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IITRCDUCTION

It is estimated there are about one million species of insects in the
world (l). iost of them are of no concern to us. GZome, like the
honeybee, are beneficial with only about 0.1% of the 1insect pcpulation
being hermful to us by destroying our food, propsrty, and spreading

disease.

Growing food shortazes in the world today are forcing countries to
invest more effort and money to increase food production by reducing the
danmage and losses of food and food products caused Dy pests during storage
and transportatiom. It is estimated that the total annual lossas to the
world”s supply of stored grains range from 5 to 10 percent of the world’s

production. This is equal to the amount of grain required to provide 135

ey

million pecple with a subsistence level of food grains. In hot and humi
tropical arezs, the damage usually is wmuch greater. If Tansas wheat in
storage wers damaged by insects at the low estimate of 0.3 percent, a2 200
million bushel crop would pay one million bushels in tribute to the

insects (1).

A lot of work has been done to control stored grain preducts iInsects
and teo prevent food from infestation. This includes the use ol inert
zases, vadiation, pathogems, growth regulators (such &8s the Jjuvenile
hormone), Jhercmones, pesticides, sanitation, imspection, [ood pa sclaging

and providing zood storage facilities (2).

b

The use of sticides toc control insects has several disadvantages in
o

"

1

that; (1) tney may be toxic mot culy te the targst imsezets et also to



the harmless, beneficial insects and other creatures, (2) after wany
exposures, insect populations may tuild up resistance, (3) the high cost
of production and application, and (4) the persistence of the residues may
pollute the environment. TFor these reasons, the use of imsecticides has
been decrezsed in pest contrel (3). Recently more effort has Deen placed

on developing altermatives to combat insect infestation.

In order for every animal to be aware of its surroundings, such as
transmitting and receiving vital informatiom, finding foods, avoiding
predators and meeting mates, insects, {fish, and many mammals depend
extensively on odor for communication (4). For many creatures other thzn
humans, the chemical senses, e. z., taste and smell, play much nmore
inportant roles. The sense of smell or olfaction is more sensitive and
mere discriminating than the sense of taste. As a rule of thumb,
olfactory sense 1is roughly 10,000 times more sensitive than the sense of

taste (5).

Based on these phenomena, there has beem a widespread search for
natural attractants and repellents for different insects. Sex phercmones
and food zttractants for luring imsects into traps or comtact witk
insecticides or pathogens provide a few alternative ways to contzrol

stored~product insect infestations (2).

The purpose of this project was to smalyze the volatile components
emanating from whole wheat kermels and ground whezt kernels, tc determine

which of them might be responsible for the aggregation response of the red

flour beetle, Tribolium castaneunm (Herbst.). The red flour beetle and the

confused flour beetle, Tribolium confusa (Jacquelin du Val), are comnmon
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and destructive 1insects £for wheat <£flour and other prepared products.
These insects are able to exist in 2 wide wvariety of foodstuffs with
strong vital adaptive activity, and through world-wide cowmerce have

become cosmopolitan. Thus, there are many records and reports about their

occurrence and destructivenass around the world (6).
DESCRIPTION OF THE RED FLOUR BEETLE, T. CASTANEUM, (Uerbst).

The red flour beetle is almost identical in appearance with the
confused £lour beetle to which it is closely related (Figures 1 & 2). It
is a shiny, reddish-brown beetle about 0.36 cm long, flattened and oval,
with the head and upper parts of the thorax demsely covered with minute
punctufes and with wing covers ridged lengthwise and sparsely punctured

between the ridges.

The red flour beetle can be distinguished from the confused flour
beetle only with the aid of a magnifying glass. The segments of the
antennae of the confused flour beetle increase in size gradually from the
base to the tip, whereas in the red flour beetle the outer three segmants
of the antennae are abruptly much larger than the preceding omes, giviag
the antennae the appearance of being suddenly enlarged at the tip. 1In
addition, the margins of the head of the confused flour beetle are
expanded and notched at the eyes, whereas the margins of the head of the
the red flour beetle azre nearly continuous at the eyes. It is a general
feeder on farinaceous material and 1is one of the most zbundant and
injurious insect pest of grain products in the United States, especially
in the South. It is found in granaries, mills, warehouses and wherever

grain or grain products are stored.



Figure 1; Tribolium castaneum. Adult, X28

Figure 2; Tribolium confusum. Adult, X28

(Reprint from Good, N. E. U. 5. Dept. Agric.,

Washington, D. C. Tech. Bulletin No. 498)
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Tribolium castaneum., Adult, X28
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Figure 1

Tribolium confusum. Adult, X28

Figure 2



The average life of the beetle is about one year, but some have been
known to 1live as long as three yezrs nine months. The females lay an
average of about 320 eggs during one oviposition period which 1lasts an
average of 160 days. The small white eggs are laid loosely in flour or
other food material in which the adults ars living. The eggs hatch in
from 3 to 12 days into small wormlike larvae, slender, cylindrical, an
wiry in appearance, which when fully grown are about 0.48 cm long, and are
white, tinged with yellow. These larvae feed on flour or other material
such as grain dust and the broken surfaces of grain kermels. When fully
grown they transform into small naked pupae. At first the pupa is white,
then it gradually changes to yellow and them brown. Shortly afterward it
transforms into a beetle. T'hile being fed in the whole-wheat flour, the
development period from egg to adult for the red flour beetle requires an
average of 32 days at a temperature of 30°C, but the period for the
confused flour beetle is somewhat longer under the same conditions. The
life cycle 1is greatly prolonged by cold weather, as i1s true of all grain

pests (7).
OBJECTIVE

The objective of this research was to isolate and identify as many as
possible of the volatile compounds of wheat that attract the red flour
beetles, Tribolium castaneum. Bioassays were later cenducted to confirm

the attractive properties of many of these volatile components,
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LITERATURE REVIEY

Cereal grains play an important role in the diets of most people, yet
comparatively little is known about the volatile components of the cereal
grains in the raw state. These volatile components are important because

they may act as attractants or repellents to insects.

To date, the published investigations relative to the wvolatile
components of the three primary cereals in the raw state (rice, corn, and
wheat) number less than a dozen (8). IcWilliams and llackey (9) separated
and identified 18 compounds in the headspace vapor of a lightly milled,
whola—-grain soft wheat. All the components were low molecular weight
aldenydes, ketones, and alcohols. Hougen et azl. (10) investigated
different species and varieties of cereal grains such as maize, rye,
wheat, and triticale and found that these species produced largely the
same volatile components but in different and characteristic relative
amounts. Those compounds identified include aldehydes and ketones. The
insect infestation of wheat was also studied,. Three wajor volatile
compounds associated with the isolated weevils were found also associated
with the volatiles from wheat. Lorenz and Maga (11) identified carboayl
compounds and fatty acids in several wheat flour varieties. They Zfound no
qualitative differences but only small quantitative differences among the
components, The carbonyl compounds in the various wheat varieties are
quite similar. Ivanova znd Popov (12) investigated wheat germ o1l and
found fatty acids and steroids. Lercker et al. (13) analyzed wheat zernm
and found kigh molecular weight fatty acids, hydrocarbons, sterols, and
lipids. Buttery et al, (14) exanmined the wheat flour sample ernd [found

the presence of naphthalene, alkylnaphthalene, aldehydes and alcohols.



Mlaga (8) reviewed the volatiles found in cereals and 24 components were
summarized (Table 1). Burkholder et al. (1l5) investigated an aggregating
response of Trogoderma glabrum larvae to volatile compounds in wheat germ
oil. They tested several synthetic compounds individually in selected
combinations and found octancic acid, cis-3-hexenal, octanal, and
r-octalactone were the most attractive synthetic compounds. It was
concluded that insects are able ¢to find preferred food from olfactory

stimulus emitted from stored food products.

Fraenkel and Blewett (16) showed that T. confusum was attracted by
the odor of flour in an olfactometer. Loschiavo et al. (17), based an
olfactory response of the smaller Eurcpean Elm Dark Beetle, Scolytus

multistriatus, to test feeding stimulants on extracts of LClm Bark.

Yamamoto et al. (18, 19) tested an attractant for rice weevils from rice
grains acccrding to an olfactory response and also found several insects,
including T. confusum and T. castanéum, responded to attractants 1in
rice, wheat, barley and rye. Kennedy (41) proposed that the arrestaat
represented by scarcely volatile substances on which 1insects settle
following contact gained by undirected movements, and the attractant
comprising fairly volatile compounds, to which insects orient by directed
povements. Willis and Roth (20) showed that the olfactory receptors of T.
castaneum were the sensilla basiconica on the antenrnae. In the test arena
the orientation of T. castaneun toward the odor of food was a direct
response. Levinson and Levinson (21) stated that a blend of food

volatiles from wheat or other «cerezls could induce the olfactory

attraction of storage insects such as T. confusum, T. castaneum, and

Sitophilus granarius (granary weevil). The less velatile food cowmponents



VOLATILES ASSCCIATED WITH WHEAT

TABLE 1

7

METHANOL

ETHANOL

ACETALDEHYDE

ACETONE

BUTANAL

ISOBUTANAL

BUTANONE

3-METHYL-2-BUTANONE

BUTENAL

DIACETYL

PROPANAL

PROPANONE

PENTANAL

ISOPENTANAL

PENTANONE

2,3-DIMETHYL-3-PENTANONE

HEXANAL

HEPTANAL

OCTANAL

ETHYL ACETATE

ISOAMYL ALCOHOL

CYCLOPENTANONE

PHENYLACETALDEHYDE

AMYL ALCOHOL




including salts, suzars, and lipids, may also stimulate aggregation and
feeding responses. Willis and Roth (22) demonstrated that the volatiles
of the whole wheat flour and the moisture content play an importaat factor
for the attraction of the TI. castaneum. By placing the attractant
beneath a screen, two dazys or several days starved T.  castaneum were
found to exhibit a strong attraction response. This was an olfactory
response to flour. Loschiavo (23) found that with a free choice of food,
the greatest numbers of insects were attracted to those foods containing
the larzest amounts of wheat germ. The food preferences of T. castaneum
are similar to those of T. confusum. Later, Loschiavo (24) tested adult
T. castaneum with six of the wheat products, i.e., enriched second-patent
flour, second-patent flour plus 5% wheat germ, wheat middlings, coarse
bran, fine bran, first tailings stock, and found that second-patent flour
containing 5% wheat germ attracted more insects than amny of the others.
Other experiments showed 2 high response of the flat grain beetle to the
high wheat-germ content £foods. He also found that the adults of T,
confusum and T. castaneum moved short distances toward preferred <foods
and suggested that thesec insects were responding to olfactory stimuli.
This was in agreement with both ifagis (25) and Leclercq (26). They showed
that the food preferences of 1insects were independent of humidity but
strongly induced by a particular chemical sense. Losckiave (27, 28)
demonstrated that the extracts of wheat germ contained highly active
substances which elicited a strong chemosensory aggregation and feeding
response by the T, castaneun and the T. coafusum beetles. Tamaki et al.
(29) identified l-palmito-2,3-diolein, 2-linoleo-l,3-dipalmitin, and
1-palmito-2-linolec~3-olein as major triglycerides in three active

fractions from wheat germ that elicit the aggregation of T. confusum,.
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These triglycerides were syanthesized and their biological activities
verified, Tamaki et al. (30) also investigated the aggregation behaviour
of TI.  confusum on 33 synthesized triglycerides. The beetles responded
positively to nearly all of the unsaturated triglycerides but were little
affected by saturated onmes, Yinom et al., (31) found T. castaneunm were
attracted to saturated fatty acids and repelled by unsaturated ones.
Cohen et al., (32) stated that certain lower fatty acids, viz. wvaleric,
caproic, heptanoic, caprylic, pelargonic, capric and undecanoic =zcid
strongly repel adult T, castanewm. Thus, it would be highly desirable to
synthesize these repellents of T. castaneum as an alternative to the
control  of stored-product  insects. Soliman  (33) showed  that
phenyl-thio-carbamide (PTC) is toxic to T. castaneum as well as to
animals and found the PIC chemoreceptor was localized in the anternnae
(34). Soliman (35) pointed out that PTC is a repellent to T. castaneum
and older 1insects are more sensitive to this compound, Guy et al. (36)
tested ninety synthetic compounds for the repellency of I. castaneum, and
the most aversive one was N-butylsulfenyl-M,H-dimethyldithiocarbamate.

This compound has some of the same radical groups as PTC.

Based on all of these papers, it can be concluded that insects are
depencdent on their olfactory organs to find preferred food or a host to
complete their life cycle. There 1s limited information on the low
molecular weight volatile components in raw wheat and wheat products that
attract insects., This project wss designed to provide more information

abouf which wvolatiles attract Tribolium castaneunm and to determine their

chemical structures.
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EXPERINENTAL

A. GC SEPARATICN AND GC/HS IDENTIFICATION OF CHEMICAL CClPOQUIIDS

1. EQUIPMEH

A Bendix model 2200 gas chromatograph equipped with both flame
ionization and thermal conductivity detectors was used throughout the
course of this study (Figure 3). A 1/8 inch by 6-feet stainless steel
column, packed with Porapak QS 80-100 mesh (Vaters Associates) was used
for all separations. Porapak QS is a porous copolymer c¢f styreme and
divinyl benzene which can be used directly in gas chromatographic columns

without further coating with a liquid phase.

A solid sampler (Figure 4) was used for the collection of the
volatile compounds. The solid sampler 1is made of stainless steel amnd
consists of five sectioms. The first section is threaded so that it can
be attached to the imjection port of the gas chromatograph. The
connection is sealed by means of an O-ring. The second section is screwed
into the first and again sealed by an O-ring. The thirdé secticn has a
hole drilied through its diameter. This allows for the addition of sample
through the top ard removal of spent sample through the bottcm. The
fourth and fifth sections are combined into a single unit, and comsist of
a plunger and an end cap which prevents the plunger from being ejectad due
to carrier gzas back pressure. The plunger has a short channel into which
the sample 1is placed by means of aligning this channel with the sample
loading hole in the above mentioned third sectiom. The sample is then

inserted into the heated injection port by simply pushing in the plunger.
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Figure 3; Gas chromatograph equipment.
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Figure 4; Solid sampler
A, Facing view of part 1 and part 2.

B. O-ring.
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Figure 5; U-shaped stainless steel trap.

Figure 6; Glass ccllection vessel.



Figure 5

Figure &
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A U-shaped stainless steel trap (Figure 5), 1/8 inchk by & 1imches 1is
used to concentrate the volatile compounds prior to injection. One end of
tiils trap is connected to the inlet of the gas chromatograph, the other
end of the trap is either comnected to the separation column or is capped

off for later GC/HS znalysis. Liquid mitrogen is used teo ccol the trap.

Zlatkis,et al. (37) studied three types of <chromatographic packirg
material Porzpak P, carbon molecular sieve, aand TENAI-GC. The
excessive bleeding of Porpak P and thie need to use temperatures in excess
of 400°C in order to desorb organic volatiles from the carbon molecular
sieves eliminated these materials as suitzble adsorbants. TENAX-GC, a
porous polymer of 2,6-diphenyl p-phenylene oxide, appeared to fulfill both
requirements of efficient adsorptivity and easy desorptivity. TEHAX-GC
has been used previously in our laboratory by James (38) who isolated the
fly attractant in cow manure and by Verma (39) who isolated and identified
a cockroach repellent present in bay leaves. Consequently TENAX~GC, 6C-80
mesh, (Applied Science Laboratories, Inc., State College, Pennsylvania)
was used as the absorbemt, with azpprozimately $.40 g being used in the

U-tute trap.

The GC/:iS identificatiom work was done at the llidwest Center Zfor llass
Spectrometry (MClS) at Lincoln Nebraska. A Hratos-HS 50 llass Spectrometer
interfaced to & Perkin-Zlmer Sigma II zas chromatosraph and a Kratos DS5-55
data system was used initially. A1l further analyces were performed on a

Fratos=-il8 &0 1llass JSpectrometer interfaced to a Cerlo-Erba  zas

chromatograpn and an Incos data system.



2. CURIICALS

A1l chemicals were reagent grade unless specified othervisa.
YMathanol; Lot zo. 711871 from Fisher Scientific Company.
Acetaldehyde; Lot no. CVJ, from Mallimckrodt, Imc., St, Louis, liissouri.
Leetone; Lot ne. 703173 froum Fisher Scientific Company.
Etiiancl; from Midwest Solvents, Atchison, Kansas.
2-Dutanone; Lot mo. 79C317 from Fisher Scientific Company.
j-ilethyl-2-Butanone; Lot no. A63, from Dastman Hodak Company.

The standard addition method was used te aid 1o compound

idectification. Each standcrd paterial was diluted with deiomized water.
3. PROCEDURE

Ilmcle wheat kernels and whole wheat £lour were obtainec £rom the
Department of Grain Science znd Industry at Xansas State University. all
samples vere stored at rocom temperature. A whole wheat kermel or an
equivalent amount of whole wheat flour was placed into the solid sampler.
37 weans of the plunger the sample was inserted into the heated injection
port of the gas chromatograph <or 3 minutes. The temperature gi the
heatiug block was mzintained at 240°C., The carrier zas (Helium) aids 1in
driving the wvolatile components into the cold trap. Tiris procedure was

le quantity of the volatile

[#]
.
[p]
rt
(1]
0
r
(B
L)

o obtain

ct

el

[a %

repeated 10 times in or

compounds. The liquid nicrogen bath was removed and che system zllowed to

[

wern up to room temperature. The volatile conpcnents vere descrbed Ircm
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the ENAY-GC as the oven was heated., The carrier gas flow rate vwas 2

. .. ) o :

ml/min, the injector port temperature was 240 °C, the detector teoperaturs
o ; o . o

was 245°C, and the oven temperature was programmed at 8 C/min from 607C to

o = ; 5 .
220°c. The attenuation was set at 1¢ and the chart speed was 1l cm/nin,

Prior to collectinz a sample, a blank run was performed in order to

3

confirm the absence. of any contaminaats which may have been adsorbed ©

-
-

the TEMAY-GC. Zegenerating the TENAI-GC or Porpak-QS removed wmost of the
contaminants which had been absorbed on them. A background chrematogranm

wvas obtained and appropriate corrections made on the sample chrometogram.

For the GC/i!S identification, the sample collection was done 1in our
laboratery. The wvolatile compounds were collected and trapped in the
U-tube 25 described previously. The U-tube trap was then sealed with
Swagelock wunions and plugs and stored in liquid nritrogen until the GC/US

analyses were performed.

The conditions used for the GC attached to the mass spectrometer ijere
the szne as described above. The mass spectrometer conditions vere as

follows:

Temperature of iom source 250°¢
Voltage 4co0 v
Scanning rate 1 sec/deccde
Deam current 100 mA

Zand width 3000 iz



The iomization vas accomplished by means of electrom impact.

The mass spectra were recorded and these data wvere compared with
spectra reported in the literature (40). The retention times of the
identified compounds were then checked and mztched with the standards by

the method of standard addition.
B. BIQASSAY TIST
1. EQUIPHENT

The equipment used for detecting the agzregate respouse of red flour
beetles (RFB) to volatile flour ccmpounds was described by Pinniger and
Collins (42). Some modifications were made by Seifelnasr (43), Department
of Entomology, Kansas State University. The equipment consists of a light
sensitive event detector and a Heath lodel EUY-20A servo Recorder (Figure
7). All of the bioassays were conducted with this equipment which is
located in the Department of Entomology. The detector unit was used 1in

: 5 ; i Ti ; .
conjunction with a Plexiglas cage consisting of a rectangular base (35

»

; L. i . .
by 20 cm) and a Plexiglas™ ring 153.2 cm in diameter and 2.6 cm high. Two

light sensitive resistors (sensor) were inserted in the base and wvere 15

ir

ciz apart., Filter paper was used to cover the base including the ligh
sensitive resistors. The cage was covered with a glass lid. The test
sensor in the cage was covered while the other one was outside the test
cage. A red light (15-watt incandescent light bulb behind & red Kodak
Safelight CGlass Filter Series IA) suspended right above the test aquipment
vas adjusted so that the 1light intemsity was the same on each sensor,

Insect pins, &4 cm in length, were used to suspend the test and control

materials on a wire frame (13.6 by 2 ¢m) right above the sensor (Figure
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Figure 7; A. Light sensitive event detector.

B. Bottom view of light sensitive event detector.
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7). It was high enough so that insects could not touch the test materia
with their antennae. This design should exclude £factors other than
olfactory. The pia was bent about 60° at the center in order to hang on
the wire frame right above the sensor. The pointed end of the pin was
inserted into z ball shaped test or contrel material. then an insect
passed over or remained on a semsor an imbalance in light intensity
between the referencs znd test sensors was effected czusing the recdrder
pen to deflect from the zero point and remain there until the imsect moved
away from the sensor. The chart speed was 1 inch per mninute, which

permitted calculation of the time that the insects spent on the sensor.

2. TIHSECT REARING AID HANDLING

~Y

The red flour beetles were reared znd provided by The Department cf
Cntomology. ‘Tc produce test imsscts, mature adults were placed in 2
mixture of 95% whole wheat flour and 5% brewer”s yeast mecdiun. After 230
to 35 days, progeny had become pupae which were separated by sex and
placed in clean plastic boxes., Only feusles were used for tests. On each
consecutive day, some of pupae would become adults. Those acults were
removed, placed in the medivi and dated. This process was centinued for
several days. 3Soth pupae and adults were kept in a rearing room wiich was
meintained at 27+1°C and 67#3% (R.i.). The 2-3-day-old adult insects were
renoved from the medium, and starved for 24 hiours prior to testing im
order tc ensure z uniform nutritional cenditiomn. The insscts used fox

testing the agsrepate response to the wheat volatiles were 3-4 days old.

“oa
3. PROCEDURE

a. Sample Preparation
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The velatile components of the wheat separated by gas chromatography
were tested wusing the above apparatus and insects. All of the volatile
compounds were collected with the solid sampler described im Part A.
Because of the limited zmount of sample, the use of a splitter to cellect
a portion of the separated volatile components prior to the destructive
FID detector proved to be unsatisfactory. Therefore, a nondestructive
thermal conductivity detector was used; the incividual ccmponents could
then be collected at the outlet of the T.C. detector. 4 small glass
apparatus (Figure 6) was used for this purpose. During componeat
collection, a 1liquid nitrogen bath was used as azn aid in trapping the
sample on the absorbent. TENAZ-GC, 60-80 mesh was azain used as the

absorbent, and was heated to 320°C for at least 5 hours prior to use.

Approximately 0.1 g TENAX-GC was wrapped im a 2 cm square pliece of
XKimvipe tissue and formed into a ball while wearing a pair of clean
plastic gloves to prevent contaminating odors. This wmaterial was then
inserted into the glass collection vessel (Figure 6), which was connected
to the T.C. outlet by means of Swagelock fittings. The wvolatile
components were collected according to their retention times. After the
ccmponent was trapped in the ball-shaped mass of TENAI-GC, it was removed
from the collection vessel and stored in another bottle under liquid
nitrogen until used for the bioassay. Only two bioassay Lests were

carried  out on any set of insects of the same zge.

ry
(@]
2]
ra
o]
o

chromatographic separations only two specific velatiles were collected.
This was due to the close proximity of the eluting peaks. There was
insufficient time to collect two consecutive conponents due to the

TIAY

necessity of removing and replacing the TENAX-GC trapping umaterial, The
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wo components collected on the same Tun were every other peak, such as

peak #4 and peak 76 collected on the same run.
b. Aggregate Response Test

All of the bioassay tests were carried out under red 1light only,
since red flour beetles are uvmaffected by either red or blue light (24).
The room temperature was 75:5°F. Ten 3-4-day-old zdult female RFE starved
for omne day were placed in the test cage (Figure 7), and left under rted
light for at least 1 hour to acclimate prior to testing. A control test
was run on a blank comsisting of a clean TENAX-GC without a2ny chemical
absorbed on it wrapped in a Kinowipe tissue, and shaped into a ball
resembling the shape of the specific test material which had been stored
in liquid nitrogen. This material was placed on a pin and suspended on a
wire frame above the sensor in the cage. The material was warmed to room
temperature. Three successive 10 minute periods of observatiomns were
conducted. The blank meaterial was carefully replaced by the velatile
compound absorbed on a similarly shaped TENAX-GC ball. Another three
successive 10 minute periods of observations were done. The Tesponse to
the compound was compared with the contrel ia both time and number of
visits. The same set of insects was tested with one control and two
different compounds. Zach set of insects was tested between 1 P.l. anc 2

P-Ii. L]



RESULTS A¥D DISCUSSICH

A. Identification of volatile compounds from the wheat kernel and whole

wheat flour

After evaluating several column packing materials to separate the
different wvolatile componeants resent in wheat, Perapalk-Gs, 80-1C00 mesh
seemed to work the best. It was found that the compounds emerg from a
Porapak-GS column in a sequence based upon their polarities and molecular
weight. This compared well with previous results (39). TENAX-GC, a
porous polymer, whick fulfills both the requirements of efficient
adsorptivity and desorptivizy, was selected as an absorbent for ccllecting
the sample in a U-shaped cold trap. The solid sampler was used for the
introduction of the volatile compounds absorbed on TENAZX-GC for further
driving into the separating column. 3By using this assembly, the typical
gas chromatograms of whole wheat kermel and whole wieat flour are shown in
Figures 9 and 10. Compared to the blank, Figure 8, we can see that éeaks
#1 through #3 came from the backgrouand, such as Hza, C02, 02, etc.. The
unnumbered peak preceding the peak #1 is due to the pressure change of th

carrisr gzas.

The information obtained from the gas chromatogram shows that there
are at least nine different components present in the volatile fraction of
wheat products. The volatile fractioms of the wheat kernel and wheat
flour are the same =2s compared using the two chromatograme in Figures 9
and 10. The milling process did not cause any appreciable loss of

volatiles from the wheat. The wheat kernel and the whole wheat flour

epanate the same volatiles into air which attract the imsect.
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Figure 8; Background chromatogram of blank check running
on Porapak QS column.
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Figure 9; Chromatogram of volatile compounds of whole

wheat kernel.
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Figure 10; Chromatogram of volatile compounds of whole

wheat flour.
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To identify the components, mass spectral data were obtained. Six
compounds were identified by using the mass spectral data and confirmed by
a standard addition GC method. For the specific compound, the retention
time was matched and the peak area was increased. The identified
compounds are listed in Table 2 along with the retention times on the
Porapak Q5 column. The mass spectral fragmentation patterns of these
compounds are presected in Figures 1l through 16, The analysis of the
patterns is presented in Tables 3 through 8. Peaks #4 and #5 gave

gas

stronger insect responses than the others. The temperature of the
chromatograph was programmed £from 60°-220°C. The boiling point of each
volatile compound separated and identified was within this region,i.e.

low molecular weight compounds.
B. DBioassay test on 2FB

The bioassay test was performed initially with the wmixture of the
first half and then the second half of all the velatiles from the wheat.
Both responses were positive. This was followed by testing the mixture of
the first quarter and the second quarter of the first half and the second
half of the volatile compounds separately. All of the positive responses
were shown on Tables 9 through 1l1. Because of the positive results,
possibly all of the volatiles could be attractants to the insect and not
just some of them. Each compound separated by the gas chromatograph was
used to test the individual olfactory respouse. The results are shown on

Tables 12 through 17.

All the test materials were prepared in our laboratory and were

nandled with clean plastic gloves to prevent as much as pessible



IDENTIFICATION OF VOCLATILE COMPOUNDS IN WHEAT

TABLE 2

Peak # Compound Retention time
4 METHANOL 5 Mins. 46 Secs.
5 ACETALDEHYDE 6 Mins. 28 Secs.
7 ETHANOL 9 Mins. 19 Secs.
8 ACETONE 11 Mins. 30 Secs.
11 METHYL ETHYL KETONE 14 Mins. 30 Secs.
12 3-METHYL-2-BUTANONE 15 Mins. 10 Secs.

28
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Figure 11; Mass spectral fragmentation pattern of peak #4 .
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TABLE 3
Mass Spec. Analysis of Peak #4

Mass Intensity/Base
31 100%
32 617%
29 54%
15 427%
30 147

Proposed Structure

5 cu_ ou’
2
+
32 CH ,OH
29 cuo”
+
15 cH,
" '
30 cuo* ©°F CH,O

Chemical Name: METHANOQOL
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Figure 12; Mass spectral fragmentation pattern of peak #5.
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TABLE 4
Mass Spec. Analysis of Peak #5

Mass Intensity/Base
29 100%
44 78%
43 68%
15 45%
45 18%
42 16%

Proposed Structure

29 cHo™
+
44 CH,CHO
43 cu.cot
3
+
15 cH,
+
45 CH,CHO"
+
42 CH,CO

Chemical Name: ACETALDEHYDE
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Figure 13; Mass spectral fragmentation pattern of peak #7.
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TABLE 5

Mass Spec. Analysis of Peak #7

Mass Intensity/Base
31 100%
45 39%
29 38%
27 26%
46 14%

Proposed Structure
+
46 CHBCHZOH
45 CHBCHOH+
31 CH20H+
+
29 CH3CH2
Chemical Name: ETHANOL

34
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Figure l4; Mass spectral fragmentation pattern of peak #8.
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TABLE 6
Mass Spec. Analysis of Peak #8

Mass Intensity/Base
43 100%
58 31%
42 8%

Proposed Structure

+
43 CH3CO

+
58 (Ch3)2CO

Chemical Name: ACETONE
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Figure 15; Mass spectral fragmentation pattern of peak #11.
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TABLE 7
Mass Spec. Analysis of Peak #11

Mass Intensity/Base
43 100%

41 68%

72 37%

39 _ 267%

57 2%

Proposed Structure

43 CH.CO
3
+
72 CH,COC,H,
41  cEco'

+
57 CHBCOCH2

Chemical Name: METHYL ETHYL KETONE
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Figure 16; Mass spectral fragmentation pattern of peak #12.
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TABLE 8
Mass Spec. Analysis of Peak #12

Mass

Intensity/Base

43
82
53
86

45

100%

Proposed Structure

43

86

33

Chemical Name:

+ +
CHBCD and/or C3H7

+

COCH(CH3)2

cis

ccocu’

3-METHYL-2-BUTANCNE

40
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TABLE 9

Olfactory response of RFB to the first half and second half volatile

compounds of wheat separated by gas chromatograph.

TIME NO. OF TIME RELATIVE  RELATIVE
REPLICATES  VISITS SPENT NO. OF TIME
(MIN) (MIN) VISITS SPENT
FIRST 10 7 0.09
CONTROL SECOND 10 8 0.60
TENAX
THIRD 10 22 2.16
30 37 2.85 1 1
FIRST 10 55 5.02
FIRST HALF SECOND 10 41 4.01
COMPOUNDS
THIRD 10 34 3.63
30 130 12.66 3.5 4.5
FIRST 10 26 5.51
SECOND HALF ~ SECOND 10 39 2.66
COMPOUNDS
THIRD 10 22 7.44
30 87 15.61 2.4 5.4

* The relative value was obtained by taking each value from the specific
compounds testing divided by the value of the control testing from the

table 9 all through 17.
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TABLE 10

Olfactory response of RFB to the first quarter and second quarter of the

first half volatile compounds of wheat separated by gas chromatograph.

TIME NO. OF TIME RELATIVE RELATIVE
REPLICATES VISITS SPENT NO. OF TIME
MIN) (MIN) VISITS SPENT
FIRST 10 29 2.54
CONTROL SECOND 10 11 1.05
TENAX
THIRD 10 7 0.72
30 47 4.31 1 1
FIRST 10 28 3.38
FIRST 1/4 SECOND 10 1 0.09
OF THE
FIRST 1/2 THIRD 10 1.1 8.31
30 40 11.78 0.9 2.7
FIRST 10 14 4.91
SECOND 1/4 SECOND 10 24 4.22
OF THE
FIRST 1/2 THIRD 10 15 1.39

30 53 10.52 1.1 2.4




TABLE 11

43

Olfactory response of RFB to the first quarter and second quarter of the

second half volatile compounds of wheat separated by

CONTROL
TENAX

FIRST 1/4
OF THE
SECOND 1/2

SECOND 1/4
OF THE
SECOND 1/2

gas chromatograph.

TIME NO. OF TIME RELATIVE RELATIVE
REPLICATES VISITS SPENT NO. OF TIME
(MIN) (MIN) VISITS SPENT
FIRST 10 16 0.97
SECOND 10 25 2.09
THIRD 10 27 3.59
30 68 6.65 1 1
FIRST 10 40 4.63
SECOND 10 8 7.41
THIRD 10 16 §.50
30 64 20.53 0.9 3.1
FIRST 10 24 6.66
SECOND 10 27 5.25
THIRD 10 17 4.41
30 78 16.32 1.1 2.5




TABLE 12

Olfactory response of RFB to the compounds of peak #1 and peak #3

TIME NO. OF TIME RELATIVE RELATIVE
REPLICATES VISITS SPENT NO. OF TIME
(MIN) (MIN) VISITS SPENT
FIRST 10 2 0.02
CONTROL SECOND 10 10 0.31
TENAX
THIRD 10 17 1.91
30 29 2.24 1 1
FIRST 10 23 7.24
PEAK #1 SECQND 10 30 3.25
IHIRD 10 10 8.74
30 63 19.23 2.2 8.6
FIRST 10 10 7.66
PEAK #3 SECOND 10 16 7.34
THIRD 10 8 9.25

30 34 24,25 1.2 10.8




TABLE 13

Olfactory response of RFB to the compounds of peak #2 and peak #4

CONTROL
TENAX

PEAK #2

PEAK #4

45

TIME NO. OF TIME RELATIVE RELATIVE
REPLICATES VISITS SPENT NO. OF TIME
(MIN) (MIN) VISITS SPENT
FIRST 10 6 0.19
SECOND 10 Q 0
THIRD 10 3 0.06
30 9 0.25 1 B
FIRST 10 11 0.19
SECOND 10 0 0
THIRD 10 10 0.25
30 21 0.44 2.3 1.8
FIRST 10 28 1.25
SECOND 10 7 0.24
THIRD 10 6 0.18
30 41 1.67 4.6 6.7
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TABLE 14

Olfactory response of RFB to the compounds of peak #5 and peak #7

TIME NO. OF TIME RELATIVE RELATIVE
REPLICATES VISITS SPENT NO. OF TIME
(MIN) (MIN) VISITS SPENT
FIRST 10 6 0.33
CONTROL SECOND 10 3 0
TENAX
THIRD 10 5 0.34
30 14 Q.67 1 1
FIRST 10 35 5.03
PEAK #5 SECOND 10 34 6.63
THIRD 10 8 0.41
30 77 12.06 5.5 18,2
FIRST 10 28 4.00
PEAK #7 SECOND 10 22 0.97
THIRD 10 20 1.06

30 70 6.03 5.0 9.1




TABLE 15

Olfactory response of RFB to the compounds of peak #6 and peak #8

TIME NO, OF TIME RELATIVE  RELATIVE
REPLICATES  VISITS SPENT NO. OF TIME
(MIN) (MIN) VISITS SPENT
FIRST 10 14 1.16
CONTROL SECOND 10 18 0.88
TENAX
THIRD 10 5 0.28
30 37 2.32 1 1
FIRST 10 37 3.19
peak #6 SECOND 10 40 6.84
THIRD 10 31 2.56
30 108 12.59 2.9 5.5
FIRST 10 45 2.56
PEAK #8 SECOND 10 32 1.56
THIRD 10 33 3.38

30 110 7.50 3.0 3.2

47
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TAELE 16

Olfactory response of RFB to the compounds of peak #9 and peak #11

TIME NO. OF TIME RELATIVE RELATIVE

REPLICATES VISITS SPENT NO. OF TIME

(MIN) (MIN) VISITS SPENT
FIRST 10 10 0.66
CONTROL SECOND 10 8 0.13

TENAX
THIRD 10 12 1.00
30 30 1.7% 1 1

FIRST 10 17 0.94
PEAK #9 SECOND 10 4 0.25
THIRD 10 6 0.84

30 27 2.03 0.9 1.1
FIRST 10 10 0.59
PEAK #11 SECOND 10 2l 4,13
THIRD 10 23 5.97

30 54 10.69 1.8 6.0




TABLE 17

Olfactory response of RFB to the compounds of peak #10 and peak #12

TIME NO. OF TIME RELATIVE RELATIVE
REPLICATES VISITS SPENT NO. OF TIME
(MIN) (MIN) VISITS SPENT
FIRST 10 8 0.28
CONTROL SECOND 10 41 2.41
TENAX
THIRD 10 43 4.50
30 92 7.19 1 1
FIRST 10 36 2.28
PEAK #10 SECOND 10 54 4.34
THIRD 10 7 9.19
30 97 15.81 Jod. 2.2
FIRST 10 16 7.56
PEAK #12 SECOND 10 40 2.38
THIRD 10 25 1.03

30 81 10.97 0.9 1.3
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interference from human odors. As discussed before, peaks #1 through #3
came from the background, they night be EEO’ COE’ etc.,. Willis and Both
(20), (22) showed a positive reaction of T. castancum and T. confusum to
CO2 and wmoisture. When the sample of wheat was added or drained, the
solid sampler was in direct contact with air. Therefore, the components
in the air were also trapped onto the TEHAN-GC. This could explain the
0 and CO

presence of H in our sample. Another reason for the presence of

2 2

water is that the water content in wheat is about 12%. Vhen the volatile
compounds were driven into the cold trap, water was also among the
volatiles. This may be the explanation for the positive olfactory

response of the insect to the first three peaks.

The control test was always carried out before two sets of specific
materials were tested, A positive response was obtzined in all of the
control tests. There may be several explamations for this result: 1.
All sanmples were collected, and all of the test materials were kept, in
our laboratory. The vapors of the various chemicals in the laboratory
might have absorbed onto TENAX-GC when we prepared the ball-shaped control
materials. 2, Liquid nitrogen was used to freeze the test and the
control material before the biocassay was done. It froze not only the
volatiles from the wheat in the test material but also CO2 and H,0 from

2

the air into both the test and the control TENAZ-GC.

Compared to the control test, every specific compound received a
positive response. The compounds in peaks #3, #4, #5 and #7 elicited a
stronger olfactory response than the others. Peak 3, background from
air, was excluded in the comparison. The concentrations of peaks #4 and

#5 as indicated on chromatograms were greater tham the other compounds.
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The higher concentrations of these compounds might explain the greater
olfactory response. The relative amounts of all compounds in wheat are
different. ©Each volatile compound from wheat sample was collected for the
bioassay test, so the concentration differences must appear. In 1965
Kennedy (4l) proposed that food selection of insects involves two basic
types of chemical stimulants: (1) attractants, usually comprising fairly
volatile compounds, to which insects orient by directed movement and (2)
arresﬁants or aggregants, represented gy scarcely volatile substances on
which 1insects settle following contact gained by undirected movements.
According to Kennedy”s statement, we can assume that the compounds
emanating from wheat are either attractants or aggregants to the red flour

beetle.
CONCLUSION

According to the results we obtained from the bioassay, most of the
volatile compounds were attractive to the insects. The concentration cf
each compound nmight play an important role in the various attractant or
aggregant. The attractant or aggregant 1s due to either the combined

effect or individual effect of the volatile compounds.
FUTURE WORK

Future bioassay tests shoulé be performed, Lkeeping the background
contamination as low as possible. The RFB we used were 72-96 hours old.
They are still young coupared to their normal 1life span. thether the
insects of this age zave the best clfactory response to the food selectiom

or not needs further investigation. The optimum concentration of vclatile

compounds for attracting the insect should also be determined.
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ABSTRACT

By using direct sample injection, a solid sampler was used to hold a wheat
product (kernels and/or flour) in a heating block of a gas chromatograph and the
volatile components were collected in a cold trap with TENAX-GC as the
absorbent. Out of nine components separated, the four most active components
were identified by using a G.C./HM.S. as methanol, acetaldehyde, ethanol, and
methyl ethyl ketone, The aggregation response was tested with red f£lour
beetles, T. castaneun. While =211 nine of the coumpounds gave a positive

response, four were definitely superior.



