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INACTIVATION OF SALMONELLA AND SURROGATE BACTERIA ON CASHEWS
AND MACADAMIA NUTS EXPOSED TO SATURATED STEAM AND PROPYLENE
OXIDE TREATMENTS

Thomas Philip Saunders

SCIENTIFIC ABSTRACT

Saturated steam (SS) and propylene oxide (PPO) fumigation are two common methods to
improve microbiological quality and safety of tree nuts. Validation of these processes is needed
to ensure adequate control of bacterial pathogens. Since pathogens cannot be studied in food
processing environments, surrogates with resistance comparable to the pathogens needed to be
identified. The objective was to investigate the suitability of Enterococcus faecium, Pediococcus
acidilactici, and Staphylococcus carnosus as surrogate bacteria for Salmonella spp. on whole

cashews and macadamia nuts, processed with SS or PPO.

Whole cashews and macadamia nuts were co-inoculated with a cocktail of Salmonella
enterica and one of the three potential surrogates. Nuts were dried to original aw, packaged in
poly-woven bags (2.3 kg) and commercially processed using vacuum assisted steam at 80°C or
PPO fumigation. Salmonella and the potential surrogates were enumerated by serial dilution, and
plated onto TSA with overlay of XLT-4 (Salmonella) or media selective for the potential

surrogates.

Mean log reductions (CFU/g) of Salmonella and each potential surrogate were compared
using a paired T-test. SS results: reduction of Salmonella (6.0 + 0.14) was significantly larger
than E. faecium (4.3+ 0.12), or P. acidilactici (3.7 0.14) on whole cashews. Salmonella (5.9 £

0.18) was significantly larger than P. acidilactici (4.4+ 0.18) on whole macadamia nuts.



PPO results: reduction of Salmonella (7.3 = 0.19) was significantly greater than E.
faecium (6.4+ 0.31), or P. acidilactici (6.3+ 0.33) on whole macadamia nuts. Reduction of

Salmonella was significantly greater than E. faecium and P. acidilactici reduction on cashews.

P. acidilactici may be considered a surrogate for Salmonella reduction on whole
macadamia nuts and whole cashews processed using SS at 80°C. E. faecium and P. acidilactici
may be considered surrogates for Salmonella reduction on whole macadamia nuts and whole
cashews processed using PPO. Reduction of St. carnosus exceeded that of Salmonella indicating

it is not a suitable surrogate for Salmonella using either processing intervention.



INACTIVATION OF SALMONELLA AND SURROGATE BACTERIA ON CASHEWS
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OXIDE TREATMENTS

Thomas Philip Saunders
GENERAL AUDIENCE ABSTRACT

Tree nuts are produced and consumed worldwide, playing a role as a snack or ingredient
in foods in several cultures. Traditionally, tree nuts have been believed to be microbiologically
safe due to their composition and lack of water available to harbor pathogenic bacterial growth.
However, recent years have proven to be problematic for many tree nuts and nut products,
numerous recalls have occurred in the United States for verified contamination of Salmonella.
Since Salmonella can be found in food systems worldwide, and is a leading cause of foodborne
iliness due to bacterial contamination of food, steps must be taken to improve the safety of nuts
grown locally and imported products. With several processing options for tree nuts, two that are
commonly practiced to reduce microorganisms include a fumigation of product using propylene
oxide (PPO) and a thermal inactivation treatment through use of saturated steam. The
comparison of Salmonella inactivation and non-pathogenic surrogate bacteria on cashews and
macadamia nuts, being processed in these two manners, was investigated. Possible bacteria
strains that were investigated for surrogacy were Enterococcus faecium NRRL B2354 (ATCC
#8459), Pediococcus acidilactici (ATCC #8042), and Staphylococcus carnosus (ATCC #51365).
Surrogates are bacteria that have similar inactivation characteristics to Salmonella when
processed, that can be purposely introduced before processing to ensure inactivation of
Salmonella and is harmless if consumption occurs. Studies continue to ensure safety of tree nuts

as well as complying with pending and future regulations.
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CHAPTER 1: INTRODUCTION

Salmonella has been responsible for many illnesses and recalls associated with low water
activity (low-aw) foods in the United States (7). Salmonella itself does not grow at water
activities below 0.98. Though food products with aw of 0.7 or lower do not support growth of
pathogenic bacteria such as Salmonella, Salmonella has been documented to survive within low
water activity products for up to 2 years (7). While regulators traditionally concerned themselves
with raw meat products, such as chicken, as a source of Salmonella contamination, it has been
reported that under processed and contaminated food items such as nuts and spices have led to
many recalls and outbreaks (11). Salmonella presence has prompted the recall of a number of
tree nuts including: walnuts, macadamia nuts, pecans, cashews, almonds, pistachios, pine nuts

and hazelnuts (10).

In the United States, tree nuts are routinely processed using propylene oxide (PPO), as
well as saturated steam treatments, for the reduction of bacteria, yeasts and molds. The U.S.
Environmental Protection Agency (EPA) registration for PPO as a pesticide fumigant, for select
foods including nuts, stipulates that (i) exposure temperature must not exceed 51.68 °C, (ii)
exposure time shall be no more than 4 h, and (iii) PPO residue in the product (prior to release)
shall not exceed 300 ppm. Label instructions additionally dictate that (i) dosage cannot exceed
2.5 kg/m® and (ii) at the end of treatment there should be no less than four aeration cycles with a
PPO chamber volume of air (EPA registration no. 47870-1, Aberco, Seabrook, Md.)(1).
Commercial processing facilities can use a variety of concentrations of PPO, chamber
temperature, and relative humidity of environment to meet the quality expectations of their

customers as long as these are in compliance with the EPA label designations for tree nuts (6).



Raw or processed tree nuts are fumigated at a max rate 2.0 oz ai/ft>. This is completed in the
retort for up to 6 hours and followed by the introduction of four chamber volumes of air (EPA
LABEL). Tree nuts are held at 25°C for 28 days or at 35°C before they are shipped. Considering
that, tree nuts can be shipped if residues of PPO are reported below 300 ppm(6). In addition,
several different packaging configurations may affect the PPO penetration into the sample.
Validation studies must be completed to each of the processing parameters on each system to

deem them successful in improving microbial quality of products.

Saturated steam can be used in processing when attempting to reach a 4-log reduction in
Salmonella (4, 12). Steam is being used more to appeal to consumers concerned with the use of
Ethylene Oxide (ETO) and Propylene Oxide (PPO) treatments in food systems (12). Steam
treatments have been preferred in an attempt to protect organoleptic properties of foods, like tree
nuts, which the consumer demands to meet particular standards. With the capability to use small
amounts of steam with high amounts of heat transferred, it is shown to help prevent major loss
of aromatics and other changes detrimental to the nuts, while thermally inactivating pathogenic

bacteria such as Salmonella (9, 12).

The need to validate many product configurations and processing parameters warrants
the identification of a surrogate to avoid the introduction of Salmonella in the processing
facility. The surrogate should be non-pathogenic, and have similar stability and inactivation
characteristics to the target pathogen under the decontamination process of interest.
Enterococcus faecium NRRL B-2354 has been validated as a surrogate for Salmonella spp. in

several thermal lethality studies (2, 8). While E. faecium NRRL B-2354 has been validated as an



appropriate surrogate for Salmonella with regard to thermal processing of almonds, juice and
jerky, there are instances where the inactivation characteristics were not comparable to
Salmonella. In the case of dried pet food and ground and formed beef jerky, Pediococcus
acidilactii ATCC #8042, has been demonstrated to be more heat resistant than Salmonella, and

therefore may serve as a conservative surrogate for Salmonella (3, 5).

Objective 1: Compare the survival of Salmonella enterica with Enterococcus faecium NRRL
B-2354, , Pediococcus acidilactici ATCC #8042, and Staphylococcus carnosus ATCC #51365
on whole cashews and macadamia nuts subjected to propylene oxide fumigation. Bacteria with
comparable or greater survival compared to Salmonella may be considered as a surrogate for
pathogen inactivation on cashews and macadamia nuts processed by a commercial processor

using their proprietary process that is in compliance with US EPA label standards.

Ho: There will be no significant differences between average log CFU/g reduction in
Salmonella and Enterococcus faecium NRRL B-2354 when using propylene oxide
fumigation.

Ha: There will be significant differences between average log CFU/g reduction in
Salmonella and Enterococcus faecium NRRL B-2354 when using propylene oxide
fumigation.

Ho: There will be no significant differences between average log CFU/g reduction in
Salmonella and Pediococcus acidilactici ATCC #8042 when using propylene oxide
fumigation.

Ha: There will be significant differences between average log CFU/g reduction in
Salmonella and Pediococcus acidilactici ATCC #8042 when using propylene oxide
fumigation.

Ho: There will be no significant differences between average log CFU/g reduction in
Salmonella and Staphylococcus carnosus ATCC #51365 when using propylene oxide
fumigation.



Ha: There will be significant differences between average log CFU/g reduction in
Salmonella and Staphylococcus carnosus ATCC #51365 when using propylene oxide
fumigation.

Objective 2: Compare the survival of Salmonella enterica with Enterococcus faecium NRRL
B-2354, Pediococcus acidilactici ATCC #8042, and Staphylococcus carnosus ATCC #51365 on
whole cashews and macadamia nuts subjected to saturated steam treatment. Bacteria with
comparable or greater survival compared to Salmonella may be considered as a surrogate for
pathogen inactivation on cashews and macadamia nuts processed by a commercial processor

using their proprietary process that is in compliance with US EPA label standards.

Ho: There will be significant differences between average log CFU/g reduction in
Salmonella and Enterococcus faecium NRRL B-2354 when using propylene oxide
fumigation.

Ha: There will be significant differences between average log CFU/g reduction in
Salmonella and Enterococcus faecium NRRL B-2354 when using saturated steam
treatments.

Ho: There will be no significant differences between average log CFU/g reduction in
Salmonella and Pediococcus acidilactici ATCC #8042 when using saturated steam
treatments.

Ha: There will be significant differences between average log CFU/g reduction in
Salmonella and Pediococcus acidilactici ATCC #8042 when using saturated steam
treatments.

Ho: There will be no significant differences between average log CFU/g reduction in
Salmonella and Staphylococcus carnosus ATCC #51365 when using saturated steam
treatments.

Ha: There will be significant differences between average log CFU/g reduction in
Salmonella and Staphylococcus carnosus ATCC #51365 when using saturated steam
treatments.
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CHAPTER 2: LITERATURE REVIEW
Microbiological Quality and Safety of Tree Nuts

Traditionally, tree nuts, a low aw food, would not have been suspect to harbor pathogenic
bacteria. Salmonella has been documented to survive within low water activity products for
periods up to 2 years (30). Microbiological surveying of tree nuts has also risen awareness of
actual microbiological quality of various tree nuts, at variable times throughout their production
(54). Surveying research has been carried out through studies in the United Kingdom assessing
microbiological safety of nuts in market places. While not showing much contamination of
Salmonella during the data collection, there is still evidence that further surveying should be
conducted (54). Research out of Australia, intended to survey retail nuts (read-to-eat foods) for
contamination of Salmonella and E. coli, concluded that while microbiological quality of nuts
and nut products are safe in Australia, there were small samples of macadamia nuts which could
be considered potentially hazardous, due to contamination with Salmonella Aberdeen. Though
there have not been any yet, it is plausible that if there is a high contamination level of nuts in

Australia, an outbreak is highly likely (6).

Tree Nuts

Tree nuts are grown and consumed by many cultures worldwide, they have become a
staple commodity in diets of many Americans. Tree nuts are rich in macronutrients,
micronutrients, and bioactive phytochemicals (1). A tree nut is defined as a hard dried fruit or
seed that has the ability to be separated into parts consisting of a rind or shell and an edible
kernel or “meat” that grows on a tree (64). Tree nuts consist of many varieties including walnuts,
pistachios, macadamia nuts, pecans, almonds, and hazel nuts. These nuts are a major export for

the United States, with the United States being one of the top producers of many of these



varieties (44, 79). There is also a demand for tree nuts that are not grown in the United States.
Importing cashews accounts for about 50% of all tree nut imports into the United States, with

India and Vietnam supplying almost 100% of product (79).

Whether tree nuts are grown in the United States or are imported from other supplying
countries, there are various ways in which raw products are harvested, prepared and further
processed. Processes can include forms of thermal treatments; oil roasting, dry roasting,
blanching, steam pasteurization, hot H>O pasteurization, and non-thermal treatments; Propylene
oxide and Ethylene oxide (38). Processing of tree nuts was traditionally intended to extend shelf
life, knowledge of low water activity foods provided the belief that tree nuts could be considered
microbiologically safe, since water activity fell below 0.7 (25). With the main focus on shelf life
extension, there were also a focus on hazards in controlling mycotoxin production. Mycotoxins
are produced by fungi like Aspergillus flavus and have been a source of intoxication in human
and animal consumption of products such as nuts throughout the world (9), pathogenic bacterial
contamination was overlooked for years (6). Bacterial contamination raises concern, with a
number of recalls and outbreaks stemming from contamination of tree nuts and tree nut products
(39), including contamination by Escherichia coli and Salmonella (6). Neither E. coli or
Salmonella can multiply on or in nuts and nut products, due to low water activity, but there have
been studies finding contamination can sustain life for extended periods of time, even up to over
a year (25, 37). Presence of both Salmonella and E. coli provide evidence, typically, of poor
harvest conditions, handling post-harvest, as well as through processing procedures such as

shelling, treating (thermal or non-thermal) and packaging (37).

During routine testing by the United States Food and Drug Administration (FDA),

Salmonella has been isolated from tree nuts including macadamia nuts, cashews, walnuts, brazil



nuts, pine nuts, and pistachios (62). In data on U.S. recalls of nuts, specifically tree nuts and
peanuts, a collection of 104 government issued recalls have been recorded from 2001 to January
of 2017, as a result of contaminated nuts and nut ingredients in products (62). Of the 104 product
recalls, only 12 resulted in reported cases of illness and 7 of those listed the source of
contamination to be “raw” nut products (60). The designation of “raw” represent nuts that have
not been treated with a pasteurization step. Pasteurization is an important risk reduction step as
research has shown that if almonds were to be consumed un-pasteurized there is about a 71%
increase contamination rate of Salmonella (24). With the FDA requiring pasteurization of
almonds now, the chance of contaminated ready-to-eat foods drastically drops. “Raw” almonds
sold in the grocery store have been through a pasteurization step, while “raw” almonds from the
local farmer’s market may not, providing a misconception of a safe “raw” product to many(52).
Also, not all tree nuts are required to be pasteurized, though steps to minimize contamination are
recommended and may soon be required. This is an interesting time with many aspects of the
food industry changing due to the Food Safety Modernization Act (FSMA), which has already
played a role changing the process requirements in almond processing (74). With regulations
looming on further nut processing laws, the idea that macadamia nuts and cashews need to be
further investigate is viable. These two very different tree nuts; in composition, fat content, size,
shape, and consumer expectations, have both been involved with various recalls in recent years

(62).

Macadamia Nuts

Macadamia nuts are one of the most sought out nuts falling under the category of one of

the world’s finest dessert nuts (86). The macadamia nut tree or Macadamia integrifolia is an



original native of the rainforests of eastern Australia, but was introduced to the Hawaiian Islands
~120 years ago (83). The macadamia nut produced by these trees has a crunchy texture and a
very high oil content, which adds to its smooth, buttery mouth feel and sweet taste (83). In
Hawaii alone, the macadamia nut has a farm value of over $40 million that is only increased

exponentially with the addition of other macadamia nut products that are produced (83).

Macadamia nuts do entail a relatively high production cost due to current harvesting
practices. Since there is a very poor recovery method for nuts that are harvested before the shell
is cracked or incompletely cracked, farmers must wait for the nut to ripen fully and spilt open on
its own (86). Therefore, macadamia nuts are typically harvested off the ground, the nut’s shell
will crack and fall to the ground as a sign that the nut has ripened, ideally, though as eluded to
before, many nuts are harvest before they reach maturity (74). Postharvest, dehydration is the
typical method of preservation in macadamia nuts. Macadamia nuts are dried to a point that there
is lack of water available to help prevent spoilage and microbial growth, all while aiding the

extraction of the kernel or edible nut meat that is desired from the shell (83).

Though it is necessary to allow the shell to break for optimum extraction of the kernel,
this is an area of possible Salmonella contamination in nuts. In a “Report on the prevalence of
Salmonella and E. coli in ready to eat nuts and nut products sold in Australia,” it is stated that in
fact “raw macadamia nuts are frequently contaminated with Salmonella, possibly due to
harvesting techniques”(6). This helps support the reasoning behind a recall that was initiated
after a random selection by a company outsourced by the US Food and Drug Administration
during a routine testing for nuts containing Salmonella. In 2015 recalling products located in 15

different states as well as Washington D.C (2-4). The recall included product labeled as “raw” as



well as other macadamia products like “whole roasted” (2-4). It is evident why raw product may

contain microbial contamination, but most would expect a roasted product to be contaminate

free. While the raw products hold more risk of contamination, they were not the only products

affected, providing evidence that critical control points were overlooked in the processing and

packaging steps of the macadamia nuts. Cross contamination between safe and un-safe product is

an assumable hypothesis and a critical control point that is readily investigated. Thus there is a

critical need to re-evaluate macadamia nut processing for a safety purpose.

Currently common practice for macadamia nut production is depicted through the below figure:

1) Macadamia nut drops

from the tree: matured

and collected from the
ground

2) Husk removed from
around the nuts
immeadiately following
harvest

3) Dried after husking:
prevents fungal growth
during storage

7) Package nuts in airtight
bottles, tins or plastic
containers

6) Roasting/fried step
typically

5) Shelling: should be
dried to a moisture
content of 1.5% to have
kernel shrink away from
shell

4) Dried/hardened
"undamaged" nuts put
into storage

Figure 1: Described is a simplified adaptation of macadamia nut processing as published by the
National Department of Agriculture in cooperation with ARC-Institute for Tropical and
Subtropical Crops (28). This chart can help identify key steps in processing and highlight that
contamination of low moisture foods is possible at any step in production, including
cultivation/harvesting, processing, and packaging (63).

10



Many resources show common practice and list critical areas in processed such as
preventing degradation of nuts through insect infestation as well as list step 1 above, as needing
to be harvested daily to avoid loss of product from rodents and other animals, but there is no
mention of microbiological contamination control points (28). As mentioned by “Improving the
Safety and Quality of nuts,” implementation of a Hazard Analysis Critical Control Point plan
(HACCP plan) can be critical (42). The FDA defines HACCP as “a management system in
which food safety is addressed through analysis and control of biological, chemical, and hazards
from raw material production, procurement and handling, to manufacturing, distribution and
consumption of the finished product (32)” When implementing a HACCP plan, the plan must be
developed for the exact product and exact processing parameters, as does any validation study,
so the implementation of a HACCP plan would be different for macadamia nuts then on would

be for cashews (42).

Cashews

Cashews include another area of agriculture where changing process requirements is in
the eminent future. The cashew tree, Anacardium occidentale, is a fast growing, hardy and
drought tolerant tree that can thrive in areas that are typically less than ideal for many
agricultural products (66). The cashew tree is a tropical tree native to areas of South America,
but was introduced to African and Asian nations by explorers of the 16" century (27, 66). The
trees themselves typically grow anywhere from 8 to 12 meters, and hold host to the cashew tree
fruit that contains the edible nut kernel (66). With the cashew’s high economic, ecological, and
biological potential, it is no surprise that cashew nut production has increased exponentially in

the past few decades (66). The world production of cashew raw nuts reached 4.27 million tons in
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2011, with the United States importing a great amount of product from countries in Asia and

Africa (27).

Harvesting and processing of cashews can be an arduous undertaking. The cashew, grows
on the end of the “cashew apple” fruit, when matured, the nut falls to the ground, where it is then

collected from the ground surrounding the trees for further processing (7).

Further processing of Cashews:

6) Nut cracked
1) Mature cashews are mechanically to allow 7) Nut meat carefully
collected from the ground separation of outer shell removed using a nut pick.
and nut meat.

2) Cashews are dried in
the sun, may take 1-3
days.

5) Nut dried to moisture
content of 9%

3) Storage of cashews,
should be able to keep for 4) Nut soaked in water,
12 months under dry soften by steaming to
conditions in sealed prep for extraction
polythene bags

Figure 2: A simplified overview of steps in cashew harvest and processing to remove from shell
as listed in “ Small-scale cashew nut processing” (7). This chart can help identify key steps in
processing and highlight that contamination of low moisture foods is possible at any step in
production, including cultivation/harvesting, processing, and packaging (63).
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Cashews are another product that processing can be re-evaluated for safety purposes. The United
States relies on countries like India and Vietnam for much of its cashew import, and with
cashews in high demand it is necessary that the proper processing and evaluations of the imports
are followed (79). The cashew has been recorded with water activity ranging from 0.2 — 0.8
depending on processing parameters and methods, typically measuring around the 0.6 range
when the nut has been dried and processed, with packaging and storage methods factored in as
well (10, 85). Carefully monitoring and processing an imported product can provide a

microbiologically safer product for consumers.

Saturated Steam Treatment for Nuts

Utilization of steam to achieve a required pathogen log reduction in a product, putting it
simply, is what a saturated steam treatment aims to achieve (16, 77). Saturated steam is a form of
thermal pasteurization that consumers tend to approve of when concerned with the use of food
treated with Ethylene Oxide (ETO) as well as Propylene Oxide (PPO) (gas fumigations) (77).
Saturated steam can be used on low moisture foods to help preserve the organoleptic properties.
The ability to use little amounts of steam which transfer high heat, but prevent major losses of
aromatics and changes that are detrimental to desired qualities of the product appeals to the
industry and consumer (45, 77). Research is ongoing, but there is little to no change in
appearance in most products, with no damage to fragile food products (77). Saturated steam,
because it stores a large amount of latent heat, can provide high heat transfer to the outside of a
product. There are steps in processing with saturated steam that may vary between system, but
follow basics of pre-heating used to elevate temperature of the raw product and chamber to
specified degree, the steam treatment which is used to inactivate potential pathogenic bacteria,
and a cooling stage necessary for further processing post-treatment (71). The use of saturated
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steam can also be conducted in a vacuum chamber and with different pressures, allowing for
lower temperatures to be used to process nuts (42). Steps in steam treatments with a vacuum
consider a pre-vacuum, vacuum, pasteurization, and post vacuum stages that can all be adjusted
in regards to the matrix being processed (71). As described by M.K. Shah et al., in a study
researching the “Efficacy of vacuum steam pasteurization for inactivation of Salmonella PT 30,
Escherichia coli 0157:H7 and Enterococcus faecium on low moisture foods”, steam processing
while under a vacuum allows for processing to occur at temperatures below 100 °C (71). This is
a notable parameter, allowing for different texture, flavor, and overall mouth feel of end products
by varying processing time and max temperatures reached. Organoleptic properties are important
to the producer to preserve, but some processing is required to obtain certain properties as well,

for example developing flavor in particular nuts by dry or oil roasting them (42).

From a microbiological stand point, the California Almond Board (ABC) discusses using
a saturated steam pasteurization system, using mandatory steam treatments to obtain the
Technical Expert Review Panel’s (TERP) 4-log reduction of Salmonella in steam pasteurization
of almonds as well as a proprietary process that was accepted for pasteurization, obtaining a 5-
log reduction minimum (16). Parameters that have been validated and can be obtained through
contact with ABC or TERP, provided natural almonds treated under these conditions the ability
to be labeled as “pasteurized.” The validation must be followed exactly, with no deviations in

areas such as time, temperature, packaging, and food matrix (16).
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Propylene Oxide (PPO) treatment for tree nuts:

Propylene oxide (PPO) or CsHeO is a flammable liquid with a boiling point of 34.238 °C
at normal atmospheric pressures (26). PPO is vaporized to a gas in a fumigation treatment that is
known to reduce populations of bacteria, molds and yeast in food items such as tree nuts, spices,
and cocoa (26). The table below lists commodities with established tolerances in parts per
million treated with PPO per “Reregistration Eligibility Decision (RED) Document for

Propylene Oxide” for Cosmed Group, as archived by the EPA (23, 29).

Table 1. Foods recognized as approved for PPO treatment

Commodity Approved for PPO Treatment Parts Per Million (PPM)
Nut, pine 300
Nut, tree (group 14) 300
Nutmeat, processed (excludes peanuts) 300
Pistachio 300
Cacoa bean, dried bean 200
Cacoa bean, coaoa powder 200
Fig 3.0
Grape, raisin 1.0
Plum, prune (dried) 2.0
Herbs and spices, dried (group 19) 300
Garlic, dried 300
Onion, dried 300

Fumigation processes have been extensively discussed in the nut and spice industry. Recently the
Almond Board of California researched and demonstrated that PPO fumigation is an effective
form of pasteurization, for almonds (17). Research has found that PPO can reduce the risk of

Salmonella contaminated almonds from reaching the consumer, achieving a 4-log reduction.
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Table 2. Pasteurization Operating Parameters to Assure 4-log Reduction of Salmonella

PPQ Pasteurization Operating Parameters to Assure 4-log Reduction of Salmonella (17)

Stage

Temperature

Initial Product

Not less than 86°F (30°C)

Inside Chamber: Start & Sterilization

117-125°F(47-51°C)

PPO vaporizer temperature at point of PPO
injection

140 -160°F (60-71°C)

Post ventilation

Chamber VVacuum

100-110°F (38-43°C) for 2 days or above 59°F
(15°C) for 5 days

Vacuum (Hg)

Before PPO injection

At least 27” Hg

Completion of inert gas injection

Initial PPO concentration in chamber

Duration of Pasteurization

Aeration Cycles

5-6 inch Hg

Not less than 0.50z PPO/ft3

4 hours (industry size)

No <4 and not >14

This PPO process validation was taken directly from parameters the California Almond Board

(17) follow when validating a process to produce a 5-log reduction in Salmonella on almonds.

The procedure in table is applicable for bulk-packed almonds that are stacked single or double

stacked pallets, and should be noted that this procedure is in no way applicable for products

packed in retail packaging (17).



The U.S. Environmental Protection Agency (EPA) registrater for PPO as a pesticide
fumigant stipulates that (i) exposure temperature must not exceed 51.68<C, (ii) exposure time
shall be no more than 4 h, and (iii) PPO residue in the product (prior to release) shall not exceed
300 ppm. Label instructions additionally dictate that (i) dosage cannot exceed 2.5 kg/m? and (ii)
at the end of treatment there should be no less than four aeration cycles with a PPO chamber
volume of air (EPA registration no. 47870-1, Aberco, Seabrook, MD.)(26, 29). Requirements by
the EPA have limits on exposure times, and amounts of off gassing allowed by one treatment
center, but processors continue to use a variety of processes, many of which are not validated for
Salmonella (42). PPO does have some drawbacks, the process is lengthy due to off gassing
required by the EPA, which includes day long periods before food products can be further
handled. While PPO is effective in inactivating Salmonella, factors such as chamber size,
product composition, containers which the product is being processed in all play a role in the

efficiency of the process (42).

With strict regulations on how much PPO processors can harness for treatment and
expose to a food system, chamber size must be validated to determine distribution of gas within
the chamber and how much exposure the food system will have. Understanding the exposure to a
product is necessary to verify efficacy of the fumigation treatment and can also be effected by
the food composition being tested (23, 46). How tightly a food sits on top of itself in a container
can change permeability and prevent high enough exposures in the center of a container, which
can lead to under processed product. Not only does the food system need to allow for gas
exposure, the container which foods are processed in have the requirement of being permeable,
just as requirements for medical equipment treated with ethylene oxide (56). Permeable has a

wide definition itself, to PPO standards a carboard box is considered permeable (41). A carboard
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box would vary in permeability though compared to a bin constructed of wire mesh, further
proving a need to validate every process separately. The promise for treatments such as
saturated steam (8) and PPO (26) in the reduction of Salmonella contamination, and therefore
reduction in cases of Salmonellosis in the United States, do warrant continuing research in

adding additional food items to the list which are already processed in such ways.

Salmonellosis

Salmonellosis is an illness associated with food and waterborne outbreaks worldwide
caused by bacteria known as Salmonella (58). Salmonella is a motile, non-spore forming, Gram
negative, rod-shaped bacterium (21). In the United States, Salmonella is the foodborne bacteria
associated the most foodborne illnesses as well as deaths from foodborne bacteria, with an
estimated 450 each year (69). When infected with Salmonellosis, there are two kinds of illnesses
that could occur. The first of which, non-typhoidal, is gastrointestinal, bringing about nausea,
vomiting, diarrhea and cramps, with additional fever-like symptoms that generally last only 4 to
7 of days and will reside by themselves in healthy patients, and is the most prevalent in the

United States (19, 21).

The second type, typhoidal, is seen more in developing countries and not typically in The
United States, and typically can be associated with travel outside of the country for United States
citizens (19). Typhoidal infections typically arise from undertreated water sources that may
contain the pathogen and items such as raw sewage, transmitting the illness by directly drinking
the source or using the non-potable water for crops and agricultural items, and provides enough
concern to closely monitor where the United States imports products (21). Typhoidal illness is

usually associated with high fever, diarrhea or constipation, aches, pains, drowsiness, as well as
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sometimes a rash, and tends to be more serious with 10% of untreated cases leading to death

(21). In both instances of Salmonellosis illnesses, patients who are elderly, immunocompromised
or infants are the most likely to develop a severe illness. The CDC estimates that there are about
1.2 million illnesses each year with somewhere around 450 deaths occurring from non-typhoidal

Salmonella in The United States annually, with many cases still going unreported (19).

Salmonellosis caused by non-typhoidal Salmonella traditionally concerned regulators for
contamination of raw meat products, such as chicken. It has been supported over the years that
under processed and contaminated food items such as nuts and spices have led to many recalls
and outbreaks and raise concern if not more for contamination (67). Per the CDC and the
Foodborne Outbreak Online Database (FOOD), there have been 4 outbreaks of Salmonella on
nuts in the United States from 1998 to 2015 (20) warranting further investigation of Salmonella

in low water activity environments.

Salmonella Survival at Low Water Activity

One of the oldest forms of food preservation is the drying or dehydrating of a food
system. By using drying methods for food preservation, the result is lowering the water activity
to that of a point that the environment is no longer suitable for most microbial growth (43, 65).
Drying helps prevent microbial growth due to reduction of available water from growth also
known as water activity (aw ) recorded on a scale from 0-1(34). It specifically refers to the
amount of water that is free or unbound to the food system, that is available for supporting
microbial growth. Food systems with aw of 0.7 or lower typically do not support growth of
bacteria such as Salmonella, however there is still the ability of food to harbor pathogens, even
with this classification of low aw (30). Low aw does not only refer to foods that appear dry or low

in moisture but also, water that would typically be available in some high moisture foods can be
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bound through the addition of items such as salt, sugar, and other topical items. Foods with low
awcommon in diets can include dried nuts and spices, chocolate, dehydrated foods such as meats

and ready-to-eat meal mixes, as well as high moisture items such as jams and jellies.

With the capability to survive on low aw foods, many ready to eat foods, that are popular
in The United States, have potential contamination risk factors. Salmonella has been seen to
survive on tree nuts and tree nut products for extended lengths of time (67), though Salmonella
has only proven to grow at aw as low as 0.93 (11). Bacterial loads and time of contamination also
provide evidence on survival length in low aw systems. Taking into consideration environmental
and storage aspects of food such as temperature, relative humidity, as well as potential for cross
contamination provide insight to the risk of contamination in food (47, 51, 78). Salmonella can
easily be transmitted through cross-contamination at many critical control points during
processing of food. It is likely to occur during inappropriate preparation or unsanitary harvest
and preparation facilities, creating a higher risk of Salmonella contaminated food systems. Cross
contamination is particularly dangerous to a system when it occurs after critical steps are taken to

control for lethality of pathogenic bacteria (35, 58, 63).

Salmonella enterica Strain Consideration

When conducting a process validation, strain consideration of pathogenic bacteria which
you are trying to inactivate is critical. Many factors must be considered when identifying how
Salmonella strains will react with the food system and during the inoculation process. Factors
such as temperature, culture media, serotype, strain, water activity, nutrient matrix as well as
different processing parameters carried out will influence the Salmonella survival (63, 68). For

studies such as these, if low water activity foods are to be researched for process validation, it is
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ideal to choose strains that have been found in outbreaks in foods of similar composition,
accessible through survey research and government records (62). Salmonella enterica serovars
obtained from low-aw foods are of interest, examples of strains of common interest include;
Montevideo, an isolate from 2010 peppercorn associated outbreak (18) occurred July 1, 2009 -
April 28, 2010, resulting in 272 people from 44 states contracting salmonellosis by Salmonella
Montevideo after consuming salami that had contaminated peppercorn throughout. Salmonella
Tennessee, K4643, a human isolate from 2007 peanut butter associated outbreak that was traced
back to Salmonella contaminated peanut butter. The outbreak consisted of 715 salmonellosis
cases spread over 48 different states (72). Salmonella Ball ARL-SE-085 isolated from black
pepper in 2011(5, 80) along with Salmonella Johannesburg ARL-SE-013 retrieved from dried
ginger in 2010 (31). Salmonella Senftenberg 775W, ATCC 43845, is used in studies which entail
a thermal processing step due to its heat resistant nature, and was obtained from the FDA or

American Type Culture Collection (ATCC, Manassas, VA) (57).

The importance of strain selection is evident with the selected strains all resulting in
larger outbreaks, and being strains that have been found to contaminate low water activity food

in high bacterial loads with the potential of spreading Salmonellosis.

Inoculation Preparation Effect on Low Water Activity Foods

Inoculation methods of the product being tested remains an important step in the testing
of surrogate organisms. Starting inoculum must be sufficient to document 5-log reduction using
plate count methods. With numbers of initial inoculum too low, it would be hard to obtain any

significant data showing sufficient inactivation and regrowth post processing (14, 15).
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Wet Inoculation:

Wet inoculation methods are used in order to simulate potential Salmonella
contamination that could occur in natural growing habitats (53). The use of wet inoculum
produced by growing Salmonella and potential surrogate organisms in TSB (tryptic soy broth)
and then growing bacterial lawns on TSA (tryptic soy agar) allows for high concentrations of
each microorganism to be introduced into the food system being tested (53). These high counts
allow for proper enumeration techniques to acquire a recoverable number of bacteria to further
validate which surrogate organism express similar characteristics as the Salmonella inactivation
that is also present in the system. With producing high bacterial loads, wet inoculation allows for
easy reproducibility between trials of experiments, almost guaranteeing high counts each time it
is properly performed. Wet inoculation is able to change the surface properties in some food
systems, and includes extra time for drying the test product, but in the case of nuts, it seems to be
an effective way to still study inactivation techniques on Salmonella and surrogate survival (82).
The composition of nuts, macadamia nuts and cashews, provide testable foods which seem to fit
the model for a wet inoculation process. Cashews and macadamia nuts (whole), while not very
porous, do not provide evidence of drastic compositional changes, as would some products when
exposed to a wet inoculation and provide a great enough surface area to retain the inoculum (14,
15). Water activity is recorded post inoculation to ensure that the nuts return to a range with in
their original states, to show that the manipulation of water activity changes were able to reverse

with additional drying time (61).
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Surrogate Bacteria

Microorganisms used as surrogates must follow a strict criterion. The ideal surrogate is
non-pathogenic, so that it can be introduced into a food system in a processing facility, to
validate the efficiency of a process intended to inactivate a target pathogenic microorganism
(50). Choosing the correct surrogate typically entails that is models inactivation of the target
pathogenic microorganism, consistently exemplifies stable and similar growth patterns, can be
easily prepared in a laboratory setting, and is easily identified and enumerated for pre and post
processing (76). The intention of surrogate use is, if it resists the processing conditions more than
your target pathogenic microorganism, then processors can feel confident if their process
inactivates the bacterial load of the surrogate, the product is safer for consumption by consumers.
Many surrogate organisms have been identified for target pathogen inactivation in a wide variety
of processes. It has been validated to use Bacillus amyoliquefaciens as a surrogate for
Clostridium botulinum in high pressure processing (HPP) of mashed carrots (55), Listeria
innocua has been validated for comparison to Listeria monocytogenes inactivation in flash
pasteurization of frankfurters (75) and the generic E. coli is a valid surrogate for E. coli 0157:H7
in pulsed field treatment of juice (40). The diversity of processes and mechanisms used to
inactivate pathogenic bacteria in the studies do vary, showing the importance of effectiveness of
control points identified. When investigating Salmonella inactivation, thermal mechanisms

remain a focus as a control point when choosing a comparable surrogate, typically.

Enterococcus faecium NRRL B-2354 as a surrogate for Salmonella

Enterococcus faecium NRRL B-2354 has potential as a surrogate microorganism having
been validated to result in comparable inactivation of Salmonella. Enterococcus faecium, a

Gram-positive coccus, non-spore-forming organism, known to survive in temperatures between
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5-50°C, pH between the range of 4.6-9.9, and has a tolerance of high salt environments (36, 48).
It has been validated by research as surrogate for Salmonella inactivation on almonds with the
use of thermal treatments (76). With this validation study, it was the goal to determine if specific
treatment technology and processing equipment could achieve a 4-log reduction of Salmonella.
The 4-log reduction is the mandated minimum for almonds grown in California as a part of 7

CFR part 981 from the Federal Register in 2007 (76).

The safety of this strain has been evaluated in previous studies based on its genomic and
functional characteristics (49). Enterococcus faecium is used as a surrogate in many different
thermal lethality studies including as a surrogate for Salmonella enterica during the extrusion of
a balanced carbohydrate-protein meal, and has been evaluated in use on almonds processed with
PPO (12, 17, 76). Enterococcus faecium is also already, by the United States Food and Drug
Administration (FDA), Generally Recognized as Safe (GRAS) (33). GRAS status, under 201 and
409 of the Federal Food, Drug, and Cosmetic Act, recognizes the safety in the use of any
substance that is intentionally used as a food additive when used in the conditions which it is
intended (33). To gain GRAS status, a great deal of funding and research must go into all aspects
of an additive, so the positives of finding a surrogate that is already considered GRAS would

prove extremely fortunate to industry producers.

With the California Almond board produced research on using potential surrogate
bacteria such as Enterococcus Faecium, there remains a need to validate separate processes and
food products. These validations must cater to specific needs through every parameter set up, to

test surrogate validity as a whole (66, 83).
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Pediococcus acidilactici ATCC 8042 as a surrogate for Salmonella

Pediococcus acidilactici ATCC #8042 is a lactobacilli bacteria that has traditionally been
used in meat fermentations (87). Pediococcus acidliactici ATCC #8042 is also recognized as
GRAS (33). Along with E. faecium NRRL B-2354, Pediococcus acidilactici ATCC #8042 has
been used as a surrogate in previous work. Popular with low water activity studies, Pediococcus
acidilactici ATCC #8042 acted as a surrogate in ground-and-formed beef jerky, where overall
reduction indicated >5-log CFU/g reduction, as found sufficient in a process for Salmonella (13)

and whole muscle turkey jerky (84), as have other lactobacilli bacteria.

Pediococcus acidilactici ATCC #8042 is also known for its use as a surrogate for the
dried pet food industry (22).Though it has also been approved as surrogate for Salmonella
inactivation in low water activity foods undergoing thermal processes, validation is still required
of the individual food systems (66, 83). In the study on dried pet food, validity of surrogacy
potential of Pediococcus acidilactici ATCC #8042 and Enterococcus faecium NRRL B-2354
were directly compared for Salmonella (serovars: Anatum, Montevideo, Senftenberg, Tennessee,
Schwarzengrund, Infantis, Mbandaka) (22). In the parameters of the treatment, both non-
pathogenic organisms proved to be valid surrogates, but when validated in the temperatures of
typical processing conditions, Pediococcus acidilactici ATCC #8042 was found a more viable

surrogate to work with in future studies due to inactivation characteristics (22).

Staphylococcus carnosus ATCC #51365 as a surrogate for Salmonella

Staphylococcus carnosus is Gram positive, nonmotile, non-spore forming bacteria. The
bacteria colonies grow as small, raised circular and gray-white appearance in color on mannitol
salt agar (MSA) (70). Staphylococcus aureus will also grow in this medium, but is considered
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mannitol fermenting, creating MSA to undergo a color change to a yellowish (73), one of the
many testing methods available for identifying Staphylococcus aureus. It is important to be able
to tell Staphylococcus carnosus apart from other cocci bacteria when using them as a indicator
organism. Staphylococcus carnosus ATCC #51365 strains have traditionally been applied as
meat starter cultures in fermented meat products (59). Promoting research in many areas
regarding the safety of the use of this starter culture. With questions arising on safety of the
bacteria to those who may be immunocompromised, and its recent history of antibiotic resistant
strain detection in the food processing industry, it is important to note that Staphylococcus
carnosus has GRAS (generally recognized as Safe) status, making it an ideal subject to test
surrogacy for Salmonella inactivation, from a monetary stand point (33, 59). Thermal resistant
capabilities along with being able to withstand various salt contents, water activities and
environmental conditions provide grounds for research in comparison to Salmonella inactivation

on processed low water activity foods (59, 70).

Staphylococcus carnosus subspecies carnosus ATCC #51365, along with Pediococcus
acidilactici ATCC #8042 have previously been investigated as possible surrogates for
inactivation of Salmonella and E. coli 0157:H7 in ground beef products and frankfurter batter
(81). The thermal tolerance of pathogen cocktails (E.coli, Salmonella) was shown to be
significantly less (P < 0.05) than thermal tolerance of Pediococcus acidilactici ATCC #8042 and
Staphylococcus carnosus ATCC #51365 (81). Approval as surrogates (Staphylococcus carnosus
ATCC #51365, Pediococcus acidilactici ATCC #8042) for Salmonella and E. coli O157:H7
inactivation on frankfurter batter was found, but this is only under limited parameters of thermal

processing (81).
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Abstract:

Propylene oxide (PPO) is a chemical fumigant used to improve the microbial quality of
tree nuts. PPO has been validated to reduce Salmonella on bulk almonds but has not been
evaluated for other tree nuts. The identification of a non-pathogenic microorganism that may be
used to validate the inactivation of Salmonella on cashews and macadamia nuts is needed to
avoid introducing the pathogen to the pasteurization facility, while assuring the different
packaging configurations and processing parameters are effective. The objective of this
research was to compare the reduction of Salmonella spp. and 3 potential surrogate bacteria,
Enterococcus faecium, Pediococcus acidilactici, or Staphylococcus carnosus, on cashews and
macadamia nuts processed using PPO. Whole cashews and macadamia nuts were co-inoculated
with a cocktail of Salmonella spp. and one of three potential surrogates using TSA-grown cells,
and the nuts were dried to original aw around 0.44-0.51. Nuts were packaged in polywoven bags
(2.3 kg) and shipped for PPO treatment at a commercial facility. Samples were returned for
enumeration by plating onto appropriate selective media and TSA overlaid with XLT-4.
Processing was completed three times, with six samples per process. The mean log reductions
(CFU/qg) of Salmonella and each potential surrogate, within a sample and amongst all trials, were
compared using a paired T-test. P<0.05 is considered significant. Salmonella and the potential
surrogates were recovered by vigorous shaking, serial diluted, and plated onto TSA with an
overlay of XLT-4 for Salmonella, or media selective for the potential surrogates. Mean
reduction in log CFU/g of Salmonella (7.3 + 0.19) was significantly greater than that of E.
faecium (6.4+ 0.31), or P. acidilactici (6.3+ 0.33) on whole macadamia nuts. Reduction of
Salmonella was significantly greater than E. faecium and P. acidilactici reduction on cashews..

Salmonella reduction did not exceed that of St. carnosus and therefore is not a good surrogate. E.
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faecium and P. acidilactici may be considered as surrogates for Salmonella reduction on whole

macadamia nuts and whole cashews processed using PPO.
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Introduction

Salmonella has been responsible for many illnesses and recalls associated with low water
activity (low-aw) foods in the United States (10). While water activities below 0.98 do not
support the growth of Salmonella, it has been known to survive for periods up to 2 years (10).
Salmonellosis outbreaks have been traced back to contaminated almonds, cashews, hazelnuts,
pine nuts and pistachios (13). Additionally, Salmonella detection has prompted the recall of
many other types of tree nuts and tree nut containing products including walnuts, macadamia

nuts, pecans, cashews, almonds, pistachios, pine nuts and hazelnuts (22).

Tree nuts are a common snack food and maybe considered a ready to eat. Tree nuts are
not only ready to eat, but are known ingredients in many other food products sold and consumed
in the United States (17, 26). Though there is a high consumption of tree nuts and their products
in the United States, many varieties of nuts must be imported from other countries, including
every continent excluding Antarctica (26). While the United States is a lead exporter in almonds,
walnuts, pistachios and macadamia nuts, they are a lead importer of cashews, pecans, and Brazil
nuts (26). When producing as well as importing a product such as nuts, many considerations
and steps must be taken to ensure that it is safe for human consumption. Importers and
processors of nuts, must comply with the FDA Food Safety Modernization Act (FSMA) final
rule for Preventative Controls for Human Food (12). This is not limited to but includes a focus
on hazard analysis, preventive controls, and over all good manufacturing practices (CGMPs),
not only through the handling and processing of the product in local plants, but also the previous
practices already performed by the exporting countries or local farms supplying the distributor

(12).
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Considering tree nuts are raw agricultural commodities it is important to validate post-
processing interventions which reduce the risk of Salmonella contamination in products. One
way the producer lessens risk of contamination is through fumigation processing such propylene
oxide. Propylene oxide is used for the reduction of bacteria as well as yeasts and molds. The
U.S. Environmental Protection Agency (EPA) registration for PPO as a pesticide fumigant
stipulates that (i) exposure temperature must not exceed 51.68<C, (ii) exposure time shall be no
more than 4 h, and (iii) PPO residue in the product (prior to release) shall not exceed 300 ppm.
Label instructions additionally dictate that (i) dosage cannot exceed 2.5 kg/m® and (ii) at the end
of treatment there should be no less than four aeration cycles with a PPO chamber volume of air
(EPA registration no. 47870-1, Aberco, Seabrook, Md.) (9). Commercial processing facilities, in
fact, use a variety of concentrations of PPO, chamber temperature, and relative humidity of
environment to meet the quality expectations of their customers. In addition, different

packaging configurations may affect the penetration of PPO into the sample.

Each process with its set parameters must be validated as a product specific process,
which identifies the need for viable surrogate organisms to avoid the introduction of Salmonella
in the processing facility. The surrogate should be non-pathogenic, and have similar stability
and inactivation characteristics to the target pathogen under the decontamination process of
interest. Enterococcus faecium NRRL B2354 (ATCC #8459) has been validated as a surrogate
for Salmonella spp. in several thermal lethality studies (1, 16). While E. faecium NRRL B2354
(ATCC #8459) has been validated as an appropriate surrogate for Salmonella with regard to
thermal processing of almonds, juice and jerky, there are cases where the inactivation
characteristics were not as comparable to Salmonella, for instance when used in an inactivation

study of peanuts exposed to stagnant heat (5). In the case of dried pet food through extrusion
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processing and ground, formed beef jerky processed with thermal methods, Pediococcus
acidilactici (ATCC #8042), has been demonstrated to be more heat resistant than Salmonella,
therefore it may serve as a conservative surrogate for Salmonella in these products (2, 7).
Staphylococcus carnosus (ATCC #51365) has been proposed as a surrogate for Salmonella in
heat processed ground meat products and frankfurter batter (27).

The objective of this study was to compare the survival of Salmonella spp. with
Enterococcus faecium NRRL B2354 (ATCC #8459), Pediococcus acidilactici (ATCC #8042),
and Staphylococcus carnosus (ATCC #51365) on whole cashews and macadamia nuts subjected
to commercial propylene oxide fumigation in accordance with the US EPA label standards.
Bacteria with comparable or greater survival compared to Salmonella may be considered as a
surrogate on cashews and macadamia nuts processed by PPO, provided that their process is

validated to achieve comparable temperatures and gas concentrations within the package.

Materials and Methods

Bacterial strains and growth conditions:

Inoculum preparation:

Five Salmonella enterica serovars obtained from low-aw foods (4 strains including
Montevideo, an isolate from 2010 peppercorn associated outbreak, Tennessee, K4643 human
isolate from 2007 peanut butter associated outbreak, Ball ARL-SE-085 isolated from black
pepper in 2011, and Johannesburg ARL-SE-013 from dried ginger in 2010) and Salmonella
Senftenberg 775W, ATCC 43845, frequently used for thermal studies due to increased heat

resistance, were obtained from the FDA or American Type Culture Collection (ATCC,
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Manassas, VA). Three potential surrogate bacteria Enterococcus faecium (NRRL B-2354,
ATCC strain #8459), Pediococcus acidilactici (ATCC #8042) and Staphylococcus carnosus,

subspecies carnosus (ATCC #51365), were obtained from the ATCC.

Wet inoculation with Salmonella strains and Surrogates grown on TSA:

Inoculation preparation was adapted from the method developed for almonds and is
associated with increased stability of Salmonella on whole peppercorns and cumin seeds
compared to a broth grown method (3, 4). Briefly, each strain was spread onto a 150 x 15 mm
(BD Falcon, Franklin Lakes, NJ) large Tryptic Soy Agar (TSA) (Becton Dickinson, Franklin
Lakes, NJ) plates and incubated at 37 °C for 24 h. Cells were harvested from each of the plates
and placed in separate sterile conical tubes by first applying 0.1% (w/v) peptone-tween (PT)
buffer to each plate and scraping colonies into suspension using a sterile cotton swab. For
Salmonella, the suspensions of 5 strains were combined in comparable volumes corresponding to
similar CFU of each strain as determined previously (6). Equal volumes of the Salmonella
cocktail (12.5 ml) and one of the three potential surrogates (12.5 ml) were mixed in a total
volume of 25 ml. The suspensions were then transferred into 27 oz. sterile Whirl-Pak bags
containing either 400 g of dry whole “Fancy grade” macadamia nuts or whole cashews and a
mixture of shaking, inversion and hand massaged for 1 minute to evenly coat the nuts. After
inoculation, nuts were arranged in a single layer on double layered, sterilized filter paper on top
of drying racks placed inside a biological safety cabinet for drying. Nuts were dried for 24-48 h
to allow the nuts to return to the pre-inoculation aw of around 0.44 for macadamia nuts and aw of

0.51 for cashews at room temperature. Water activity of whole macadamia nuts (5 g) and
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cashews (4 g) was determined by using an Aqualab 4TE water activity meter (AqualLab,
Pullman, WA).

Heat resistance:

Resistance to heat treatment was examined by heating inoculated cashews and
macadamia nuts (25 g) to 280°F (138°C) in a lab scale convection oven for 15 minutes, as

referenced by the Almond Board of California.

Packing and Shipping methods:

The dried, inoculated nuts (50g cashew or 50g macadamia) were individually packaged
within muslin drawstring sachets (4 x 6 in.) that were tied to a framework of non-conducting
thin CPVC pipe (12.7 mm diameter pipe, assembly dimensions 38.8 cm x 26.7 cm). This frame
prevented the movement of the sachet throughout a larger bag poly-woven polypropylene bag
(14 x 24 in.), when filled with ~3000g of non-inoculated nuts to achieve a bag thickness of 7cm
depth when placed horizontally. Each bag contained 6 sachets of the specific nut inoculated
with Salmonella and either E. faecium NRRL B2354 (ATCC #8459), P. acidilactici (ATCC
#8042), or Staphylococcus carnosus (ATCC #51365). Each potential surrogate/Salmonella
combination of inoculated nuts were placed within separate poly-woven bags (3 bags per nut
type, 6 bags in total). The bags were sealed by a combination of high strength glue and
industrial staples to prevent any potential cross contamination and the bags were placed in
insulated boxes. The boxes were shipped overnight to a commercial processor for PPO
treatment with instructions on how to prepare the bags to assure uniform and consistent
distribution of the nuts before treatment: to flip each bag gently three times and to lay the bag
flat on the surface for treatment after removal from the shipping packaging. The bags were to be

laid face up (signified by a written label), and the processor included matchstick data loggers
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with in the PPO run to verify temperatures during processing were reached and remained

consistent through each of the three runs.

PPO Treatments:

Propylene oxide processing was performed by Cosmed Group, Inc. (Cosmed) in
accordance with EPA regulations (9), according to the parameters provided in Table 1, which
were recorded entirely by processors at Cosmed. These dwell times are much shorter than their
standard process because in a preliminary trial the Salmonella and Enterococcus faecium
NRRL B2354 (ATCC #8459) could not be recovered from these small test bags. A platform
was constructed of stacked pallets and centrally located within a 12-pallet chamber. The six
bags were placed on top of the pallets and temperature data loggers were placed in various
locations around the bags of samples. The average temperature during each of the runs is
reported in figure 1. Dedicated runs were performed for these treatments to minimize the
potential for cross contamination within the facility. Three separate processing runs were
performed on different days. After processing the bags were returned to the insulated shipping
container and shipped back to Virginia Tech for enumeration.

Enumeration:

Salmonella and the corresponding surrogate bacteria were enumerated from nuts at four
time periods: after drying, after heat treatment, after PPO treatment and after storage of non-
treated nuts. The enumeration method was adapted from the method described by Stevenson et
al. for enumerating E. faecium NRRL B2354 (ATCC #8459) from almonds (25). Nuts from
each sachet were mixed with Butterfield’s phosphate buffer (BPB) in a 1:1 ratio in a sterile
sample bag (25 ml to 25 g of treated nuts) and shaken 50 times with vigorous pace in an arc

motion of 1ft, using 27 oz. steril Whirl-pak bags. After a 5 min. rest period the nuts were shaken
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again 5 times before pouring the liquid into a sterile tube. Tenfold serial dilutions in BPB were
performed. Each dilution was spread plated onto TSA plates in duplicate, incubated at 35°C for
3h. followed by overlay with 7 ml of XLT4 for recovery of injured Salmonella. Then the plates
were incubated for the remainder of 48h at 35<C. Each dilution was also plated in duplicate onto
the appropriate selective media required to recover the given surrogate strain (MSA for
Staphylococcus carnosus (ATCC #51365) and BEA for P. acidilactici (ATCC #8042) and E.
faecium NRRL B2354 (ATCC #8459)). Plates were incubated at 37°C for 48 h. An aliquot of 1
mL of the supernatant was also transferred to 9 mL of Tryptic soy broth and incubated at 37°C
for 24 h and subsequently streaked onto selective media resulting in a limit of detection of 1.0

log CFU/g.

Experimental Design and Statistical Analysis:

Three separate PPO treatments were performed on three separate days. On each day six
sachets containing a combination of Salmonella and one of the three tested surrogates were
placed within a larger bag. A separate bag was processed for each surrogate/Salmonella pair and

nut type. There was a total of six bags processed each day (3 cashew, 3 macadamia nuts).

Bacterial counts were log transformed prior to statistical analysis. The reduction in log
CFU/g was calculated by subtracting the log CFU/g after PPO processing from the log CFU/g of
unprocessed nuts that were inoculated on the same day as the PPO processed nuts and
enumerated on the day of receipt of the PPO processed nuts to account for any differences. The
unprocessed nuts were stored in a bench top desiccator. The log CFU/g reduction of Salmonella
was compared to the log CFU/g reduction of the corresponding potential surrogate organism
from each sachet, for each nut type using a matched pair-wise t-test. The mean log CFU/g

reduction of Salmonella was compared to the mean log CFU/g reduction of the corresponding
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potential surrogate organism; each nut type was also compared using a one-way ANOVA using

JMP 13. P < 0.05 were considered significant.

Results

Comparison of reduction of Salmonella (log CFU/g) on cashews and macadamia nuts treated

with PPO to potential surrogate bacteria:

While propylene oxide fumigation significantly reduced the mean populations of
Salmonella and each of the tested potential surrogate bacteria on whole macadamia nuts and
whole cashews (p<0.05), the amount of reduction varied based on type of nut and on bacterial
strain (Table 2). The reductions in Salmonella were compared to E. faecium NRRL B2354
(ATCC #8459) (Fig. 2), P. acidilactici (ATCC #8042) (Fig. 3), St. carnosus (ATCC #51365)
(Fig. 4). It should be noted that only a 1-log reduction in mean Salmonella log CFU/g occurred
during control heat treatment test, demonstrating the majority of reduction is due to PPO
fumigation. E. faecium NRRL B2354 (ATCC #8459) shows significance in inactivation
compared to Salmonella on macadamia nuts and almost identical inactivation rates on cashews,
no samples of E. faecium NRRL B2354 (ATCC #8459) had more reduction log CFU/g than
Salmonella. Pediococcus acidilactici ATCC 8042 had significantly less reduction on cashews
and macadamia nuts compared to Salmonella in all samples. Mean reduction of Staphylococcus
carnosus ATCC 51365 was not statistically different than Salmonella, though there were several
instances where the reduction of St. carnosus exceeded that of Salmonella spp (Fig 4).

No colonies with characteristic black centers indicative of Salmonella appeared on XLT4

plates from non-inoculated nuts. No dark brown/black colonies indicative of E. faecium NRRL
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B2354 (ATCC #8459) or P. acidilactici (ATCC #8042) appeared on BEA plates from non-
inoculated nuts. No small, white and circular colonies indicative of St. carnosus (ATCC

#51365) growth appeared on MSA.

Table 2. Mean reduction log CFU/g of Salmonella compared to three potential surrogate
bacteria co-inoculated onto macadamia nuts or cashews after propylene oxide fumigation.

Mean reduction* log CFU/g = std error of mean (n=18)
Macadamia nuts Cashews Notes:

Salmonella 7.3+0.194 54+0.152 No samples where

Enterococcus 6.4+ 0.31 8B 5.2+ 0.252 reduction log CFU/g

faecium NRRL of E. faecium was

B2354 larger than
Salmonella.

Mean difference 8 0.93+0.12 0.60+ 0.09

Mean difference 0.0009 0.0053

Matched pairs T-test

P-Value

Salmonella 7.8+0.22 A 4.9+ 0.22°2 Reductions in log

Pediococcus 6.3+0.33B 4.1+0.25° CFU/g Salmonella

acidilactici were significantly

ATCC 8042 larger than
Pediococcus in all
samples.

Mean difference $ -1.57+0.13 -0.83+0.18

Mean difference <0.0001 <0.0036

Matched pairs T-test

P-Value

Salmonella 8.0+ 0.194 4.5+ 0.152 While not

Staphylococcus 8.0+ 0.36" 5.2+ 0.25 statistically different

carnosus ATCC there were several

51365 occurrences when
the reduction of St.
carnosus was larger
than Salmonella.

Mean difference 8 0.07£0.12 0.69+ 0.22

Mean difference 0.6191 0.0607

Matched pairs T-test

P-Value
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*Mean reduction (log CFU/g) reduction is calculated for each co-inoculated surrogate and
Salmonella nut. Each combination was placed in separate bags. Standard error of the means
reflects differences in inactivation from three independent trials (process days). Variability
between Salmonella reported on the table is due to location with processing chamber. Different
letters within surrogate and Salmonella pairs (superscript letters denote significance in results,
when written as A,B or a,b. Upper case lettering is used in Macadamia nut results while lower
case is used in Cashew results) indicates statistical significance at p <0.05 by ANOVA
comparison of Means with Tukeys Adjustment as well as paired comparison as shown in the
following figures. Superscript letters denote significance in results, when written as A,B or a,b.
Upper case lettering is used in Macadamia nut results while lower case is used in Cashew

results.

§ Mean difference is the mean of the difference between the reduction of Salmonella (log
CFU/qg) and each co-inoculated surrogate (log CFU/g) packaged within the same sachet and
averaged across each of the three trials. Standard error of the means reflects differences in
inactivation from three independent trials (process days). Output of the matched pairs test of

JMP 13.
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Type

® Cashew
O Macadamia

Log Reduction: Salmonella spp.

0 1 2 3 4 5 6 7 g 8
Log Reduction: Enterococcus faecium (ATCC #8459)
Figure 2. Comparison in log CFU/g of Salmonella and Entercoccus faecium NRRL B2354

(ATCC #8459) of inoculated nuts processed using PPO on three separate processing days. Each
point represents an individual sachet (n=18) processed during the three trials.
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Type
® Cashew
O Macadamia

Log Reduction: Salmonella spp.

0 1 2 3 - 5 6 o 8 9
Log Reduction: Pediococcus acidilactici (ATCC #8042)

Figure 3. Comparison in log CFU/g of Salmonella and Pediococcus acidilactici (ATCC #8042)
of inoculated nuts processed using PPO on three separate processing days. Each point represents
an individual sachet (n=18) processed during the three trials.
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Type
® Cashew
O Macadamia

Log Reduction: Salmonella spp.

0 1 2 3 - 5 6 7 8 9
Log Reduction: Staphylococcus carnosus (ATCC # 51365)

Figure 4. Comparison in log CFU/g of Salmonella and Staphylococcus carnosus (ATCC
#51365) of inoculated nuts processed using PPO on three separate processing days. Each point
represents an individual sachet processed during the three trials. (Note: There are only 9 points
marked for Macadamia nuts due to inactivation falling below detectable limits.)
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Discussion

The U.S. Environmental Protection Agency (EPA) registration for PPO as a pesticide
fumigant carries many stipulations, and it is necessary to validate that these conditions result in
the inactivation of the target pathogen under the many different packaging configurations and
specific processes for cashews and macadamia nuts that comply with regulation (9). With
Salmonella having been seen to survive on tree nuts extended lengths of time (24), and with
most sources of contamination believed to be through cross-contamination during harvest and
preparation steps leading up to fumigation processes, it is apparent that the use of PPO
fumigation can be justified (11, 21, 23). It is estimated that 64.8 million pounds of products are
annually treated with PPO, with 1.8% total treated crops being nut meat (14). The potential to
have a viable surrogate organism to compare with sufficient inactivation to Salmonella in this

process is a necessity of all processing facilities to deliver a safe product to the consumer.

It should also be noted that potential surrogate bacteria were chosen based on previous
work as surrogates of Salmonella in food systems. E. faecium NRRL B2354 (ATCC #8459) has
been examined as a suitable surrogate in several thermal and non-thermal lethality studies in low
moisture foods. In an extrusion process, results have shown E. faecium NRRL B2354 (ATCC
#8459) requires a temperature of 73.7 °C to reach a 5-log reduction while Salmonella spp. were
reduced by 5-logs at 60.6 °C (1). Another lactic acid bacterium, P. acidilactici (ATCC #8042),
has shown similar inactivation compared to Salmonella inactivation in extruded pet food and
ground meat formed jerky products (2, 7). With thermal studies showing promise by using lactic
acid bacteria as surrogates for Salmonella, further inactivation studies proceeded in other

processes.
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Inoculation preparation was adapted from guidelines used by the Almond Board of
California for processing large batch almonds with PPO (6), however after preliminary trials, we
discovered the need to use a co-inoculation process for proper comparison between inactivation
of Salmonella and potential surrogate bacteria was necessary. Since PPO has been commonly
used to treat commodities like tree nuts for inactivation of potentially pathogenic bacteria and to
increase quality, there is a need to validate this process (8). Populations of Salmonella showed >
5-log CFU/g reduction when initial counts around 8-logs CFU/g compared with counts recorded
5 days post-PPO processing (8). Showing that PPO is a valid process in reducing Salmonella
spp, working on validating surrogate bacteria with that process, included choosing bacteria that
showed to act similar to Salmonella inactivation in other treatment methods. By performing a co-
inoculation, initial log (CFU/g) counts on each replicate of the sample were detected around 8-
logs CFU/g of both Salmonella and potential surrogate. This enable the results to account for
differences in inactivation within a single bag of processed commodity. A difference was noted
through pre-experimentation trials. E. faecium NRRL B2354 (ATCC #8459), P. acidilactici
(ATCC #8042), and Staphylococcus carnosus (ATCC #51365) have all shown this similar
inactivation and provided the research for valid reasons of testing in PPO processing (2, 7, 16,

28, 29).

The need to validate a comparison between Salmonella inactivation and potential
surrogate inactivation for each type of food being processed, is made apparent in this study with
Staphylococcus carnosus (ATCC #51365). Staphylococcus carnosus (ATCC #51365)
inactivation prevents it from being deemed a surrogate on whole cashews and macadamia nuts
processed with PPO, despite inactivation in frankfurter batter compared to Salmonella, also in a

thermal process, where Staphylococcus carnosus (ATCC #51365) is a comparable surrogate
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(28). This provides that temperature alone is not the only indicator in inactivation of pathogenic
bacteria. Some factors that may contribute to varying results of surrogate’s capability and
Salmonella inactivation include the shape and composition of different food systems as well as
how that food itself reacts in processing conditions (18). Works show that different physical
properties of the pistachio nut (shell) and kernel (nut meat) require different processing in order
to maintain quality and safety, along with improving yield of product (18). This further increases
the importance that validation studies must be developed for a specific product, with specific
processing methods and conditions. While the work with pistachios did not involve PPO, PPO
processing efficiency can be altered due to which commaodity is being processed and size of
product, also including factors such as chamber size and containers which the product was
processed (15). With changing variables, the validation of surrogate organisms are only valid

with in the same parameters as they were originally validated in.

These experiments were not designed to demonstrate the effectiveness of PPO for
inactivation of Salmonella in a standard packaging configuration or when using a typical
production load. Most chambers are designed to accommodate ~12 pallets, a truck load, or
multiple truck loads at a time. In relation to “pallets” when referring to tree nuts, nuts can be
processed and contained in boxes, bins, totes, as well as sacks typically weighing in at a total of
~2,000 Ibs. In this test situation, the volume of nuts, placement and packaging material was
chosen to assure penetration of steam and PPO, for lab scale results. Cashews are routinely
processed in 40 Ib cardboard boxes that may contain a thermal barrier, therefore it cannot be
assumed that the same conditions would produce the same inactivation of Salmonella within the

package.
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E. faecium NRRL B2354 (ATCC #8459) and P. acidilactici (ATCC #8042) can be
considered surrogate bacteria, this provides useful in-plant surrogates for an industrial scale PPO
nut processing. Thermal and gas distribution need to be well characterized with in the chambers
to assure loads placed in each location receive comparable heat and fumigant. If there is
variability within a chamber, then the inoculated samples should be in the coldest area of the
chamber and/or where concentration of the fumigant PPO is lower. When placing inoculated
nuts in a sample intended for processing, they should be placed within the center of a standard
container. If macadamia nuts are typically processed in a 50Ib corrugated cardboard box, the
sachet would need to be placed in the area which would receive the least amount of gas and heat

exposure.

Heat and gas penetration within the packaging the nuts are contained within should be
understood before any validation trials move further. For this study, poly-woven sand bags were
used because of their classification as permeable, as required for fumigant PPO treatments.
These bags work for a lab scale experiment, but are not large enough to be in an industrial scale
process. It is therefore necessary to use large enough containers to efficiently hold product, but
must also meet permeability requirements for PPO fumigant processing (14). Permeability was a
main focus of packaging of medical equipment being sterilized using ethylene oxide (ETO), a
fumigant used in sanitation process and treatment of spices that acts similar to PPO (19, 20).
These factors are not the only that should be considered but do require further investigation to be

in compliance with FSMA Final Rule for Preventative Controls for Human Food (12).

Having a validated surrogate for both cashews and macadamia nuts would serve the
population that wants to continue to use PPO fumigation as a final lethality step in processing, by

verifying that it is a necessary step in consumer safety.
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Conclusions:

Enterococcus faecium NRRL B2354 (ATCC #8459) and Pediococcus acidilactici
(ATCC #8042) may be considered as surrogates for Salmonella when inoculated onto whole
macadamia nuts and whole cashews processed using propylene oxide fumigation at the
described temperature. Pediococcus acidilactici (ATCC #8042) would be the best choice for
cashews because there was a statistically significant increase in survival compared to
Salmonella. This would provide for more assurance that the process achieves the desired log
reduction of Salmonella. Staphylococcus carnosus (ATCC #51365) should not be used as a
surrogate for Salmonella on either type of nut because the Salmonella was more resistant to the

described PPO process compared to Staphylococcus carnosus (ATCC #51365).
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Table 1. Propylene oxide processing parameters

Phase Parameter Set point Minimum | Maximum | Observed
Jacket Temperature 25.56 21.1 51.67 45.56
(€)
Start Cycle Product Temperature N/A 15.56 N/A 23.89
(©)

Phase Parameter Set point Minimum | Maximum | Observed
Vacuum Pressure (PSIA) 0.5 0.5 1.8 0.5
Nitrogen Pressure (PSIA) 9.5 9.0 11.0 10.0
Vacuum Pressure (PSIA) 0.5 0.25 1.0 0.5
Steam Inject Pressure (PSIA) 1.9 1.5 2.5 2.0

Number of Pulses 1 1 2 1
Vacuum Pressure (PSIA) 1.0 0.75 1.0 1.0
Pressure (PSIA) 3.0 1.0 6.0 6.0
PPO Inject Weight (LBS) 49 49 99 -
Chamber 3
Product Temperature N/A 23.89 51.67 43.33
(€
Nitrogen Pressure (PSIA) 11.0 9.0 13.0 11.0
Chamber 48.89 37.78 51.67 48.89
Temperature (<C)
PPO Dwell Time (hh:mm:ss) 2:30:00 2:00:00 2:30:00 2:30:00
Chamber 48.89 37.78 51.67 51.66
Temperature (<C)
Vacuum Pressure (PSIA) 0.5 0.3 1.0 0.5
Nitrogen Pressure (PSIA) 5.0 4.0 55 5.0
Iterations Number of pulses 11 10 11 11
Air Inbleed Pressure (PSIA) Atmospheric 14.0 15.0 15.0

*All measurements were monitored and supplied to the researcher by Cosmed groups
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Figure 1. Average temperature (°C, + standard error) of chamber during PPO processing

of cashews and macadamia nuts. Temperatures were recorded every 5 minutes using 6 data

loggers placed on top of the processed bags and underneath the bags.
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Abstract

Enterococcus faecium, Pediococcus acidilactici, and Staphylococcus carnosus were
investigated as surrogates for Salmonella spp. on cashews and macadamia nuts processed using
vacuum assisted steam. Whole cashews and macadamia nuts were co-inoculated with a cocktail
of Salmonella enterica and one of three potential surrogates using tryptic soy agar (TSA) grown
cells, nuts were then dried to original aw around 0.44-0.51. Nuts were packaged in polywoven
bags (2.3 kg) and commercially processed using a vacuum assisted steam at 80<C. Salmonella
and the potential surrogates were recovered from the nuts by vigorous shaking, enumerated by
serial dilution, followed by plating onto TSA with an overlay of XLT-4 for Salmonella, or media
selective for the potential surrogates. Mean log reductions (CFU/g) of Salmonella and each
potential surrogate, within a bag and amongst all trials, were compared using a paired T-test.
Mean reduction (log CFU/g) of Salmonella (6.0 £ 0.14) was significantly larger than that of E.
faecium (4.3+ 0.12) (P< 0.0001), or P. acidilactici (3.7+ 0.14) (P< 0.0001) on whole cashews.
Mean reduction (log CFU/g) of Salmonella (5.9 £ 0.18) was significantly larger than P.
acidilactici (4.4+ 0.18) (P< 0.0001) on whole macadamia nuts. Salmonella and E. faecium
reduction on macadamia nuts were comparable, but instances occurred where Salmonella
reduction was less than E. faecium. Stapylococcus carnosus reduction exceeded that of
Salmonella and is therefore not a comparable surrogate. This data suggests that P. acidilactici
may be considered a surrogate for Salmonella reduction on whole macadamia nuts and whole

cashews processed using saturated steam at 80 <C.
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Introduction

Improvement of microbial quality of tree nuts through process interventions include
forms of thermal treatments (oil roasting, dry roasting, steam), and non-thermal treatments but
also chemical fumigation processes such as Propylene oxide and Ethylene oxide (11).
Salmonella presence has prompted recalls in walnuts, macadamia nuts, pecans, cashews,
almonds, pistachios, pine nuts and hazelnuts (16). Salmonella has been responsible for many
ilinesses and recalls associated with low water activity (low-aw) foods in the United States, and
many can be related to under processing and contaminated tree nuts (9, 21). Salmonella cannot
replicate in a system that has a water activity below 0.98, but food products with aw of 0.7 or
lower are commonly contaminated with Salmonella, leaving tree nuts susceptible to harboring
pathogens such as Salmonella (1, 10). In recent studies, Salmonella has been documented to
survive within low water activity products for periods up to 2 years (9, 18). With a wide variety
of (low-aw) foods having been recalled, processing methods which have been traditionally used
to maintain shelf life and quality of nuts, must further be evaluated to acknowledge their

efficacy (22)

Saturated steam in processing of low-aw, is used with the intention to reach a 4-log
reduction in Salmonella (6, 25). Steam has been utilized as a lethality step in many food
processes, and meets the United States Department of Agriculture (USDA) National Organic
Program standards (25, 26). Administration of small amounts of saturated steam that release
large amounts of heat when condensed in a short period of time, has been shown to reduce major
loss of aromatics and those changes detrimental to the organoleptic properties (14, 25).
Maintaining quality in aspect of taste, texture and mouth feel is an important consideration and

packaging and processing parameters are specifically designed for each type of nut to minimize
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changes to quality (22). With trends showing a rise in consumer’s interest in organic foods as a
whole (29), further validation of saturated steam processes, and the packaging which foods are

processed, will be investigated.

Parameters of saturated steam processing warrant for the identification of a surrogate to
avoid the introduction of Salmonella in the processing facility. A surrogate must be non-
pathogenic, and have similar stability and inactivation characteristics to the target pathogen
under the parameters of each saturated steam process and each type of food being processed
(15). Enterococcus faecium NRRL B-2354 has been demonstrated to have a greater heat
tolerance than many Salmonella spp., on a number of food products(2, 13, 31). E. faecium
NRRL B2354 (ATCC #8459) has been validated as an appropriate surrogate for Salmonella in
regards of thermal processing of almonds in a moist air thermal processing system at various
temperatures and times (13), formed jerky processing with small-business and commercial
thermal processing parameters (3), and thermal processing of dried pet food through extrusion
methods (31). There are instances where the inactivation characteristics were not comparable to
Salmonella, showing the need to validate each process separately and consider multiple
microorganisms as possible surrogates. Pediococcus acidilactici (ATCC #8042) has
demonstrated to possess greater heat resistant than Salmonella in thermal processes, as have
many lactic acid bacteria (3, 8, 30). Dried pet food in thermal processing studies through
extrusion methods and ground and formed beef jerky through a range of thermal processes have
been studied, validating Pediococcus acidilactici (ATCC #8042) as a conservative surrogate for
Salmonella (3, 8). Pediococcus acidilactici (ATCC #8042) has also been used in fermenting
pork jerky products, which provide further reasoning to compare inactivation due to thermal

processing, since available studies provide literature on how it acts in various products and it
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can have multiple uses in products like dried meats (30). Staphylococcus carnosus (ATCC
#51365), having shown potential surrogacy for Salmonella in frankfurter batter undergoing a
thermal process treatment (27), also provides evidence of potential surrogacy in commodities
being treated in thermal processes. Staphylococcus carnosus (ATCC #51365), while a
comparable surrogate in this study, would need to be further compared in a company’s specific
processing parameters. Staphylococcus carnosus (ATCC #51365) does provide evidence of a
greater heat tolerance compared to Salmonella spp. in recent research (27), but this is dependent
on many intrinsic factors of the food system.

The objective of this study was to compare the survival of Salmonella enterica with
Enterococcus faecium NRRL B2354 (ATCC #8459), Staphylococcus carnosus (ATCC #51365),
and Pediococcus acidilactici (ATCC #8042) on whole cashews and macadamia nuts subjected
to saturated steam processing. Bacteria with comparable or greater survival compared to
Salmonella may be considered as a surrogate on cashews and macadamia nuts processed with
saturated steam, provided their process is validated to achieve comparable temperatures with in

each package

Materials and Methods

Bacterial strains and growth conditions:

Inoculum preparation:

Five Salmonella enterica serovars obtained from low-aw foods (4 strains including
Montevideo, an isolate from 2010 peppercorn associated outbreak, Tennessee, K4643 human
isolate from 2007 peanut butter associated outbreak, Ball ARL-SE-085 isolated from black
pepper in 2011, and Johannesburg ARL-SE-013 from dried ginger in 2010) and Salmonella
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Senftenberg 775W, ATCC 43845, frequently used for thermal studies due to increased heat
resistance, were obtained from the FDA or American Type Culture Collection (ATCC,
Manassas, VA).Three potential surrogate bacteria Enterococcus faecium (NRRL B-2354, ATCC
strain #8459), Pediococcus acidilactici (ATCC #8042) and Staphylococcus carnosus, subspecies

carnosus (ATCC #51365), were obtained from the ATCC.

Wet inoculation with Salmonella strains and Surrogates grown on TSA:

Inoculation preparation was adapted from the method developed for almonds and is
associated with increased stability of Salmonella on whole peppercorns and cumin seeds
compared to a broth grown method (4, 5). Briefly, each strain was spread onto a 150 x 15 mm
(BD Falcon, Franklin Lakes, NJ) large Tryptic Soy Agar (TSA) (Becton Dickinson, Franklin
Lakes, NJ) plates and incubated at 37 °C for 24 h. Cells were harvested from each of the plates
and placed in separate sterile conical tubes by first applying 0.1% (w/v) peptone-tween (PT)
buffer to each plate and scraping colonies into suspension using a sterile cotton swab. For
Salmonella, the suspensions of 5 strains were combined in comparable volumes corresponding to
similar CFU of each strain as determined previously (6). Equal volumes of the Salmonella
cocktail (12.5 ml) and one of the three potential surrogates (12.5 ml) were mixed in a total
volume of 25 ml. The suspensions were then transferred into 27 oz. sterile Whirl-Pak bags
containing either 400 g of dry whole “Fancy grade” macadamia nuts or whole cashews and a
mixture of shaking, inversion and hand massaged for 1 minute to evenly coat the nuts. After
inoculation, nuts were arranged in a single layer on double layered, sterilized filter paper on top
of drying racks placed inside a biological safety cabinet for drying at room temperature. Nuts

were dried for 24-48 h to allow the nuts to return to the pre-inoculation aw of around 0.44 for
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macadamia nuts and aw of 0.51 for cashews at room temperature. Water activity of whole
macadamia nuts (5 g) and cashews (4 g) was determined by using an AquaLab 4TE water
activity meter (AquaLab, Pullman, WA).

Packing and Shipping methods:

The dried, inoculated nuts (50 g cashew or 50 g macadamia) were individually packaged
within muslin drawstring sachets (4 x 6 in.) that were tied to a framework of non-conducting
thin CPVC pipe (12.7 mm diameter pipe, assembly dimensions 38.8 cm x 26.7 cm). Framework
prevented the movement of the sachets throughout a larger bag poly-woven polypropylene bag
(14 x 24 in.), when filled with ~3000g of non-inoculated nuts to achieve a bag thickness of 7cm
depth when placed horizontally. Each bag contained 6 sachets of the specific nut inoculated
with Salmonella and either E. faecium NRRL B2354 (ATCC #8459), P. acidilactici (ATCC
#8042), or Staphylococcus carnosus (ATCC #51365). Each potential surrogate/Salmonella
combination of inoculated nuts were placed within separate poly-woven bags (three bags per nut
type, six bags in total). The bags were sealed by a combination of high strength glue and
industrial staples to prevent any potential cross contamination and the bags were placed in
insulated boxes. The boxes were shipped overnight to a commercial processor for saturated
steam treatment with instructions on how to prepare the bags to assure uniform and consistent
distribution of the nuts before treatment: to flip each bag gently three times and to lay the bag
flat on the surface for treatment after removal from the shipping packaging. The bags were to be
laid face up (signified by a written label), and the processor included matchstick data loggers
with in the saturated steam run to verify temperatures during processing were reached and

remained consistent through each of the three runs.
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Saturated Steam Treatments:

Saturated steam processing was performed by Cosmed ETO, Inc. in accordance with
guide lines set for processing (11) and according to the parameters provided in Table 1. These
process parameters have been modified to take into consideration the lab scale study that was
performed to obtain countable ranges of bacteria in recovery, post lethal treatment. To help
with the study, a platform was constructed of stacked pallets and centrally located within a 12-
pallet chamber. The six bags were placed on top of the pallets and temperature data loggers
were placed in various locations on the load. The average temperature during each of the runs
is reported in figure 1. Dedicated runs were performed for these treatments to minimize the
potential for cross contamination within the facility. Three separate processing runs were
performed on different days. After processing the bags were returned to the insulated shipping

container and shipped back to Virginia Tech for enumeration.

Enumeration:

Salmonella and the corresponding surrogate bacteria were enumerated from nuts at three
time periods: after drying, after saturated steam treatment and after storage of non-treated nuts.
The enumeration method was adapted from the method described by Stevenson et al. for
enumerating E. faecium NRRL B2354 (ATCC #8459) from almonds (24). Nuts from each
sachet were mixed with Butterfield’s phosphate buffer (BPB) in a 1:1 ratio in a sterile sample
bag (25ml to 25g of treated nuts) and shaken 50 times with vigorous pace in an arc motion of
1ft, using 27 oz. steril Whirl-pak bags. After a 5 min. rest period the nuts were shaken again 5
times before pouring the liquid into a sterile tube. Tenfold serial dilutions in BPB were

performed. Each dilution was spread plated onto TSA plates in duplicate, incubated 35°C for
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3h. followed by overlay with 7 ml of XLT4 for recovery of injured Salmonella. Then incubated
for the remainder at 35°C for 24h. Each dilution was also plated in duplicate onto the
appropriate selective media required to recover the given surrogate strain (MSA for
Staphylococcus carnosus (ATCC #51365) and BEA for P. acidilactici (ATCC #8042) and E.
faecium NRRL B2354 (ATCC #8459)). Plates were incubated at 37°C for 24 h. An aliquot of 1
mL of the supernatant was also transferred to 9 mL of Tryptic soy broth and incubated at 37°C
for 24 h and subsequently streaked onto selective media resulting in a limit of detection of 1.0

log CFU/g.

Experimental Design and Statistical Analysis:

Three separate saturated steam treatments were performed on three separate days. On
each day six sachets containing a combination of Salmonella and one of the three tested
surrogates were placed within a larger bag. A separate bag was processed for each
surrogate/Salmonella pair and nut type. There was a total of six bags processed each day (three

cashew, three macadamia nuts).

Bacterial counts were log transformed prior to statistical analysis. The reduction in log
CFU/g was calculated by subtracting the log CFU/g after saturated steam processing from the log
CFU/g of unprocessed nuts that were inoculated on the same day as the saturated steam
processed nuts and enumerated on the day of receipt of the steam processed nuts to account for
any differences. The log CFU/g reduction of Salmonella was compared to the log CFU/g
reduction of the corresponding potential surrogate organism from each sachet, for each nut type
using a matched pairs t-test. The mean log CFU/g reduction of Salmonella was compared to the
mean log CFU/g reduction of the corresponding potential surrogate organism; each nut type was

also compared using a one-way ANOVA using JMP 13.0. P < 0.05 were considered significant.
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Results

Comparison of reduction of Salmonella (log CFU/g) on cashews and macadamia nuts treated

with saturated steam to potential surrogate bacteria:

While saturated steam processing significantly reduced the mean populations of
Salmonella and each of the tested potential surrogate bacteria on whole macadamia nuts and
whole cashews (p<0.05), the amount of reduction varied based on type of nut and on bacterial
strain (Table 2). The reductions in Salmonella as compared to E. faecium NRRL B2354 (ATCC
#8459) (Fig. 2), P. acidilactici (ATCC #8042) (Fig. 3), St. carnosus (ATCC #51365) (Fig. 4)
provide direct comparison of inactivation between Salmonella spp. and the designated potential
surrogate organism with in each sachet (n=18). While overall the mean reduction of Salmonella
and E. faecium were comparable, the reduction of E. faecium exceeded that of Salmonella on
macadamia nuts in 5/18 sachets (Fig. 2). Salmonella reduction significantly exceeded that of P.
acidilactici (ATCC #8042) in all sachets (Fig. 3). Reduction of St. carnosus (ATCC #51365)

(Fig. 4) on both cashews and macadamia nuts exceeded that of Salmonella in 8/ 12 sachets.

No colonies with characteristic black centers indicative of Salmonella appeared on XLT4
plates from non-inoculated nuts. No dark brown/black colonies indicative of E. faecium NRRL
B2354 (ATCC #8459) or P. acidilactici (ATCC #8042) appeared on BEA plates from non-
inoculated nuts. No small, white and round colonies indicative of Staphylococcus carnosus

(ATCC #51365) growth appeared on MSA.
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Table 2. Mean reduction log CFU/g of Salmonella compared to three potential surrogate bacteria co-

inoculated onto macadamia nuts or cashews after saturated steam treatments.

Mean reduction* log CFU/g t std error of mean (n=18)

Macadamia nuts Cashews Notes:

Salmonella 5.3+0.17 4 6.0£0.12° Five points where the

Enterococcus faecium | 5.2+0.17 A 4.3+0.12° reduction of E.

NRRL B2354 faecium exceeds that
of Salmonella on
macadamia nuts. No
instances on cashews.

Mean difference § -0.102+0.14 -1.67£0.13

Mean difference 0.46 <0.0001

Matched pairs T-test

P-Value

Salmonella 5.9+0.18 " 5.9+0.14°2 Reduction of

Pediococcus 4.4+0.18°8 3.7+ 0.14° Salmonella exceeded

acidilactici that of Pediococcus in

ATCC 8042 each instance

Mean difference ® -1.461£0.14 -2.20£0.10

Mean difference <0.0001 <0.0001

Matched pairs T-test

P-Value

Salmonella 6.4+ 0.194 5.8+ 0.12° Eight points where the

Staphylococcus 6.5+ 0.20" 6.1+ 0.14° reduction of St.

carnosus ATCC carnosus exceeds that

51365 of Salmonella (6 on
cashews, 2 on
macadamia nuts)
(n=12 due to
contamination)

Mean difference $ -2.3+0.64 -0.85+0.52

Mean difference 0.004 0.13

Matched pairs T-test
P-Value
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*Mean reduction (log CFU/g) reduction is calculated for each co-inoculated surrogate and
Salmonella nut. Each combination was placed in separate bags. Standard error of the means
reflects differences in inactivation from three independent trials (process days). Variability
between Salmonella reported on the table may be due to location placed within the processing
chamber. Different letters within surrogate and Salmonella pairs (superscript letters denote
significance in results, when written as A,B or a,b. Upper case lettering is used in Macadamia
nut results while lower case is used in Cashew results) indicates statistical significance at p
<0.05 by ANOVA comparison of Means with Tukey’s Adjustment as well as paired comparison

as shown in the following figures.

§ Mean difference is the mean of the difference between the reduction of Salmonella (log
CFU/qg) and each co-inoculated surrogate (log CFU/g) packaged within the same sachet and
averaged across each of the three trials. Standard error of the means reflects differences in
inactivation from three independent trials (process days). Output of the matched pairs test of

JMP 13.
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Type
€ Cashew
O Macadamia

Log Reduction: Salmonella spp.

lD.O 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Log Reduction: Enterococcus faecium (ATCC #8459)

Figure 2. Comparison in log CFU/g of Salmonella and E. faecium NRRL B2354 (ATCC #8459)
of inoculated nuts processed using saturated steam on three separate processing days. Each point
represents an individual sachet (n=18) processed during the three trials.
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Log Reduction: Pediococcus acidilactici (ATCC #8042)

Figure 3. Comparison in log CFU/g of Salmonella and P. acidilactici (ATCC #8042) of
inoculated nuts processed using saturated steam on three separate processing days. Each point
represents an individual sachet (n=18) processed during the three trials.
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Type
€ Cashew
O Macadamia

Log Reduction: Salmonella spp.

.0.0 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Log Reduction: Staphylococcus carnosus (ATCC # 51365)

Figure 4. Comparison in log CFU/g of Salmonella and Staphylococcus carnosus (ATCC
#51365) of inoculated nuts processed using saturated steam on three separate processing days.
Each point represents an individual sachet processed during the three trials (lack of points due to
Staphylococcus aureus contamination on trial 1 (n=12)).
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Discussion

The need to validate various processing parameters regarding process type as well as
food composition and the validation of surrogate bacteria for Salmonella is an ever-growing
need. Utilizing processes such as saturated steam have been successful in reducing Salmonella
by 4-logs (6, 25), through the use of short bursts of steam with high amounts of heat transferred
(25). There is a high appeal of processes such as saturated steam not only for the justified
lethality of the process in low water activity foods, but also due to the lack of organoleptic
changes of the end product (22). Research shows that the potential of having viable surrogate
organisms for saturated steam processing could possibly enable an already high demand market
of tree nut processing to increase consumer safety, with nut consumption and availability

growing in the United States (17).

Considerations for thermal distribution need to be well characterized within the
chambers to assure loads placed in each location receive comparable heat and steam penetration.
If there is variability within a chamber the inoculated packs should be in the coldest area of the
chamber and/or where less steam reaches. Inoculated nuts should be placed within the center of
a standard container, with heat penetration of the packaging of the nuts well understood before
validation trials (11). This will allow placement of inoculated sachets in multiple areas of the
package to assure that differences in product temperature and steam penetration. Equally
important is the type of packaging chosen to hold foods intended for processing. Requirements
for packaging considered valid in chamber processes such as saturated steam, are required to be
permeable (12). Permeability varies between a corregated cardboard box and a wire mesh
container; and it is apparent that food would receiving different distributions of steam when

processed in the same chambers. Interaction between food product and thermal treatment must

76



be observed and therefore validated separately for varying packaging systems. For this research,
poly-woven sand bags were used, for their testable size as well as known permeability. These
bags were not meant to replicate typical packaging or amount of product processed (only
containing 3,000 g of nuts in each), but to show how a saturated steam treatment would interact
with a system co-inoculated with Salmonella spp. and a potential surrogate bacteria. Processing
parameters for the saturated steam chamber were modified to provide enough recovery in each

bacterium to provide a valid comparison on how the treatment affected the system.

With results providing evidence that E. faecium NRRL B2354 (ATCC #8459) and P.
acidilactici (ATCC #8042) are both capable of being considered conservative surrogates for
whole cashews, P. acidilactici (ATCC #8042) conservative for whole macadamia nuts as well,
in this lab scale process, utilizing saturated steam at certain parameters is promising. This
information can help commercial facilities need to validate surrogate bacteria in their own
processes. With steam processing, many factors must be taken into consideration when
validating a surrogate particularly regarding to; the types and brand of equipment being used,
process conditions (steam pressure or vacuum achieved), the amount of product treated per
chamber, chamber size, as well as overall calibrations (11), helping to properly validate a

system.

When validating for food processes and surrogate bacteria, it is important to use proper
methods of enumeration to verify process results. Many media and enumeration techniques have
been developed, though selecting the proper one is almost as important as the food process
itself. For methods in this study, dilution and enumeration techniques were developed based on
one used by the California Almond Board, when processing almonds using Enterococcus

faecium NRRL B2354 (ATCC #8459) as a surrogate (24). Their methods were developed based
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on the FDA BAM method. Like most methods serial dilutions were plated on selective and non-
selective medias, incubated, and colonies formed are counted to calculate an overall log
reduction. For the best results in recovery of Salmonella spp. and the potential surrogate

organisms, selective media was used.

For Salmonella spp. recovery, traditional overlay methods using XLT-4 was most
efficient, as found by previous thesis research carried out at Virginia Tech (7). Part of this
research observed recovery of Salmonella spp. from steam treated peppercorns and deducted
that traditional overlay of XLT-4 with Tergitol 4 supplement provided the appropriate
environment and nutritional needs to recovery Salmonella spp. that may have been sub-lethally
injured during steam treatments. The method provides the dilution to first be plated onto TSA, a
non-selective media for general aerobic bacteria recovery. The media is incubated for 3 hours,
and then over-laid with 7ml of XLT-4 with Tergitol 4 supplement (7). This method in no way
enriches to provide an enhanced growth in actual number of Salmonella colonies, but provides
an environment best suited for Salmonella spp. recovery over microorganism that may be
present. The allowing of incubation on TSA first provides nutrients for sub-lethally injured
bacteria (23, 28) that may not find the harsh nature of selective XLT-4 suitable by itself (20, 23).
Overlay prevented recovery of potential surrogate organisms as well as other background
microbiota that may still be present on the nuts. Allowing for the recovery of sub-lethally
injured cells provides a more accurate count of Salmonella that remain in the system (19). Sub-
lethally injured Salmonella spp. have the potential to cause problems in a food system and can

result in pending recalls and outbreaks (28).

It should also be noted, that as stated previously, the potential surrogate bacteria were

chosen based on previous use as surrogates of Salmonella in food systems. Each food system
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must have its own validation; this is apparent with Staphylococcus carnosus (ATCC #51365).
Staphylococcus carnosus (ATCC #51365) was not proven as a valid surrogate in this study on
whole cashews and macadamia nuts, but has been considered comparable for Salmonella in
frankfurter batter in a previous study (27). Some factors that may contribute to varying results
include the shape and composition of different food systems as well as how that food itself reacts
in processing conditions (9). Selection for possible surrogate bacteria was also based on
recoverability as well as bacteria morphology. E. faecium NRRL B2354 (ATCC #8459) and P.
acidilactici (ATCC #8042) are both lactic acid bacteria, which have been proven to have greater
heat resistances than many Salmonella spp. The colony formation also plays a role in surrogate

selection.

The surrogate bacteria should have an easily identifiable colony formation, ideally
varying in appearance enough to not be confused with pathogenic bacteria it is being compared
to. Both E. faecium NRRL B2354 (ATCC #8459) and P. acidilactici (ATCC #8042) form small,
round, colonies when plated on BEA, Enterococcus faecium NRRL B2354 (ATCC #8459)
colonies ferment BEA providing a circle surrounding the white colonies, while P. acidilactici
(ATCC #8042) form white colonies with little to no black appearing on the plate. Staphylococcus
carnosus (ATCC #51365) is selected for by plating on MSA, and appear as small, round,
white/off white colonies, easily compared to a red/pink color of the media. By using these
selective medias for potential surrogate identification, it can be confirmed that all colonies
counted were the intended organism. It is also verified that due to the environment of the media
that Salmonella spp. growth was not supported on these plates, and was itself easily identified as

larger round, white colonies with a black center on XLT-4.
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Conclusions:

Pediococcus acidilactici (ATCC #8042) may be considered as a surrogate for
Salmonella when saturated steam is used to process whole macadamia nuts and whole cashews
using parameters that achieve comparable temperatures. Enterococcus faecium NRRL B2354
(ATCC #8459) may be considered as a surrogate for Salmonella on cashews when saturated
steam processing parameters achieve comparable temperatures as described in this study. Due
to instances where the reduction of E. faecium NRRL B2354 (ATCC #8459) exceeded that of
Salmonella, its use as a surrogate on stream treated whole macadamia nuts is not recommended.
Staphylococcus carnosus (ATCC #51365) should not be used as a surrogate for Salmonella on
either type of nut because the Salmonella was more frequently resistant to the described
saturated steam process compared to Staphylococcus carnosus (ATCC #51365). Results should

not be extrapolated to other types of nuts as it may result in an unsafe product.

These experiments were not designed to demonstrate the effectiveness of saturated steam
for inactivation of Salmonella in a standard packaging configuration or when using a typical
production load. These chambers are designed to accommodate 8-12 pallets. In this test situation,
the volume of nuts, placement and packaging material was chosen to assure penetration of steam.
Cashews are routinely processed in 40 Ib cardboard boxes that may contain a thermal barrier;
therefore it cannot be assumed that the same conditions would produce the same inactivation of

Salmonella within the package.
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Table 1. Saturated Steam processing parameters

Phase Parameter Setpoint Minimum | Maximum | Operator
Observed
Jacket Temperature 85.0 76.67 98.89 85.00
Start Cycle (C)
Product N/A 10.0 N/A 22.78
Temperature (°C)
Phase Parameter Setpoint Minimum | Maximum | Operator
Observed
Vacuum Pressure (PSIA) 0.01 0.00 0.31 0.25
Steam Injection | Pressure (PSIA) 2.00 2.00 2.50 2.02
Vacuum Pressure (PSIA) 0.50 0.20 0.80 1.97
DEC Pressure (PSIA) 6.00 5.25 6.75 6.00
Product Temperature - - - -
Pressure (PSIA) 6.00 5.25 6.75 5.99
Conditioning Time (hh:mm:ss) Commodity | 00:01:00 00:02:00 | 00:01:00
Dwell-DEC specific
Product Temperature 76.67 73.89 82.22 76.11
(°C)
Avg. Chamber 85.00 76.67 98.89 91.61
Temperature (°C)
Vacuum Pressure (PSIA) 0.01 0.00 0.50 0.15
Air Inbleed Pressure (PSIA) Atmospheric 14.00 15.00 14.68
Total Time Time (hh:mm:ss) - - - 01:05:00
Processed

*All measurements were monitored and supplied to the researcher by Cosmed groups.
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Figure 1. Average temperature (°C, + standard error) of chamber during Saturated Steam
processing of cashews and macadamia nuts. Temperatures were recorded every minute using

6 data loggers placed on top of the processed bags and underneath the bags.
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CHAPTER 5: FUTURE RESEARCH

With the need to have validated processes to ensure a 5-log reduction in pathogenic
bacteria on tree nuts and other low water activity foods treated with saturated steam and
propylene oxide, further research with surrogate and indicator organisms is pertinent. Each time
a single parameter in a process (chamber size, commaodity, packaging, etc.) deviates from a
previous validated process, the entire process must be re-evaluated. This leaves the research
potential seemingly limitless when it comes to repeating the same style process for each of the

products that producers wish to process.

In regards to the process and methodology that have been carried out in this body of
work, it should be noted that many validation studies include a pre-sanitation process of the
commodity before inoculation of pathogenic and potential surrogate bacteria alike. While this is
common practice in many studies, it should be recognized that we felt inoculum should have to
compete with natural microbiota. Also, noting the importance of choosing surrogate bacteria that
is different from the natural microbiota that already exists. This way the comparison in
inactivation has been performed in an environment most similar to that of a preprocessed product
in the industry. This brings up furthering studies in similar co-inoculation techniques to see how
potential surrogate bacteria will react with the target pathogenic bacteria in the system before,
during and post processing for the lethality treatment. These parameters set up more realistic

scenarios than some studies provide.

As far as inoculation technique, co-inoculation enables to study more exact replicates in a
trial as well as lends data that lends belief to unequal exposure to thermal processing and PPO

fumigate in a single process. Fine-tuning inoculation process as well as implementing dry
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techniques could lessen the prep time (drying of commodity post-inoculation) for each trial, if

initial log values are high enough to record a 5-log reduction post lethality step.

Repeating experimentation on multiple products, in validated processes, to validate
surrogate bacteria is an avenue to explore, though areas which validate treatable packaging
systems, factoring permeability/penetration and movement of product within, in chamber
processing, can be a revenue for continued research. It has been stated multiple times that
packaging of products treated with both steam and PPO can vary, with a main requirement of
permeability. To be able to develop validation of containers which provide a more stream lined
approach and can be used for multiple types of commodities could be helpful as regulations

require more and more cooperation with validating processes.
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