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Introduction 
 
Many spices are grown in tropical climates where they are subjected to excess heat, humidity, and 
minimal good agricultural practices. These conditions may lead to contamination by microorganisms and 
their subsequent growth. There are microorganisms indigenous to the soil, but other sources of 
contamination include dust and dirt, insects, and fecal materials from birds, rodents and other animals. 
Therefore, raw unprocessed spices commonly harbor large numbers of bacteria and fungi, including 
organisms that cause spoilage and food borne pathogens such as Salmonella. As such, it is important 
that the spice industry understands the extent of microbial contamination in spice commodities and 
develops programs that minimize the risk for contamination during growing, harvesting, drying, 
transport, processing and post-processing storage. Additionally, companies should have in place 
validated kill steps and comply with all relevant laws and regulations to ensure the safety of the product.  

 

Pathogens of Concern in Spices 
 
A number of pathogens that pose a risk to human health, including Salmonella, E-coli, C. perfringens and 
B. cereus may be found on spices. These microorganisms may contaminate the spices during cultivation, 
harvest, and storage. The risk of microbial contamination is also influenced by a number of factors 
including the nature of each spice, part of the plant, naturally occurring microbial activity, surrounding 
environment (e.g. soil, wind, water, flora and fauna), and local growing conditions (e.g. temperature 
humidity, rain and available sunlight). As such, it is critical that spice companies have good agricultural, 
harvesting, and manufacturing practices as well as validated treatment methods to control microbial 
contamination [1]. 

Although there is a known risk of pathogens occurring on spices, the total number of outbreaks 
attributed to contaminated spices in the last 30 years is low. This may in part be due to the low water 
activity of dried spices, which prevents the growth and viability of most non-sporeformers, consequently 
limiting the chance of illness caused by these organisms. The vast majority of outbreaks attributed to 
dried spices have been contaminated with Salmonella. This is likely due to the fact that some strains of 
Salmonella are particularly adaptable to dry conditions [2]. However, outbreaks can be associated with 
other pathogenic species. 

The relatively low number of outbreaks may also in part be attributed to the role of spices as 
ingredients, and the extensive use of treatments such as irradiation, ethylene oxide, and steam 
treatments among others to control pathogens. The subsequent sections summarize evidence on the 
presence of pathogens in spices as well as notable outbreaks and food safety incidents. Further 
information on foodborne illness and recalls of spices may be found in [3-5].  

 

1. Salmonella spp. 

Salmonella is the most common bacterial pathogen associated with product recalls and outbreaks in 
spices [4, 6]. Salmonella can present a human health hazard even when detected in low numbers 



when no kill step is applied prior to consumption. Salmonella is very stable in dry environments and 
can survive through production, distribution, and eventually consumption.  

An FDA study of retail spices, published in 2017, found the following incidence of Salmonella [7]. 

Table 1. Estimated Salmonella prevalence in 125 g of spices offered for sale at retail 
establishments. 

Spice Type Total Number of 
Samples Tested 

Number of Samples 
Positive for Salmonella 

Salmonella Prevalence 

Basil  529  1  0.19  

Black pepper  1,264 3 0.24 

Coriander (ground) 543 3 0.56 

Cumin 549 0 0.00 

Curry powder (ground) 518 1 0.19 

Dehydrated garlic 
(ground) 

615 3 0.49 

Oregano 669 1 0.15 

Paprika (ground) 816 2 0.25 

Red pepper (ground) 633 4 0.64 

Sesame seed (whole) 526 0 0.00 

White pepper (ground) 588 0 0.00 

 

Below is a summary of Salmonella outbreaks, reportedly due to contaminated dried herbs and 
spices that have been recorded in the general literature in the last 50 years.  

• 1974, Canada 
An outbreak associated with white pepper contaminated with Salmonella weltevreden was 
reported [8]. 
 

• 1984, Norway  
In Norway, black pepper contaminated with Salmonella oranienburg was implicated in an 
outbreak affecting 126 individuals [9].  
 

• 1995, Germany 
Foods - potato chips and other snack foods - prepared with paprika contaminated with at least 
three serovars of Salmonella (S. saintpaul, S. rubislaw, and S. javiana) were implicated in an 
estimated 1000 illnesses in Germany [10]. Considered the largest documented outbreak due to 



contaminated spices, this event demonstrated that Salmonella adapted to the dried state were 
capable of causing illness even in very low numbers: 0.04 - 0.45 organisms per gram. 
 

• 2007, United States 
In the United States, there was a Salmonella Wandsworth outbreak associated with a seasoning 
mix consisting of broccoli powder, parsley powder, and other spices used to coat a snack puff 
after the final food manufacturing pathogen reduction step [11]. The only ingredient which 
tested positive for S. Wandsworth was the broccoli powder, although testing also found 
Salmonella Typhimurium in the seasoning mix and Salmonella Mbandaka from parsley powder. 
Human illnesses from the Salmonella Typhimurium were also linked to the spice covered snack 
puffs, but there were human cases of Salmonella Mbandaka. 
 

• 2008-2009, United States 
There was an outbreak of Salmonella Rissen in the United States that implicated white pepper 
ground and packed by a single company in California [12-14]. An unopened bag of imported 
white peppercorns was found to contain the strain linked to the outbreak. The peppercorns 
were sold as “steam washed”, which is primarily used to clean spices and not disinfect them. 
The imported product did have a Certificate of Analysis indicating that it was free of Salmonella.  
The processing facility was heavily contaminated with Salmonella, as approximately 40% of the 
environmental samples collected in the entire facility were Salmonella positive, and 100% of the 
environmental swabs from the grinding room were positive. 
 

• 2009-2010, United States 
There was an outbreak of Salmonella Montevideo in the United States implicated the 
consumption of ready to eat dry sausage products that had been rolled in pepper after 
processing. Product testing found that both the black pepper and red pepper used to roll the dry 
sausage in were contaminated with Salmonella Montevideo [15, 16]. The black pepper was 
imported from Vietnam and the red pepper from both China and India. There was some 
indication that the black pepper had been treated with steam and the red pepper with ethylene 
oxide. Some of the black pepper shipments had certificates of analysis indicating that the 
product tested negative for Salmonella. In the aftermath of this outbreak, the USDA FSIS issued 
a directive to its’ inspection staff, requiring them to verify that all ingredients added to a ready 
to eat meat or poultry product after the lethality treatment have met the food safety 
requirements for a ready to eat food [17].  
 

2. Escherichia coli 
 
While there have been reports of foodborne illness due to Escherichia coli contamination, these 
outbreaks do not occur nearly to the extent of Salmonella. One such outbreak occurred in Europe in 
2011, where the Shiga-toxin producing E. coli O104:H4 was found on fenugreek seeds [18].  

FDA compiled data on the prevalence of generic Escherichia coli on 50 g samples of spices post-
treatment (Table 2) [6]. As not all species of E. coli are pathogenic, these values are not indicative of 
the pathogenic potential of these spice lots. However, the presence of E. coli on spice lots following 



pathogen reduction treatment indicate that there has been a level of ineffectiveness in treatment or 
post-treatment controls meant to prevent contamination or additional growth.  

Table 2. Frequency and prevalence of generic E. coli contamination in spice lots to which a 
pathogen reduction treatment had been applied (August 1, 2007-July 31, 2009) 

Spice N # 
Positive 

E. coli Lot 
Prevalence (%) 

95% Confidence 
Level 

All spices 25604 213 0.83 0.72-0.95 
Spices subjected to different processes 
Raw/Whole spices 11119 30 0.27 0.18-0.39 
Ground spices 9291 170 1.83 1.57-2.12 
Whole black pepper 3742 18 0.48 0.28-0.76 
Ground black pepper 3966 138 3.48 2.93-4.10 
Spice treated with Ethylene Oxide 11601 4 0.03 0.01-0.09 
Spices treated with steam 12086 208 1.72 1.50-1.97 
Spice treated with irradiation 345 0 0.0 0.0-0.9 
Spice treated with PPO 303 1 0.3 0.01-2 
Spice treated with unspecified 
pathogen reduction process 

1270 0 0.0 0.0-0.2 

 

3. Bacillus cereus and Clostridium perfringens 

Some, but not all, microbes produce spores which promote survival by preserving the DNA of the 
cells. Spores are significantly more resistant to environmental stressors than vegetative cells, and 
thus are important to monitor. Examples of sporeforming bacteria include Bacillus cereus and 
Clostridium perfringens.  

Because C. perfringens or B. cereus may survive cooking processes, if foods containing these 
sporeformers are inadequately cooled after they are cooked, an opportunity may exist for rapid 
growth to a concentration that might cause illness. One study reported that meats and meat dishes 
seasoned with spices were the single most common cause of B. cereus-related foodborne illnesses in 
Hungary from 1960-1968 [19]. Further, C. perfringens has been isolated from a wide range of spices 
and herbs with counts typically less than 500 CFR/g [20]. However, these sporeformers require high 
numbers before causing illness (>105 CFU/g) and their related syndromes are relatively mild. This 
suggests that, though B. cereus and C. perfringens may be present in a food seasoned with spices, 
illnesses may be difficult to acquire. And when illness does occur, the symptoms may not be severe 
enough to warrant reporting or medical treatment. Therefore, the presence of these 
microorganisms in foods at low levels is not normally a health concern. 

Despite their low risk as health concerns, the following outbreaks of C. perfringens and B. cereus in 
spices have been identified [21].  

Table 3. Outbreaks of C. perfringens and B. cereus in spices [21]. 

Vehicle Pathogen Year Country Cases 
Barbeque spice C. perfringens 2011 Denmark 4 



Red pepper spice C. perfringens 2011 Denmark 37 
Dried chilies C. perfringens 2011 Denmark 3 

Pepper C. perfringens 2011 Denmark 10 
Pepper C. perfringens 2012 Denmark 9 

Spice blend in 
couscous dish 

B. cereus 2007 France 146 

Curry B. cereus 2009 Belgium 7 
Rose-paprika B. cereus 2009 Denmark 48 
White pepper B. cereus 2010 Denmark 112 

Turmeric/curcuma B. cereus 2011 Finland 4 
Jeera Ground 

Cumin 
B. cereus 2011 Finland 3 

Turmeric/Curcuma B. cereus 2011 Finland 19 
Cinnamon B. cereus 2011 Denmark 30 

Pepper B. cereus 2011 Denmark 52 
Spices B. cereus 2013 Finland 4 

 
 
4. Clostridium botulinum 

Although C. botulinum has been isolated from such dried spices as onion and garlic, outbreaks of 
botulism associated with spices are very rare. One outbreak was associated with garlic in oil in 1989 
[22], while a more recent outbreak occurred in 2007, when eight cases of botulism were associated 
with the consumption of a hot dog chili sauce in Texas, Indiana, and Ohio [23]. While the viability of 
the sporeformers is not significantly affected by low water activity, germination is prevented. 
Therefore, the inability to germinate in a low water activity environment - even when anaerobic, 
such as an oil infusion - may account for the rarity of botulism outbreaks attributed to dried spices. 
Further, it is possible that dried spices may not be used as commonly as fresh spices in applications 
that support the growth of C. botulinum.  
 

5. Other Pathogens 

It is possible for other pathogens, such as Listeria monocytogenes and Escherichia coli O157:H7 [24-
26], and although rare, parasites such as Cyclospora cayetanensis, to be occasionally found in fresh 
herbs [26]. Listeria monocytogenes, in particular, can contaminate foods and cause illness 
(listeriosis), which is largely associate with ready to eat (dairy products, deli meats) foods that have 
intrinsic characteristics (such as pH and water activity) that support the growth of L. monocytogenes 
[27]. Coagulase positive Staphylococci are typically not associated with spices [28, 29]. 

 

 



Antimicrobial Properties of Spices 
 
The antimicrobial activity of spices has been studied for more than 100 years and a number of spices 
with antimicrobial properties have been identified [30-36]. Although some spices possess antimicrobial 
activity, they still can harbor large numbers of microorganisms including pathogens [7, 37]. While lower 
concentrations of microorganisms are found in spices with antimicobial properties, unfortunately the 
risk for contamination with pathogens is not sufficiently controlled by the antimicrobial properties of 
spices alone [38]. For example, although onion and garlic posses strong antimicrobial properties, 
Salmonella has been found in dehydrated garlic [7] and fresh onion have been implicated in a large 
Salmonella outbreak [39].   

Typical aerobic bacterial populations range from less than 103 to over 107 CFU per gram [34, 40].  

 

Degree of Antimicrobial Properties in Spices 

It is well known that cinnamon, clove and mustard have strong antimicrobial activity [36]. In addition, 
onion, garlic and allspice posses strong antimicrobial properties, although Salmonella has been found in 
dehydrated garlic [7] and fresh onion has been implicated in a large Salmonella outbreak [39]. Spices 
having a lesser but significant antimicrobial effect include bay leaf, cumin, tarragon, thyme, rosemary, 
caraway, coriander and sage. Black pepper, ginger, and anise have little or no antimicrobial activity [41]. 
Antimicrobial activity has an impact on testing methodology, as the intrinsic antimicrobial properties of 
spices can interfere with microbiological assays intended to detect Salmonella. The following table 
summarizes antimicrobial activity for selected spices according to Billing and Sherman (1998). This study 
evaluated the degree of bacterial inhibition in spices based on an evaluation of available literature and 
online databases concerning foodborne bacteria that have been tested with spices.   

Table 4.  Antimicrobial Activity of Selected Spices and Herbs [41] 

Inhibitory Effect Selected Spice or Herb 

Strong (>75% bacterial 
inhibition) 

Bay Leaf, Cinnamon (Cassia), Clove, Cumin, Rosemary, Garlic, Onion, 
Allspice, Oregano, Tarragon, Thyme, Capsicums 

Medium: (>50% to <75% 
bacterial inhibition): 

Marjoram, Mustard, Caraway, Sage, Coriander, Dillweed, Nutmeg, 
Basil, Parsley 

Weak or No Effect(<50% 
bacterial inhibition) 

Black Pepper, Anise, Ginger, Parsley, White Pepper, Cardamom, 
Celery Seed 

 

Antimicrobial Compounds in Spices 

Many compounds with antimicrobial activity are naturally present in spices. The antimicrobial effect of 
spices has been related to compounds found in the essential oil fraction. These compounds include 
eugenol, carvacrol and thymol in cloves, cinnamon, sage and oregano; allicin in garlic; myristicin in 



mace; and ally isothiocyanate in mustard. Low concentrations of oregano, however, were found 
stimulatory to lactic acid bacteria [36]. Furthermore, earlier work by [42] found that black pepper, 
allspice, and nutmeg stimulated growth and lactic acid production by a starter culture. The following 
table summarizes the essential oils known to have antimicrobial activity in spices. 
 

Table 5. Essential Oils and Other Antimicrobial Constituents of Spices [43] 

Compound  Found in Reference 

Allicin Garlic  [44] 

Allyl isothiocyanate  Mustard [45] 

Anethole Anise, star anise, fennel  [46] 

Carvacrol  Oregano, thyme [45, 47] 

Carvone Caraway, dill  [47] 

1,8-Cineole  Sage, rosemary, laurel, cardamom [47] 

Cinnamaldehyde  Cinnamon, cassia [45, 48, 49] 

p-Cymene Cumin, thyme, oregano  [47] 

Eugenol  Clove, allspice, cinnamon  [45-49] 

Limonene  Celery seed, caraway, dill  [47] 

Linalool  Coriander, sage, rosemary, basil  [47] 

Thymol  Thyme, oregano [46, 47, 50] 

n-proply-allyl disulphides, di-n-
propyl-disulphides 

Onion [51] 

 

Impact of Antimicrobial Properties on Testing Methodology 

Antimicrobial activity has an impact on testing methodology, as the intrinsic antimicrobial properties of 
spices can interfere with microbiological assays intended to detect Salmonella. Spices may require a 
neutralization step or a reduction in the sample to initial dilution ratio to enhance detection of 
Salmonella. The FDA has also recognized this and special procedures have been published in the 
Bacteriological Analytical Manual (BAM) for detection of Salmonella in selected spices [52]. A pre-
enrichment in Trypticase Soy Broth (TSB) containing 0.5% potassium sulfite is recommended for onion 
and garlic, and the recommended procedure for allspice, cinnamon, cloves and oregano be diluted 
beyond their toxic levels. Allspice, cinnamon and oregano are diluted at 1:100 sample to broth (TSB) and 



cloves are diluted 1: 1000 sample to broth (TSB) ratio. One study demonstrated that supplementing the 
non-selective enrichment broth with 2% corn oil resulted in a greater than 50% increase in the recovery 
of Salmonella from oregano [53]. These provisions further indicate the toxic effects that spices have on 
recovery of microorganisms, and in particular, Salmonella. No provisions for recovery of Salmonella have 
been published for those spices having weak or no known antimicrobial activity. 

 

Prevalence of Bacteria in Raw Spices 
 
Understanding the prevalence of microorganisms in raw spices can be useful information for spice 
processors when considering treatment methods to not only control pathogens, but also reduce 
spoilage bacteria. Aerobic plate count, yeast and mold, and other microbiological indicators are key 
quality measures.  

A study sponsored by ASTA at the University of Wisconsin [54] showed that the following levels of 
microbial contamination of raw spices at import as reported by professional samplers (Table 6). The 108 
spice samples analyzed originated from Indonesia, Brazil, Indian, Seychelles, Madagascar, France, 
Nigeria, Sierra Leone, Jamaica, Canada, United States, East Indies, West Indies, Greece, Mexico, and 
Spain. The study reports standard plate counts, bacterial spore counts, thermophilic anaerobe counts, 
proteolytic organisms and amylolytic organisms. No evidence of Salmonella or E. coli was detected in 
any of the samples.  

Table 6. Microbial Profile of Raw Spices (microbial population ger gram (g) of spice). 

Commodity Aerobic Plate 
Count 

Aerobic 
Mesophilic 

Sporeformer 

Anaerobic 
Thermophilic 
Sporeformer 

Yeast & Mold 
Population 

Black pepper 5.5x106 to 5.0x107 5.5x106 to 5.0x107 5.0x102 to 3.0x105 1.0x101 to 1.5x105 
Cassia 1.0x103 to 3.0x107 1.0x103 to 5.5x106 1.0x101 to 5.0x102 1.0x101 to 3.5x105 

Celery seed 7.5x104 to 7.5x105 7.5x104 to 7.5x105 1.0x101 to 3.0x104 0 to 9 
Ginger 5.5x103 to 5.5x106 5.5x103 to 5.5x106 1.0x101 to 5.5x103 1.0x101 to 3.0x104 
Mace 5.5x103 to 7.5x104 5.5x103 to 7.5x104 1.0x101 to 5.5x103 0 to 9 

Mustard seed 1.0x103 to 7.5x105 1.0x103 to 3.0x104 1.0x101 to 5.0x102 0 to 9 
Nutmeg 1.0x103 to 3.0x104 1.0x103 to 5.5x103 1.0x101 to 5.5x103 1.0x101 to 5.0x102 
Oregano 5.5x103 to 1.5x105 1.0x103 to 7.5x104 1.0x101 to 5.5x103 1.0x101 to 5.0x103 
Paprika 

(domestic) 3.0x104 to 5.5x106 5.5x103 to 5.5x106 1.0x101 to 5.5x103 1.0x101 to 5.0x102 

Paprika 
(imported) 5.5x106 to 3.0x107 5.5x106 to 3.0x107 1.0x101 to 3.0x104 1.0x101 to 5.0x102 

Rosemary 5.5x102 to 1.5x105 5.5x103 to 3.0x104 1.0x101 to 5.5x103 1.0x101 to 3.0x104 
 

Since 1974, many studies have been conducted to evaluate the prevalence of bacteria in spices. 
However, many of these studies do not specify whether testing was conducted on raw or dried spices. 
Therefore, the extent of microbial reduction treatment prior to testing is unknown.  



• 1982, South Africa 
A study of 36 difference spices showed the microbial contamination was >106 CFU/g in black 
pepper, coriander, pimento, paprika, and white pepper. Salmonella was found in paprika. 
Additionally, 4 CFU/g was found in white pepper and ginger, 7 CFU/g in ground pepper, and a 
coliform count of 2.0x106 CFU/g was noted in whole white pepper. Aflatoxin B1 and G1 were 
also detected in turmeric (12 μg/kg B1 and 8 μg/kg G1) and coriander (8 μg/kg B1 and 2 μg/kg 
G1) [28]. 
 

• 1982, USA 
A study of 10 different spices purchased at retail level found that the geometric means of the 
aerobic bacterial populations ranged from <100 to >108 per gram. However, for many of the 
spices more than 50% of the spices had microbial populations of <500,000 per gram. The 
exceptions were ginger and pepper, where 50% of the samples had populations <106 (ginger) 
and 107 (pepper) [40].  
 

• 1985, Netherlands 
A study of 54 different retail spices showed that 43 of 54 spices were positive for Clostridium 
perfringens. Curry, paprika, white pepper, black pepper, ginger, basil, and curcuma were 
reported to have total aerobic plate counts of >107 CFU/g. Enterobacteriaceae were detected in 
oregano, tarragon, parsley, basic, and chervil at >105 CFU/g. Bacillus cereus was found in white 
pepper, ginger and mixed spices at >104 CFU/g [55].  
 

• 1986, Japan 
In one study, the total aerobic plate count of dried black pepper, white pepper, turmeric, 
rosemary and basil were determined to be 3x103-5x107 per gram [56]. 
 

• 1986, Australia  
A study of 32 imported dried spices showed an aerobic plate count of 2.0x108 CFU/g in black 
pepper. Clostridium perfringens levels up to 1x103 CFU/g were detected in black and white 
peppercorns, broken mace, oregano, cinnamon, turmeric, and ginger. Salmonella was isolated 
from both black and white peppercorns [57].  
 

• 1987, India 
A study of retail cumin seed and chili pepper showed that the aerobic plate counts were 1x108 
CFU/g in cumin seed and 2x108 CFU/g in chili pepper. Bacillus cereus and E. coli were found in 
chili pepper [58]. 
 

• 1988, Nigeria 
A study of 230 dried, retail samples of red pepper, black pepper, thyme, and curry powder 
showed total bacterial counts up to 1.1x108 per gram and high loads of Bacillus cereus [59].  
 

• 1989, USA 
A study of black pepper, white pepper, coriander seeds and fennel seeds showed aerobic plate 
counts of 107 CFU/g for black and white pepper and 105 CFU/g for coriander and fennel seeds. 



Black pepper also test positive for Salmonella [60].  
 

• 1991, Egypt  
An examination was conducted for aflatoxigenic molds in 130 samples of retail spices used in 
meat products. The most commonly isolated mold was Aspergillus flavus. Aflatoxin B1 was 
detected in black and white pepper, while Aflatoxins B1 and G1 were detected in turmeric and 
coriander [61].  
 

• 1995  
A comprehensive review of the microbiology of spices is published [37]. 
 

• 2003, India 
A study of 27 different spices offered for retail sale in India found that 51% had populations of 
total aerobic mesophilic bacteria which exceeded 106 per gram [62]. 
 

• 2006, Japan  
In an examination of 40 different spices imported into Japan and sold in retail shops, an 
incidence of Salmonella of 1.7% and 2.4% was reported in red and black pepper, respectively. 
Turmeric had the highest aerobic bacterial populations, with an average population of almost 
107 per gram and the highest population of spore forming bacteria, with an average population 
of almost 105 per gram [63]. 
 

• 2006, USA  
A review was conducted on the recalls of spices in the United States between 1970 and 2003, 
and found that 20 of the 21 recalls were because of the presence of Salmonella [4]. 
 

• 2009, United Kingdom  
One study found that only 8.3% of dried spices and herbs sampled at production were 
unsatisfactory by EC or European Spice Association standards, while only 3.9% of dried spices 
and herbs sampled at retail were unsatisfactory by the same standards [38]. 
 

• 2013, USA  
The U.S. FDA sampled raw capsicum and sesame seed spices upon import and found the 
shipment prevalence for Salmonella was 3.3% for capsicum and 9.9% sesame seed [3].  
 

• 2015, USA  
A study found that 19% of the spices sampled at retail had populations of aerobic-mesophilic 
spore-forming bacteria greater than 105 per gram [64]. 
 

• 2017, USA  
The U.S. FDA sampled 11 spices at retail and found that no retail samples of cumin seed, sesame 
seed and white pepper were positive for Salmonella. A few samples of basil leaf, black pepper, 
coriander seed, curry powder, dehydrated garlic, oregano leaf, paprika, cayenne and red pepper 
tested positive for Salmonella, with the higher tested prevalence of 0.49% for dehydrated garlic, 



0.56% for coriander and 0.64% for red pepper. These and other results were incorporated into 
the FDA’s Draft Risk Profile on Pathogens and Filth in Spices [6]. 
 

• 2020, Ireland  
The Food Safety Authority of Ireland found that out of a total of 828 single samples of pre-
packaged dried herbs and spices collected in 2017 and tested for Bacillus cereus, 22 samples 
(2.7%) were unsatisfactory (>105 per gram) while 79 samples (9.5%) were borderline (103 to 105 
per gram), based on FSAI (FSAI, 2019) standards [65]. 
 

The high levels of microorganisms in spices reported by these studies further underscores the need to 
implement microbial reduction techniques in all aspects of the production, processing, packaging, and 
storage of spice products, not only to control pathogens as emphasized in other sections of this report, 
but also to prevent potential food spoilage.  

 

Role of Microbiological Testing 
 
In addition to GAPs, GMPs, and validated treatment methods, microbiological testing is frequently used 
as a critical component of spice companies’ food safety and quality programs. Testing may be used to 
verify food safety programs and to meet customer specifications.  

Test protocols for microbiological contamination must incorporate sound handling methods and 
statistically-guided sampling plans.  Routine microbiological testing of products is used to determine the 
acceptance of purchased ingredients, raw materials, and finished products.  Testing of spices for 
pathogens, including Salmonella, may be useful to screen for high rates of contamination entering a 
plant, but cannot completely eliminate risk.  In instances where the contamination rate is low, the 
reliance on microbiological testing as the lone measure of food safety may be misleading as negative 
results do not always ensure safety [66]. For more information on the usefulness of pathogen testing, 
the International Commission for the Microbiological Safety of Foods has provided a decision tree [67].  

Sample Collection and Preparation 

Samples of product must be collected in order to perform microbiological testing. More stringent 
sampling plans are typically required for untreated products than for those that have undergone 
microbial reduction [68]. In fact, when spices are treated by validated methods, extensive testing post-
treatment adds little to ensure food safety, increases cost, and may be unnecessary.  

If sampling and testing is appropriate, the procedure for the collection of samples is key to ensuring 
accurate results. Collection instruments, such as scoops and bags, must be sterile to prevent cross-
contamination.  Proper hand washing techniques and the use of gloves is recommended.  If product 
samples are collected prior to final processing and packaging, microbiological results may not be 
representative of product shipped due to cross-contamination in the processing or packaging 
equipment. Additional information regarding sample collection is available by FDA [69, 70].  



A fundamental principle of lot acceptance sampling plans is that the samples collected will reflect the lot 
as a whole.  For this reason, it is critical that the samples be collected at various points throughout the 
entire lot. This is particularly important where the microbial population is not homogenous, such as 
imported raw spices that may be comprised of many batches or sub-lots.  For non-homogenous lots, an 
increased number of samples may be required to properly evaluate the lot. 

An analytical unit is the aliquot of a sample that is actually tested.  A typical analytical unit is 25 to 375 
grams per sample, although this may be increased if desired.  When testing for indicator 
microorganisms, such as aerobic or coliform bacteria, compositing multiple samples is a common 
technique to decrease the cost of testing. The disadvantage of compositing samples is that an individual 
sample with high levels of contamination may be diluted by mixing with samples with much lower or no 
contamination. 

When more than one sample is analyzed for a microbiological attribute, a two- or three-class sampling 
plan may be applied to evaluate results.  The attributes of these sampling plans are given below:  

n = number of analytical samples 

c = number of samples that may be tolerated in the marginally acceptable range (area between m 
and M) 

m = value below which all values are acceptable 

M = value at which all values above are defective 

Two-Class Sampling Plans 

A two-class sampling plan is appropriate when zero positives are permitted (e.g. testing for Salmonella).  
In a two-class sampling plan, c = 0 and m = M in that there is no marginal range of acceptance and no 
sample may contain levels greater than m. 

For Salmonella analysis, no greater than fifteen (15) analytical units (25 grams each) may be composited 
into one 375-gram test sample and tested in its entirety.  When compositing is performed, it is 
important to ensure that equal amounts of each sample be included in the composite.  Pulling a 375-
gram sample from a bag of unequally mixed portions of analytical units is not acceptable. For spices 
imported into the United States and submitted for approval for reconditioning due to the detection of 
Salmonella, the FDA defines the sampling plan [70]. 

Three-Class Sampling Plans 

A three-class sampling plan may be appropriate when a proportion of sample units may yield test values 
in a marginally acceptable range without causing consequent problems [67].  This is often true for 
testing indicator microorganisms, such as aerobic bacteria, coliforms, yeast, and mold.  It may also be 
sappropriate for certain bacterial pathogens where a tolerance can be established in a product without 
jeopardizing safety, such as C. perfringens, B. cereus, or S. aureus.  In a three-class sampling plan with n = 
5, c = 1, m = 1,000, and M = 10,000, one out of five samples may test above 1,000 but lower than 10,000 
with the lot still being considered acceptable.    



To further assist in the development of a three-class sampling plan, a statistician should be consulted in 
order to select appropriate values for m and M. Additional information on sampling plans is available 
from ICMSF [67]  and the FDA. 

Statistical Basis of Lot Acceptance Sampling Plans 

Factors that influence the effectiveness of a sampling plan include whether random samples can be 
collected from a lot, how samples are prepared, and the sensitivity and specificity of the analytical 
method [67]. Lot acceptance sampling plans assume the microbial population to be randomly 
distributed throughout the lot.  This is often not true, especially for foods that are not liquids.  For this 
reason, better information about the true microbiological population within a lot can be obtained by 
analyzing more than one sample.  The number of samples that are collected from a lot is a balance 
between risk, accuracy, available resources, time, and cost.   

Table 2 demonstrates the relation of number of samples collected to the contamination (defect) rate.  
Table 2 indicates that: 

• If 10 samples are collected across a lot that has Salmonella in 1% of samples, there is a 90% 
probability that Salmonella will be not detected and the lot will be accepted. 

• If 10 samples are collected across a lot that has Salmonella in 10% of samples, there is a 35% 
probability that Salmonella will be not detected and the lot will be accepted. 

• If 15 samples are collected across a lot that has Salmonella in 5% of samples, there is a 45% 
probability that Salmonella will be not detected and the lot will be accepted.   

 

Table 7. Probability of acceptance (Pa) of defective product using a two-class sampling plan 

PERCENT 
DEFECTS 

NUMBER OF SAMPLES 

1 5 10 15 20 30 60 

1 0.99 0.95 0.90 0.86 0.82 0.74 0.55 

2 0.98 0.90 0.82 0.74 0.67 0.55 0.30 

5 0.95 0.77 0.60 0.46 0.36 0.21 0.05 

10 0.90 0.59 0.35 0.21 0.12 0.04 <0.005 

20 0.80 0.33 0.11 0.04 0.01 <0.005 <0.005 

 

For the spice industry, the percent defective (in this case, Salmonella positive) is less than 1% (see Table 
7). This means that even with a large number of samples, the probability of accepting a Salmonella-
positive lot is high. However, sampling and testing is still an important part of an overall food safety 
program, and conclusions may be drawn even with a relatively small number of samples [71]. 
 



Legal and Regulatory Requirements 
 
The United States Congress passed the Food Safety Modernization Act (FSMA) in 2010, which was signed 
into law by President Obama in 2011. FSMA requires food companies that operate in or import to the 
United States to have a food safety plan and comply with additional requirements intended to ensure 
food is safe to eat.   

The FDA’s Preventive Controls Rule for Human Foods outlines the requirements for companies that 
import, process or sell food in the United States must have in place as a part of their food safety plans. 
Food safety plans must be overseen by a Preventive Controls Qualified Individual. Companies must 
conduct a hazard analysis that includes an assessment of microbiological hazards. FDA’s Appendix I of 
the Hazard Analysis and Risk-Based Preventive Controls for Human Food: Draft Guidance for Industry 
includes an overview of hazards that are associated with specific food products, including spices and 
seasonings [72].  

Identified hazards must have validated process controls in place that provide scientific justification that 
the control is effective at mitigating the hazard. This control may be applied by a customer or 
downstream user in the supply chain. However, if this is the case, then the product must be labeled that 
it has not been processed to control the hazard (e.g. “Not Processed to Control Salmonella”). 
Conversely, if a supplier has applied the control, then the company must implement supply chain 
controls, such as audits and review of food safety documentation to ensure the supplier has adequately 
controlled the hazard.  

The successfulness of a company’s food safety plan and preventive controls can be verified through 
different actions. For example, environmental monitoring can provide insight into a facility’s 
microbiological profile, as well as verification of the effectiveness of a facility’s overall sanitation and 
microbial control programs. FDA expects that food facilities will engage in environmental monitoring for 
Ready-to-Eat (RTE) foods that are exposed to the environment post-lethality. Another verification 
activity is product testing, which can be used to verify that a process validation for microbiological 
hazards was effective. While verification activities are an important part of a preventive controls food 
safety plan, they are not sufficient on their own as a preventive control, but rather provide verification 
of a preventive controls successfulness.  

It is noteworthy that the FDA considers spices sold to customers to be RTE products by nature according 
to the 2017 Food Code [73]. The general public might not consider spices to be a food safety risk and 
frequently uses them without subsequent cooking. Although most foods made by food manufacturers 
are cooked or processed prior to consumption, many are also consumed without the benefit of a 
lethality step, such as cooking at the appropriate temperature and time by boiling, baking, etc [73]. The 
implication of this is that companies must ensure that spice products are processed to control potential 
hazards prior to being sold to consumers. 

The Foreign Supplier Verification Program requires importers of foods into the United States to ensure 
that any imported food complies with U.S. requirements. Importers must have documented FSVPs that 
demonstrate the hazards and supply chain controls that are in place. 



ASTA has developed additional resources for the spice industry to support compliance with these 
requirements, including compliance information available on the ASTA website, recorded webinars, and 
research and resources on validation. 

 

Conclusions & Additional Resources on Best Practices for Food Safety 
 
Although it is clear that raw spices may be contaminated with microbial pathogens, there are treatment 
and testing options available to ensure food safety and meet quality criteria. Comprehensive food safety 
plans must include good agricultural practices, supply chain controls, good manufacturing practices, and 
validated treatment processes to control pathogens [1]. Information is available regarding the typical 
microbiological profiles of untreated and treated spices and regarding the antimicrobial properties of 
certain spices. All of this should be taken into account to design a sound sampling and testing regime to 
help minimize food safety risk. Furthermore, spice companies must comply with all legal and regulatory 
requirements that are designed to prevent foodborne illness.  

ASTA has developed a number of resources on Good Agricultural Practices (GAPs) [74], Good 
Manufacturing Practices (GMPs) [75], including pest management, and HACCP Plans [76]. HACCP is the 
acronym for Hazard Analysis Critical Control Point and ASTA has developed a HACCP Guide to address 
critical food safety issues specific to the spice industry [77]. In addition to the pre-requisite programs, 
companies are enhancing their quality and food safety systems to incorporate global food safety 
programs such as those defined by the Global Food Safety Initiative [78]. All of the food safety programs 
recognized by the Global Food Safety Initiative require HACCP programs. 

Furthermore, ASTA has compiled information on the identification and prevention of adulteration [79], 
cleanliness as it pertains to the U.S. FDA’s Defect Action Levels [80], and environmental monitoring [81].  
Lastly, guidance has been published for the detection of Salmonella in seasoning, herbs, and spice 
matrices, as well as laboratory best practices [82].  
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