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results show that  Salmonella  survived longer on pumpkin seeds stored at 8ºC
(P=0.53, as compared to Brazil nuts) and  at 23 and 37ºC  Salmonella  survived longer
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activity values recorded at day 2 and day 413 were 0.754 and 0.412, 0.627 and 0.350
and, 0.787 and 0.205, respectively. The data obtained in this study provide useful
insight on the influence of temperature on the survival of  Salmonella  on the surface of
Brazil nuts and pumpkin seeds.
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ABSTRACT 

Experiments were performed to assess the survival of Salmonella on whole Brazil nut 

kernels and pumpkin seeds stored at 8ºC, 23ºC, and 37ºC. Brazil nut kernels and pumpkin 

seeds were inoculated with bacterial inoculum containing 10.4 Log CFU/ml of Salmonella 

Enteritidis Phage Type 30 (SE PT30) and then aseptically dried at room temperature for 24 

hrs. After the drying step, levels of Salmonella recovered from Brazil nut kernels and 

pumpkin seeds were 8.67±0.01 and 9.27±0.03Log CFU/g, respectively. The survival of 

Salmonella and change in water activity was assessed over a total of 413 days. Although 

Salmonella survived throughout the storage period, significant differences were recorded 

between the storage temperatures. Results showed that the survival of SE PT30 was more 

enhanced at 8ºC as compared to storage at 23ºC and 37ºC. Comparing the survival of 

Salmonella on the two products at different storage temperatures, there was no significant 

difference between the means of Salmonella counts for the two products. Although results 

show that Salmonella survived longer on pumpkin seeds stored at 8ºC (P=0.53, as compared 

to Brazil nut kernels) and  at 23 and 37ºC Salmonella survived longer on Brazil nut kernels 

(P=0.12, as compared to pumpkin seeds). The highest and lowest survival of Salmonella was 

observed on pumpkin seeds with decay rates of -0.003±0.001 and -0.015±0.001 Log cfu/g per 

day for pumpkin seeds stored at 8 and 37ºC, respectively.  The water activity values recorded 

at day 2 and day 413 for Brazil nut kernels stored at 8ºC, 23ºC, and 37ºC were 0.424 and 

0.434, 0.383 and 0.385 and, 0.372 and 0.256, respectively. For pumpkin seeds stored at 8ºC, 

23ºC, and 37ºC water activity values recorded at day 2 and day 413 were 0.754 and 0.412, 

0.627 and 0.350 and, 0.787 and 0.205, respectively. The data obtained in this study provide 

useful insight on the influence of temperature on the survival of Salmonella on the surface of 

Brazil nut kernels and pumpkin seeds. 
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HIGHLIGHTS 

• Effect of storage temperature and aw on survivability of Salmonella was studied. 

• Maximum reduction of Salmonella were recorded for products  stored at 37°C. 

• Water activity also reduced at a much faster rate  on the products stored at 37ºC. 

• We observed a rapid reduction in bacterial population at higher temperature. 

• Survival of Salmonella seems to still be favoured by low aw at higher temperature. 

 

  

In recent years there has been an increase in salmonellosis incidences occurring after 

the consumption of selected dried foods and their products. These incidences have implicated 

products such as almonds (32, 35, 59), ‘tahini’, a sesame seed product (19, 45, 55), and 

peanut butter (11, 12, 35, 56). Also reports of the detection of Salmonella on surfaces of 

Brazil and cashew nuts (25, 44), macadamia nuts (52, 40), hazelnuts (23, 35, 59), pistachios 

(35, 43), walnuts (50, 59), pine nuts (35), sprouted chia seeds powder (30, 38), sesame seed, 

linseed, sunflower, alfalfa and melon seeds (43) have been documented.  

Low moisture foods have traditionally been perceived to present minimal risk of 

causing illness because they do not support growth of pathogens. However, the increase in 

food poisoning incidences implicating low water activity foods has raised the awareness that 

these foods are a potential vehicle for foodborne pathogens. Although low water activity is a 

barrier to growth of many vegetative pathogens, the long-term survival of microbial 

pathogens has been reported in selected low moisture products.  

Some studies have reported the survival of Salmonella stored for temperatures as low 

as -19ºC and up to 35ºC for different periods in peanut butter (up to 24 weeks), halva (> 8 

months), milk chocolate (> 9 months), almonds (> 550 days and 12 months), pistachios (12 

months) and on paper disc with or without peanut butter (for up to 3 weeks) (10, 39, 41, 42, 

51, 54), Pecans, Hazelnuts and Pine nuts for 1 year (22).  
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A few of these studies have investigated the influence of factors such as food 

composition, relative humidity, storage temperature and water activity on the survival of 

microbial pathogens however  the study conducted by (22) highlighted that water activity 

remains, together with temperature, the main driver influencing survival of Salmonella on tree 

nuts 

Due to the ubiquitous nature of Salmonella, it may cycle through a host into the 

environment and back into another host (16, 23, 25, 59). If environmental conditions such as 

temperature, humidity and pH are favourable, Salmonella can survive for weeks in water and 

for years in soil (49, 54). 

A majority of nuts and seeds are imported into the UK and their processing after 

harvesting may involve de-shelling, washing, drying, sorting and bagging in an open field or 

on a farm environment Nut and seed products are either stored for months before transporting 

to designated ports for exportation. Depending on the product type and the processing applied 

in the country of origins, nuts and seeds products are either sold directly for consumption with 

or without a form of thermal or non-thermal microbial decontamination step, or sold as raw 

material for manufacturing of other products such as chocolate bars and bakery products. 

Nuts and seeds products are exposed to contamination from animals, water, soil, farm 

or factory tools and human handling. For most products that do not go through a form of 

microbial decontamination step prior to final retailing, consumption of such products becomes 

a major risk to consumers. 

A large proportion of the production of Brazil nuts (Bertholletia excelsa) come from 

Bolivia and Peru (50) and majority of Brazil nut kernels imported into the UK are from 

Bolivia.. Harvesting of Brazil nut kernels involve picking pods that have fallen onto the forest 

floor, breaking the hard shell of the Brazil pod with a hunting knife (or machete) to remove 

the in-shell nuts which are then packed into jute or raffia bags in order to be transported to a 
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commercial shelling facility via truck or boat (2, 26, 32, 54, 61). At the shelling facility nuts 

are either spread onto the warehouse floor and turned daily for up to 2-3 weeks (2) to enhance 

drying (to a moisture of ≤4.5% or stored for months before final processing. 

The origin of pumpkin seed could be located in the southern regions of North America 

and the northern regions of South America (39). Pumpkin belongs to the genus Cucurbita and 

the family Cucurbitaceae.  

There are two main varieties of pumpkin seeds imported into the UK, Shine Skin (SS)  

or Grown Without Skin (GWS) and depending on the variety of pumpkin seeds, harvesting 

can involves de-shelling, separating the seeds from the flesh in the field or in the processing 

factory, washing, drying at 40 to 60 °C until they reach 8-10% of moisture content followed 

by cleaning to remove the seed coat membrane, short storage and sorting before final storage 

and dispatching (3).   

Shelf life of low water activity foods may be a year or more, hence, food poisoning 

outbreaks associated with low water activity foods often spans over many months (21, 40). 

For example a salmonellosis outbreak associated with pistachios was reported over 2 months 

in 2016 (15), an almond associated outbreak was reported over a period of 8 and 9 months 

(33, 37) and a peanut butter associated outbreak was reported over 5,  5 and 9 months (12, 13, 

14). More recently Brazil nut kernels have been implicated in a multinational recall of Brazil 

nut kernels products due to potential Salmonella contamination (26, 27).  

Although several studies have investigated the survival of Salmonella on many nut 

types, to the best of my knowledge no data are available for survival of SE PT30 on Brazil nut 

kernels and pumpkin seeds stored at 8, 23 and 37°C. also must studies focus on either nuts 

and seeds, however in this report the survival of Salmonella was studied using a tree nut and 

seed. The objective of this study was to assess the survival of SE PT30 on large whole Brazil 

nut kernels and GWS pumpkin seeds during storage at 8, 23 and 37°C over 413 days.  
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MATERIAL AND METHODS 

 Nuts and seeds. Large whole Brazil nuts (Bertholletia excelsa) kernels with count 

size of 90 – 110 nuts/pound and GWS pumpkin seeds (Cucurbita pepo) variety were sourced 

by a major UK supplier. The raw products on arrival at the laboratory were stored in airtight 

containers at room temperature of about 20ºC until used; products were used within a month 

of their arrival in the laboratory.  

  

Bacterial strain. Salmonella enterica serovar Enteritidis Phage Type 30 (SE PT30) 

was used in this study. SE PT30 strain ATCC BAA-1045 was obtained from America Type 

Culture Collection (ATCC). Prior to the experiment the freeze-dried bacterial culture was 

streaked onto Tryptone Soya Agar (TSA, Oxoid) and incubated at 37°C for 24 ± 2 hours. 

Isolated colonies were picked and transferred into Tryptone Soya Broth (TSB, Oxoid), then 

incubated at 37°C for 24 ± 2 hours. After incubation the culture was transferred further into 

fresh TSB broth and incubated at 37°C overnight. Stock bacterial cultures were stored on 

TSA agar slants at 4°C. 

  

Background bacterial population on Brazil nut kernel and pumpkin seeds and 

initial water activity. For each inoculation experiment two 50g of un-inoculated Brazil nut or 

pumpkin seed were used as control. Each 50g sample was analysed as described by (20) for 

detection of background bacterial population on BSA plates. Also prior to the inoculation 

water activity of the products were determined. 
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Inoculum preparation. Bacterial inoculum was prepared using the procedure as 

described by a group of researchers (8, 18, 29, 55). Overnight broth culture of bacteria (1ml) 

was added and spread evenly onto Tryptone Soya Agar (TSA: Oxoid) plates. The plates were 

then left to dry before incubating at 37°C for 24 ± 2 hours. After incubation, 7ml of 0.1% 

peptone from casein, pancreatic digest (Fluka Analytical) was added to individual TSA plates 

containing the bacterial lawn. Bacteria cells were loosened with a spreader and a pipette was 

used to aseptically collect the cells into a sterile container.  

The level of Salmonella in the inoculum was determined by preparing serial dilutions 

in Buffered Peptone Water (BPW: Scientific Laboratory Supplies (SLS) and plating out an 

aliquot (0.1ml) of selected dilutions in duplicate onto Bismuth Sulphite Agar (BSA: Scientific 

Laboratory Supplies (SLS)) plates. Following incubation, plates were examined for typical 

Salmonella-like colonies. Colonies which appeared black with or without metallic sheen were 

identified as Salmonella isolates. Plates with typical colonies between 30 and 300 were 

counted and a bacterial population was enumerated.  

 

Inoculation procedure and storage of Brazil nut kernels and pumpkin seeds. 

Brazil nut kernels and pumpkin seeds were inoculated as previously described by (18, 29) 

with minor modifications to the volume of inoculum used. For every 100 ± 1g of product, 6ml 

of inoculum was added to Brazil nut kernels while 8ml of inoculum was added pumpkin seeds 

(these volumes were determined during preliminary inoculation study and found to be 

sufficient to evenly coat the products) in a sterile polyethene sampling bag. Products were 

inoculated in batch of 500g of product in a  sterile sampling bag with dimensions 35.6cm (L) 

x 25.4cm (W) (Fisherbrand™ Sterile Sampling Bags with Flat-Wire Closures, Fishers 

Scientific, UK). The bag containing the product and inoculum was then closed and manually 

inverted and shaken by hand approximately 20 times for 1-2 minutes until all the products 
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were coated with the inoculum. Approximately 4kg each of Brazil nut kernels and pumpkin 

seeds were inoculated with SE PT30 to an average of 8.89 Log CFU/g and 9.23 Log CFU/g, 

respectively. The products were poured into a sterile plastic container lined with 3mm thick 

WhatmanTM  filter paper (Fisher scientific, UK) for 24 hours to dry. After drying the products 

were then placed in a 3.5L sterile polyethene bag with dimension 38.2cm (L)x 25.4cm (W) 

(Fisherbrand™ Sterile Polyethylene Sampling Bags, Fishers Scientific, UK) before storing in 

a plastic container with the lid closed. These containers were then stored at 8 ± 1ºC, 23 ± 

2ºCand at 37 ± 1ºC in a cooled storage incubator, a room with an approximate temperature of 

23°C ± 2ºC and a standard microbiological incubator, respectively.  Each product was stored 

in triplicate at different storage conditions and the Brazil nut kernels and pumpkin seeds were 

analysed to determine microbial level after 2, 6, 14, 84, 108 and 413 days of inoculation. The 

products were analysed before storage to determine the microbial level immediately after 

inoculation, 2 hours after inoculation and 24 hours after inoculation. Microbial level data 

prior to storage are shown in Table 1. 

  

Recovery of Salmonella. A stomaching method as described by (20) was chosen for 

the recovery of Salmonella from nuts and seeds products, with stomaching method a higher 

recovery was observed as compared to bending and mechanical shaking. Briefly, 50g of 

sample was added to 100ml of TSB in a two-chamber blending bag (400ml, Seward, UK) and 

stomached for 2 minutes at 300rpm with a stomacher blender (Seward Stomacher ® 400 

Circulator, UK).  

  

Enumeration of Salmonella. Selective enumeration of Salmonella was carried out on 

BSA plates. Serial dilutions of homogenised products were made in BPW before spread 

plating 0.1ml from selected dilutions onto BSA. Plates were incubated at 37ºC for 24 ± 2 



 9 

hours. After incubation plates with colonies between 30 and 300 were counted and bacterial 

population enumerated. 

  

Confirmation of Salmonella colonies. To confirm bacterial isolates on BSA plates, 

randomly selected colonies were stabbed and streaked onto triple sugar iron (TSI; Oxoid, 

England) and lysine iron agar (LIA; Oxoid, England) slants and incubated at 35 ± 2°C for 24 

hours. Colonies with positive Salmonella reactions on slants were confirmed with API 20E 

test strips (bioMérieux, UK).  

  

 Water activity (aw) measurement. The aw of each sample was determined using a 

calibrated AquaLab water activity meter (Decagon Devices, Inc., Pullman, WA) at 21.2°C. 

Water activity measurement was done in duplicate. Water activity of each product was also 

determined on days 2, 6, 14, 84, 108 and 413. 

  

Statistical analysis. Inoculation experiment was repeated thrice per product, with 

duplicate readings from each experiment (n = 3). Duplicate aw reading per product was also 

measured during each experiment (n = 3). Mean and standard deviation (mean ± SD) of Log 

CFU and aw values were calculated using SPSS data analysis software (IBM SPSS Statistics 

19). For each product and storage temperature, the significance difference between the change 

in water activity and level of Salmonella were determined. One-way ANOVA (Analysis of 

Variance), means comparisons, and Tukey significant different test were performed on the 

experimental data sets using GraphPad Prism version 8. Difference between the mean values 

were considered significant at p < 0.05. Decay rate was calculated using the equation 1 (A = P 

(1 – r) t). Where A is final level of Salmonella observed after the experiment at a particular 
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storage temperature, ‘P’ is the initial level of Salmonella at a particular storage temperature, 

‘r’ is the decay rate and ‘t’ is the number of time intervals that have passed.                    

 

 

RESULTS AND DISCUSSION 

Nuts and seeds have become a source of bacterial foodborne illnesses and the 

causative agent of major outbreaks has been Salmonella. In this experiment a Salmonella 

enterica serovar (SE PT30) previously implicated in a multiple salmonellosis outbreak (34, 

41) was used to assess the survival of Salmonella. Figures 1 and 2 show the survival of SE 

PT30 on Brazil nut kernels and pumpkin seeds stored at 8, 23 and 37°C for up to 413 days. 

Graph representation of the change in water activity of these products are also shown in 

Figures 1 and 2.  

For un-inoculated products no background microflora were detected on BSA plates for 

any of the products analysed in this experiment. Harris and Unicomb (29, 56) have also 

reported similar results on background microbial population on BSA for un-inoculated 

almonds. The water activity recorded for Brazil nut kernels before inoculation, after 

inoculation, 2 hours after inoculation, and 24 hours after inoculation were 0.431 ± 0.030, 

0.850 ± 0.055, 0.463 ± 0.048, 0.409 ± 0.029, respectively. For pumpkin seeds water activity 

recorded before inoculation, after inoculation, 2 hours after inoculation, and 24 hours after 

inoculation were 0.753 ± 0.010, 0.945 ± 0.001, 0.771 ± 0.010, 0.576 ± 0.008, respectively. As 

expected, the addition of inoculum increased the water activity of the products, however after 

2 hours of inoculation, recorded water activity for Brazil nut kernels and pumpkin seeds were 

observed to be close to recorded initial water activity. After 24 hours of drying, fluctuations in 

water activity was greater in pumpkins seeds as compared to Brazil nut kernels (Table 1). 
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Previous studies have validated the method used to prepare inoculum and inoculate 

almonds (18, 55) and pecans (6, 7). However, there are no publication describing the use of 

this method for inoculating Brazil nut kernels and pumpkin seeds. Brazil nut kernels and 

pumpkin seeds were inoculated successfully and reproducibly using the method described 

here. The use of inoculum liquid and subsequent drying in this experiment permits a quick 

and uniform distribution of the bacteria unto the surface of each product. Inoculation with 

Salmonella inoculum containing 10.4 ± 0.09 Log CFU/ml yielded bacteria population of 8.67 

± 0.01 and 9.27 ± 0.03 Log CFU/g for Brazil nut kernels and pumpkin seeds, respectively. 

While more research is needed to understand the difference in the level of bacteria on the 

surface of Brazil nuts and pumpkin seeds, from the authors experience levels of bacteria 

recovered after inoculation from seeds are always higher as compared to levels recovered 

from nuts. This difference has also been observed with other seeds and nuts inoculated with 

the same inoculum (data not shown). The reason for this difference could be due to difference 

in surface area and or difference in structural surface of the products. For the recovery of 

bacteria after inoculation, the sampling method should be appropriate for the food and the 

way in which it was inoculated (57). Ideally, the entire sample should be weighed and mixed 

with diluent (47). In this study we used stomaching then plating, the use of this method has 

been reported to improve recovery of bacteria and yield significantly higher levels as 

compared to blending, hand shaking and mechanical shaking (20, 29, 55). Stomaching in a 

1:2 ratio of sample to TSB provided a consistent number for both products. For the recovery 

of Salmonella BSA was used in this study; from preliminary studies conducted with the use of 

TSA and BSA, there was no significant difference in the ability of TSA to recover Salmonella 

from a variety of nuts and seeds products (including Brazil nut kernels and pumpkin seeds) 

inoculated products as compared to BSA. Average level of Salmonella on Brazil nut kernels 

recovered with BSA and TSA were 8.24 Log CFU/g and 8.35 Log CFU/g, respectively. For 
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pumpkin seeds, the average level of Salmonella on pumpkin seeds recovered with BSA and 

TSA were 9.10 Log CFU/g and 9.30 Log CFU/g, respectively. Also, in a study conducted by 

(55), it was reported that the use of TSA for the recovery of Salmonella from almonds stored 

at different storage temperatures over 550 days was not significantly different from the 

recovery on BSA. The result obtained in this study suggests that Salmonella can survive at 8, 

23 and 37°C on Brazil nut kernels and pumpkin seeds for up to 413 days. The population of 

SE PT30 after 24 hours of inoculation and drying (prior to storage) was 8.67 Log CFU/g and 

9.27 Log CFU/g for Brazil nut kernels and pumpkin seeds, respectively. After post inoculation 

drying, products were then stored at 8, 23 and 37°C. Over the storage period, Salmonella 

populations recorded for Brazil nut kernels and pumpkin seeds ranged from 6.15 to 8.69 Log 

CFU/g and 6.63 to 9.25 Log CFU/g, respectively. Comparing the difference in Salmonella 

level at the start of the experiment (day 2) and the end of the experiment (day 413) a 

difference of 1.2 Log and 0.36 Log was calculated for Brazil nut kernels and pumpkin seeds 

stored at 8°C, respectively. For higher storage temperatures calculated difference in 

Salmonella level at the start of the experiment (day 2) and the end of the experiment (day 

413) for Brazil nut kernels stored at 23 and 37°C were 1.85 and 2.34 Log, respectively and for 

pumpkin seeds stored at 23 and 37°C were 2.14 and 2.62 Log, respectively. 

The results obtained here indicate that storage of pumpkins seeds after inoculation at 8 

and 23°C produced a stable Salmonella population during the first 14 days after inoculation 

and storage. No significant difference (P = 0.35 and P = 0.06) was observed for Salmonella 

population in pumpkin seeds stored at 8 and 23°C over the first 14 days, bacterial population 

ranged from 9.12 to 9.15 Log CFU/g and 9.09 to 9.13  

Log CFU/g, respectively. Significant difference (P < 0.001) was however observed for 

Salmonella population recovered from pumpkin seeds within the first 6 days of storage at 

37°C. Significant difference (P < 0.01) in Salmonella population was observed right after 48 
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hours of inoculation through to the end of the storage period for pumpkin seeds. No 

significant difference (P = 0.15) was however observed for Salmonella population recovered 

from Brazil nut kernels within the first 48 hours after inoculation. Tukey’s multiple 

comparisons test conducted in GraphPad Prism version 8 reveal that time had the same effect 

at al values of temperature, it was show that the interaction between time and temperature 

accounted for 0.64% of the total variance. Statistical analysis reveals that temperature 

accounted for 98.71% of the total variance and the effect on temperature on variation in both 

microbial populations and water activity were considered extremely significant p value is 

<0.0001. P values for statistical difference over time are  presented in Table 1. Also, in order 

to compare the statistical difference between pumpkin seed and brazil nut survival ratios were 

calculated using N/N0 (where N and N0 are the momentary and initial microbial numbers) and                 

a graphical representation of the survival ratio values are presented in Figure 3. 

At 8°C, the decay rates of Salmonella was lowest on both Brazil nut kernel and pumpkin 

seeds -0.007 ± 0.001 Log CFU/g per day (-0.200 ± 0.001 Log CFU/g per month) and -0.003 ± 

0.001 Log CFU/g per day (-0.080 ± 0.001 Log CFU/g per month), respectively (Figure 4 and 

Table 1). At 23°C, decay rates observed for Brazil nut kernels and pumpkin seeds were -0.010 

± 0.001 Log CFU/g per day (-0.315 ± 0.017 Log CFU/g per month) and -0.013 ± 0.001 Log 

CFU/g per day (-0.397 ± 0.036 Log CFU/g per month), respectively (Figure 4 and Table 1). 

At 37°C decay rates observed for Brazil nut kernels and pumpkin seeds were -0.014 ± 0.001 

Log CFU/g per day (-0.427 ± 0.007 Log CFU/g per month) and -0.015 ± 0.001 Log CFU/g 

per day (-0.447 ± 0.005 Log CFU/g per month), respectively (Figure 4 and Table 1). This 

study determined that Salmonella survives significantly (P = 0.008) longer at 8°C longer on 

pumpkin seeds as compared to Brazil nut kernels. However, at 23°C survival of Salmonella 

on pumpkins was significantly lower (P = 0.004) as compared to Brazil nut kernels. The 

decay rate of Salmonella on both products were not significantly (P > 0.999) different at 
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37°C. Decay rates of Salmonella at the different temperature were determined to be 

significantly different, higher decay rates were recorded at 37°C and the lowest recorded were 

at 8°C for both products. Pairwise comparison heatmap of statistical difference for Salmonella 

decay rates for Brazil nut kernels and pumpkin seeds is presented in Figure 5. 

A decline in Salmonella population and water activity was recorded for all products 

(Figure 1 to 2); the decline in the population of Salmonella however varied between products 

and storage conditions. In this study it was observed that storage temperature is inversely 

correlated with Salmonella population and water activity.  Similar observation was reported 

by (5), they observed that the survival of Salmonella on pecans stored at different 

temperatures was inversely correlated to the storage temperature. 

The result obtained in this work revealed that the survival of Salmonella on Brazil nut 

kernels and pumpkins seeds was enhanced at 8°C as compared to the other storage 

temperatures (Figure 1 and 2). Log reduction in Salmonella population recorded for Brazil nut 

kernels and pumpkin seeds stored at 8°C were 1.04 and 0.36 Log CFU/g as compared to 

reduction of 1.52 and 2.17 Log CFU/g (for products stored at 23°C) and 2.34 and 2.62 Log 

CFU/g (for products stored at 37°C), respectively over the 413 days of storage  

This result is in agreement with previous reports on survival of Salmonella in nutrient 

deficient media stored at 7°C (1), in pecan stored at refrigeration and subfreezing 

temperatures (6), in peanut butter and peanut spread stored at 5°C (10), in raw peanuts and, 

pecans kernel stored at 4°C (9), in dried paper disk stored at 4°C (31) and in vacuum-packed 

halva (sesame seed product) stored under refrigeration (42). 

The maximum reduction of Salmonella and lowest water activity values were recorded 

for products stored at 37°C, at this temperature water activity of the product and Salmonella 

population declined more rapidly as compared to the other storage conditions.  Similar results 

have also been reported for pecans stored at 21°C and 37°C (7). Although there is a rapid 
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reduction in Salmonella population at higher temperature, survival of Salmonella seems to 

still be favoured by the low water activity. In a study conducted by (35), a decrease in 

Salmonella population was observed under dry conditions (aw 0.2), however after an initial 

decrease in cell number, Salmonella strains remained stable and a 1-log reduction in 

Salmonella cells required up to 1, 351 days of storage. 

The observations of this study emphasize the importance of preventing contamination 

of raw materials right from the farm stage, applying effective process treatment that will 

inactivate Salmonella and preventing post-process contamination in low moisture foods such 

as nuts and seed.  
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FIGURE LEGENDS 

FIGURE 1. Survival of Salmonella Enteritidis PT 30 inoculated onto Brazil nut kernels at a 

level of 8.89 Log CFU/g during storage at 8°C (♦), 23°C (■) and 37°C (▲). Results shown are 

counts determined on BSA. Values are the avaerage of duplicate products from each of three 

experiments (n = 3) and water activity of Brazil nut kernels during storage at 8°C (x), 23°C (˗) 

and 37°C (●). Values are the avaerage of duplicate products from each of three experiments 

(n = 3). 

 

FIGURE 2. Survival of Salmonella Enteritidis PT 30 inoculated onto pumpkin seeds at a 

level of 9.23 Log CFU/g during storage at 8°C (♦), 23°C (■) and 37°C (▲). Results shown are 

counts determined on BSA. Values are the avaerage of duplicate products from each of three 

experiments (n = 3) and ater activity  of pumpkin seeds during storage at 8°C (x), 23°C (˗) 

and 37°C (●). Values are the avaerage of duplicate products from each of three experiments 

(n = 3). 

 

FIGURE 3. Graphical representation of survival ratio of Salmonella Over 413 days. Graph 

represnts pumkin seeds and Brazil nuts data. Data of mean Log CFU/g for pumpkin seeds and 

Brazil nuts are plotted for day 0.008, 1, 2, 6, 14, 84, 108 and 413. Pumpkins seeds Log CFU/g 

data are represented on the x-axis as 1 (8°C), 2 (23°C) and 3 (37°C). Brazil nuts Log CFU/g 

data are represented on the x-axis as 4 (8°C), 5 (23°C) and 6 (37°C). 

 

FIGURE 4. Decay rates of Salmonella Enteritidis PT 30 on Brazil nut kernels (white bar) and 

pumpkin seeds (dark gray bar) during storage at 8°C, 23°C and 37°C. Error bar represents 

standard deviations of means of Salmonella counts. 
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FIGURE 5. Pairwise comparison heatmap of statistical difference for Salmonella decay rates 

for Brazil nut kernels or pumpkin seeds at 8°C, 23°C and 37°C. P – values <0.01 are 

highlighted in grey and white.   
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TABLE 1  

Water activity (aw) and survival of Salmonella Enteritidis PT 30 inoculated on whole 

Brazil nut kernels and pumkin seeds stored at 8, 23 and 37°C (post-storage). Water 

activity (aw) and level of Salmonella on products pre-stroage. Values of Salmonella are 

expressed as Log CFU/g of Brazil nut kernels or pumpkin seeds. Values of Salmonella 

and water activity are the avaerage of duplicate products from each of three experiments 

(n = 3). Average values ± standard deviations are shown. Also p values representing the 

statistical difference over time (2h to 413 days) are imcluded within the tabe. Decay rate 

of Salmonella values expressed per day and per month, (-) decay rate only applicable to 

Log CFU/g counts. *Data not included on graphs in Figure 1 and 2. 
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Pre-storage Inoculated 2 hours 24 hours Post-

storage 

2 days 6 days 14 days 84 days 108 days 413 days Decay rate/day Decay rate/month  

aw (Brazil 

nut kernels), 

p value 

0.850 ± 

0.055* 

0.463 ± 

0.048* 

0.409 ± 0.029* 

0.2312 (8°C) 
0.2687 (23°C) 

0.2031 (37°C) 

8°C 

p value 
 

0.424 ± 

0.058 
0.5840 

0.461 ± 

0.004 
>0.9999 

 

0.472 ± 

0.016 
0.9973 

 

0.521 ± 

0.008 
0.2361 

 

0.505 ± 

0.004 
0.3254 

0.434 ± 

0.007 
0.5653 

- - 

23°C 
p value 

 

0.383 ± 
0.016 

0.1308 

0.362 ± 
0.011 

0.1304 

 

0.384 ± 
0.009 

0.1168 

 

0.437 ± 
0.007 

0.7037 

0.395 ± 
0.005 

0.1506 

 

0.385 ± 
0.045 

0.3671 

 

- - 

37°C 

p value 

0.372 ± 

0.012 

0.1026 

0.315 ± 

0.004 

0.0596 
 

0.270 ± 

0.005 

0.0268 
 

0.252 ± 

0.006 

0.0336 
 

0.247 ± 

0.005 

0.0262 
 

0.256 ± 

0.028 

<0.0001 
 

- - 

aw (Pumpkin 

seeds), p 

value 

0.945 ± 

0.001* 

0.771 ± 

0.010* 

0.576 ± 0.008* 

0.0071 (8°C) 
<0.0001 (23°C) 

<0.0001 (37°C) 

 

8°C 

p value 
 

 

0.754 ± 

0.004 
0.8559 

0.731 ± 

0.008 
0.7159 

 

0.714 ± 

0.004 
0.6168 

 

0.566 ± 

0.004 
0.1868 

 

0.533 ± 

0.010 
0.1512 

 

0.412 ± 

0.004 
0.0819 

 

- - 

23°C 
p value 

 

0.627 ± 
0.009 

0.0012 

0.599 ± 
0.005 

<0.0001 

 

0.533 ± 
0.004 

<0.0001 

 

0.452 ± 
0.023 

0.0110 

0.403 ± 
0.002 

<0.0001 

 

0.350 ± 
0.008 

<0.0001 

 

- - 

37°C 

p value 

 

0.787 ± 

0.010 

0.4823 

0.693 ± 

0.003 

<0.0001 

0.550 ± 

0.008 

0.0005 

 

0.258 ± 

0.007 

<0.0001 

 

0.248 ± 

0.006 

<0.0001 

 

0.205 ± 

0.015 

<0.0001 

- - 

Log CFU/g 

(Brazil nut 

kernels) , p 

value 

8.89 ± 

0.05* 

8.78 ± 

0.02* 

8.67 ± 0.01* 

0.0071 (8°C) 
<0.0001 (23°C) 

<0.0001 (37°C) 

8°C 

p value 
 

8.69 ± 

0.012 
0.0220 

8.79 ± 

0.027 
0.9973 

 

8.60 ± 

0.038 
0.0581 

 

8.72 ± 

0.012 
0.0576 

 

8.57 ± 

0.023 
0.0162 

 

7.49 ± 

0.020 
<0.0001 

 

-0.007 ± 0.001 -0.200 ± 0.001 

23°C, 
p value 

8.67 ± 
0.014 

0.0254 

8.50 ± 
0.024 

0.0121 

 

8.55 ± 
0.200 

0.6073 

 

8.53 ± 
0.040 

0.0361 

 

7.95 ± 
0.028 

<0.0001 

 

6.82 ± 
0.115 

0.0052 

-0.010 ± 0.001 -0.315 ± 0.017 

37°C, 

p value 

8.49 ± 

0.040 

0.0256 

8.48 ± 

0.000 

0.0117 
 

8.39 ± 

0.048 

0.0212 

8.34 ± 

0.018 

0.0006 
 

7.95 ± 

0.018 

<0.0001 
 

6.15 ± 

0.056 

<0.0001 
 

-0.014 ± 0.001 -0.427 ± 0.007 

Log CFU/g 

(Pumpkin 

seeds), p 

value 

9.23 ± 

0.02* 

9.24 ± 

0.03* 

9.27 ± 0.03* 

<0.0001 (8°C) 
<0.0001 (23°C) 

<0.0001 (37°C) 

 
 

8°C, 

p value 

9.15 ± 

0.057 
0.4327 

9.14 ± 

0.036 
0.1734 

 

9.12 ± 

0.042 
0.1613 

 

9.22 ± 

0.058 
0.9930 

9.13 ± 

0.091 
0.5818 

 

8.79 ± 

0.023 
0.0027 

 

-0.003 ± 0.001 -0.080 ± 0.001 

23°C 
p value 

 

9.09 ± 
0.052 

0.1512 

9.13 ± 
0.035 

0.1284 

9.02 ± 
0.058 

0.0936 

8.70 ± 
0.075 

0.0271 

8.25 ± 
0.041 

0.0006 

 

6.92 ± 
0.240 

0.0156 

 

-0.013 ± 0.001 - 0.397 ± 0.036 
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37°C 

p value 
 

9.25 ± 

0.045 
>0.9999 

9.07 ± 

0.070 
0.2238 

 

8.83 ± 

0.010 
<0.0001 

 

8.55 ± 

0.050 
0.0090 

 

7.91 ± 

0.035 
<0.0001 

 

6.63 ±  

0.050 
<0.0001 

 

-0.015 ± 0.001 -0.447 ± 0.005 
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FIGURE 1 
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FIGURE 2
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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