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Food Safety Modernization Act
Regulations

Produce Safety

Preventive Controls for Human Food

Preventive Controls for Animal Food

Foreign Supplier Verification

Sanitary Transportation of Human and Animal Food

Prevention of Intentional Contamination/Adulteration

Accreditation of Third-Party Auditors/Certification Bodies

Focused on prevention of food safety issues and 
encompasses the entire food system

Pistachio Growers



Why Pistachios?
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Outbreaks Associated with Produce



Since 2009: 12 US Recalls and 

2 Outbreaks Linked to Pistachios

Date of recall Pistachio type Reason given Illnesses

Dec 2016 Raw Possible Salmonella contamination None

June 2016 Raw Salmonella isolated by FDA (retail survey) None

Mar 2016 Roasted Possible Salmonella contamination None

Mar 2016 Raw Salmonella isolated by FDA (retail survey) None

Mar 2016 Roasted Salmonella (linked to outbreak) 11

Feb 2016 Raw Salmonella isolated by FDA (retail survey) None

Feb 2016 Raw Salmonella isolated by FDA(retail survey) None

Jun 2013 Raw and Roasted Salmonella (linked to outbreak) 8

Dec 2012 Raw Salmonella isolated None

Dec 2012 Roasted Salmonella isolated None

Aug 2010 Roasted and Raw Possible Salmonella contamination None

Mar 2009 Roasted and Raw Salmonella isolated 1



Raw Pistachio Survey 2010-2012

Å7 participating processors 

(98% of California pistachio production)

Å~ 4,000 100-g samples of inshellpistachios 

Floaters:  1,032 samples; Sinkers:  2,936 samples
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Year Serovar

2007 SalmonellaMontevideo?*

2008 SalmonellaMontevideo?*

2009 SalmonellaMontevideo*
SalmonellaNewport
SalmonellaSenftenberg

2010 SalmonellaMontevideo*
SalmonellaSenftenberg

2011 SalmonellaMontevideo*

2012 SalmonellaMontevideo*
SalmonellaSenftenberg

2013 SalmonellaSenftenberg

2016 SalmonellaMontevideo*?

Narrow range of 
Salmonellain pistachios



Possible 
Contamination Sources
Preharvest

Before harvest

During harvest

Postharvest
During postharvest handling

Before pasteurization

After pasteurization/roasting

Preventive Controls For Human FoodsProduce Safety Rule



Pistachio Harvest Choreography

Climate/time of harvest

Trailers

Harvest EquipmentHarvest Crews
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Salmonellacan grow in 
harvested pistachios

Moussaviand 
Harris, unpublished
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0%
5%

10%
15%
20%
25%
30%
35%
40%

05 10 15 20 25 >25

%
 o

f 
S

a
m

p
le

s

Time (hours)

SalmonellaGROWTHTRAILER RECEIPT TEMP TRAILER WAIT TIME

37°C, 90% RH



11

Contamination Sources

Produce

Humans

Animals Water

Soil

Buildings 
Equipment 

Tools

Preharvest

Postharvest


