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Volatile Constituents of Fermented Sugar Baits and Their
Attraction to Lepidopteran Species
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The volatile compounds emanating from four fermented sugar baits, palm sugar, golden cane syrup,
port wine, and molasses, were isolated by headspace sampling and analyzed by gas chromatogra-
phy—mass spectrometry. Three classes of compounds including esters, alcohols, and aromatic
compounds were identified in the headspace of the four fermented sugar baits. There was a high
degree of qualitative similarity between the headspace contents of the four fermented sugar baits,
although quantitatively they varied considerably. Ethyl acetate, 3-methylbutanol, ethyl hexanoate,
2-phenylethanol, ethyl octanoate, ethyl (E)-4-decenoate, ethyl decanoate, and ethyl dodecanoate
were the major compounds identified in the headspace of the four fermented sugar baits. The efficacy
of the four fermented sugar baits was investigated in field trapping experiments. Fermented palm
sugar and golden cane syrup were superior in attracting significant numbers of moths as compared
to port wine and molasses. Fermented molasses was the least attractive among the four baits. Over
90% of the insects caught were noctuids with Graphania mutans and Tmetolophota spp. being the
main noctuids captured (over 55%) in the four fermented sugar baits. Male and female G. mutans
were equally attracted to the four sugar baits. A number of tortricid species were also trapped.

KEYWORDS: Fermentation; sugar baits; trapping; moths; esters; headspace; molasses; port wine; palm
sugar; golden cane syrup

INTRODUCTION There are a significant number of sex attractants available to

) monitor male activity of many important insect pests. However,
Fermented sugar baits are well-known as attractants for manyfe,, attractants are commercially available to monitor female

insect species (1—5). Early in the twentieth century, they were gcyivity. Therefore, optimization of the fermented sugar baits,
used for monitoring and detection of economically important especially with regard to handling and preparation, would
lepidopteran pestg}(6, 7). Noctuids, geometrids, tortricids, and  provide a new tool to monitor female activity of a range of
pyralids are the major lepidopteran groups that are attracted togconomically important insect pests. Identification of the volatile
these types of baitsl (-3, 5). However, since the discovery of  compounds present in the headspace of the fermented sugar baits
the first sex pheromone in 1958)(and the further identification  \yould represent an essential step toward transformation of these
of the sex pheromones of over 2500 lepidopteran spe@les (et sugar baits into the more convenient dry baits that are easier
the use as well as the research in the area of fermented sugafo handle and prepare. Also, this might allow for the transfor-
baits have significantly declined. While nearly all moth sex mation of these baits from generalist to more specialist
pheromones are species specific and attract only males, fer-attractants, targeting only specific insect pests and thus minimiz-
mented sugar baits are generic and attract both males andng the catch of nontarget species.
females. Therefore, fermenting sugar baits provide an advantage  Nymerous publications on the chemistry of the headspace of
over sex pheromones, because they can be used for targeting arious fermented food products are available. The compounds
wide range of insect pests. However, there are several disaddentified are mainly alcohols, esters, carboxylic acids, ketones,
vantages associated with fermented sugar baits, including theang aldehydesl0—14). However, few studies have attempted
attraction of nontarget insects, mainly Hymenoptera, and to analyze the headspace of fermented sugar baits in correlation
generally lower attractiveness than pheromones. Also, they arewith insect attraction (3). In the first step toward isolation and
inconvenient to use as monitoring tools, because the wet baitidentification of the active compounds in the headspace of
traps are heavy, maintenance is time consuming, and agingfermented sugar baits, we have (i) investigated the efficacy of
significantly affects attractiveness. various fermented sugar baits for attracting insect pests and (ii)
isolated and analyzed the headspace of fermented sugar baits
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MATERIALS AND METHODS Table 1. Volatiles Compound Isolated from the Fermented Sugar Baits
by Headspace Sampling

Preparation of Fermented Sugar Baits.The fermented sugar baits
prepared in this study included (i) port wine (Ormond, Rich Ruby, New

Zealand); (ii) stock food grade molasses (Thick Black Strap, New ngh

Zealand); (iii) golden syrup (cane sugar and water, Chelsea Golden golden  palm port

Syrup, New Zealand); and (iv) palm sugar (JHC, Thailand). The starter compound Kovats® syrup  sugar wine molasses

solution consisted of 1.65 g of brewer's ye&dccharomyces cerigiae ethyl acetate 608 231 158 1.67

(Lavin 71B, New Zealand) mixed with 150 mL of water and 5 mL of  3-methylbutanol 735 378 324 701  10.90

regular white sugar and fermented overnight at°22 before being 3-methylbutyl acetate 877 064 08 379 125

added to each of the sugar bait solutions. A 150 mL aliquot of the ©thyl hexanoate 1001 924 480 111 414

starter solution was added to 1350 mL of the attractant solution and gfhﬁler:]e?éﬂ;:gf ﬂgg gﬁ gig L85 23

maintained for 3 days at 2Z before being put out in the field. Three iscr))phor);ne 1135 ’ 0:22 ' '

concentrations of each bait were prepared, i.e., 5 (75 mL of each bait gy octanoate 1205 11657 7481 1233 5245

plus 1.275 L of water), 10 (150 mL of each bait plus 1.2 L of water), ethyl (2)-9-octenoate 1200 0.78 0.09

and 20% (300 mL of each bait plus 1.05 L of water). ethyl nonanoate 1297 142 159 018 0.99
Headspace Collection SystemA 500 mL aliquot of 6 day old buty! octanoate 1345 106 077 0.5

fermented bait was placed in a 0.5 L bottle. The bottle was then confined €thy! (E)-4-decenoate 1388 3884 3093 078 486

in a 4 Lglass cylinder that was tightly closed using ground glass fittings gfrgég\elcggofgectanoate ﬁzz 252'?8 83'22 g?g 61';;1

and a clamp. A charcoal-filtered air stream was pulled over the cthyl dgdect;,noate 1593 5077 1720 040 6.87

fermented sugar bait, and the headspace was collected on a traPisopropyl tetradecanoate 1059 ' 106 ' '

containing 50 mg of Tenax-GR 35/60 (Alltech Associates Inc.) ina 15 2.ethylhexyl 4-methoxy- 1154 0.45

mm x 5 mm glass tube. Before use, Tenax traps were thermally ¢inpamate

conditioned at 200C under a stream of nitrogen. The airflow in the  3-methylbutyl hexanoate 1262 5.89

headspace collection systemssaL min?, and each collection session  2-phenylethyl acetate 1265 0.53

lasted for 1.2 h. Before use, the charcoal filter used to clean the ethyl undecanoate 1494 0.41

incoming air was thermally activated using a lab oven at 200 ethyl hex-3-enoate 1003 4.44

Immediately after volatile collection, each Tenax trap was extracted diethyl butanedioate 1191 0.61

with 5 x 200uL aliquots of hexane (Analar, BDH Laboratory Supplies, ;ﬁhﬁle?tl-e?’thel?%eggecanoate igg? 88;

Poole, England), and 500 ng of benzyl acetate (Sigma Aldrich, United etﬁyl hgxa—2y4—dienoate 1111 133

States, 98% chemical purity) was added as an internal standard. Samplezl-ethylphenc;l 1178 0.23

volumes were reduced to 190 at ambient temperature under a stream  methyl salicylate 1206 5.26

of argon. Samples were sealed and storeg & °C. 4-ethenyl-1,2-dimethoxy- 1368 1.94
GC-MS. The concentrated extracts of headspace from fermented benzene

sugar baits were analyzed using a Saturn 2200 GC-MS (Varian Inc., propyl dodecanoate 1626 0.46

Walnut Creek, CA). The GC-MS system was equipped with a 30 m  23-dihydrobenzofuran 1226 4.98

0.25 mm i.d.x 0.25xm, VF5-MS capillary column (Varian Inc., CA). iﬁgmgﬂy::g:mgmgiybﬁgﬁi?e gig ggé

The oven was programmed from 40 (held for 2 min) to 2€at 4 °C ethyl tetyradecanoatgp 1734 0.45 0.42

min~t. Samples were injected with the GC injector in the splitless mode |, ,1an-2.0] 1114 ' 0.44

at a temperature of 22TC. The spectra were recorded at an ionization |ipajgol 1112 0.39

voltage of 70 eV over a mass ranggzof 20—499. The transfer line 1,2,3,4-tetrahydro-1,1,6- 1266 047

and the trap were held at 250 and 180, respectively. Tentative trimethylnaphthalene

structural assignments were made by comparing their mass spectra withdecy! acetate 1220 0.35

the MS library (NIST 98), as well as by comparison with Kovats 1-(1H-pyrrol-2-yl)-ethanone 1072 0.28

retention indices (29) published in the literature. ﬁ-mEtfll)"lpthpyll acetate 13% 0.14 038

enzyl alcoho .

Field Trapping Experiments. The field trial was conducted at
Lincoln Grange Orchard, Lincoln, New Zealand, in mature apple trees — - -
starting in December 2003. Green plastic 2 L Unitraps (International 2 Compound identified by mass spectra correlation and Kovats index. ? Kovats
Pheromone Systems Ltd, Cheshire, United Kingdom) were filled with index on a DB-5 column.

500 mL of trapping solution. Each trap had an aluminum wire mesh

held in place above the level of the liquid to keep moths from falling  Significantly different treatment means were identified using Fisher's
into the attractant solution. The mesh was held up by a wire frame 65 protected least significant difference te$6). The ShannoAWiener

mm high. Traps were washed in a 2% detergent solution (Decon diversity index was calculated as an indicator of species richness for
Laboratories Ltd., Sussex) and rinsed in clean water before use. Eachmoths caught in each of the different sugar balis)(

trap had an insect Kkill strip (active ingredient 2,2-dichloroethenyl

dimethyl phosphate, DDVP) fixed with a Velcro sticky dot two-thirds  pregyLTS

up from the bottom of the trap. A data logger (Gemini Data Loggers

Limited, West Sussex) was placed in the orchard to record temperature Headspace AnalysisChemical analysis of the headspace of
information for the length of the trial period. Three replicates of each the four fermented sugar baits is givenTiable 1. It should be
solution were arranged in a randomized complete design in the applenoted that quantification of the compounds was relative because
orchard. ThiS.WaS achieved by eStabllShlng three trap Iines at al_)out 20the response of all Compounds was considered the same as the
m intervals in the orchard consisting of 14 *trapping stations” interng| standard and the identification was tentative because it
representing aII_concentr_atlons and composmons of the four ;vv_eet balts,WaS based on comparison with mass spectral data and Kovats
at about 20 m intervals in each trap line. Blank traps containing only . di blished in the literat Th . t ol f
water were used as the controls. Moths were removed from the trapsIn ICes published In the fiterature. Three p!‘ommen classes o
three times a week and frozen in glass tubes for later identification. ?OmPQU”‘?‘S’ esters, alcohols, and aromatic co_mpounds, were
The field trial was run for a 3 month period from December 15, 2003 identified in the headspace of the four sugar baits. Esters were
to February 23, 2004. the most prominent chemical class with numbers of carbons

Statistics. The variance of mean captures obtained with each sugar fanging from 2 to 15. Volatile compounds produced as a result
bait were stabilized using the arcsine square root transformatian of Of yeast anaerobic metabolism, in which the monosaccharide
and the significance of treatment effect tested using analysis of variance.sugars will eventually break down and form esters with acids,
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Figure 2. Trapping of Tmetolophota spp. and other noctuids in bucket

traps baited with various concentrations of sugar baits. PW, fermented

port wine; FM, fermented molasses; PS, fermented palm sugar; and GS,
fermented golden cane syrup. Error bar indicates standard error.

ethers with alcohols, and acetals with aldehydes and ketones,

may in turn serve as substrates for further fermentation. Amongincluding 2-phenylethyl acetate, propyl dodecanoate, ethyl
the four sugar baits, molasses yielded the highest number oftetradecanoate, and decyl acetate were identified only in the
volatile compounds, and it was rich with aromatic compounds. headspace of the fermented molasses.

Eight volatiles [including ethyl acetate, 3-methylbutanol, 2- Fermented Sugar Baits Efficacy vs Concentration.The
phenylethanol, ethyl hexanoate, ethyl octanoate, etBjH4¢ efficacy of the fermented sugar baits varied significantly with
decenoate, ethyl decanoate, and ethyl dodecanoate] were thehanging concentration of the medi&iqures 1—3). For
major compounds identified in the headspace of the four instance, catches with the fermented port wine and molasses
fermented sugar baits. Fermented palm sugar and golden syrupvere less affected by changing concentration as compared to
release considerably more esters [i.e., ethyl hexanoate, ethylfermented palm sugar and golden syrup. Increasing the con-
octanoate, ethylH)-4-decenoate, and ethyl decanoate] than port centration of the fermented port wine from 5 to 20% did not
wine and molassed @ble 1). Several esters including ethyl hex-  affect the number of male or femafgraphania mutansand
3-enoate, diethyl butanedioate, ethyl oct-3-enoate, 2-phenylethyltortricids caughtg > 0.2) (Figures 1and3), while the number
dodecanoate, and ethyl hexa-2,4-dienoate were identified onlyof other noctuids including metolophotaspp. and other non

in the headspace of the fermented port wine. Other estersnoctuids species significantly increasqa € 0.01) Figures

Figure 1. Trapping of male and female G. mutans in bucket traps baited
with various concentration of fermented sugar baits. PW, fermented port
wine; FM, fermented molasses; PS, fermented palm sugar; and GS,
fermented golden cane syrup. Error bar indicates standard error.
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Figure 3. Trapping of tortricids and nonnoctuids in bucket traps baited
with various concentrations of fermented sugar baits. PW, fermented port
wine; FM, fermented molasses; PS, fermented palm sugar; and GS,
fermented golden cane syrup. Error bar indicates standard error.

2 and3). With fermented molasses, increasing the concentration
had no affect on the number of male or fem&e mutans
Tmetolophotaspp., and tortricids caughp (> 0.3) (Figures
1-3), while the number of other noctuids significantly increased
(p < 0.05) (Figure 2). Increasing the concentration of the

El-Sayed et al.

increased as the concentration of the fermented golden syrup
increased (p> 0.05) (Figure 2).

Fermented Sugar Baits Efficacy vs CompositionEfficacy
of the fermented sweet baits varied significantly with composi-
tion of the media usedp(< 0.01) (Figures 1—3). Fermented
palm sugar and golden syrup were the most attractive baits
among the four media tested € 0.01). Fermented port wine
showed a moderate degree of attraction, while fermented
molasses was the least attractive bait. The ratio of male to female
G. mutanscaught with various sugar baits was simil&igure
3). Although the catches varied with baits composition, the
diversity measure for species richness caught in each of the sugar
baits, as indicated by Shannewiener index, was similar (1.33
for port wine, 1.29 for golden syrup, 1.24 for molasses, and
1.27 for palm sugar).

DISCUSSION

Chemical analysis of the four different fermented baits
revealed that most of the compounds present in the headspace
were estersTable 1). In a recent study, ethyl hexanoate, ethyl
decanoate, ethyl dodecanoate, and 3-methylbutanol were identi-
fied in the headspace of Brazilian sugar cane spi&, (L7).
Esters formed as a result of sugar decomposition during the
fermentation process are likely to undergo further decomposition
and produce alcohols and acetic acid. Other minor classes of
compounds were identified including ketones, alcohols, and
aromatic compounds. In this study, baits were allowed 3 days
for fermentation before being taken to the field for 1 week.
Headspace analysis was conducted within this period; therefore,
the attractiveness of the bait is strongly correlated with the
compounds identified in the headspace. It is striking that many
of the compounds identified in the headspace of the fermented
sugar baits are known as insect attractants or pheromone
compounds (9). For example, 3-methylbutanol is known as an
attractant to many noctuid specie$, (8—21). Ethyl acetate
has been identified as the male produced pheromone in the
Mediterranean fruit flyCeratitis capitata(22). Ethyl hexanoate
has been identified as the sex pheromone of the Deathshead
cockroach Blaberus craniifer(23). 2-Phenylethanol has been
identified as the male sex pheromone for the Flounced chestnut,
Agrochola helvola24). Ethyl octanoate is an attractant for the
Greater wax mothGalleria mellonella(25). Methyl salicylate
has been identified as an attractant for many species including
the Western flower thripsfrankliniella occidentalis (26).
2-Ethylphenol has been identified as an alarm pheromone of
the Four spot roaclEublaberus distant{27).

Although the four fermented sugar baits have a very similar
headspace profile, the quantities of the compounds identified
varied considerably among baits. In the field trapping experi-
ments, there were significant differences in the attractive efficacy
between baits. Molasses and port wine were the least attractive,
while palm sugar and golden syrup were the most attractive.
On the basis of the headspace analysis, both palm sugar and
golden syrup release more esters as compared to port wine and
molasses. Therefore, it is likely that these esters account for
the greater trapping efficacy of palm sugar and golden syrup as
compared to port wine and molasses. In addition, the headspace
of molasses was rich with aromatic compounds. Aromatic

fermented palm sugar caused linear and significant increasescompounds are not commonly found to be kairomone or

in the number of moths caught except for tortricigs<( 0.01)
(Figures 1—3). With fermented golden syrup, there was no
significant increase in the number of male or fem@lenutans
Tmetolophotapp., non noctuids, and tortricids caught( 0.1)
(Figures 1—3). The number of other noctuids significantly

pheromone compounds for Lepidopteran species (9), and it is
likely that these compounds might antagonize the attraction to
molasses, thus reducing its efficacy. In a previous study, palm
sugar was found to be more attractive for many lepidopteran
species when compared to molass®)sKor most of the species
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caught, there was a direct correlation between the concentration
of the media and the number of moths caught. Similarly,
increasing the concentration of the palm sugar from 5 to 20%
resulted in a significant increase in the numbeMarcis latipes
caught R). Preliminary GC-MS analysis of the headspace from
various concentrations of each bait indicates that increasing the
concentration results in a significant increase in the quantity of
the compounds, rather than any qualitative change in the
headspace (El-Sayed et al., unpublished data).

Over 90% of the species caught in the fermented sugar baits
were noctuids; similarly, noctuids were the major species caught
in earlier experiments utilizing fermented sugar bait2(1G.
mutanswas the main species caught in the four fermented baits
in our trials, while in North America, Tobacco budworm moth,
HeliothisvirescensM. latipes, and the corn earwortdgeliothis

zea, were the main noctuids species caught in fermented sugar

baits (1,2, 6). Because of the large number of moths caught in
this study, we have determined the sex ratio for @dlynutans
where an equal number of males and females were caught in
each of the four fermented sugar baits. Similarly, the sex ratio
for other noctuids (i.e.H. virescensand M. latipes) caught in
fermented sugar baits was one to orde ). The catches of
both male and female moths clearly indicate that attraction to
these types of baits is mainly a feeding respo&emutanss

a native pest in New Zealand and of economical importance
mainly in apple orchards. The sex pheromone has been identified
for this species (28) and is used to monitor male activity.
However, catches of both males and females in the fermented
sugar baits open the opportunity for developing an attractant
that targets both males and females of this pest. Initial field
tests using 3-methylbutanol and acetic acid caught male and
female G. mutansbut in small numbers as compared to the
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(7) Gotz, B. Der sexualduftstoff als bekampfungsmittel gegen die
traubenwickler imFreiland. Weinrebel941,4, 75-89.

(8) Butenandt, von A.; Beckmann, R.; Stamm, D.; Hecker, BelU
den sexual-lockstoff des seidenspinn&smbyx mori. Rein-
darstellung und konstitutiorZ. Naturforsch.1959,14b, 283—
284.

(9) El-Sayed, A. M. The Pherobase: Database of insect pheromones
and semiochemicals. http://www.pherobase.com, 2004.

(10) Patel, S.; Shibamoto, T. Effect of different strainsSafccaro-
myces cerdsiaeon production of volatiles in Napa Gamay wine
and Petite Sirah winel. Agric. Food Chem2002,50, 5649—
5653.

(11) Fu, S.-G.; Yoon, Y.; Bazemore, R. Aroma-active components
in fermented Bamboo shootd. Agric. Food Chem2002, 50,
549-554.

(12) Nonato, E. A.; Carazza, F.; Silva, F. C.; Carvalho, C. R.; de
Cardeal, Z. A headspace solid-phase microextraction method for
the determination of some secondary compounds of Brazilian
sugar cane spirits by gas chromatographyAgric. Food Chem
2001,49, 3533—3539.

(13) DeMilo, A. B.; Lee, C.-J.; Moreno, D. S.; Martinez, A. J.
Identification of volatiles derived fronCitrobacter freundii
fermentation of a Trypticase Soy broth. Agric. Food Chem.
1996,44, 607—612.

(14) Lee, C.-J.; DeMilo, A. B.; Moreno, D. S.; Mangan, R. L.
Identification of the volatile components of E802 Mazoferm
steepwater, a condensed fermented corn extractive highly at-
tractive to the Mexican fruit fly (Diptera: Tephritida€). Agric.
Food Chem1997,45, 2327—2331.

(15) SAS Institute IncStaview; SAS Institute Inc.: Cary, NC, 1998.

(16) Zar, J. H.Biostatistical Analysis, 3rd ed.; Prentice Hall: New

Jersey, 1996.

Carneiro, |.; Nobrega, C. The analysis of volatile compounds

from Brazilian sugar cane spirit by dynamic headspace concen-

tration and gas chromatographgnass spectrometryCienc.

Tecnol. Aliment2003,23, 210—216.

17

number caught using fermented sugar baits traps (El-Sayed et (18) Landolt, P. J.; Higbee, B. S. Both sexes of the true armyworm

al., unpublished data). Therefore, it is likely that GC-EAD and
behavioral experiments will be required for identification of
further active compounds present in the headspace of the
fermented sugar baits that might enhance the efficacy of the
dry lure, e.g., rubber septa or polyethylene vials releasing the
attractive blend of volatiles.
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