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SUMMARY

The cigarette beetle (CB), Lasioderma serricorne (Cole-
optera: Ptinidae), is a major insect pest to the tobacco
industry worldwide. This insect is also a major pest of raw
grains such as rough rice, and postharvest foods like certain
high-value grain products like pet food, animal feed,
breakfast cereals and various dried herbs and spices. Pest
control methods and systematic integrated pest manage-
ment (IPM) strategies are required for the CB in the
tobacco industry to prevent economic damage to cured
tobacco leaves in storages as well as finished products in
retail and distribution chains. This paper presents an over-
view of the problem of CB infestation in the tobacco
industry and describes and discusses strategies and IPM
practices for managing the pest. [Contrib. Tob. Nicotine
Res. 31 (2022) 90-100]

ZUSAMMENFASSUNG

Der Tabakkéfer Lasioderma serricorne (Coleoptera:
Ptinidae) ist weltweit ein grofes Problem der Tabak-
industrie. Das Insekt ist auch ein bedeutender Schidling
bei anderen Agrarprodukten wie z.B. Rohreis, sowie bei
hochwertigen verarbeiteten Getreideprodukten wie Futter-
mittel, Tiernahrung, Friihstiickszerealien und verschiedenen
getrockneten Kréutern und Gewiirzen. Schédlingsbekdmpf-
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ungsmethoden und systematische integrierte Schédlingsbe-
kampfungsstrategien (IPM) sind fiir die Bekdmpfung des
Tabakkiifers in der Tabakindustrie erforderlich, um wirt-
schaftliche Schdden an getrockneten Tabakblittern in
Lagern sowie an Fertigprodukten in Einzelhandels- und
Vertriebsketten zu verhindern. Dieses Papier bietet einen
Uberblick iiber den Befall in der Tabakindustrie und
beschreibt und diskutiert Strategien und IPM-Programme
zur Bekdmpfung des Schédlings. [Contrib. Tob. Nicotine
Res. 31 (2022) 90-100]

RESUME

Le coléoptére des cigarettes, Lasioderma serricorne
(Coleoptera : Ptinidae) constitue, partout dans le monde,
une grande source de préoccupation pour 1’industrie du
tabac. L’insecte est également un organisme nuisible im-
portant pour les aliments aprés récolte, notamment pour les
produits céréaliers transformés a haute valeur ajoutée tels
que les aliments pour animaux, le fourrage, les céréales
pour petit-déjeuner et diverses épices et herbes aromatiques
séchées. Les méthodes de lutte contre les insectes nuisibles
et les stratégies de gestion intégrée des nuisibles (IPM)
s’averent, dans le cas du lasioderme du tabac, incontourna-
bles pour I’industrie du tabac afin de prévenir des domma-
ges économiques au niveau des feuilles de tabac séché en
entrepdt ainsi qu’au niveau des produits finis sur les circuits
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de distribution et de vente au détail. Le présent article
présente un apercu de I’infestation par le coléoptére des
cigarettes dans I’industrie du tabac et met en regard les
stratégies et les programmes de lutte intégrée contre les
nuisibles pour combattre ce parasite. [Contrib. Tob.
Nicotine Res. 31 (2022) 90-100]

OVERVIEW

Tobacco is an agricultural product and much of its process-
ing and handling is like that of food products. However,
one primary difference is that the only postharvest insect of
any major concern to the tobacco industry, especially in
North America, is the cigarette beetle, Lasioderma serri-
corne (Coleoptera: Ptinidae) (from this point on referred to
as “CB”). The CB is also a major pest of postharvest foods,
particularly processed grain products like pet food, animal
feed, and also dried herbs and spices. In the United States,
the CB occurs commonly in food and tobacco warehouses,
especially those in the southern part of the country. As a
“tropical” insect species, it is understandable that the CB
has a more southern distribution in the United States and
that it is not commonly found in geographic regions where
there are many days a year of below-freezing temperatures.
Nevertheless, CBs can be found inside northern tobacco
and food plants and finished-product warehouses in which
the temperatures are favorable all year round and endemic
populations persist solely on spilled food and tobacco dust
that is not removed or cleaned.

The CB has been the target of substantial research that has
determined important aspects of its population dynamics.
The optimum temperature for development of larvae
through adults, the number of eggs laid per female and the
effects of different food sources on development of CB
brood are well known (ASHWORTH, 1995; RYAN, 1995;
EDDE, 2019). Although there are natural enemies such as
parasitic wasps and insect predators that could regulate
populations of CB (EDDE, 2019), the habitat of tobacco
storage and tobacco factories tend to lack adequate popula-
tions of these biological control agents and they provide
excellent habitat and adequate food supplies for pest
populations to persist and increase year-round.

In the United States, for example, insect infestation in the
food industry, and the application of control methods
against insect infestation in commercial food, is overseen
by the U.S. Food and Drug Administration (FDA) and
other regulatory agencies (e.g., at the state level) as
potentially unsafe contamination. For example, the FDA
has set “actionable levels” for insect fragments in food,
such as 75 or more insect fragments per 100 g of wheat
flour (FDA, 1998). Similar requirements are currently not
required for tobacco products (https:/www.fda.gov/
tobacco-products/rules-regulations-and-guidance/rules-
and-regulations). The U.S. Environmental Protection Agency
(EPA) sets maximum allowable residue (MRL) tolerance
levels of registered pesticides in foods at different points in
the supply chain. Higher MRLs tend to be allowed in raw
products compared to MRLs in finished food products for
customers. For example, raw wheat grain in storage bins
can have 8 ppm of the insecticide Malathion, but allowable
levels in finished food products from wheat (e.g., flour,

breads, breakfast cereals, etc.) are set much lower. The
EPA regulates the specific pesticides that may be used on
tobacco and other crops and specifies how the pesticides
may be used, but the agency does not otherwise regulate
residues of pesticides approved for use on tobacco. The
U.S. Department of Agriculture (USDA), however, is
required by Title II of the Dairy and Tobacco Adjustment
Act to test imported and domestic tobacco for residues of
pesticides not approved by EPA for use on tobacco that
federal officials believe are used in other countries (see
https://www.govinfo.gov/content/pkg/STATUTE-97/pdf/-
STATUTE-97-Pg1128.pdf#page=24). Guidance on residue
levels have been developed by the Agro-Chemical Advi-
sory Committee (ACAC) of the Cooperation Centre of
Scientific Research Relative to Tobacco (CORESTA) to
provide guidance to tobacco growers and those in the
tobacco industry interested in the application of crop
protection agents and the implementation of good agricultu-
ral practice in tobacco production (CORESTA, 2021).
Cured tobacco leaves are commonly stored in warchouses
for two years or more, where they can be subject to CB
infestation (EDDE et al., 2012). The CB can then come into
the manufacturing plants with leaves in tobacco packages.
As with raw food material coming into a food-processing
plant, it would be ideal if incoming cured tobacco leaves
could be CB-free before entering the door at receiving
points of the plant. Fumigation with aluminum or magne-
sium phosphide has been used at these storage facilities to
accomplish this (CORESTA, 2009; EDDE, 2019). The CB,
however, has developed resistance to phosphine gas in
some cases, so use of this fumigant should be used careful-
ly to avoid spread or increased incidence of resistance that
may lead to lost efficacy of this material (SAGLAM et al.,
2015). While infested raw tobacco leaves may bring CBs
into a plant, the heating process during leaf conditioning
can achieve temperatures of 60 °C or higher for many
seconds to minutes. Such conditions are adequate to kill
nearly all CBs in a product, regardless of life stage (egg,
larva, pupa or adult) (see details on a conditioning cylinder
sold by Muzer: https://www.muzer.com.tr/en/productdetail/
conditioning/dcc-direct-conditioning-cylinder). Unfortuna-
tely, usually the time leaf tobacco spends in the heated
conditioning cylinders is insufficient for all of the tobacco
to reach these temperatures lethal for CBs and once the
material cools, it can again be infested by resident CBs at
various locations in the facility.

In the cigarette industry, it is common practice to expand
the tobacco (ET) to increase its filling capacity and volume
(http://www.tobaccorag.com/products/expanded-tobacco).
The process that results in ET would also have lethal
temperatures for CBs. However, not all of the tobacco is
subjected to this process and CB infestation may happen
further down the processing and packing lines following ET.
Tobacco manufacturing plants vary in the degree of house-
keeping. Tobacco dust tends to be common throughout a
facility. Dust residing in hard-to-clean locations for periods
longer than four weeks, and subjected to warm temperatu-
res, will easily support an “in-house” population of CBs
that is independent of what flies in through open doors or
what comes in with the raw tobacco. Therefore, pheromone
traps for CBs should be placed at recommended intervals
(horizontally as well as vertically) for effective monitoring
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of the insect. By constantly monitoring for CBs, it may be
possible to detect an unwanted infestation before it occurs.
CBs may become established as a year-round endemic
population at a tobacco facility, or as a collection of many
sub-populations according to distinct physical locations
within a manufacturing plant and related buildings. Natural
CB immigration or CBs from incoming raw leaf product
may occur but is likely to be inconsequential once the
product is heated. Thus, most CB activity discovered in
later parts of the product flow likely comes from beetles
already on-site that likely represent well-established
populations. Large quantities of tobacco dust contribute to
maintenance of endemic CB populations. Beetles hide and
persist on small amounts of food for a long time, and easily
survive cleaning if such cleaning does not uncover all
hidden tobacco dust or hidden product debris. Only very
thorough heat treatment or fumigation with an active,
effective chemical fumigant (e.g., phosphine, sulfuryl
fluoride) in a well-sealed environment can effectively rid
the facility of CBs. However, heat treatment or fumigation
may be impractical or unsafe in many locations inside
tobacco manufacturing plants. Heat treatments that are
incorrectly done may not reach temperatures need to kill
insects, or may be too high as to damage some equipment.
Phosphine is corrosive to copper and other metals in
electrical equipment and therefore fumigations with phos-
phine inside a manufacturing facility can damage any
exposed computer or heating, ventilation, air conditioning
or other electrical equipment.

A key aspect of CB behavior and life cycle is the female-
produced sex pheromone that attracts males for mating. A
synthetic formulation of the major pheromone component
is commercially available for use in traps to detect the
presence of CBs and monitor males within, throughout and
outside tobacco facilities over time (CHUMAN et al., 1985;
EDDE, 2019). Trapping is an effective tool for monitoring
beetle activity, but it is not a control tool. The benefit of
using pheromone traps is that they provide detection and
tell the sanitarians or plant managers where and when CBs
are active in the plant. CB trapping information (monito-

ring of population trends) is extremely useful for evaluating
the success of pest management decisions. Unfortunately,
as with many pest-commodity situations that use
pheromone traps for detection and monitoring, the CB
traps do not tell you what is the actual population density,
such as the number of beetles per 1000 m®, in any given
location of the plant. Plant managers need to interpret
pheromone trap catch numbers as a relative sample size to
determine when CB numbers are too high in a given area.

IPM TOOLS FOR CIGARETTE BEETLES

The CB infestation triangle (Figure 1) illustrates that the
existence of an infestation caused by CBs absolutely
requires the interaction of adequate food sources for the
beetles (cured leaves, dusts, finished products, etc.),
presence of a CB infestation at a given population size (low
vs. high), and an environment favorable for infestation
development. Simply, CB infestation will not occur if the
beetle is prevented from invading warehouses, manu-
facturing plants and finished-product environments, or if
the food sources are removed, or the environmental
conditions are not favorable (e.g., too hot or too cold). The
severity of CB infestation depends on the favorable level of
each factor. Thus, CB infestation can be prevented upon
elimination of any one of these three causal components.
Integrated Pest Management (IPM) requires that adequate
measures be in place to help prevent an unacceptable
increase in a pest population. Regular monitoring of the
pest population and key aspects of the environment con-
ducive for population increase must be practiced along with
frequent decision-making for effective mitigation (e.g.,
fumigation) of the CB population when needed, or to
continue with regular prevention and monitoring when
mitigation is not needed (HAGSTRUM and FLINN, 1995).
The following is a summary list of IPM techniques and pest
mitigation methods that have been recently researched and
could be considered for management of the CB in tobacco
facilities.

Food Sources
(E.g., cured tobacco leaves, tobacco
dusts, finished products, etc.)

Cigarette Beetle Infestation

Cigarette Beetle
(Presence of the beetle at
a given population size)

Favorable Environmental
Conditions
(optimum temperatures,
relative humidity, etc.)

Figure 1. Cigarette beetle infestation triangle of variables needed to be favorable for a CB infestation.
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a. Sanitation

Intensive and dedicated cleaning of tobacco dust in areas
that may be the primary sources of CBs is a critical tool to
lower or prevent infestations. Sanitation must include the
opening, and possibly disassembly, of ALL equipment and
machinery to vacuum out the dust and potential resident
insects. Commonly used “blow-down” of dust and debris
from above-floor surfaces can prove ineffective to reduce
pests as dust will simply be relocated to other hidden
spaces. If ledges and other surfaces are blown down, then
the tobacco dust and debris with insects must be vacuumed,
removed and discarded off-site. These practices will require
adedicated and experienced cleaning crew that is knowled-
geable in non-liquid cleaning practices and who can operate
during all production times. Therefore, proper sanitation for
pest prevention must be part of the routine standard opera-
ting procedures of the facility.

b. Prevention with residual pesticides

There are few options for spraying common residual
insecticides such as organophosphates or pyrethroids in
tobacco storage and processing buildings. Common
residuals like chlorpyriphos or deltamethrin are registered
in the U.S. for commonly performed “crack-and-crevice”
spray application in buildings used for food storage and pro-
cessing (application label for deltamethrin https://www?3.epa.-
gov/pesticides/chem_search/ppls/000432-01514-20110419.pdf).
Similar applications in tobacco buildings are not clearly
stated on the product application labels, though “pantry
pest” target would include the CB. Maximum pesticide
residue levels permitted in foods are established, but
residue levels in a non-food consumable like tobacco are
not clearly reported. Low-risk residual chemical insecti-
cides, such as insect growth regulators (IGRs), may have
registrations for tobacco buildings and are known to be
effective for controlling CBs and preventing them from

infesting bulk or processed tobacco. IGRs are insect
juvenile hormone “mimics” that do not have acute toxicity,
but rather disrupt the normal development of the insect as
it molts from one stage to another. The adult stage is never
reached or is terribly disfigured and non-reproductive, and
the insect population eventually dies out several weeks
after treatment. One such registered insect IGR, pyriproxy-
fen, is labeled for use as a surface or spot treatment for
stored-product pest control in food facilities in the United
States (ATHANASSIOU et al., 2011). Another IGR that was
used frequently in the tobacco industry several decades ago
was methoprene (e.g., commercial products named Kabat,
Dianex and Diacon), but some populations of CB in the
southeastern U.S. were found to have developed resistance
to methoprene (BENEZET and HELMS, 1994). Pyriproxyfen
is a structurally different molecule than methoprene and
could serve as a strategic alternative to methoprene as a
safe IGR. Pyriproxyfen, as with any spray-on residual
insecticide, must be applied to clean surfaces; however, it
may retain its activity for several weeks, even after being
covered with dust.

c. Prevention via physical and chemical exclusion

Packages for raw materials or finished tobacco products can
be developed that are resistant to insect penetration and
infestation (MULLEN et al., 2012). This is particularly at-
tractive for high-value finished products that reside in
grocery warehouses for more than a few months. Packing
material can be physically resistant to insect penetration
due to layering and type of package material, or it can
combine durable packaging with a chemical insect repellent
or low risk insecticide. Pesticide-treated nets have been in
use for years to block-off sections of warehouses with bulk-
stored tobacco (RUMBOS et al., 2018, Figure 2). Recently
there have been other nets developed with a variety of
active ingredients that can be placed over groups of boxes
or pallets (e.g., WILKINS et al., 2021).

Figure 2. Alarge storage of boxes containing dry-cured tobacco for long-term storage being prepared for coverage with a long-last
insecticide-treated netting called Carifend® (by BASF, https://agriculture.basf.com/global/en/business-areas/urban-and-rural-pest-control/

use_areas/stored-product-pest-control.html).
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d. Detection, monitoring and decision-making with traps

Routine trapping with the CB-specific sex pheromone
remains an extremely important practice to detect the
presence of CBs and to monitor this pest in many locations
inside or outside a building over time. Pheromone-traps let
the pest manager know when CB numbers are exceeding
action thresholds, and to determine if numbers remain low
following a critical mitigation like fumigation (CAMPBELL
etal., 2012).

Pheromone traps placed 1.5-2.0 m above the floor are
considered in the best position for monitoring the CB in
most agricultural landscapes (EDDE, 2019). Male CBs,
however, account for 90% or more of the population of
beetles captured in pheromone-baited traps (EDDE 2019).
Therefore, for decision-making, the interpretation of
pheromone-baited cigarette beetle counts should consider
the fact that only one sex of the insect will be trapped.
Light traps can determine if pheromone traps are consistent
in giving reliable information about the relative size of CB
populations in an area as they can capture both sexes of the
beetle (CAJIGAS et al., 2021). There are many models and
designs of light traps to consider. Insects are sensitive to
light in the ultraviolet (UV) spectrum and are easily
attracted to UV sources where they can be trapped. For
example, ultraviolet (UV) (375 nm) and blue (470 nm)
LEDs have been shown to effectively trap both sexes of the
beetle, irrespective of mating condition (KATSUKI et al.,
2013). A downside to UV-light traps is that they are non-
specific; all species of flying insects in the area may be
trapped, and the numbers of any one species will be low
because the UV light is not a strong attractant like a sex
pheromone. MIYATAKE et al. (2016) suggested that devices
combining UV-LED light traps with a sex pheromone may
be beneficial for monitoring and mass trapping of CBs
under laboratory and field conditions. An alternative to
UV-light traps or sex-pheromone baited sticky traps would
be traps baited with an attractant for female CBs. Prelimi-
nary studies found that extracts from various plant materials
were attractive to mated CB females (MAHROOF and
PHILLIPS, 2007), but more research is needed on this topic.
Another alternative is to take samples of the product or the
tobacco debris in an area that is under pheromone trapping,
and try to determine the actual beetle population size.
Direct sampling of the beetles in their food generates an
average number of beetles per known amount of product
sampled, such as CBs per kg tobacco or CBs per cubic
meter of bulk product. Such sampling of a moving commo-
dity along a production line or in a storage facility is done
routinely in the food industry and could be developed for
tobacco (NPMA, 2016). Once a routine for pest sampling
is in place, then a relationship (or better yet, a statistical
correlation) between CB numbers caught in pheromone
traps and CB damage on the product can be in place. If CB
numbers and/or CB damage has the potential to become
unacceptable, and is approaching the economic threshold
for financial loss, then a decisive mitigation such as
fumigation or using an effective fumigant alternative must
be chosen to prevent further destruction of the product and
ultimate profit loss at the economic injury level (Figure 3).

Economic Injury Level

Economic Threshold ===

Pest Numbers andior Product Damage

Ne Losses in Value from CBs or Damage

1 Il L 1 1 1

June July Aug Sept Oct Nov Dec Jan

Time After Storage or Finished Product |

Figure 3. The practice of integrated pest management that
monitors changes in pest numbers and product damage along
with decisions for effective control (e.g., fumigation) before loss
of profit. Modified from HAGSTRUM and FLINN (1995).

e. Phosphine fumigations

Hydrogen phosphide, known as phosphine gas (PH;), is the
most widely used fumigant for raw bulk-stored agricultural
commodities, including tobacco, worldwide. Phosphine is
typically used for bulk-stored grain in large silos or metal
bins, and is applied to large-scale warehouses for dried
fruits, nuts and tobacco (Figure 4). Sealing of bins and
buildings must be as gas-tight as possible to prevent large
losses of gas during fumigation. Buildings in which phos-
phine fumigations are done should have minimal electrical
appliance, perhaps only easily replaced lighting, because
phosphine is highly corrosive to copper and other metals
(THoMs and PHILLIPS, 2004). The use of “spot” or
“sheeted” phosphine fumigation application to a defined
“area” of the plant or warehouse (Figure 4; BOND, 1989;
RAJENDRAN, 2000) can localize needed control within a
building. Alternative fumigants to phosphine are now
required because CBs are developing resistance to phos-
phine (SAGLAM et al., 2015). In the long-term it is expected
that EPA registration will be received for an alternative
fumigant, sulfuryl fluoride (SF). Although SF can be used
to control the CB as a general stored-product pest as it
commonly infests grain and other durable foods, tobacco is
not an allowable commodity on the current application
label. According to the current EPA-approved application
label, any tobacco in a structure fumigated with SF must be
stored in gas-tight containers. SF has a totally different
mode of toxic action than phosphine, thus phosphine-
resistant insects should be easily killed by SF. Also as
mentioned above, phosphine is not recommended for other
than bulk leaf treatment because it is corrosive to metals,
particularly copper, and should not be used in buildings that
contain sensitive and critical electrical equipment with
integrated circuits or other computerized machines, as is the
case throughout most manufacturing centers. Methyl
bromide (MB) is a highly effective fumigant. However, MB
is now phased out and no longer sold in most countries and
inthe U.S. for non-quarantine fumigations under legislation
from the U.S. Clean Air Act because this molecule is an
ozone-depleting substance (https://www.epa.gov/ods-phaseout/
methyl-bromide).
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Figure 4. Gas-tight sealing for fumigation of stored tobacco showing typical situations for application of phosphine. Top-left is the
inside of a warehouse prior to sealing openings to the outside, Top-right is a series of warehouses onto which windows have been sealed with
thick cellophane and duct tape. Bottom-left is an example of a loading dock door that is sealed for fumigation. Bottom-right is a collection of

a few boxes covered and sealed for localized, small fumigation.

Figure 5. The Degesch™ phosphine tolerance test kit (left) (https://detia-garda.de/wp-content/uploads/2019/05/Phosphine-Tolerance-
Test-Manual.pdf). The kit includes two small pellets of magnesium phosphide, a 3.7-L plastic water jug in which the pellets are reacted with
a small amount of water to generate an atmosphere of 6,000 ppm phosphine (left image). A small group of beetles are placed in a large
see-through plastic syringe before a blend of gas and air is added to the barrel to result in a concentration of 3000 ppm phosphine. Beetles
are observed for 30 min to count the number of susceptible beetles that are knocked-down by the phosphine. Beetles that remain upright and

appear normal are scored as resistant.

f. Managing phosphine resistance

Many species of stored-product insects have developed
resistance to phosphine over the past 50 years, and the CB
is one of those with resistant populations (NAYAK et al.,
2020). A recent study (SAGLAM et al., 2015) reported that
phosphine-resistant CBs occurred in six tobacco facilities
in the eastern U.S. using a low-dose diagnostic test for
adult beetles in the laboratory, and four of those facilities

had more than 90% of their beetles scored resistant. A
phosphine manufacturer has developed a simple test for
resistance that requires minimal time, effort or analytical
technology by IPM practitioners to help make short-term
decisions whether to use phosphine or not (Figure 5), and
recent academic research confirms the value of this simple
test (AFFUL et al., 2021). Other experiments reported by
SAGLAM et al. (2015) found that some CBs from those four
high-resistant locations remained alive even when treated
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with phosphine at 600 ppm for six days at room tempera-
ture. Continued phosphine fumigations of such highly
resistant CB populations could be futile and simply select
for offspring that are more resistant. Fumigators and stored-
tobacco managers must assess the effectiveness of routine
phosphine fumigations, and take action to stop phosphine
treatment and adopt an alternative method to control
infestations. The tobacco industry, as with stored grain and
food products, needs either alternative fumigants or alterna-
tive control methods to replace phosphine in such situa-
tions.

g. Alternative fumigants for CBs

There is at least one registered fumigant that can be used in
tobacco facilities, and several others with similar re-
gistrations that could potentially be registered in the US. SF
isregistered for post-harvest agriculture commodities under
the commercial name ProFume® (see EPA-approved
application label at http://profume.com/wp-content/uploads/
2019/09/20180730-ProFume-Specimen-Label SA
clean.pdf). SF can effectively kill many pests, although the
egg stage of some arthropod species is the most difficult to
kill (PHILLIPS et al., 2012; HASAN et al., 2021). SF can
leave behind residues of fluoride ion in many commodities,
thus the amount applied to a commodity must be kept
below a certain concentration and hold time. The label for
ProFume® clearly lists the CB as one of the many species
it can be used for, but fumigation of raw tobacco or tobacco
products is not allowed on the current label. Therefore,
tobacco cannot be fumigated with SF, but an empty tobacco
storage structure can receive a SF fumigation. Beside SF
there are several other fumigant gases, either registered in
other countries or registered in the U.S. for non-commodity
application, that have potential for U.S. registration in the
future. Two compounds considered “liquid fumigants”,
because their boiling point is less than that of water, include
ethyl formate and propylene oxide. Both are toxic against
all life stages of the CB (MAILLE, 2019) and are registered
for food or food-handling structures (See VAPORMATE™
for ethyl formate at https:/www.linde-gas.com/en/images/
9731 Vapormate Application guide ST tcml17-589873.pdf,
and Propoxide for propylene oxide at https://www3.epa.gov/
pesticides/chem_search/ppls/047870-00003-20140819.pdf).
However, penetration into commodity has been problematic
with ethyl formate and propylene oxide. Ethanedinitirile
(C,N,) is very effective against CB (RAMADAN et al., 2020)
and available commercially for fumigation of soil and wood
timber (see https://www.draslovka-services.com/products/
edn-ethanedinitrile/). Hydrogen cyanide (HCN) is very
effective against all life stages of any insects tested so far
and has the potential to be used for infested agricultural
commodities with the commercial product BLUEFUME®
(see https://www.draslovka-services.com/products/bluefume-
hydrogen-cyanide/).

h. Alternatives to fumigation: Extreme temperatures

Heat treatment of the entire building can be an effective
fumigant alternative for killing stored-product insects,
including all life stages of the CB (ADLER, 2002; HANSEN
et al., 2011). Temperatures and exposure times to obtain

good insect kill have been reviewed (FIELDS, 1992) and
include a minimum of 45 © C for 12-24 h. Technology is
available for bringing in portable heating units or installing
permanent units to existing steam generation and distribu-
tion systems (Figure 6). The area being treated must be
relatively air-tight and also should not be contiguous to
unheated areas with CB activity in the same building.
Human inhabitants and workers should discontinue work
and leave the treated area, though the building is usually
safe to enter for short periods if needed, and adequate time
is needed for the treatment and for the dissipation of heat.
Heat treatment allows for a shorter re-entry period than
fumigation. As an alternative to heat, freezing cold tempe-
ratures can also control pest insects. However, cold is not
practical to apply to entire buildings, as can be done with
heat. A temperature of -20 °C will kill unprotected insects
in a matter of minutes (FIELDS, 1992). Infestations in the
center of an 8 m® pallet load would require several hours to
be killed with freezing, and perhaps up to 24 h depending
on the type and density of the commodity. Therefore,
freezing can be a relatively quick, effective, and chemical-
free method to control CB infestations in selected packages
of raw or processed tobacco products. Care should be used
when bringing treated tobaccos out of the freezer to avoid
condensation, mold, spotting, etc.

Figure 6. A portable heat-treatment device for delivering hot air
into a flourmill from outdoors to control insects (top), and a
hot-air blower operating inside a mill that is plumbed into the
building’s steam.
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Figure 7. A GrainPro cocoon containing bagged commodity
subjected to a low oxygen atmosphere using a vacuum pump
to achieve approximately 1% oxygen. The same gas-tight
covering could be used for tobacco under low O, (via vacuum or
high N,), high CO,, or a small application of a fumigant.

i. Alternatives to fumigation: Controlled or modified
atmospheres

A change in the natural atmosphere around a commodity to
become insecticidal can be achieved in a gas-tight structure
(NAVARRO et al.,2012; MITCHAM et al., 2006; CORESTA,
2013). Controlled atmospheres are when the gas composi-
tion is changed by adding carbon dioxide to an unnaturally
high and toxic level, or by reducing the oxygen in a struc-
ture by flushing with high levels of nitrogen or applying a
vacuum to cause suffocation. Controlled or modified
atmospheres are difficult to apply to buildings due to the
lack of gas-tightness but can be used effectively with gas-
tight chambers or coverings. Modified atmospheres achieve
increased CO, and low O, in a sealed bulk of a commodity
over several weeks or months from the normal respiration
of living aerobic organisms and microbes in the commodi-
ty. A low-cost, safe, and quick way to achieve a low O, at-
mosphere is by application of a vacuum to a sealed commo-
dity to bring the pressure down to get 1% O, and holding
for one day at room temperature (Figure 7).

j. Behavioral control via mating disruption

The mating behavior of CBs can be interrupted using
pheromone-based mating disruption (MD), a well-known
biologically-based method that is very safe and used
throughout agriculture for over 40 years, including stored
product insects (PHILLIPS and THRONE, 2010). For MD, an
unnaturally high level of synthetic sex pheromone is re-
leased in an area using controlled release technology. For
CBs, the male beetle is attracted to the natural pheromone
released by a sexually mature adult female. Synthetic sex
pheromone has been used for CB as lures in traps for
several decades. MD would require releasing quantities of
synthetic CB pheromone from numerous locations in a
room or building at levels that are 100s or 1000s of times
higher than the amounts used in trap lures. The result is that
male CBs cannot locate female CBs producing their natural
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Figure 8. Mean * SE number of CBs captured in sticky traps in
treated mills 8 weeks before and after mating disruption. Mean
number of beetles for a given mill followed by different letters are
significantly different (P < 0.05) (Adapted from MAHROOF and
PHILLIPS, 2014).

pheromone because they detect pheromone “everywhere”,
males fail to locate females, females do not get mated, and the
population eventually goes to extinction. Large-scale research
on CB mating disruption in food and tobacco industries has
been conducted with very high success. For example, wor-
king in a flour mill, MAHROOF and PHILLIPS (2014) obser-
ved a significant reduction in numbers of adult CBs
captured in the pheromone traps 8 weeks before and 8
weeks after MD treatment (Figure 8). Since MD is a pest
mitigation method, the use of the pheromone in this way
requires its registration in the U.S. as an “insecticide” with
the EPA. Use of the CB pheromone in traps does not
require EPA registration because trap manufacturers do not
make claims of pest mitigation with the trap. Traps are used
simply for detection and monitoring. At the time of this
writing, we have been informed that the application for
EPA registration is being submitted by the primary manu-
facturer of the CB pheromone for its use in mating disruption.

k. Microbial control

The beetle-specific insecticidal bacterium called Bacillus
thuringiensis tenebrionis (Bt) could be applied to the CB in
various ways (BLANC et al., 2014). Several workers have
described and written on the mode of action of Bt (e.g.,
BLANC et al., 2002, TSUCHIYA et al., 2002). However,
research on efficacy is needed and then registration with
relevant governmental agencies would need to be pursued.
Another microbial is the insect-specific fungus called Beauva-
ria bassiana. Beauvaria is registered for numerous insects,
including stored-product insects, which would include CBs.
Its activity is best under moist conditions, but it may have
a role for CB management in some cases. More recently a
bacterial derivative known as spinosad, from the bacterium
species Saccharopolyspora spinosa, has been found very
effective for stored-product insects such as the CB (HERT-
LEIN et al., 2011), and has been recently registered under
the trade name Sensat™ (see label at https://www?3.epa.gov/
pesticides/chem_search/ppls/000264-00995-20200327.pdf).
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CONCLUSION

Tobacco companies with CB activity need to have a
“toolbox” of effective pest management techniques and
control methods. It is expected that sometime in the near
future the FDA will issue its guidance for Good Manufactu-
ring Practices (GMP) for the tobacco industry. Implement-
ing the tools outlined in this paper will lead to effective
control of the CB and prepare facilities for GMP regula-
tions. Avoiding use of chemical insecticides is desirable;
however, cleaning alone may not be an effective form of
pest control. Integrated Pest Management, or IPM, in any
pest system includes the basic components of prevention,
monitoring the pest population, and then uses monitoring
data in facility-specific decision-making to either continue
with sanitation and prevention, or take action with defini-
tive methods of pest control like fumigation. Prevention is
accomplished by keeping pests away from the protected
product and engaging in vigilant sanitation to make sure
that unprotected product is not exposed so that it too will
not become infested. Monitoring should be done of the pest
insect population (CB), the product being protected (tobac-
co) and the environment (temperature, relative humidity,
lighting levels, etc.) where the pest and the product poten-
tially co-exist. If pest monitoring determines that an
established action threshold level has been reached, then
action in the form of effective pest mitigation should be
applied.

ENDORSEMENT DISCLAIMER

Reference to any specific commercial products, process,
manufacturer, company, or trademark does not constitute
its endorsement or recommendation by the authors.

REFERENCES

Adler, C.: Efficacy of Heat Treatments Against the Tobac-
co Beetle Lasioderma serricorne F. (Col., Anobiidae) and
the Lesser Grain Borer Rhyzopertha dominica F. (Col.,
Bostrichidae); in: Proceedings of the 8" International
Working Conference on Stored Product Protection, edited
by P.F. Credland, D.M. Armitage, C.H. Bell, P.M. Cogan,
and E. Highley, CAB International, Wallingford, UK, 2002,
pp. 617-621. DOI: 10.1079/7980851996912.0617

Afful, E., A. Cato, M.K. Nayak, and T.W. Phillips: A
Rapid Assay for the Detection of Resistance to Phosphine
in the Lesser Grain Borer, Rhyzopertha dominica (F.)
(Coleoptera: Bostrichidae); J. Stored Prod. Res. 91 (2021).
DOI: 10.1016/j.jspr.2021.101776

Ashworth, J.R.: The Biology of Lasioderma serricorne; J.
Stored Prod. Res. 29 (1995) 291-303.

DOI: 10.1016/0022-474X(93)90044-5

Athanassiou, C.G., F.H. Arthur, N.G. Kavallieratos, and
J.E. Throne: Efficacy of Pyriproxyfen for Control of
Stored-Product Psocids (Psocoptera) on Concrete Surfaces;
J. Econ. Entomol. 104 (2011) 1765-1769.

DOI: 10.1603/EC10424

Benezet, H.J. and C.W. Helms: Methoprene Resistance in
the Cigarette Beetle, Lasioderma serricorne (F.) (Coleopte-

ra: Anobiidae) From Tobacco Storages in the Southeastern
United States; Resist. Pest Manag. 6 (1994) 17-19.
Blanc, M., P. Kaelin, and F. Gadani: Bacillus thuringiensis
(Bt) for the Control of Insect Pests in Stored Tobacco: A
Review; Beitr. Tabakforsch. Int. 20 (2002) 15-21.

DOI: 10.2478/cttr-2013-0727

Bond, E.J.: Manual of Fumigation for Insect Control; FAO
Plant Production and Protection Papers No. 54, Food and
Agriculture Organization of the United Nations (FAO),
Rome, Italy, 1989, 432 pp. Available at: https://www.fao.
org/3/x5042¢/x5042¢00.htm (accessed December 2021)
Cajigas, L.I., H. Nguyen, P.A. Edde, A.N. Dinh, and D.G.
Bustos: Insect Trap Utilizing UV Light and Method of Use
Thereof; U.S. Patent 11,160,265 B2, November 02, 2021.
Auvailable at https://www.freepatentsonline.com/11160265.html
(accessed June 2022)

Campbell, J.F., J. Perez-Mendoza, and J. Weir: Insect Pest
Management Decisions in Food Processing; in: Stored
Product Protection, edited by D.W. Hagstrum, T.W.
Phillips, and G. Cuperus; Kansas State University, Manhat-
tan, KS, USA, 2012, pp. 219-232. Available at:
https://bookstore.ksre.ksu.edu/pubs/s156.pdf (accessed De-
cember 3, 2021)

Chuman, T., K. Mochizuki, M. Mori, M. Kohno, K. Kato,
and M. Noguchi.: Lasioderma Chemistry Sex Pheromone
of Cigarette Beetle (Lasioderma serricorne F.); J. Chem.
Ecol. 11 (1985), 417-434. DOI: 10.1007/BF00989553
Cooperation Centre for Scientific Research Relative to
Tobacco (CORESTA): Guide No. 1: The Concept and
Implementation of CPA Guidance Residue Levels; CO-
RESTA, Paris, France, 2021, 13 pp. Available at:
https://www.coresta.org/agrochemical-guidance-residue-
levels-grls-29205.html (accessed June 2022)

Cooperation Centre for Scientific Research Relative to
Tobacco (CORESTA): Guide No. 2: Technical Guide for
Phosphine Fumigation Parameters for the Control of
Cigarette Beetle and Tobacco Moth; CORESTA, Paris,
France, 2019, 9 pp. Available at: https://www.coresta.org/
sites/default/files/technical documents/main/Guide-No02-
Fumigation Augl19.pdf (accessed June 2022)
Cooperation Centre for Scientific Research Relative to
Tobacco (CORESTA): Guide No. 12. Technical Guide for
Controlled Atmosphere Parameters for the Control of
Cigarette Beetle and Tobacco Moth; CORESTA, Paris,
France, 2020, 8 pp. Available at: https://www.coresta.org/
sites/default/files/technical documents/main/Guide-
Nol12_ Controlled-Atmosphere April20.pdf(accessed June
2022).

Edde, P.A., M. Eaton, S.A. Kells, and T.W. Phillips:
Biology, Behavior and Ecology of Pests in Other Durable
Commodities; in: Stored Product Protection; edited by
D.W. Hagstrum, T.W. Phillips, and G. Cuperus, Kansas
State University, Manhattan, KS, USA, 2012, pp 45-61.
Available at: https://entomology.k-state.edu/doc/finished-
chapters/s156-ch-05-biol-pest-of-other-commods-mar22.pdf
(accessed December 3, 2021)

Edde, P.A.: Biology, Ecology, and Control of Lasioderma
serricorne (F.) (Coleoptera: Anobiidae): A Review; J. Econ.
Entomol. 112 (2019) 1011-1031. DOI: 10.1093/jee/toy428
Fields, P.G.: The Control of Stored-Product Insects and
Mites With Extreme Temperatures; J. Stored Prod. Res. 28
(1992) 89-118. DOI: 10.1016/0022-474X(92)90018-L

98 CTNR - 31 (2) - 2022



Hagstrum, D.W. and P.W. Flinn: IPM in Grain Storage; in:
Stored Product Management; edited by V. Krischik, G.
Cuperus, and D. Galliart; Publ. E-912, pp. 201-205,
Oklahoma State University, Stillwater, OK, USA, 1995.
Hansen, J.D., J.A. Johnson, and D.A. Winter: History and
Use of Heat in Pest Control: A Review; Int. J. Pest Manag.
57(2011)267-289. DOI: 10.1080/09670874.2011.590241
Hasan, M.M., M.J. Aikins, M.W. Schilling, and T.W.
Phillips: Sulfuryl Fluoride as a Methyl Bromide Alternative
for Fumigation of Necrobia rufipes (Coleoptera: Cleridae)
and Tyrophagus putrescentiae (Sarcoptiformes: Acaridae),
Major Pests of Animal-Based Stored Products; J. Stored
Prod Res. 91 (2021). DOI: 10.1016/j.jspr.2021.101769
Hertlein, M.B., G.D. Thompson, S. Bhadriraju, and C.
Athanassiou: Spinosad: A New Natural Product for Stored
Grain Protection; J. Stored Prod. Res. 47 (2011) 131-146.
DOI: 10.1016/j.jspr.2011.01.004

Katsuki, M., K. Arikawa, M. Wakakuwa, Y. Omae, K.
Okada, R. Sasaki, K. Shinoda, and T. Miyatake: Which
Wavelength Does the Cigarette Beetle, Lasioderma serri-
corne (Coleoptera: Anobiidae), Prefer? Electrophysio-
logical and Behavioral Studies Using Light-Emitting
Diodes (LEDs); Appl. Entomol. Zool. 48 (2013) 547-551.
DOI: 10.1007/s13355-013-0205-3

Mahroof, R.M. and T.W. Phillips: Mating Disruption of
Lasioderma serricorne (Coleoptera: Anobiidae) in Stored
Product Habitats Using the Synthetic Pheromone Serricor-
nin; J. Appl. Entomol. 138 (2014) 378-386.

DOI: 10.1111/jen.12097

Mahroof, R.M. and T.W. Phillips: Orientation of the Ciga-
rette Beetle, Lasioderma serricorne (F.) (Coleoptera:
Anobiidae) to Plant-Derived Volatiles; J. Insect Behav. 20
(2007) 99-115. DOTI: 10.1007/s10905-006-9067-7

Maille, J.: The Efficacy of Propylene Oxide, Ethyl Formate,
and Ethanedinitrile as Fumigants to Control Lasioderma
serricorne (Fabricius, 1792) (Coleoptera: Anobiidae),
Tyrophagus putrescentiae (Schrank, 1781) (Sarcopti-
formes: Acaridae), and Necrobia rufipes (De Geer, 1775)
(Coleoptera: Cleridae). 2019; M.S Thesis, Kansas State
University, Manhattan, KS, USA, pp. 127. Available at:
http://hdl.handle.net/2097/40244 (accessed June 2022)
Mitcham, E., T. Martin, and S. Zhou: The Mode of Action
of Insecticidal Controlled Atmospheres; Bull. Entomol.
Res. 96 (2006) 213-222. DOI: 10.1079/BER2006424
Miyatake, T., T. Yokoi, T. Fuchikawa, N. Korehisa, T.
Kamura, K. Nanba, S. Ryouji, N. Kamioka, M. Hironaka,
M. Osada, T. Hariyama, R. Sasaki, and K. Shinoda:
Monitoring and Detecting the Cigarette Beetle (Coleoptera:
Anobiidae) Using Ultraviolet (LED) Direct and Reflected
Lights and/or Pheromone Traps in a Laboratory and a
Storehouse; J. Econ. Entomol. 109 (2016) 2551-2560.
DOI: 10.1093/jee/tow225

Mullen, M.A., .M. Vardeman, and J. Bagwell: Insect-
Resistant Packaging; in: Stored Product Protection; edited
by D.W. Hagstrum, T.W. Phillips, and G. Cuperus, Kansas
State University, Manhattan, KS, USA, 2012, pp. 135-141.
Available at: https://entomology k-state.edu/doc/finished-
chapters/s156-ch-12-ins-resistant-packaging-mar-14.pdf
(accessed December 2021)

National Pest Management Association (NPMA): Pest
Management Standards for Food Processing and Handling
Facilities; National Pest Management Association (NPMA),

Fairfax, VA, USA, 2016, pp. 94. Available at: https://npma
pestworld.org/default/assets/File/2016%20Pest%620Management
%?20Standards%20for%20F00d%20Processing-Electronic.pdf
(accessed December 2021)

Navarro, S., B. Timlick, C.J. Demmianyk, and N.D.G. White:
Controlled or Modified Atmospheres; in: Stored Product
Protection, edited by D.W. Hagstrum, T.W. Phillips, and G.
Cuperus, Kansas State University, Manhattan, KS, USA,
2012, pp. 11. Available at: https://entomology.k-state.edu/doc/
finished-chapters/s156-ch-16-contr-or-mod-atmospheres--
mar2.pdf (accessed December 2021)

Nayak, M.K., G.J. Daglish, T.W. Phillips, and P.R. Ebert:
Resistance to the Fumigant Phosphine and its Management
in Insect Pests of Stored Products: A Global Perspective;
Ann. Rev. Entomol. 65 (2020) 333-350.

DOI: 10.1146/annurev-ento-011019-025047

Phillips, T.W. and J.E. Throne: Biorational Approaches to
Managing Stored-Product Insects; Ann. Rev. Entomol. 55
(2010) 375-397. DOI: 10.1146/annurev.ento.54.110807.090451
Phillips, T.W., EM. Thoms, J. DeMark, and S. Walse:
Fumigation; in: Stored Product Protection; edited by D.W.
Hagstrum, T.W. Phillips, and G. Cuperus, Kansas State
University, Manhattan, KS, USA, 2012, pp. 157-177.
Available at: https://entomology .k-state.edu/doc/finished-
chapters/s156-14-may29.pdf (accessed December 3,2021)
Rajendran, S: Sheeted Bag-Stack Fumigation With Phos-
phine; Pestic. Outlook 11 (2000) 92-93.

DOI: 10.1039/6006349p

Ryan, L.: Post-Harvest Tobacco Infestation Control;
Chapman & Hall, London, 1995, pp. 5-15.

Ramadan, G.R.M., K.Y. Zhu, S.A.M. Abdelgaleil, M.S.
Shawir, A.S. El-Bakary, P.A. Edde, and T.W. Phillips:
Ethanedinitrile as a Fumigant for Lasioderma serricorne
(Coleoptera: Anobiidae) and Rhyzopertha dominica
(Coleoptera: Bostrichidae): Toxicity and Mode of Action;
J. Econ. Entomol. 113 (2020) 1519-1527.

DOI: 10.1093/jee/toz343

Rumbos, C.I.,, M. Sakka, S. Schaffert, T. Sterz, J.W.
Austin, C. Bozoglou, P. Klitsinaris and C.G. Athanassiou:
Evaluation of Carifend®, an Alpha-Cypermethrin-Coated
Polyester Net, for the Control of Lasioderma serricorne
and Ephestia elutella in Stored Tobacco; J. Pest Sci. 91
(2018) 751-759. DOI: 10.1007/s10340-017-0947-8
Saglam, O., P.A. Edde, and T.W. Phillips: Resistance of
Lasioderma serricorne (Coleoptera: Anobiidae) to Fumiga-
tion With Phosphine; J. Econ. Entomol. 108 (2015)
2489-2495. DOI: 10.1093/jee/tov193

Thoms, E. and T. W. Phillips: Fumigation; in: Mallis
Handbook of Pest Control, edited by S. Hedges, 9" edition,
Chapter 20, pp. 1165-1261, Mallis Publishing Co., Cleve-
land, OH, USA.

Tsuchiya, S., Y. Kasaishi, H. Harada, T. Ichimatsu, H.
Saitoh, E. Mizuki, and M. Ohba: Assessment of the Effica-
cy of Japanese Bacillus thuringiensis Isolates Against the
Cigarette Beetle, Lasioderma serricorne (Coleoptera:
Anobiidae); J. Invertebr. Pathol. 81 (2002) 122-126.
DOI: 10.1016/S0022-2011(02)00148-9

U.S. Food and Drug Administration (FDA): Food Defect
Levels Handbook; 2018. Available at: https://www.fda.gov/
food/ingredients-additives-gras-packaging-guidance-
documents-regulatory-information/food-defect-levels-
handbook (accessed June 2022)

CTNR - 31 (2) - 2022 99



Wilkins, R.V., J.R. Campbell, K.Y. Zhu, L.A. Starkus, T.
McKay, and W.R. Morrison III: Long-Lasting Insecticide-
Incorporated Netting and Interception Traps at Pilot-Scale
Warehouses and Commercial Facilities Prevents Infestation
by Stored Product Beetles; Front. Sustain. Food Syst. 4
(2021) Article 561820. DOI: 10.3389/fsufs.2020.561820

Corresponding author:

Peter A. Edde

Altria Client Services LLC

601 E Jackson Street

Richmond, VA 23219, USA
E-Mail: peter.a.edde@altria.com

100 CTNR - 31 (2) - 2022



