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Insect Species Vary in Their Insect Species Vary in Their 
Susceptibility to HeatSusceptibility to Heat
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Fig. 2.
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Exposure Exposure 
time time 

(hours)(hours)

Temp.Temp.
range (range (ooC)C)

Hours to Hours to 
reach 50reach 50ooCC

Hours Hours 
above 50above 50ooCC

% RH% RH % % 
MortalityMortality

2424 22.122.1--42.042.0 0.00.0 0.00.0 71.771.7 0.00.0
22.122.1--42.042.0 0.00.0 0.00.0 58.658.6 0.00.0
22.122.1--41.541.5 0.00.0 0.00.0 50.650.6 0.00.0

No No 
Glycerol Glycerol 

22.122.1--41.541.5 0.00.0 0.00.0 30.730.7 1.71.7

G. G. 
ChamberChamber

27.527.5--28.328.3 0.00.0 0.00.0 36.236.2 1.71.7

4747 22.122.1--51.851.8 43.043.0 4.04.0 70.570.5 100.0100.0
22.122.1--51.851.8 43.043.0 4.04.0 57.557.5 100.0100.0
22.122.1--50.750.7 44.544.5 2.52.5 49.349.3 100.0100.0

No No 
GlycerolGlycerol

22.122.1--51.251.2 44.044.0 3.03.0 26.226.2 100.0100.0

G. G. 
ChamberChamber

27.527.5--28.728.7 0.00.0 0.00.0 37.137.1 0.00.0

Effect of Humidity on Mortality of Red Flour Beetle AdultsEffect of Humidity on Mortality of Red Flour Beetle Adults
(KSU Pilot Flour Mill, Steam (KSU Pilot Flour Mill, Steam HeatHeat Treatment, March 17Treatment, March 17--20, 2000)20, 2000)



Effect of Humidity on Mortality of Red Flour Beetle AdultsEffect of Humidity on Mortality of Red Flour Beetle Adults
(KSU Pilot Flour Mill, Steam Heat Treatment, March 17(KSU Pilot Flour Mill, Steam Heat Treatment, March 17--20, 2000)20, 2000)

Temperature = 50.1-52.4oC; Growth chamber = 27.5oC

% RH, % RH, 
RangeRange

20 Minutes20 Minutes 30 Minutes30 Minutes 50 Minutes50 Minutes

53.653.6--63.163.1 0.00.0 29.0 b29.0 b 100.0100.0

46.146.1--49.349.3 0.00.0 93.8 a93.8 a 100.0100.0

31.631.6--48.148.1 0.00.0 97.5 a97.5 a 100.0100.0

20.420.4--20.520.5
No GlycerolNo Glycerol

0.00.0 95.0 a95.0 a 100.0100.0

32.432.4--38.138.1
ChamberChamber

0.00.0 0.0  c0.0  c 0.00.0

For each time and treatment combination, n = 3.





Mortality of Red Flour Beetles Insulated by Mortality of Red Flour Beetles Insulated by 
Whole Wheat Kernels and Flour Whole Wheat Kernels and Flour 

(KSU Pilot Flour Mill, Steam Heat Treatment, November 23(KSU Pilot Flour Mill, Steam Heat Treatment, November 23--28, 28, 
1999)1999)

CommodityCommodity LocationLocation Temp. Temp. 
range (range (ooC)C)

% RH, % RH, 
rangerange

% % 
MortalityMortality

WheatWheat Top, 4”Top, 4” 21.7 21.7 -- 40.140.1 32.2 32.2 -- 81.481.4 9.59.5

Middle, 14”Middle, 14” 22.9 22.9 -- 40.140.1 26.2 26.2 -- 79.579.5 40.040.0

Bottom, 23”Bottom, 23” 22.9 22.9 -- 39.739.7 26.1 26.1 -- 80.280.2 25.025.0

FlourFlour Top, 6”Top, 6” 19.4 19.4 -- 38.838.8 27.9 27.9 -- 76.476.4 4.84.8

Middle, 14”Middle, 14” 19.4 19.4 -- 38.938.9 27.6 27.6 -- 75.575.5 0.00.0

Bottom, 22”Bottom, 22” 19.8 19.8 -- 37.937.9 28.3 28.3 -- 70.670.6 0.00.0



Apply a residual
pesticide such 
as Tempo or
diatomaceous earth



Why is sanitation alone not Why is sanitation alone not 
enough?enough?

•• StoredStored--product insects live for product insects live for 
several monthsseveral months

•• They can survive on very little foodThey can survive on very little food
•• 50% of the facility is inaccessible for 50% of the facility is inaccessible for 

cleaningcleaning
•• Insects can seek out cool spotsInsects can seek out cool spots



Remove products and fumigate Remove products and fumigate 
to reduce risk of to reduce risk of reinfestationreinfestation

Verify that the fumigation wasVerify that the fumigation was
successful successful 



Should equipment be opened or closed?Should equipment be opened or closed?

Open, clean, and then closeOpen, clean, and then close



Monitoring InsectsMonitoring Insects

•• Before heat treatment, several weeksBefore heat treatment, several weeks
•• After heat treatment, several weeksAfter heat treatment, several weeks
•• Identify species of importanceIdentify species of importance
•• Degree of suppressionDegree of suppression
•• Duration of suppressionDuration of suppression
•• Use traps or take samples of products before Use traps or take samples of products before 

and after heat treatmentand after heat treatment
•• Results vary depending on whether traps or Results vary depending on whether traps or 

products were usedproducts were used



Monitoring Insects: Traps for Beetles  Monitoring Insects: Traps for Beetles  

FlitFlit--Trak TrapsTrak Traps



Pherocon  II traps for moths
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July 21-28, 1999                       August 18-27, 1999              November 9-18, 1999
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Predictive ModelsPredictive Models

•• Need to generate data at constant Need to generate data at constant 
temperatures in the laboratorytemperatures in the laboratory

•• Uses temperature to determine Uses temperature to determine 
mortality for any given temperaturemortality for any given temperature--
time historytime history



Nonlinear Relationship Between Survival of Nonlinear Relationship Between Survival of 
Old Larvae and Exposure Time at 46Old Larvae and Exposure Time at 46--6060ooCC

DD((TT) is reciprocal of the negative slope averaged over time) is reciprocal of the negative slope averaged over time
T im e (t), m in u tes
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Nonlinear Relationship Between Mean D(T) 
and Temperature

y = 22.67 + 1.66*1014 exp(-0.56*x)
n = 6; Adj R2 = 0.95
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The thermal death kinetic model was 
derived from the following equation

)(
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where Nt-dt is the survival at t-dt time interval, Nt is survival at 
time t
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where Nt is number of larvae at time t; No is the original number of 
insects, ∆t is the incremental exposure time (0.5-min), D is the mean 
instantaneous D-value as a function of temperature (T), and Tt is time-
dependent temperature profile



Heating rate (1.09oC/h)
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Heating rate (1.16oC/h)
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Heating rate (1.19oC/h)
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Heating rate (2.12oC/h)
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Table 3. Model PerformanceTable 3. Model Performance

Absolute deviation (%) in terms of Absolute deviation (%) in terms of Heating rate Heating rate 
(ºC/hr)(ºC/hr) Larval survivalLarval survival

(No. larvae/100 (No. larvae/100 
larvae)larvae)

Time to equal Time to equal 
larval survival larval survival 

(No. min/100 min) (No. min/100 min) 
1.091.09 6.56.5 4.164.16
1.161.16 5.55.5 3.493.49
1.191.19 6.66.6 3.853.85
1.221.22 4.54.5 2.912.91
1.761.76 6.06.0 3.673.67
2.122.12 4.84.8 4.774.77
2.442.44 4.94.9 2.982.98
5.315.31 4.84.8 5.115.11

12.0212.02 9.29.2 16.0316.03

Utility of the model: Predict mortality at different locations dUtility of the model: Predict mortality at different locations duringuring
a heat treatment and alter heat treatment for effective insect ka heat treatment and alter heat treatment for effective insect kill ill 



ConclusionsConclusions

•• Heat treatments are part art, part Heat treatments are part art, part 
sciencescience

•• Use heat tolerant insects of a species Use heat tolerant insects of a species 
to measure effectivenessto measure effectiveness

•• Monitor insects before and after heat Monitor insects before and after heat 
treatmenttreatment

•• Use predictive modelsUse predictive models
•• A lot of additional research data are A lot of additional research data are 

needed!needed!


