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Abstract: Stored product insects are capable of infesting bagged grain commodities causing signifi-

cant losses.  Insecticide treated packaging is an option that may prevent infestations.  The objec-

tive of this study was to investigate packaging incorporating spinosad alone or in combination with 

methoprene, on the efficacy against Trogoderma variabile Ballion, warehouse beetle, larvae.  There 

was 100% suppression of adult emergence from larvae exposed to the combination treatment on 

cardstock and polymer packaging.  The Spinosad only treatment was more effective at inhibiting 

adult emergence on polymer packaging. This study demonstrated the potential use of spinosad 

based packaging material to control T. variabile. 
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1. Introduction 

Stored product insects are capable of causing significant qualitative and quantitative 

losses of stored products throughout the entire supply chain.  Bagged raw or processed 

grain and finished products are all susceptible to insect infestation by insects penetrating 

or invading packaged products.  Stored product insects of significant concern include, 

but not limited to, Plodia interpunctella (Hübner), Indian meal moth, Sitophilus oryzae (L.), 

rice weevil, Tribolium castaneum Herbst, red flour beetle, and Trogoderma variabile (Ballion), 

warehouse beetle. 

Recent research has been conducted on the impact of insecticide incorporated pack-

aging insect efficacy and penetration/invasion of several stored product insects on metho-

prene and deltamethrin incorporated packaging [1-5] (Kavallieratos et al., 2017; Scheff et 

al. 2016, 2017, 2018, 2019).  Methoprene has been shown to significantly reduce adult 

emergence of T. castaneum, T. variabile, and T. granarium larvae exposed to methoprene 

treated woven and polymer-based packaging materials [2-5] (Scheff et al. 2016, 2017, 2018, 

2019).  Deltamethrin treated packaging quickly knocks down several adult stored prod-

uct insects in < 60 minutes [1,6] (Kavallieratos et al. 2017; scheff et al. 2018 (IWCSPP)).  

These two treatments provide an excellent resource to protect stored products, however 

they are not viable for the organic foods industry. 

Spinosad is a commercially available organic insecticide that has previously been re-

ported to be effective against several stored product insect species when applied topically 

to grain [7-9]] (Fang et al., 2002; Huang et al., 2004, 2007).  However, spinosad’s oral tox-

icity has been reported as being 5-10 times greater than its contact toxicity [10] (Bret et al., 

1997). Previous research has demonstrated that concrete, floor tile and steel treated with 
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0.05 and 0.1 mg/cm2 spinosad resulted in >89% knockdown of eight species of stored prod-

uct insects after 24 hrs. of exposure [11].  However, the use of spinosad in packaging has 

not been explored or evaluated.  The purpose of this experiment is to evaluate spinosad, 

alone and in combination with methoprene, as a packing treatment to control T. variabile 

larvae.  

2. Materials and Methods 

2.1. Insects 

Trogoderma variabile larvae used in this study were obtained from the United States 

Department of Agriculture’s Center for Grain and Animal Health Research in Manhattan, 

KS, USA.  Colonies of T. variabile were reared on dog food (Nestlé Purina PetCare Co., St. 

Louis, MO, USA) sprinkled with 100% whole grain oats (Kroger Co., Cincinnati, OH, 

USA).  Colonies were maintained in an environmental growth chamber set at 30°C, 60% 

relative humidity (r.h), and 16:8 L:D photoperiod.  Larvae used in this study were me-

dium sized larvae, 3-4 mm in length. 

2.2. Packaging material 

The packaging material used in this study were provided by a commercial manufac-

ture (ProvisionGard™, Greensboro, NC, USA).  Packaging samples consisted of card-

stock and polymer packaging.  The cardstock packaging was treated with a waterbase 

coating consisting of a 1% active ingredient methoprene, 1% spinosad, or a combination 

of 1% methoprene + 1% spinosad.  Thus the treatment combinations were: 1) methoprene 

only, 2) spinosad only, 3) combo (methoprene + spinosad), or 4) control (untreated pack-

aging). 

The polymer packaging consisted of low-density polyethylene film (LDPE) incorpo-

rated with 2000 ppm methoprene, 1000 ppm spinosad, or a combination of 2000 ppm 

methoprene + 1000 ppm spinosad.  An untreated polyethylene packaging was used as 

the control. 

2.3. Effect of treated packaging on T. variabile larvae 

All packaging samples (cardstock and polymer) were cut to fit inside a 100 x 20 mm 

(~62 cm2) plastic Petri dish.  Packaging was secured on using non-toxic adhesive caulking 

(DAP Products Inc., Baltimore, MD, USA) and coating the sides with Fluon®  (polytetra-

fluoroethylene, Sigma-Aldrich Co., St. Louis, MO, USA) to prevent insect escape.  Fifteen 

arenas were made for each packaging and treatment type. 

Ten T. variabile larvae along with ~500 mg of diet, were added to five individual are-

nas of methoprene, spinosad, combo, or control packaging respectively, and placed into 

an environmental chamber set at 27°C and 60% r.h.  Observations for normal adult emer-

gence were made weekly, up to four weeks.  Additional observations for the number of 

live and dead larvae, live and dead/deformed pupae, and deformed adults were recorded.  

Deformed adults include those with missing or deformed body parts, wing deformations, 

and unsclerotized exoskeleton.  This procedure was repeated three times using larvae 

from different colony jars, thus there were 15 bioassays conducted with a total of 150 in-

dividuals for each packaging and treatment combination. 

2.4. Data analysis 

Data for each packaging type were analyzed separately.  Data on the percent adult 

emergence and additional life stage observations, were transformed to angular values be-

fore analysis (Zar 2010).  The effect of packaging treatment on all life stage observations 

were compared using a Proc GLM one-way analysis of variance (ANOVA) using Statisti-

cal Analysis Software (SAS Institute, version 9.4, 2021) and means were separated using a 

Tukey’s procedure. 

3. Results 
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Normal adult emergence was observed all packaging types, except the combo pack-

aging (Figure 1).  The control and spinosad only packaging had significantly higher adult 

emergence compared to all other treatments with 85 and 84% respectively (F = 154.1; df = 

3, 56; P < 0.0001).  Observations on the sub-lethal effects of each packaging found the 

combo and methoprene packaging had statistically more dead/deformed pupae com-

pared to all other treatments with 38 and 36% percent respectively (F = 28.7; df = 3, 56, P < 

0.0001).  The combination packaging also had the most live larvae after four weeks after 

48% compared to 7-19% among all other packaging types. 

 

Figure 1. Percent (± SE) adult T. variabile emergence from larvae exposed on treated cardstock 

packaging materials.  Different lowercase letters indicate significant differences between the 

packaging treatments (P <0.05; by Tukey’s pairwise comparison).  

All polymer packaging treatments significantly reduced adult emergence from T. 

variabile larvae exposed to the treated polymer packaging (F = 114.9; df = 3, 56; P < 0.0001).  

The control adult emergence was 81% compared to 38% on the spinosad packaging, which 

correlates to a 53% reduction in adult emergence.  Both the methoprene and combination 

packaging had no adult emergence.  Similar to the cardstock packaging, the combo and 

methoprene packaging had significantly more larvae after four weeks compared to the 

control and spinosad packaging (F = 100.1; df = 3, 56; P < 0.0001).  The distribution of adult 

emergence and sub-lethal effects of larvae exposed to the treated packaging is presented 

in figure 2 
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Figure 2. Distribution of T. variabile individuals (mean ± SE) after larvae were exposed to treated 

packaging up to four weeks.   

4. Discussion 

The combination and methoprene packaging had a significant effect on reducing T. 

variabile adult emergence on both paperboard and polymer packaging.  However, the 

spinosad only packaging was most effective when incorporated into the polymer packag-

ing only.  The reduction in adult emergence on methoprene treated packaging was ex-

pected based on previous research studies [2,3].  The addition of spinosad to the insecti-

cide treatment had a slight synergistic effect, which was observed by complete inhibition 

of adult emergence after four-weeks of exposure and making this packaging treatment 

the most effective. 

The spinosad only polymer packaging had a 53% reduction in adult emergence and 

may be a useful packaging treatment for the organic market.  It is currently unclear the 

significant role the packaging matrix has on spinosad molecule and thus its availability 

for the insect to uptake.  Prior research has shown that the contact efficacy of spinosad 

requires much greater doses compared to ingested spinosad [11].  The insect’s inherent 

biological component such as larval hairs on T. variabile, may reduce the insect’s ability to 

uptake the insecticide on the outside cuticle.  Alternatively, the organic nature of the 

cardstock could bind the spinosad molecule making it less available to the insect species.  

Further investigations are required to understand the role of the packaging matrix has on 

the efficacy of the spinosad compound.  In addition, more research is needed on the effect 

of the combination and spinosad only packaging is needed to ascertain the effect on other 

stored product insects, effect on different life stages, and residual efficacy. 

Ultimately the goal of food packaging is to protect the raw, processed, or finished 

product within from chemical, biological, and physical hazards.  The use of insecticide 

incorporated packaging can be a tool food processor’s use to protect their stored products 

from insect infestations.  Our study was the first to demonstrate the potential for spi-

nosad, an organic insecticide, to be used in packaging material against T. variabile.  This 

packaging is a useful tool in the integrated pest management approach to stored grain. 
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