16Ac(49.5)

Z9-16Al1(20), Z11-16AI(1)
Z11-16AC(97), Z9-16AI(3)
Z11-16Ac(100), Z7-12Ac(20)
Z9-14Ac(1), Z11-16AC(2)
Z11-16Ac(9), Z11-160H
E11-16AI1(50.4), E11-160H(1.8)
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Table 3. The characteristics of volatile flavor compound producing yeasts

o3 Pichia anomala

Eo

Shape g e

Cell shape 374 X 5765 um
Cell size multilateral budding
Reproduction Glucose +, Galactose +,
Fermentation Maltose -
Assimilation to KNOg3 +

Vitamin requirement -
Acid production +

Ester formation +

_’]2_



Table 4. The composition of culture media of Pichia anomala strain

Strains Pichia anomala

GPYA medium
Glucose 40.0g
Peptone 5.0g

Composition
Yeast extract 5.0g
DW 1.0L
(110C, 0.5 atm, 15min sterilize)
Temperature 30 C
pH 55

_13_



A28 Pichia anomala®l 84< 13 X241 F3H3}
1. 5 W% A4

Pichia anomalaS GPYAW XA plateo] ¥ =Zslo] 30CoAA olE vl 3 GPYA A
iz ol 5 mLel 1 colonyE FE3ste] 30CAlA over night (20~24hr) Bl YA 7|31, 47T of A
3000 RPMOo. & 15% EoF A& (VS-5500, Vision scientific Co., Ltd., Korea)dle] A=
lgrstal AR AHT v, FA A Ae e wiAel 1%7F HE=E HFete] 30T
A 244w AKX EAIFA T A TIHA 0~2441F st £33 =4 (Microplate
spectrophotometer, BioTek)Z &3 %= (0D600)E =A3ste] ASAS &5z, Hird 9mL
of wjge} ImLE E3kato] 10M% AL o 5427 th5, GPYA #A platel 0.1 mL
2322 (spread plate method)dte] 30Tol A 2441 7F H<F w3t & AHFFS A5t A

5 A& FHASA7]7] 98l ASEAL S vl
2. 2 gd ote I13
B9 0 2 = dextrose (Sigma,Germany), fructose (Yakuri,Japan), sucrose (Junsei, Japan),

T 3%TS AFEE T GPYA 712 Aol 3% g#a29s 7470, 1, 2, 3,4, 6 8% sEHE

WA & Alz=sto] Pichia anomala®l W F543 Ads= 3 Fr=ds A8

f

Adxge e 53

A9 o 2= Glycine (Junsei, Japan), Aspartic acid (Junsei, Japan), Phenylalanine
(Junsei, Japan) 3F< AF&3FAth GPYA 7]¥ A& 3% HAUS zZ+ZF 0, 0.1, 0.25, 0.5,
075, 1% s=E 2 A= A x5 Pichia anomalad WAEA I WA= 3)EA 7|22

2 Fastgi.
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A 3 A. Pichia anomala B4 3TA F7] EH9 £

1. SPMEZ o] &3 headspace A I7|AAE &4

.
A

i
e
N,
e

(1) Headspace@F7]4d & <]

oA 3A A ES SPME (solid phasemicroextraction) S o] &3fo] 41319
t}(Penton, 1996). 319t &7 A& X HS ¢34 carboxen/polydimethylsiloxane (CAR/PDMS,
75um thickness)® ¥ ¥ SPME fiber (Supelco, Bellefonte, PA, USA)ZS A}g3lo] 3)tA RS
ERANZAT. A AHES F2E7] A fibers GC (gas chromatograph, Agillent GC 6890,
Palo Alto, CA, USA)Z 250TCeIA 5% ddAzen, SPME 232 A& 10 mL<
headspace vial (Supelco, Bellefonte, PA, USA)o] Yo o€y SPME fiberE FYstAth A
2+ 50T heating blockoll A 5%7F 93913 SPME fiber= 30% &<t AR S £HY
ow, 2 % GCol FYste] 283t dEHAA GC/MSE AH§sto] 418t th

(2) 71429 24 #H 54

AR B4 95te] MSD (mass selective detector)”} H#-2He GC (AgillentGC 6890,
Palo Alto, CA, USA)E Atg3t o™, HP-FFAP capillary column(30m x 0.25mm x 0.25um)
7} He”?}l carriergas(lmL/min) %2 AF& % Atho] w] oven =%+ 35TCoA 10¥ FAEAL 10
0C7HA= & 9 5CT=, 210C7HA= &+ 9 10C=2 FSAA 102 &< FAsAT MS
system Z7A S 24 MS source, MS quadrupole % transferline= Z}2} 230, 150% 280TC ©] %}

AFE-H library= Wiley7 Nist 0.5 (Wiley7Nist0.5 Library, mass spectral search program,
version 5.0, USA)o] 2l t}.
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Figure 2. The Photograph of super absorbent polymer used in this study
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Figure 3. The photograph of insect trap used in field test
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B Wy o)A 527 x 10° CFU/mZ GPYA 7]E s X oA e 4 369 x 10° CFU/ml K.t}
1.42¥ A= F71sk g2 JEeEl It
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Figure 4. Growth curve of Pichia anomala in basal and modified GPYA medium for 24 h.
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-
o

olAl o] AEZE $38Fe] Pichia anomala A 34 7| &2 A H A3t

do

i 4
HAE 247 fste] dadel TR sho wE dEFS AT mA=o] o] &dh=
g Wes vy uget, std=el ey e Tl wel v dubdoes vy
o gadom & o] &5 Z2 sucrose, fructose 5o o, B A A= GPYA 7]
Aol ghAede] HAstE 98] 3709 ©A4 9 fructose, sucrose, ethanols 0~8% &%= HiA|
of H7}ste] 24413t E<t Pichia anomala®] W 54 S vttt ©Ahdo] LEHA ke

=)
Z WA A Pichia anomalas 43 %=7F g w@gtom 24N T o A Ay thE
ES = s

(Figure 5~6).
24X 7F FQF sucroseE H7EE iAo Aol AFEL 4~8A|7F Alolo] AAEo] HR =78}

=y
I 12A1%F o] o= A Aol ¢ o] FrFekAl @3 AAEE Y-S HYY vbH fructoses

AAE] 6~10A17F Atolol 7h4 2 7]1€7]5 YER A 12417 o] Fo % Aol A4 =7}
s G R
w5 =4 A7 sucrose= 6% wW 397 x 10° CFU/m, fructose™= 8% wj 457 x10° CFU/
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Figure 5. Growth curve of Pichia anomala according to the concentration of

sucrose as carbon sources

_23_



R
10

03 4

DD

06

04 -

00 = = ——%
0 4 8 12 16 20 24
Incubation time (hours)

Y

Figure 6. Growth curve of Pichia anomala according to the concentration of

fructose as carbon sources
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Figure 7. Growth curve of Pichia anomala according to the concentration of

phenylalanine as nitrogen sources
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Figure 8. Growth curve of Pichia anomala according to the concentration of

aspartic acid as nitrogen sources
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hydrolases, lipase®} esterase®} 22 g4 Aoz wWakA 54 A= A Xﬂ pathway S A #
A

Ao 2 Abgst w phenethyl alcochols A4

tlo

A H=dl, P. anomala® 7% phenylalanine
102 el 9o

Zkzk o] wjAlel thsto] wix] o] whA Bl A wE W dfE wels A% WY EE Y
A WstEs AH R 7] 959 fructoseE W] 53 359 © 493} phenylalanines H] 53 3% 9
2 o] &) Zh E ] A WFE 24 SA4S A

of 2o FR w59 EAS #8359 Pichia anomala’t A E WEAH FNEE YA 5
< {lste] Pichia anomalasS 7128 A (GPYA)o HZE3ste] 30T, 200 rpme.=2 24
A ZF wjekste] FAS 2.0~35 x 10° CFU/mLE Erart 712 wjx] A thate] eig
fructose®} dAYozHA HddetdS H 718k modified HHX] of Zvjgd #F FFste] 30T
o A 150 rpm o2 48A] 7t nj ke kg o
A A= Pichia anomala?t 733k WEkAd 5}7]%7&‘% g4 9S fructose= H7Fe 79
FAE 457 x 10° CFU/m, BA3¥ 4akA 318E2S ethyl acetate, isoamyl acetate 2
isobutyl acetate’} F8& 3FgEo|Aa, AirYdor HAdde IS H7e 9= phenylethyl

=
acetate, isoamyl acetate®} propyl acetate 5°] A= Aoz YESTE (Tabel 5).
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Table 5. Cell growth and production of volatile flavor compounds from P. anomala

by the addition of nutrient sources.

, Cell Strength ,
Nutrients Odor Major compounds
growth of odor
Sucrose 3.97 fruity—floral +++ Ethyl, isoamyl, isobutyl acetate
Carbon Fructose 457 fruity—floral +++ Ethyl, isoamyl, isobutyl acetate
ethanol-
Ethanol 3.20 ++ Not detected
yeast
Glycine 213 floral ++ Ethyl, isoamyl, isobutyl acetate
Nitrogen Aspartic acid 2.20 fruity—floral +++ Ethyl, isoamyl, isobutyl acetate
henylethyl, isoamyl,
Phenylalanine 3.02 fruity—floral +++ phenyisiny Y

propyl acetate
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A2dER 5 A Y 7 B2 54

EX Tl s A b7l =dE 4% 23 diEe 3FEL estersot

alcohols TF =4, +2 318 =2 isobutyl acetate, phenethyl alcohol®} phenylethyl acetate &
2 B o3 WA 3gtEe we gn dFERYH YAHEY, o9k e esters

3tst & o] AA-E alcohol acetyltransferase, carboxyl ester hydrolase % esterase 53 #<& &
a4zl ofs) AdETal e A
B ooAFo A Fa3 3etE R A% phenylethyl alcohol mild-warm and rose-honey like 3F7|
= AY+= 35HEolth. Phenylethyl alcohole AlAI A o2 kAol a3 da2i I g9
5~20%5 AATE FEE WA o] 4 & ol

rr

Ay

ok

o] 3}3&2 phenylalanine® 258 2|3, ¥3dA aromatic neurotransmitter phenylethylamine
frAFA 2= Phenylethyl alcohol®] WaAd¥ 2% 53], Uii{ Folol g FaddA digd A4+
A9l gl Aot

P. anomala "R o2 e o] 3t 7] &S GC-MS=Z 43t 23 += Figure 99 2t}
F 2059 3B FrjEHe] HEHIoHW FFEZ = alcoholi 5%, esteri 8%, acidw 3
&, 7Iet 4F 0] HEH A

o] Fo A alcoholi (Phenethyl alcohol, Acetaldehyde-di-cis—3-hexenylacetal) 2%, ester+r
(ethyl acetate, isoamyl acetate, Phenylethyl acetate) 3% 2 7]e} (E-2-decenal) 1% 5 & 9
o] 7] Aol Fag PrIHToRE A=EHU

by IR AUA FEE alcoholF ot esteriF/l 8342~9267%%2 E-ES A5
A, 19 acidF 022~047%%= YERSETE Alcoholi % phenethyl alcohole] Atd F%
53.25~61.34% &A1 7} =9ko 1 ethyl acetate, isoamyl acetate 59 2o 2 EMG:
Phenylethyl alcohol& Aw|dfo|t} HEFFOoFA FQ FRUFHNY FQ FuAdRoz oA
noem F7IGE T esterTolAl e v BAFO F8 Fr] AJEQ isoamyl acetated} H
3ol phenylethyl acetate™ 743+ 32389l ethyl acetates o] AAE Aoz EAFL =
oo g oRE FU|F FollA FRHe wEaAy T ATy gRe HgFgoR A
m, A=53HE YE = acetic acid 5 © ] HZE=5 A} (Table 6).
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Figure 9. Chromatogram of volatile flavor compounds in P. anomala cultures

by gas chromatography (GC)
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Table 6. The volatile flavors produced by P. anomala as moth attractants

No. Compounds MW Characteristics

1 Isobutyl acetate 116  Etheral, fermented odor

2  Phenethyl alcohol 122  Rose-honey-like odor

3 Phenylethyl acetate 164  Very sweet, rose—fruity, honey-like
4 Acetaldehyde—di—cis—3-hexenylacetal 226  Qily—green odor with a sweet taste
5  Hexyl butyrate 172 Fruity, heavy odor

6  1H-indole-3-ethanol 161  Not flavor, auxin precursor

7  Z-2-decenal 154  Waxy—-orange-like, sweet-aldehyde
8 E-2-decenal 154  Waxy—-orange-like, sweet-aldehyde
9 Allyl propionate 114 Sour—fruity odor
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lo
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3| %= P oanomala 9gAd F 9% 15 brix(%)7F HEE

sucroses FA7Fstal, AFFA A gAY Wi 155 A wgd = 10 2000W/V)

O =2 3o 24A7E 2 A § ofysto] HE EFQe dWhaE {fRIAE Al Z38HA T
P.

olgl A wWE HME #FAAE AxsAeH, AMzAgL

5 2~ >~ =
LEFFAH FAE
=

anomala W Fd] F Fx 1

a1

ll

O

H

brix(%)7} ¥ =5 sucroseE H7FstaL, #lgd 175 7|Fo = FUFE FY 15%(W/V)E &3319
o

2N SR SN AR RAAE Az e, ol dF o A&t (Figure 10).

Figure 10. P. anomala cultures and solidified attractant used in this study
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Table 7. The relative frequency of lepidopteran pests caught by the attractant with

P. anomala

Mar Apr May Jun Jul Aug Sep Oct Nov
Helicoverpa sp. - - - r11l 211 Irr - - -
Spodoptera sp. - - - rrl r11l 111 111 111 -
Heliothis sp. - - - rrl 111 111 111 Irr -
Spodoptera sp. - - - rrl 111 121 r21 111 Irr
Carposina sp. - r11l 1rl Irr 11r Ir1l - - -
Adoxophyes sp. - - r11l r11l 121 111 Irr - -
Grapholita sp. rrl r11l r21 111 2rl 121 12r - -
Adris sp. - - - r11l 111 212 111 Irr -
Lagoptera sp. - - - - 111 222 - - -
Mamestra sp. rrl 11r rlr - 111 11r - - -
Pheosia sp. - - - rrl 111 1rl Irr - -
Lyouetia sp. - r11l 111 1rl rlr 111 - - -
Dichocrocis sp. 111 11r 1rl 111 Irr 111 rrl rlr -
* r © < 3 number of moths/night/trap, 1 : <15, 2 : > 25
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Table 8. The results of field test lepidopteran pests caught by the attractant with

P. anomala

Korean name

Scientific name

Farmhouse 1

Farmhouse 2

S 7 g

A ko] S upy
FEeug
e
G

A TH gy
eSS R

A ey
FRe

o gy

A b
EEE
g sy
=g mub g
73 sy
HET A
bR e by
] upo] F 22
WA 3 by

A b

S g
2o v gy Uy
sy
wgrhel Sy
Sy

SRR
AA A e

W E

oS b
S

Arichanna melanaria
Agrisius fuliginosus
Miltochrista striata
Pareclipsis gracilis
FEuproctis similis
Herminia arenosa
Geometra valida

Axylia putris

Spilarctia seriatopunctata
Adris tyrannus amurensis
Mythimna turca
Herpetogramma luctuosalis
FEurrhyparodes contortalis
Acontia bicolora
Lagoptera juno
Proteostrenia falcicula
Agnidra scabiosa
Comibaena procumbaria
Drepana curvatula
Mythimna( Mythimna)turca
Glypodes pryeriButler
Orthopygia glaucinalis
Fvergestis extimalis
Charema noctescens
Helicoverpa assulta
Carposina niponensis
Rhyacia ypsilon

Plutella xylostella
Speiredonia retorta
Hellula undalis

unidentified

damaged

total

19
13
11
11
15
11
12
16
15
22
13
11
13
11
20
11
13
12
13
12
14
13
12
12
15
12
13
13
11
17
21
29

456

13
16
9
9
10
9
9
12
13
10
9
9
9
10
23
9
8
10
8
8
13
8
8
8
8
10
8
17
19
10
19
12

353
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Figure 11. The farmhouse and insects captured by attractant in this study
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Figure 12. The representative moth species captured by P. anomala attractant

left : Lagoptera juno , right | Adris tyrannus amurensis
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AA o5 HEEE o] &g AP o FHY 9 Vo] By Ade oA olof #& %%
A o] ge W FA49 FgAdd ek woh A Ayl st Hog dw
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