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The Stored-Product
“Ecosystem”

Stored Products are
Durable Postharvest Agriculture 

Products
(Durable = Does not require refrigeration) 



Tryophagus
putrescentiae

• Ham mite, cheese mite, mold 
mite, copra mite

• Prefers food 15-45% mc, high 
fat and protein; RH of 70%

• Females lay 3-8 eggs/day, 
develop in 11 days, live 
weeks to months

• Mites can be found in all 
human habitations; part of 
house-dust mite complex

• Food processing spaces can 
facilitate very successful mite 
populations!



Grain Mites: Not Insects!
Arachnids—Spiders and Mites

Body plan:  8 legs, 2 body sections, no wings
Semi-moist pet foods: 
15-45% moisture content



Integrated Pest Management
for Mites

• Prevention
– Food-safe chemicals in recipe to deter mites
– Thorough, effective and consistent cleaning
– Pesticide sprays of processing and storage areas

• Monitoring
– Traps to detect and monitor mites over space and time
– Inspect work spaces and product
– Monitor customer complaints

• Controls
– Spot controls (clean and spray) small areas
– Fumigate/treat entire structure if needed



Semi-Moist Pet Foods and Mites:
A Brief History

• Mites became pests of semi-moist pet foods 
from their inception in the 1960s; the problem 
was glycerol used as a humectant

• Some food preservatives and humectants 
other than glycerol could prevent mite 
infestations of pet foods

• All additives were established as
“GRAS” compounds:
Generally Recognized As Safe



Propylene Glycol:
The solution for mites…at the time

• Glycerol/glycerine and Propylene Glycol both have 
a simple 3-carbon chain for their molecules

• Glycerol has an alcohol group, -OH, on each of the 
three carbons.

• PG has alcohol groups just on the first 2 carbons

8Glycerol Propylene Glycol



Propylene Glycol Toxic to Cats!!!

• 1990s PG was found to cause 
formation of “Heinz Body” red blood 
cells leading to anemia in cats

• Extreme cases caused deaths
• Removed from most/all cat treats
• Concerns exist about contamination 

from dog foods; product recalls
• Research continues on alternatives to 

Propylene Glycol
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Screening GRAS Food-Coatings to 
Prevent Mite Infestations on Hams

20 Adult Mites Applied to Coated Ham Cube, Incubated for
14 days, Resulting Population Counted



Effect of Glycerol Dips on Mite Infestation

water control No Glycerol 367.4 (24.2) a
glycerol in water

20 %
343.6 (25.6)

a

50 %
323.2 (19.9)

ab

100 %
279.2 (20.3)

b

Mean Mites   (SE) Diff
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Test of Food Gels w/PG to protect 
hams

• Water control 273
• PG-Alginate only 54
• Carrageenan only 28
• Agar only 111
• Xanthum gum only 29
• PG-Alginate w/50% PG 0
• Carrageenan w/50% PG 0
• Agar w/50% PG 0
• Xanthum gum w/50% PG    0

Mean mite progeny produced on coated 
ham pieces from 20 mites after 14 days



Coatings To Reduce the Rate of Propylene Glycol 

Polysaccharides PG
Mite 

Mean SE

Control 0% 476a 48.7

PGA (1%) + CG (1%) 0% 186b 45.2

XG (1%) 0% 155b 54.1

XG (1%) 10% 70bc 48.2

PGA (1%) + CG (1%) 10% 2c 0.5

XG (1%) 20% 0c 0

PGA (1%) + CG (1%) 20% 0c 0

XG (1%) 30% 0c 0

PGA (1%) + CG (1%) 30% 0c 0

XG (1%) 50% 0c 0

PGA (1%) + CG (1%) 50% 0c 0

PGA: propylene glycol alginate
CG: carrageenan
XG: xanthan gum.

Mean number of mites on ham cubes (20 mites 
inoculated/cube) coated with polysaccharides and 
different percentage of propylene glycol (PG) after 2 
weeks incubation.



Hams “Hang Out” in Nets

Apply Gels with PG to Ham

Challenge PG Gels w/MitesTested carrageenan, propylene
glycol alginate and Xanthan 

Coat Nets w/PG Gels
Textile Engineers

Nets could be made to keep mites off



Can we monitor mites for 
IPM decisions?

The USDA meat inspector does not like this….



“KSU Trap” for Monitoring Mites

Trapping serves to:
Detect presence of mites
Monitor infestation over time and  space
A decision-making tool: it’s OK,..or treat!



Trap catch by week
Monitor Fumigation Recovery 

Methyl Bromide Fumigation



Trap catch by trap
location
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Enhancing (or Reducing) 
Orientation Responses with Light
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Controlling Mite Infestations
Without Methyl Bromide

• Other fumigants
– Phosphine
– Sulfuryl Fluoride

• Controlled atmospheres: Low O2, High CO2, O3
• Temperature extremes: Hot or Cold
• Combination methods?
• Pesticide sprays for floors/walls
• “New” Fumigants



Controlled Laboratory Fumigations



Mite Mortality w/ Sulfuryl Fluoride: 48h, 25oC
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Chart1

		0		0		8.8296256165		4.4148128082

		8.58		8.58		5.7803468208		4.4148128082
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		99.58465639		99.58465639		6.67
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GC Stard & End

		Start Data				SO2F2 fumigation against mite T. putrescentiae										7/9/08

		area		Controls				average ppm SF				1211472.33333333		50

		1124321		50 uL								1103723		40

		1191067		average		stdev						958422.666666667		30

		1319029		1211472.33333333		98944.8560428147		10327.1023396776				717786.5		20

		1092312		40 uL								416329.666666667		10

		1123756		average		stdev

		1095101		1103723		17405.0408502824		9408.6014694978

		929168		30 uL

		990593		average		stdev

		955507		958422.666666667		30816.1238693859		8170

		732393		20 uL

		703180		average		stdev

		742311		717786.5		20656.7103988026		6118.7155823388

		418292		10 uL								239.6

		406421		average		stdev

		424276		416329.666666667		9087.8116361054		3548.9700890491

		291129				average		stdev		average %		average ppmSF		mg/L SF		expect oz/hrs@0

		202569		Jar 1 (A-1)

		265060

		287560				252919.333333333		45511.1551197432		0.2638912268		2155.9913232436		8.9982943374		431.9181281957

		285926		Jar 2 (A-2)

		293500				286743		1155.4124804588		0.299182198		2444.3185574353		10.2016634284		489.6798445613

		287711		Jar 3 (A-3)

		285734

		593967				288981.666666667		4035.9180285696		0.3015179802		2463.4018985361		10.2813100941		493.5028845147

		580361		Jar 4 (B-1)

		585124

		596947				586484		6904.202271081		0.6119262622		4999.4375619942		20.8657661185		1001.5567736883

		602431		Jar 5 (B-2)

		589985

		606420				596454.333333333		6237.60926424		0.6223291185		5084.428898454		21.22048789		1018.583418722

		587678		Jar 6 (B-3)

		875959				597049		13252.5952929983		0.6229495824		5089.498088526		21.2416447768		1019.5989492874

		871980		Jar 7 (C-1)

		871217

		876805				873052		2546.2774789877		0.9109258685		7442.2643454454		31.0612034451		1490.9377653647

		890309		Jar 8 (C-2)

		865099

		861614				877404.333333333		12615.6817228929		0.9154670104		7479.365474801		31.2160495609		1498.3703789251

		862606		Jar 9 (C-3)

		870594

		1689403				864938		4923.2883319992		0.902459875		7373.0971791151		30.7725257893		1477.0812378862

		1683250		Jar 10 (D-1)

		1675931

		1711204				1682861.33333333		6744.4045202919		1.7558655402		14345.421463321		59.872376725		2873.8740828022

		1702230		Jar 11 (D-2)

		1710548

		1698585				1707994		5002.5349573991		1.7820884871		14559.662939246		60.7665398132		2916.7939110343

		1694041		Jar 12 (D-3)

		1692609

						1695078.33333333		3120.1264931623		1.7686125259		14449.5643362636		60.3070297841		2894.7374296355

		END DATA -->

		area		Controls				average ppm SF				1500867		50

		1472928		50 uL								1370000		40

		1469836		average		stdev						1139092		30

		1559837		1500867		51092.913314862		10764.7875588627				838309		20

		1349311		40 uL								456888.333333333		10

		1375455		average		stdev

		1385234		1370000		18572.378711409		9826.1597834064

		1142119		30 uL

		1145738		average		stdev

		1129419		1139092		8570.2676154248		8170

		843266		20 uL

		842020		average		stdev

		829641		838309		7532.5159807331		6012.6702057428

		462751		10 uL

		449323		average		stdev

		458591		456888.333333333		6874.0163902433		3276.9764719034

		212425		Jar 1 (A-1)		average		stdev		average %		average ppm SF		mg/L SF		end oz/hrs@48

		210905

		212821

		261532		Jar 2 (A-2)		212050.333333333		1011.457034843		0.186157337		1520.9054433999		6.34768549		304.6889035192

		260270

		260256

		262145		Jar 3 (A-3)		260686		732.6909307477		0.2288542102		1869.7388972972		7.8035847133		374.5720662365

		262066

		262657

		520808		Jar 4 (B-1)		262289.333333333		320.8493935374		0.230261764		1881.2386122748		7.8515801848		376.8758488697

		520834

		523031

		575425		Jar 5 (B-2)		521557.666666667		1276.0103186626		0.4578714157		3740.8094663703		15.6127273221		749.4109114598

		578489

		584390

		481530		Jar 6 (B-3)		579434.666666667		4556.7005972889		0.5086811835		4155.9252691325		17.3452640615		832.5726749514

		489163

		481840

		885614		Jar 7 (C-1)		484177.666666667		4320.206746596		0.4250558047		3472.7059242508		14.4937642915		695.7006859935

		888856

		888343

		831759		Jar 8 (C-2)		887604.333333333		1742.6595574963		0.779220935		6366.2350392535		26.5702631021		1275.3726288989

		838152

		864183		Jar 9 (C-3)		834955.5		4520.5336521256		0.7330009341		5988.6176314117		24.9942305151		1199.7230647235

		839748

		862792

		1569872		Jar 10(D-1)		855574.333333333		13723.6416571307		0.7511020474		6136.5037269451		25.6114512811		1229.3496614915

		1584857

		1569667

		1756167		Jar 11(D-2)		1574798.66666667		8711.3752262965		1.3825034911		11295.0535221621		47.1412918287		2262.7820077787

		1761481

		1743180

		1555497		Jar 12(D-3)		1753609.33333333		9414.7700095825		1.5394799835		12577.551464968		52.4939543613		2519.7098093425

		1536257

		1547845				1546533		9686.8678116303		1.3576892823		11092.3214367233		46.295164594		2222.1679005122

						average oz/hr		target

				Jar 1 (A-1)		368.3035158575		500

				Jar 2 (A-2)		432.1259553989		500

				Jar 3 (A-3)		435.1893666922		500

				Jar 4 (B-1)		875.4838425741		1000

				Jar 5 (B-2)		925.5780468367		1000

				Jar 6 (B-3)		857.6498176404		1000

				Jar 7 (C-1)		1383.1551971318		1500

				Jar 8 (C-2)		1349.0467218243		1500

				Jar 9 (C-3)		1353.2154496888		1500

				Jar 10 (D-1)		2568.3280452905		3000

				Jar 11 (D-2)		2718.2518601884		3000

				Jar 12 (D-3)		2558.4526650738		3000

		GC Start		mg/L SF		Average g/m3				GC End		mg/L SF		Average g/m3		Final Average g/m3

		Jar 1 (A-1)		8.9982943374						Jar 1 (A-1)		6.34768549

		Jar 2 (A-2)		10.2016634284		9.8270892866				Jar 2 (A-2)		7.8035847133		7.3342834627		8.5806863746

		Jar 3 (A-3)		10.2813100941						Jar 3 (A-3)		7.8515801848

		Jar 4 (B-1)		20.8657661185						Jar 4 (B-1)		15.6127273221

		Jar 5 (B-2)		21.22048789		21.1092995951				Jar 5 (B-2)		17.3452640615		15.8172518917		18.4632757434

		Jar 6 (B-3)		21.2416447768						Jar 6 (B-3)		14.4937642915

		Jar 7 (C-1)		31.0612034451						Jar 7 (C-1)		26.5702631021

		Jar 8 (C-2)		31.2160495609		31.0165929318				Jar 8 (C-2)		24.9942305151		25.7253149661		28.3709539489

		Jar 9 (C-3)		30.7725257893						Jar 9 (C-3)		25.6114512811

		Jar 10 (D-1)		59.872376725						Jar 10 (D-1)		47.1412918287

		Jar 11 (D-2)		60.7665398132		60.3153154408				Jar 11 (D-2)		52.4939543613		48.6434702613		54.4793928511

		Jar 12 (D-3)		60.3070297841						Jar 12 (D-3)		46.295164594



Jamie:
Discarded

Jamie:
Discarded

Jamie:
Discarded



GC Stard & End

		





GC Actual Conc.

		





Data SF 070908

		

						GC Start		mg/L		Average g/m3				GC End		mg/L		Average g/m3		Final Average g/m3

						Jar 1 (A-1)		8.9982943374						Jar 1 (A-1)		6.34768549

						Jar 2 (A-2)		10.2016634284		9.8270892866				Jar 2 (A-2)		7.8035847133		7.3342834627		8.5806863746

						Jar 3 (A-3)		10.2813100941						Jar 3 (A-3)		7.8515801848

						Jar 4 (B-1)		20.8657661185						Jar 4 (B-1)		15.6127273221

						Jar 5 (B-2)		21.22048789		21.1092995951				Jar 5 (B-2)		17.3452640615		15.8172518917		18.4632757434

						Jar 6 (B-3)		21.2416447768						Jar 6 (B-3)		14.4937642915

						Jar 7 (C-1)		31.0612034451						Jar 7 (C-1)		26.5702631021

						Jar 8 (C-2)		31.2160495609		31.0165929318				Jar 8 (C-2)		24.9942305151		25.7253149661		28.3709539489

						Jar 9 (C-3)		30.7725257893						Jar 9 (C-3)		25.6114512811

						Jar 10 (D-1)		59.872376725						Jar 10 (D-1)		47.1412918287

						Jar 11 (D-2)		60.7665398132		60.3153154408				Jar 11 (D-2)		52.4939543613		48.6434702613		54.4793928511

						Jar 12 (D-3)		60.3070297841						Jar 12 (D-3)		46.295164594

						GC Start		mg/L		GC End		mg/L		Final Average g/m3

						Jar 1 (A-1)		8.9982943374		Jar 1 (A-1)		6.34768549		7.6729899137

						Jar 2 (A-2)		10.2016634284		Jar 2 (A-2)		7.8035847133		9.0026240708

						Jar 3 (A-3)		10.2813100941		Jar 3 (A-3)		7.8515801848		9.0664451394

						Jar 4 (B-1)		20.8657661185		Jar 4 (B-1)		15.6127273221		18.2392467203

						Jar 5 (B-2)		21.22048789		Jar 5 (B-2)		17.3452640615		19.2828759758

						Jar 6 (B-3)		21.2416447768		Jar 6 (B-3)		14.4937642915		17.8677045342

						Jar 7 (C-1)		31.0612034451		Jar 7 (C-1)		26.5702631021		28.8157332736

						Jar 8 (C-2)		31.2160495609		Jar 8 (C-2)		24.9942305151		28.105140038

						Jar 9 (C-3)		30.7725257893		Jar 9 (C-3)		25.6114512811		28.1919885352

						Jar 10 (D-1)		59.872376725		Jar 10 (D-1)		47.1412918287		53.5068342769

						Jar 11 (D-2)		60.7665398132		Jar 11 (D-2)		52.4939543613		56.6302470873

						Jar 12 (D-3)		60.3070297841		Jar 12 (D-3)		46.295164594		53.301097189

								Adults-20 total

						Vials		Dead

						1-12g/m^3										adults/20		Egss/10

						2-12g/m^3						Jar 1 (A-1)		7.673		10		2

						3-12g/m^3						Jar 2 (A-2)		9.003		7		3

						4-24g/m^3						Jar 3 (A-3)		9.066		8		1

						5-24g/m^3						Jar 4 (B-1)		18.239		16		5

						6-24g/m^3						Jar 5 (B-2)		19.283		16		3

						7-36g/m^3						Jar 6 (B-3)		17.868		15		5

						8-36g/m^3						Jar 7 (C-1)		28.816		19		7

						9-36g/m^3						Jar 8 (C-2)		28.105		20		6

						10-72g/m^3						Jar 9 (C-3)		28.192		18		6

						11-72g/m^3						Jar 10 (D-1)		53.507		20		10

						12-72g/m^3						Jar 11 (D-2)		56.630		20		8

						13-control		6				Jar 12 (D-3)		53.301		20		9

						14-control		3

						15-control		5

								Eggs-10 total

						Vials		Dead

						1-12g/m^3		2

						2-12g/m^3		3

						3-12g/m^3		1

						4-24g/m^3		5

						5-24g/m^3		3

						6-24g/m^3		5

						7-36g/m^3		7

						8-36g/m^3		6

						9-36g/m^3		6

						10-72g/m^3		10

						11-72g/m^3		8

						12-72g/m^3		9

						13-control		0

						14-control		3

						15-control		1





GC Data 082708

		

				Adults-20 total

		Vials		Alive		Dead		Missing		Dead		Total killed		% killed		Mean		SE

		1-12g/m^3		10		7		3		10				50

		2-12g/m^3		13		4		3		7				35

		3-12g/m^3		12		3		5		8		25		40		41.667		4.415

		4-24g/m^3		4		13		3		16				80

		5-24g/m^3		4		12		4		16				80

		6-24g/m^3		6		9		6		15		47		75		78.333		1.669

		7-36g/m^3		1		11		8		19				95

		8-36g/m^3		0		16		4		20				100

		9-36g/m^3		2		14		4		18		57		90		95.000		2.890

		10-72g/m^3		0		19		1		20				100

		11-72g/m^3		0		20		0		20				100

		12-72g/m^3		0		19		1		20		60		100		100.000		0.000

		13-control		14		1		5		6				30

		14-control		17		3		0		3				15

		15-control		15		3		2		5		14		25		23.333		4.415

				Eggs-10 total

		Vials		Alive		Dead		% killed		Mean		SE		total killed

		1-12g/m^3		8		2		20

		2-12g/m^3		7		3		30

		3-12g/m^3		9		1		10		20		5.7803468208		6

		4-24g/m^3		5		5		50

		5-24g/m^3		7		3		30

		6-24g/m^3		5		5		50		43.3333333333		6.674569586		13

		7-36g/m^3		3		7		70

		8-36g/m^3		4		6		60

		9-36g/m^3		4		6		60		63.3333333333		3.337284793		19

		10-72g/m^3		0		10		100

		11-72g/m^3		2		8		80

		12-72g/m^3		1		9		90		90		5.7803468208		27

		13-control		10		0		0

		14-control		7		3		30

		15-control		9		1		10		13.3333333333		8.8296256165		4

		Eggs		mean		SE				Adults		mean		SE

		0		13.3333333333		8.8296256165				0		11.6666666667		3.337284793

		12		20		5.7803468208				12		23.3333333333		6.016375721

		24		43.3333333333		6.674569586				24		56.6666666667		6.016375721

		36		63.3333333333		3.337284793				36		68.3333333333		7.2734435793

		72		90		5.7803468208				72		96.6666666667		1.6686423965

				Eggs		Adults

		0		13.3333333333		23.33		8.8296256165		4.4148128082

		8.58		20		41.67		5.7803468208		4.4148128082

		11.13				33.33				8.83

		18.46		43.3333333333		78.33		6.674569586		1.6686423965

		22.49		43.33		33.33		3.337284793		4.41

		28.37		63.3333333333		95.00		3.337284793		0

		54.48		90		100.00		5.7803468208		1.6686423965

		99.58		66.67				6.67

		8/13/08

				Adults-20 total

		Vials		Alive		Dead		Missing		Dead		Total killed		% killed		Mean		SE

		0-1		16		2		2		4				20

		0-2		15		4		1		5				25

		0-3		15		2		3		5		14		25		23.333		1.669

		12_1		11		5		4		9				45

		12_2		12		6		2		8				40

		12_3		14		3		3		6		23		30		38.333		4.415

		24_1		6		10		4		14				70

		24_2		7		9		4		13				65

		24_3		5		12		3		15		42		75		70.000		2.890

		48_1		0		15		5		20				100

		48_2		1		13		6		19				95

		48_3		0		16		4		20		59		100		98.333		1.669

		96_1		0		17		3		20				100

		96_2		0		18		2		20				100

		96_3		0		16		4		20		60		100		100.000		0.000

				Eggs-10 total

		Vials		Alive		Dead		% killed		total killed		Mean		SE

		0-1		8		2		20

		0-2		9		1		10

		0-3		7		3		30		6		20		5.7803468208

		24-1		6		4		40

		24-2		5		5		50

		24-3		5		5		50		14		46.6666666667		3.337284793

		48-1		2		8		80

		48-2		2		8		80

		48-3		2		8		80		24		80		0

		96-1		1		9		90

		96-2		1		9		90										expect

		96-3		0		10		100		28		93.3333333333		3.337284793

						Eggs		Adults		se		se

				0		13.3333333333		11.6666666667		8.8296256165		3.337284793

				8.58		20		23.3333333333		5.7803468208		6.016375721

				12.449				38.3333333333				4.4148128082

				18.46		43.3333333333		56.6666666667		6.674569586		6.016375721

				26.0197147063		46.6666666667		70		3.337284793		2.8901734104

				28.37		63.3333333333		68.3333333333		3.337284793		7.2734435793

				48.0934114266		80		98.3333333333		0		1.6686423965

				54.48		90		96.6666666667		5.7803468208		1.6686423965

				100.3257210563		93.33		100		3.337		0





GC Data 082708

						8.8296256165		4.4148128082

						5.7803468208		4.4148128082

						NaN		8.83

						6.674569586		1.6686423965

						3.337284793		4.41
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Data SF 082708

						8.8296256165		3.337284793

						5.7803468208		6.016375721

						NaN		4.4148128082

						6.674569586		6.016375721

						3.337284793		2.8901734104
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						0		1.6686423965
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Probit

		

						GC

								expect		start		end		Average

								3		1.899581139		2.071327451		1.985454295

								6		5.630198689		5.88531467		5.75775668

								8		6.463268268		7.496556826		6.979912547

								12		10.9531984		11.30900822		11.13110331

								24		22.78540204		22.19811002		22.49175603

								120		100.6560171		98.51329565		99.58465639





SAS

		

		82708				Adults

				Vials		Alive		Dead		Missing		Total Killed

				0-1		19		1		0		1

				0-2		16		0		4		4

				0-3		16		3		1		4

				12_1		10		3		7		10

				12_2		14		5		1		6

				12_3		16		4		0		4

				24_1		12		7		1		8

				24_2		13		7		0		7

				24_3		15		5		0		5

		82708				Eggs		Killed

				0-1		9		1

				0-2		7		3

				0-3		9		1

				24-1		6		4

				24-2		6		4

				24-3		5		5

				120_1		2		8

				120_2		4		6

				120_3		4		6





		

				Mites

		7/9/08		Eggs		SO2F2 for mites

				Target		g/m3		Used		Replication		Killed		% Mortality

				control		control		10		R1		0		0.00

				control		control		10		R2		3		30.00

				control		control		10		R3		1		10.00

												Mean		13.33

												SE		8.83

				12		7.673		10		R1		2		20.00

				12		9.003		10		R2		3		30.00

				12		9.066		10		R3		1		10.00

						8.580						Mean		20.00

												SE		5.78

				24		18.2392		10		R1		5		50.00

				24		19.2829		10		R2		3		30.00

				24		17.8677		10		R3		5		50.00

						18.460						Mean		43.33

												SE		6.67

				36		28.816		10		R1		7		70.00

				36		28.105		10		R2		6		60.00

				36		28.192		10		R3		6		60.00

						28.370						Mean		63.33

												SE		3.34

				72		53.507		10		R1		10		100.00

				72		56.630		10		R2		8		80.00

				72		53.301		10		R3		9		90.00

						54.480						Mean		90.00

												SE		5.78

		7/9/08		Adult/nymph		SO2F2 for mites

				Target		g/m3		Used		Replication		Killed		% Mortality

				control		control		20		R1		6		30.00

				control		control		20		R2		3		15.00

				control		control		20		R3		5		25.00

												Mean		23.33

												SE		4.41

				12		7.673		20		R1		10		50.00

				12		9.003		20		R2		7		35.00

				12		9.066		20		R3		8		40.00

						8.580						Mean		41.67

												SE		4.41

				24		18.2392		20		R1		16		80.00

				24		19.2829		20		R2		16		80.00

				24		17.8677		20		R3		15		75.00

						18.460						Mean		78.33

												SE		1.67

				36		28.816		20		R1		19		95.00

				36		28.105		20		R2		20		100.00

				36		28.192		20		R3		18		90.00

						28.370						Mean		95.00

												SE		2.89

				72		53.507		20		R1		20		100.00

				72		56.630		20		R2		20		100.00

				72		53.301		20		R3		20		100.00

						54.480						Mean		100.00

												SE		0.00

		8/27/08		Eggs		SO2F2 for mites

				Target		g/m3		Used		Replication		Killed		% Mortality

				control		control		10		R1		1		10.00

				control		control		10		R2		3		30.00

				control		control		10		R3		1		10.00

												Mean		16.67

												SE		6.67

				24		22.49175603		10		R1		4		40.00

				24		22.49175603		10		R2		4		40.00

				24		22.49175603		10		R3		5		50.00

												Mean		43.33

												SE		3.34

				120		99.58465639		10		R1		8		80.00

				120		99.58465639		10		R2		6		60.00

				120		99.58465639		10		R3		6		60.00

												Mean		66.67

												SE		6.67

		8/27/08		Adult/nymph		SO2F2 for mites

				Target		g/m3		Used		Replication		Killed		% Mortality

				control		control		20		R1		1		5.00

				control		control		20		R2		4		20.00

				control		control		20		R3		4		20.00

												Mean		15.00

												SE		5.01

				12		11.13110331		20		R1		10		50.00

				12		11.13110331		20		R2		6		30.00

				12		11.13110331		20		R3		4		20.00

												Mean		33.33

												SE		8.83

				24		22.49175603		20		R1		8		40.00

				24		22.49175603		20		R2		7		35.00

				24		22.49175603		20		R3		5		25.00

												Mean		33.33

												SE		4.41

								LC50 g/m3		LC95 g/m3

						Eggs		21.07138		93.66512

						Adults/Nymphs		13.44989		55.10531





		



LC50 g/m3

LC95 g/m3

Stages

lethal concentration (g/m3)



				Eggs		SO2F2 for mites

						g/m3		Used		Killed
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				Adult/nymph		SO2F2 for mites
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Phosphine Works for Ham Mites!

But not good for copper…



Mite Mortality from Heat:
Oven studies
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Cold Treatment for Mite Mortality:
Freezer studies
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Eggs @  -7 C
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Eggs @  -10 C
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Screening Spray-on Pesticides
• Completely randomized 

design
• 20 unsexed adult mites

• Glass Vials treated with ½ x 
label rate, 1 x label rate 
and 2 x label rate



Residual sprays for surfaces
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Residual activity on three surfaces

• Prepare dishes with three surfaces: concrete, 
metal and wood

• Artist’s air brush to spray all dishes with label 
rates of Phantom, Storcide-II and Malathion

• Assay 20 mites per
dish on dishes of 
different post-spray
ages, up to 8 weeks

• Expose for 24 hrs and
assess after 24 hrs
recovery on clean dish



Ham mite mortality after 24-h exposure on 
sprayed surface up to 8 weeks post-spray



Ethyl Formate
mw=74,  bp=54o C

Propylene Oxide
mw=58,  bp=34o C

“Liquid” Fumigants



Ethyl Formate: Dose-Mortality Tests
24 Hrs @ 25° C

Approx. 100 
mg/L



Propylene Oxide: Dose-Mortality Tests
24 Hrs @ 25° C

10-100 
mg/L



IPM for Pet Foods

• Sanitation: clean up and destroy all infested 
materials

• Practice prevention: clean, clean, clean again..
• Use traps to detect & monitor pest populations
• Fumigate only when necessary
• Heat treatments can disinfest buildings
• Cold treatments could disinfest packages
• Newly registered fumigants may help

39
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