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Background. Fresh vegetables such as tomato should have low microbial population for safe consumption and long storage life.
The aerobic bacterial count (ABC) and coliform bacterial count (CBC), yeast, and mold population are the most widely used
microbial indicators in fresh vegetables which should be lower than 4 logCFU g−1 for safe consumption. The stages of the supply
chain, postharvest handling methods, and crop varieties had significant effects on microbial population. ABC, CBC, yeast, and
mold population were significantly highest (𝑃 < 0.05) at retail market (5.59, 4.38, 2.60, and 3.14 logCFU g−1, resp.), followed by
wholesale market (4.72, 4.71, 2.43, and 2.44 log CFU g−1, resp.), and were least at farm gate (3.89, 3.63, 2.38, and 2.03 log CFU g−1,
resp.). Improved postharvest practices (washing in clean water and grading and packaging in clean plastic crate) helped to reduce
ABC, CBC, and mold population by 2.51, 32.70, and 29.86 percentage as compared to the conventional method (no washing and
no grading and packaging in mud plastered bamboo baskets). Among varieties, Pusa ruby had the lowest microbial load of 2.58,
4.53, 0.96, and 1.77 log CFU g−1 for ABC, CBC, yeast, and mold count, respectively. Significantly negative correlation (𝑃 < 0.05)
was observed between fruit pH & ABC and pH & mold count. Although the microbial quality of fresh tomato is safe in the local
market of western Terai of Nepal both in conventional and in improved practices however still it is essential to follow improved
postharvest handling practices in production andmarketing of newly introduced tomato cultivars (high-pH cultivars) for ensuring
the safe availability of fresh tomato in the market.

1. Introduction

Tomato (Solanum lycopersicum L.) is one of the most impor-
tant perishable vegetables of Nepal. It is projected that 25
to 50% of the total production of tomato is lost at the
postproduction stage [1, 2]. Therefore, to reduce production
loss, the postharvest handling and management are the
crucial work in tomato production. The postharvest loss
is mostly associated with microbial contamination which
fosters spoilage during transportation, storage, and market-
ing. These microbes may contaminate tomato fruit at both

preharvest and postharvest stages. The preharvest sources of
microbial contaminants are soil, fertilizer, compost, irriga-
tion water, and pesticide solution while postharvest sources
include soil, cleaning and treating waters, packing shed,
transporting equipment, and storage [3, 4]. Generally, the
contamination occurred due to poor production and han-
dling practices such as the application of contaminated
water in irrigation and cleaning up and unhygienic handling
practices. These contaminated microbes can produce toxin
and secondary metabolites, which may cause the serious
health issues [5]. Therefore these are included in the group of
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Table 1: Difference between conventional and improvedmethods of
transportation.

Conventional method
(farmer’s practice) Improved practice

(i) No washing
(ii) No grading
(iii) Transportation in
bamboo basket plastered
with mud and dung

(i) Washing with tap water after
harvesting
(ii) Grading for overripe, normal,
and underripe tomato fruit
(iii) Transportation in clean plastic
crate

health hazard [6]. The microbial load of the perishable goods
is themain criteria to determine the shelf life of the perishable
agricultural products [7]. These microbes include Gram-
negative bacteria, Gram-positive bacteria, fungi (yeasts and
molds), viruses, and parasites [8].

Coliforms are facultative anaerobic, Gram-negative, non-
spore-forming rods shaped bacteria including the hetero-
geneous groups. Coliforms are common habitant of mam-
malian guts [8]. E. coli is the common species of coliform
groupmostly associated with fecal contamination.Therefore,
coliforms bacteria are used to evaluate the general hygiene
level and are the best indicator of fecal pollution.The aerobic
bacterial (AB) population is one of the most important
microbiological indicators for food quality. These bacterial
loads reflect the exposure of the sample to any contamination,
and, in general, this is the indicator of sanitation level
maintained during transportation, handling, and storage [9].

Understanding the microbial profile in particular com-
modity is necessary to reduce microbial population with
specific treatments.The present study was conducted to scru-
tinize themicroorganism associated with tomato postharvest
life, determine the population load in different stages of
supply chain, and evaluate the varietal response with the
microbial colonization at western Terai condition of Nepal.

2. Materials and Methods

2.1. Collection of Samples. A total of 42 samples each having
1 kg of tomato were randomly collected from the traders at
three different points of supply chains: farm gate, wholesaler,
and retailer during February andMarch 2016 inBanke district
of Nepal. Each 21 samples were representing traditional and
improved system of postharvest handling (Table 1). The
samples were collected from Hariyali Vegetable Farmer’s
group, Manakamana of Banke district. All the samples in
different stages were collected from the same lot and site of
production as much as possible. The samples from wholesale
market were collected from Ranitalau Vegetable Collection
and Marketing Center, Nepalgunj, Banke, and the samples
from retailmarketwere from the local store ofKhajura, Banke
(owner Bindeshwor Shaha). Seven replicates of samples rep-
resenting conventional and improvedmethodswere collected
from each stage (farm gate, wholesaler, and retailer). The
samples were placed in properly labeled sterile polyethylene
plastic bags and brought to the laboratory. The samples were

stored in a refrigerator at 4∘C for 24 hours before microbial
analysis [10].

Similarly, 12 samples representing each experimental
unit having three replicates of four cultivars were ran-
domly collected from the tomato varietal trial conducted
under USAID-AVRDC (United States Agency for Interna-
tional Development-Asian Vegetable Research and Develop-
ment Center) postharvest project at Regional Agricultural
Research Station (RARS), Khajura, Banke, Nepal.The tomato
was harvested at pick harvesting (red ripe) stage. Four
cultivars—AVTO 1418 (CLN369A), AVTO 1432 (CLN 3940),
AVTO 9331 (UC204A) and Pusa ruby—were used in the
study. Among them the first 3 were recently introduced
from AVRDC, Taiwan, whereas the last one is locally well
adapted popular cultivar. Tomato was macerated using mix-
ture grinder to extract juice and extract was filtered by
muslin cloth and pHwasmeasured using benchtop pHmeter
(Thermo-Scientific; Orion 2-Star Benchtop pHMeter).

2.2. Methods of Postharvest Handling. Two methods of post-
harvest handling—conventional and improved practice—
were compared in the study. The critical differences between
the two methods are presented in Table 1.

2.3. Microbial Culture and Enumeration. From one Kg com-
posite tomato samples, 50 gwas randomly selected andplaced
in the sterile high-speed blender jar, added with 450ml of
sterile Butterfield’s phosphate-buffered water (34 g KH

2
PO
4

in 1 L distilled water adjusted pH 7.2 with 1N NaOH) [10]
and blended for 2min. The homogenate was considered as
diluent having dilution factor 10−1. The homogenate was
further diluted at 10−3, 10−5, 10−7, and 10−9 by adding 1ml in
each 90-ml diluent (Butterfield’s phosphate-buffered water)
using separate sterile pipettes. All dilutions were shaken in
vortex for 2-3 minutes. One ml of each dilution was pipetted
into separate glass Petri plates having different media. The
dilution was shaken each time before pipetting into the Petri
plate. Standard agar plate methods were used for microbial
enumeration; plate count agar (PCA; 5.0 g tryptone, 2.5 g
yeast extract, 1.0 g dextrose, 15.0 g agar, and 1-liter distilled
water) was used for total aerobic bacteria count [11, 12]; violet
red bile agar (VRBA, 41.5 g of VRBA in 1 liter distilled water;
HiMedia Laboratories Pvt. Ltd.) [13] was used for coliform
count; and Chloramphenicol Yeast Glucose Agar (CYGA;
dextrose, 20.0 g; yeast extract, 5.0 g; chloramphenicol, 0.1 g;
agar, 15.0) was used for yeast and mold count [12, 14]. The
microbial cultures were incubated for specified duration
under ambient conditions (27–33∘C).

For the determination of aerobic bacterial count, 20ml
of PCA was plated in 90mm glass plates, and 1ml of each
decimal dilution was added to each plate, and the plates
were incubated at 30 ± 2∘C. Then the bacterial colonies
were counted and expressed as CFU g−1. For determining
the coliform bacteria, 1ml of each dilution was poured in
Petri plates, and then 15ml VRBA medium was added over
and circled both clockwise and anticlockwise for good mix
and allowed to solidify. Then the plates were incubated in
35 ± 2

∘C for 24 hours. Finally, red colonies were counted.
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Figure 1: The microbial population in fresh tomato at different stages in supply chain. Means followed by the same letter(s) do not differ
significantly at 1% level of probability.

For determination of yeasts and molds, 1mL of each decimal
dilution was added to plate surface that contained CYGA and
distributed by a sterilized L-shaped spreader. The plates were
incubated at 25 ± 2∘C for five days, and the colonies were
counted in each plate and expressed as CFU g−1. Each of the
plateswas replicated two times for each of the dilution factors;
however measurement was done in only one plate.

Microbial counts were determined using dilution plates
with 15–300 colonies expressed as colony forming units per
ml (CFUml−1) [15]. When CFU exceeded 300 per plate,
counts were taken from four 1-cm squares per plate. Finally,
logarithmic values of counts (log CFUml−1) were computed
for every plate.

In addition, pH of tomato fruit of the four different
varieties was recorded using a pHmeter, three times for each
experimental unit.

2.4. Data Analysis. The first experiment was conducted in
split plot design with seven replications where the methods
of postharvest handling were main plot and the stages in
supply chain were subplot whereas the second experiment
was conducted in randomized complete block design with
3 replications where four cultivars CLN369A, CLN 3940,
and UC204A including local check Pusa ruby were evalu-
ated. Both the experiments were conducted twice. The log-
transformed value of the colony forming unit per gram
was analyzed. Data analysis was done with Microsoft Excel
(2016) and R-Studio Version 0.99.896. Data were subjected to
analysis of variance (ANOVA); when differences were found,
means were separated using Duncan’s Multiple Range Test
(DMRT).

3. Results and Discussions

3.1. The Microbial Population in Different Stages of Supply
Chain. There is a very limited study on the microbiological
quality of fresh vegetable inwestern Terai of Nepal.This study
may be the first report from awestern part of the country.The
logCFU AB, coliform, and mold count at different points of
tomato supply chain are presented in Figure 1. The microbial
population was found to be significantly changed over the
supply chain (𝑃 < 0.05). The significantly highest (𝑃 < 0.01)
aerobic bacterial count (ABC) was recorded in the retail
market (log 5.52 CFUml−1) followed by wholesale (log 4.72)
and the lowest one was at farm gate (log 3.89 CFUml−1).
Similar results were also recorded in case of coliform, mold,
and yeast population. The highest log-transformed CFU
of coliform, mold, and yeast were recorded in the retail
market (4.38, 2.60, and 3.14, resp.) and the lowest ones
were in farm gate (3.89, 3.63, and 2.02) among the three
different points of supply chain. The result indicates the
microbiological quality of fresh tomato in farm gate can be
considered safe as per the HACCP-TQM (Hazard Analysis
and Critical Control Points-Total Quality Management)
guidelines which were less than 4 logCFU g−1. While the
aerobic and coliform bacterial counts are not safe at retailer
and wholesale market which were higher than 4 logCFU g−1,
the coliform and aerobic bacteria are the important
indicators of hygienic production, transportation, and
handling.

This indicates the higher population in retailer and
wholesaler may be due to use of waste water in cleaning and
improper handling in transportation and use of dirty crates
or baskets.
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Table 2: The microbial population affected by postharvest management in fresh tomato.

Practice ABC (logCFU g−1) Coliform (logCFU g−1) Mold (log CFU g−1) Yeast (log CFU g−1)
Conventional 4.77a 5.07a 2.35b 2.98a

Improved 4.65a 3.41b 2.59a 2.09b

𝑃 value 0.49 0.00 0.05 0.00
CV 20.35 17.76 15.55 23.77
LSD 0.56 0.44 0.22 0.35
Means followed by the same letter(s) do not differ significantly at 1% level of probability, 𝑃 = probability value, CV = Coefficient of Variation, and LSD = Least
Significant Difference.

In general, total counts of microbiological populations on
minimally processed vegetables after processing range from
3.0 to 6.0 log CFU g−1 [16]. Most reported counts for total
aerobic bacteria ranged between 4 and 8 logCFU g−1 and
between 0.7 and 6 logCFU g−1 for coliforms.According to the
HACCP-TQM technical guidelines, raw foods containing less
than 4.0 log CFU g−1 (number of spoilage microorganisms,
aerobic plate count at 21.1∘C) are rated as “good,” with 4.0–6.7
as “average,” 6.7–7.7 as “poor,” and more than 7.7 as “spoiled
food,” respectively. Thus, in general the log transferred
CFU g−1 value of any microbes below 4 is considered as
the nondetectable level in this study. Most of the developed
countries have their own rules and regulations regarding the
minimal microbiological loads in fresh vegetable and fruit
to be sold in market. For example, according to the French
regulation, the maximum acceptable value of ABC is 5 ×
107 CFUg−1 [17].

3.2. The Microbial Population in Improved and Conventional
Postharvest Handling Practice in Fresh Tomato. The method
and means of transportation have the major role in fresh
vegetable contaminant with hazardous microbes. In this
study, basically, the microbial load in two different systems
of postharvest management was analyzed. The result showed
the postharvest practices have significantly changed the
microbial load in fresh tomato in western Terai of Nepal. The
result indicates significantly higher (𝑃 < 0.01, except ABC)
log-transformed CFUg−1 of aerobic, coliform, and mold
count in conventional (4.77, 5.07, and 2.98, resp.) as compared
to improved (4.65, 3.41, and 2.09, resp.; Table 2) method,
while the mold population was recorded higher in improved
practice (2.59 versus 2.35) as compared to conventional. The
results indicate the average population load of coliform and
aerobic bacteria was found above detectable level in both
practices whereas the mold and yeast population were below
detectable level in both practices.

The species composition of microbes isolated from the
fresh vegetable and fruits at farm gate is the reflector of the
microbial profile present in the field at harvesting time [3]
while these populations at retailer and wholesaler reflect the
contamination in cleaning, transportation, handling, storage,
and marketing [18]. Thus, these results indicate the major
sources of microbial contamination in tomato at western
Nepal are the postharvest activities. The farmers generally
use underground water for irrigation and washing which is
usually considered as safe and clean. But use of unhygienic

containers in transportation and storage may have increased
the microbial contamination. The fresh produce (fruit and
getable) can be contaminated with coliform group of bacteria
through irrigation andwashingwater andmanure.Therefore,
to manage the coliform bacteria below detectable level the
production practices such as use of safe andwell-decomposed
manure and clean water for irrigation and washing should
be done. Similarly, methods of postharvest transportation,
storage, and handling also seemed to be major contaminants
in this study. Therefore, it seems necessary to adopt the
improved postharvest handling practices by traders to main-
tain lower level of the microbial population. Here we found
washing with clean tap water, grading, and transportation
in clean plastic crates have positive impact in reducing the
hazardous microbial load in tomato after harvest. Not only
were the improved practices of transportation to be superior
in reducingmicrobial population in tomato supply chain, but
also it is important to reduce foodborne illness, to decrease
spoilage, to enhance the shelf life, and to improve appearance
and nutritive value [19].

3.3. Effect of Varieties in Microfloral Population in Tomato.
Microfloral population and its composition can be differing
according to the variety in tomato. We observed similar
results in the present study. In this study, we tested four
different tomato cultivars for the postharvest microfloral
population. Here we observed the cultivar CLN 369A as the
most supportive to all the microbes among the tested vari-
eties. Significantly the highest log-transformedCFUper gram
of aerobic, coliform, and yeast population was recorded in
CLN369A (5.19, 5.10, and 3.51, resp.) except mold population
which was highest in CLN 3940 (Table 3).While this microbe
population was recorded to be lowest in Pusa ruby, the values
were 2.58, 4.53, 0.96, and 1.77 logCFU per gm, respectively.
Among the tested varieties, the aerobic acterial population
was above the detectable level in CLN 369A and CLN 3940
while the coliform bacterial population was above detectable
level in all the cultivars used in the study.The mold and yeast
population were found to be lower than the detectable level
in all the tested cultivars. Phenotypic variation in plant health
and nutritional status in different varieties generally deter-
mine the colonization of microorganism in the surface [20].

Moreover, the correlation between microbial load and
pH was also analyzed. We found strong negative correlation
between aerobic bacterial population versus pH and mold
versus pH, while positive correlation was observed between
coliform population and pH (Figure 2).
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Table 3: Microbial population in different tomato cultivars at RARS, Khajura.

Cultivars ABC
(logCFU g−1)

Coliform
(logCFU g−1)

Mold
(log CFU g−1)

Yeast
(log CFU g−1)

CLN369A 5.19a 5.10a 2.02a 3.51a

CLN 3940 4.96b 4.42c 2.29a 1.98ab

UC204A 3.32c 4.82b 1.19b 1.84b

Pusa ruby 2.58d 4.53c 0.96b 1.77b

𝑃-value 0.00 0.00 0.00 0.09
CV 2.21 2.13 16.40 34.55
LSD 0.18 0.20 0.53 1.57
Means followed by the same letter(s) do not differ significantly at 1% level of probability, 𝑃 = probability value, CV = Coefficient of Variation, and LSD = Least
Significant Difference.
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Figure 2: Correlation between the tomato fruit juice pH and microbial population. 𝑅2 value is adjusted value.

There are many reports on the differential response
of tomato varieties with preharvest as well as postharvest
pathogen colonization in tomato. Xia et al. [21] described
the higher colonization of Salmonella enterica in certain
tomato varieties but not in others. The postharvest microbial
colonization is mainly associated with water uptake during
submergence, acidity, porosity of stem scars, physical and
chemical properties of the vascular bundles, and wounding
and scratching in transportation and handling [21]. Similarly,
Beuchat [3] classified intrinsic and extrinsic factors which are
responsible for the population composition of microorgan-
ism colonizing in perishable produce. The extrinsic factors
include the environment where produce has been grown

and storages while intrinsic factors include nature of the
epithelium and protective cuticle, pH, and the presence of
antimicrobials in fruit pulp and tissues. Thus, the intrinsic
factors are totally cultivar dependent while extrinsic factors
are environment dependent. Therefore, use of appropriate
variety is another important factor to be considered for the
reduction of microbial hazards in fresh fruit and vegetable.
Zepeda-Lopez and Gonzalez-Lugo [22] also obtained similar
results. They concluded that the coliform bacteria could
not grow in acidic condition. Dingman [23] also recorded
increased population of E. coli (coliform bacteria) in apple
with increased pH and reduced population with reduction in
pH.There are many previous reports that the mold and yeast
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can grow in low pH condition, since they utilized the organic
acid for their growth and development [3].

The results of the study showed the selection of proper
variety could be useful to reduce the hazardous microbial
population in perishable fruits and vegetables. The higher
microbial load in tomato was found to be associated with
lower level of pH.

From the present study it can be summarized that the
microbial population is significantly differed according to
the means of transportation, stage in supply chain, and
varieties used. Thus, it can be concluded that there are
many spaces to manage the microbial population in fresh
product. If proper means of transportation and packaging
procedures are followed with use of appropriate variety, the
contamination of microbes can be reduced and ultimately
have less effect on human health, and the shelf life of the
perishable goods can be enhanced.

There is a need tomake the public, farmers, and traders in
particular aware of the risk involved in the use of waste con-
taminated water and untreated manure during production
and after production. Prevention of vegetable contamination
withmicroorganisms should be the responsibility of everyone
involved in the preharvest, harvest, postharvest, transporta-
tion, and marketing operations to assure that fresh produce
is safe for human consumption.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

Authors are grateful to USAID/AVRDC postharvest project
for providing fund to perform the research. All the staffs
of RARS, Khajura, and NARC are also acknowledged for
providing research friendly environment.

References

[1] D. M. Gautam and D. R. Bhattarai, Post-Harvest Horticulture,
Public Printing Press, Kathmandu, Nepal, 2006.

[2] D. B. Bistha, “Agriculture marketing and environment issues,”
in Agriculture and Environment, pp. 91–98, Ministry of Agri-
culture and Co-operatives, His majesty Government of Nepal
(HMG/N), Kathmandu, Nepal, 2002.

[3] L. R. Beuchat, “Ecological factors influencing survival and
growth of human pathogens on raw fruits and vegetables,”
Microbes and Infection, vol. 4, no. 4, pp. 413–423, 2002.

[4] H. Izumi, “Development of technologies for safe fresh and
fresh-cut produce in Japan,” Acta Horticulturae, vol. 875, pp.
229–236, 2010.

[5] C. N. Huntanen, J. Naghski, C. S. Custer, and R. W. Russel,
“Growth and toxin production by Clostridium botulinum in
moldy tomato juice,” Applied and Environmental Microbiology,
vol. 32, no. 5, pp. 711–715, 1976.

[6] FAO, Food Quality And Safety Systems. A Training Manual on
Food Hygiene and the Hazard Analysis and Critical Control
Point (HACCP) System, Publishing Management Group, FAO
Information Division, Rome, Italy, 1998.

[7] G. M. Sapers, R. L. Miller, V. Pilizota, and A. M. Mattrazzo,
“Antimicrobial treatments for minimally processed cantaloupe
melon,” Journal of Food Science, vol. 66, no. 2, pp. 345–349, 2001.

[8] M. Barth, T. R. Hankinson, H. Zhuang, and H. Breidt, “Micro-
biological spoilage of fruits and vegetables,” in Compendium
of the Microbiological Spoilage of Foods and Beverages, Sperber
WHaMD, Ed., pp. 135–183, Springer Science+Business Media,
Berlin, Germany, 2009.

[9] G. Tortora,Microbiology, The Benjamin/Cummings Publishing
Company Inc, New York, NY, USA, 1995.

[10] W. H. Andrews and TS. Hammack, “Food sampling and prepa-
ration of sample homogenate,” in Bacteriological Analytical
Manual, US Food and Drug Administration, Silver Spring, Md,
USA, 2003.

[11] L. Maturin and J. T. Peeler, “Aerobic plate count,” in Bacterio-
logical Analytical Manual, US Food and Drug Administration,
Silver Spring, Md, USA, 2001.

[12] S. Ruiz-Cruz, E. Alvarez-Parrilla, L. A. de la Rosa et al., “Effect of
different sanitizers onmicrobial, sensory andnutritional quality
of fresh-cut jalapeno peppers,”American Journal of Agricultural
and Biological Science, vol. 5, no. 3, pp. 331–341, 2010.

[13] P. Feng, S. D. Weagant, and M. A. Grant, Enumeration of
Escherichia coli and the coliform bacteria, 2002.

[14] N. Garg, J. J. Churey, and D. F. Splittstoesser, “Effect of
processing conditions on themicroflora of fresh-cut vegetables,”
Journal of Food Protection, vol. 53, no. 8, pp. 701–703, 1990.

[15] F. Harrigan, Laboratory Methods in Food Microbiology, Aca-
demic Press, San Diego, Calif, USA, 1998.

[16] P. Ragaert, F. Devlieghere, and J. Debevere, “Role of microbio-
logical and physiological spoilage mechanisms during storage
of minimally processed vegetables,” Postharvest Biology and
Technology, vol. 44, no. 3, pp. 185–194, 2007.

[17] M. R. Corbo, C. Altieri, D. D’Amato, D. Campaniello, M. A. Del
Nobile, and M. Sinigaglia, “Effect of temperature on shelf life
andmicrobial population of lightly processed cactus pear fruit,”
Postharvest Biology and Technology, vol. 31, no. 1, pp. 93–104,
2004.

[18] L. R. Beuchat, Surface Decontamination of Fruits and Vegetables
Eaten Raw: A Review, Food Safety Unit, World Health Organi-
zation, Geneva, Switzerland, 1998.

[19] C. Hernandez-Brenes, Good Manufacturing Practices for Han-
dling, Packing, Storage andTransportation of Fresh Produce, Uni-
versity ofMaryland, Food andDrugAdministration,Maryland,
Md, USA, 2002.

[20] R. M. Donlan, “Biofilms: microbial life on surfaces,” Emerging
Infectious Diseases, vol. 8, no. 9, pp. 881–890, 2002.

[21] X. Xia, Y. Luo, Y. Yang, B. Vinyard, K. Schneider, and J. Meng,
“Effects of tomato variety, temperature differential, and post-
stem removal time on internalization of salmonella enterica
serovar thompson in tomatoes,” Journal of Food Protection, vol.
75, no. 2, pp. 297–303, 2012.

[22] H. M. Zepeda-Lopez and G. M. Gonzalez-Lugo, “Escherichia
coli adherence to HEp-2 cells with prefixed cells,” Journal of
Clinical Microbiology, vol. 33, no. 5, pp. 1414–1417, 1995.

[23] D. W. Dingman, “Growth of Escherichia coli O157 : H7 in
bruised apple (Malus domestica) tissue as influenced by cultivar,
date of harvest, and source,” Applied and Environmental Micro-
biology, vol. 66, no. 3, pp. 1077–1083, 2000.


