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Introduction

A Pest management practices in flour mills

A On-going research in stored product
protection



Pest management practices In
flour mills
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Why Is pest managemertt *

Important?
A Grain and grain products are at risk of being

contaminated by foreign material, insects,
microbes, and vertebrate pests

I Damaging to raw materials and/or final products
I Source of diseases

I Risk varies from product to product, and within a
product during its processing
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Storage

Pests can infest grain and
grain products from the farm
to the consumer

Consumer

Retail store



iy Why are pests present in graffe=

and food processing facilities?

A Grain bins/silosiot designed to exclude pests

A Building design

A Equipment design (self cleaning, inspection ports
A Storage practices (firstAfirst out)

A Sanitation practices

A Lack of inbound or outbound inspection

A Lack of proper pest management practices

A Improper use of pest management practices
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Types of Insects

A Structural insects
I Domestic flies, fruit flies, cockroaches, ants

I Do not infest food products, but can thrive in food plant
setting

A Exterior insects

I Grasshoppers, crickets, night fliers, bees, wasps, hornets
etc.

I May enter production zones, but cannot survive due to
Inappropriate habitat

A Stored product insects
A Must be identified correctly and controlled properly
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[ Stored product msects

A Internal feeders

I Internally infesting insect: majority of life cycle
hidden within kernel

A External feeders

I Externally infesting insect: majority of life cycle
outside kernel simply using kernel as a food
source
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Internal feeders

Angoumois Grain Moth

Entire life cycle in kernel
aafldadhanlfon except adult

sebzi s iuin

Adults don't damage grain
except laying eggs on kernel
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Internal feeders

Figure 1.—Grain weevils: Left, Granary weevil adult; center, rice weevil adult; right,
maize weevil adult,

Weeuvils lay eggs inside kernel
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Internal feeders
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4 External feeders

Rusty grain beetle  Sawtoothedgrain beetle

Rice moth
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AR Red flour beetle
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Brief biology

A Small in size
A Can develop on a variety of foods

A Multiply rapidly when conditions are favorable
i Temperatures, 811 C
I Moisture, 1218% (4680% RH)
i Optimum, 2832 C and 5670% RH

A Survive unfavorable conditions

I Survive improperly executetisinfestation
treatments (e.g., fumigation, heat treatment)
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<y Reproductive rates and™===

population characteristics

A Beetles- longlived

I Mate and lay eggs throughout adult life (22
eggs/female/day)

A Moths - shortlived, 710 days

I Mate a few times and lay eggs within 1 week (300
eggs/female)

A High reproductive rates (26800 eggs/female)
A Dispersal (ability to move)




English or house sparrow
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NORWAY RAT

Ve rtebrate pests
A Rodents P
Norway rat
Roof rat
House mouse
A Birds
Pigeon

jary
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Pest management tactics

A Grain

I Sanitation

I Inspection/monitoring program
.

|
|
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Good ventilation/aeration

I Empty bin/silo/warehouse/bag treatments
I Application ofprotectantsdirectly to grain
I Fumigation

A Processing facilities

Sanitation
Inspection/monitoring program
Exclusion

Chemicals and alternatives
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s Sanitation of grain
A Concepts

Reduce number of broken kernels
Remove fines

Remove weed seeds and foreign materials

A Reduce issues with moisture, infestation,
molds

A Better fumigant distribution
A Uniform ventilation
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Grain aeration

i Natural air

I Grain chiller

I Cold room

I Equilibrium
moisture content
(EMC)
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Grain aeration
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Fumigation

A Phosphine> 300ppm for at least 8

days

I Aluminiumphosphide Magnesium
phosphide

I ECOQFume (2%hosphineand 98%
carbon dioxide)

I Phosphinegenerator
A Methyl bromide

I Banned under the Montreal Protocc

A ProFumgsulfurylfluoride)

I Under registration process in Thaile * :
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/ Fumigation

A Should be applied by trained personnel

A Sealing of structures is important

A Fumigation does not prevent si@festation

A Fumigation has no effect on damage done

A Fumigants are less effective on eggs and
larvae
A Bad fumigation leads to resistance problems

I Like most chemicals, use it correctly following all
safety and regulatory requirements
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A Many facilities follow Good Manufacturing
Practices (GMPs aGMP$

I Develop customized GMP for each facllity
I Identify and correct unsanitary conditions

A Overa

| sanitary design: buildings, equipment
Iness outsidbetter drainage

Iness Insidgoors, corners,-beams
Iness of equipmet@IP and COP (clean

In place and clean out of place)
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Storage
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Building Exterior
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Unsanitary conditions outdoors
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Building Exterior

Have a vegetation free barrier zone
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Improper garbage dispos#

promotes pest activity

Keep dumpster on a concrete pad
Weekly garbage disposal
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Pest Entry Pomts

No open doors Screen windows
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Seals entry points
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Spillage
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Do not leave products exposed




Building interior

Discard unused equipment
w

Clean or avoid flat surfaces




Building interior

Space between wire/pipe and walls

Slope at wallfloor connections




Improper stocking or
storage practices

Give 18 inches of Sbace between Keep products off the floor
walls and pallets
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Cleaning frequency

Cleaning schedule

A Rate facility sanitation risks

A Divide facility into zones based on
sanitation/infestation problems

Probability of infestation or product loss

High Moderate Low Zero
Daily Production Floors
areas
Weekly |-Beams
Monthly Conditioner Spouts Bathrooms
Yearly Grounds




o Monitoring for Insects

A Visual inspection

A Use traps inside and outside mills
I Food balits, sex and aggregation pheromones
I Keep records of trapping data

A Samples products (mill stock) following the
mill flow







ICSTATE

Research and Extension

Pest exclusion practice

A Keep doors closed
A Use window screens
A Establish buffer zones




A Types of structures
I Flour mills
I Food processing plants
I Warehouses
A Fumigants
I ProFume®
I ECOFume®
A Combination of heat and a fumiga
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Typical fumigation procedure

A Cleaning, sealing, locating gas introduction and
monitoring points
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Precision fumigation

Total amount of the fumigant to be used
I Required Concentraticiime product

I Available exposure time

I Gas leakage rate

[ Parioing S| g |

Gas concentration monitoring Fumiguide



Structural heat treatment

A Heat treatment: Raising the ambient air
temperature to 5660 C (122140 F), and

¥
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maintaining these temperatures for 24 hours
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Structural heat treatment




Ongoing research in stored
product protection
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Ongoing research

A Structural fumigation modeling

A Nitrogen

A Ozone

A Heat treatment (flameless infrared technology)
A Heat treatment (thermal death kinetic model)
A Vacuum treatment

A New fumigants

A Early spoilage detection

A Insect population modeling

A etc



]

R
(

>

AL ~_,;>
g
e

r-h and Extension

Structural fumigation modeling

A

Improve efficacy of fumigants

I Fumigant leakage rates are affected by environmental
conditions

I How can the leakage rate be predicted accurately?

A Computer model
I Computational Fluid Dynamics (CFD) software

I A model of the flow outside the reference mill
A Predicts wind pressure profiles on the walls

I A model of the fumigation process inside the mill
A Predicts gas concentration

A A comprehensive analysis tool for structural
fumigation




Structural fumigation modeling”

A Computational Fluid Dynamics (CFD) software

A A model of the flow outside the reference mill
I Predicts wind pressure profiles on the walls

A A model of the fumigation process inside the
mill
I Predicts gas concentration
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Nitrogen treatment

A Proposed application

I Install liner in container
I Seal products inside ¢
i Send to treatment statior- -

I Transport to port of destination
i Monitor gas concentration during transport
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Nitrogen treatment trail

A 100% mortality for IMM, RFB, and LGB in
bioassay cages placed in sealed container

A Integrity of the plastic liner was affected during
the loading of the product

A To maintain 99.99% nitrogen inside the container,
generator was on 24/7




Ozone

A An allotrope of oxygen: Qhighly reactive
I Strong oxidizing properties
I Unstable and decomposes to natural oxygen
I Half life: about 20 min in water and up to an hour

A Used for sterilization and sanitation

A U.S. Food & Drug Administration:
I (GRAS) Generally Recognized As Safe
I Approved for grain as anlbacterial agent
A Approved under GMP: exposure to foods to

sufficient ozone levels to accomplish intended
purpose
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Ozonation treatment
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A Insect mortality for ozonated bin was 100 %

A Achieved 50 ppm concentration of ozone in
plenum after 3 days

A Wheat quality was not affected




«  Flameless infrared heating

A Electromagnetic spectrum
A Wavelength longer than visible light but shorter than

microwaves
A Water molecules absorb highest miiafrared (2.8- 7
> Yf energy
A Differential heating of insectgsgrain
Advantages Limitations
A Environmentally friendly A Limited penetration
A Kills external and internal A Reinfestation
stored-grain insects A Cooling of heated grain
A Rapid killing of insects A Possible adverse effects on
A Kills microorganisms grain quality
A Disinfest organic grain

ansas State 'IFII'F
Rel:rh nd Exten
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Pilot scale tests
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Insect thermal death kinetic model

N
M= ;.t

% D@,

A where N, is the original number of insectsl, is number of
fFNBFS Fu GAYS GT kd A& GK
min), D Is the mean instantaneousvBlue as a function of
temfplerature (T), and, is time- dependent temperature
profile

A Number of dead insects as a function of time
and temperature
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Time (minutes)

Time (minutes)



