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portions of U.S. landfills, which in turn emit high levels 
of methane, one of the strongest greenhouse gases (1). 
One of the root causes of this problem is spoilage (3). 
Therefore, finding better methods of extending the shelf 
life of produce is a vital step in the efforts against global 
warming as well as hunger.
   We conducted an experiment to determine what 
method of washing tomatoes would result in the least 
spoilage over time. Spoilage is the process in which food 
deteriorates and becomes inedible. This often occurs 
because of the growth of microorganisms, specifically 
mold and bacteria (4). Tomatoes were chosen because 
they are a common produce item in households across 
the U.S. (5) and also have clear indicators of spoilage. 
As a result of spoiling, tomatoes will often bruise and 
their skin will turn black or brown. Mold and wrinkles are 
common visual indicators that a tomato has begun to 
decay. The goal of this study was to discover a better 
method of extending the shelf life of tomatoes in efforts 
to reduce their wastage.
   Past studies have shed light on certain preparation 
methods that may be effective in slowing down produce 
spoilage. An experiment reported in 2007 by Cook’s 
Illustrated examined which methods of cleaning fresh 
produce eliminated the most bacteria (6). The article 
compared four different methods of cleaning apples 
and pears: using antibacterial soap, a vinegar solution, 
water, and scrubbing. After preparation, the fruits were 
swabbed with sterile Q-tips, which were then rubbed 
onto Petri dishes. Following incubation at 80°F for 
several days, the dishes were examined for bacterial 
growth. The vinegar solution was ultimately the most 
effective method of cleaning the fruit, as it eliminated 
98% of the bacteria. These results demonstrated the 
antiseptic properties of vinegar, suggesting that it may 
also be effective in delaying spoilage. 
   S. P. Guleriato and R. M. Wijewardane examined the 
effect of surface coating with various concentrations of 
neem oil and marigold flower on the quality of freshly 
harvested Royal Delicious apples in 2013 (7). In addition, 
these surface coatings were coupled with pre-cooling—
the rapid removal of heat from freshly harvested 
produce—and the spoilage rates of the apples were 
measured. The results showed that the combination of 
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Introduction
   Food wastage is becoming an increasingly critical 
problem in the world today. Around 70 billion pounds 
of food in the United States are thrown away every 
year (1). This is especially staggering when taking into 
account the fact that 1 in 8 Americans experience food 
insecurity (2). Furthermore, wasted food makes up large 
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a 1.5–2% concentration of neem oil with pre-cooling 
was the most successful treatment. Collectively, this 
data suggested that oil coatings could be effective in 
retarding the spoilage of produce.
   The hypothesis in our study was that soaking the 
tomatoes in the mild bleach solution and then drying 
them would be the most effective method to slow down 
spoilage. This is because bleach is known as a universal 
disinfectant and was likely more antiseptic than the 
other solutions (8). In addition, the dried tomatoes were 
expected to spoil more slowly than the undried tomatoes 
due to the fact that excess moisture can boost microbial 
growth, accelerating spoilage (9).

Results
   Two iterations of this experiment were performed. In 
the first iteration, tomatoes were divided into five groups 
of six tomatoes each based on the solution that they 
were soaked in: either water, salt water, vinegar, bleach, 
or vegetable oil. Half of the tomatoes in each group 
were dried after being washed, while the other three 
tomatoes were left undried. The control group consisted 
of three tomatoes that were not soaked in any solution. 
The tomatoes were stored and examined for two weeks 
total. Starting on the sixth day, they were scored based 
on a semi-quantitative spoilage scale (Table 1) in order 
to determine which method of preparation was the most 
effective. The maximum total score that a tomato could 
achieve was 20. A score of 16 or above was considered 
“spoiled” (Figure 1). All other factors in the experiment, 
including temperature, humidity, and light were kept 
constant. 
   The salt water undried preparation was the most 
successful in retarding spoilage. At Day 14, the salt 
water undried tomatoes had the lowest average spoilage 
score (Figure 2). Linear regression analysis confirmed 
the effectiveness of the salt water undried preparation. 

The spoilage score of the control tomatoes increased 
with the number of days in a highly correlated manner 
(Figure 3A). This confirmed that for a tomato left alone 
under the experimental conditions, spoilage does 
increase with time. There was less correlation between 
spoilage and time for the salt water undried tomatoes 
compared to the control (Figure 3B). Instead of steadily 
increasing in a linear fashion, the data points on the salt 
water plot remain at the same spoilage score for several 
days. This result indicates that the salt water undried 
preparation allowed the tomatoes to spoil at a much 
slower rate than they otherwise would.

   The water undried, salt water dried, and bleach dried 
groups also had relatively low spoilage scores, while oil 
dried and the control were the highest scoring groups.    

Figure 1. Representative tomatoes from Day 14 of the first iteration. (A) The salt water undried tomato showed very minimal 
signs of spoilage, with a total score of 7. (B) The oil dried tomato showed mild signs of spoilage, as it had a total score of 12, with 
3 points in each of the four categories. (C) The control tomato was significantly spoiled, as it had a score of 20, the maximum that 
could be attained.

Table 1. Scoring parameters for tomato spoilage.
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Furthermore, not drying the tomatoes after soaking them 
resulted in less spoilage for three out of the five solutions 
used (Figure 2). The average spoilage score of all dried 
groups was 9.8, while it was 9.4 for the undried groups. 
Overall, the difference between the dried and undried 
groups was not statistically significant (P = 0.74, t-test). 
In both dried and undried conditions, salt water was the 
most effective solution for reducing spoilage over time. 
Tomatoes soaked in water, vinegar solution, and bleach 
solution were less spoiled than controls (Table 2). On 
the other hand, oil was the only solution that seemed 
to accelerate spoilage (Table 2). Over the course of 
the two weeks, the tomatoes soaked in oil spoiled at 
a significantly more rapid rate than those from the 
salt water group (Figure 4). To verify this observation, 
both the salt water and oil tomatoes were plotted in a 
power regression graph, as both groups had a higher 
correlation in this type of model than in a linear or 
exponential model. The line of best fit for the salt water 
power regression plot was y=5.468(x0.142), while the 
line of best fit for the oil plot was y=4.639(x0.444). These 

equations demonstrate that the salt water tomatoes, with 
a growth factor of 0.142, spoiled at a significantly slower 
rate than the oil tomatoes, which had a growth factor of 
0.444.
   We performed a second iteration of the experiment to 
verify our conclusions from the first iteration regarding 
the most effective methods of preparation. In the second 
iteration, only three experimental groups were used: 
salt water undried, bleach undried, and water undried. 
The salt water undried and water undried groups were 
chosen because of their success in the first round. 
Meanwhile, the bleach solution was used again to 
confirm its limited effect on spoilage. The oil preparation 
was not included due to the fact that it was the only 
preparation that, on average, accelerated spoilage in 
the first iteration. Furthermore, only undried groups were 
tested for two reasons. First, the two most successful 
groups in the first iteration were undried. Second, the 
results from the first iteration demonstrated that soaking 

the tomatoes in different solutions had a greater impact 
on their spoilage than whether or not they were dried. 
Therefore, using three undried groups in the second 
iteration allowed us to focus only on how different 
solutions affected spoilage. Unlike the first round of the 
experiment, we used PetriFilms on Day 14 of the second 
iteration to determine the bacterial counts on the stems 
of the tomatoes. 
   The salt water undried preparation was once again 
the most effective in slowing down spoilage. Tomatoes 
in the salt water undried group showed less spoilage 
than both the control and the other experimental 
groups. Meanwhile, bleach undried was the second 
most successful preparation, while water undried was 
the least successful (Table 3). This contrasted from 
the results of the previous iteration in which the water 
undried tomatoes had the second-lowest spoilage 

Table 2. Effect of various solutions on each group’s average 
spoilage score by Day 14 of the first iteration. The scores of the 
dried and undried components of each solution are averaged.

Figure 2. Effect of post-wash drying on each group’s 
average spoilage score by Day 14 of the first experimental 
iteration. Error bars represent the standard error of mean 
within each group.

Figure 3. (A) Linear regression plot for control tomatoes 
from the first iteration. This plot had a slope of 0.56 and a 
correlation of 0.97. (B) Linear regression plot for salt water 
undried tomatoes from the first iteration. This plot had a slope 
of 0.14 and a correlation of 0.86. Therefore, there was less 
of a correlation between spoilage and time for the salt water 
undried tomatoes compared to the control tomatoes.
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score (Figure 2). All in all, however, the tomatoes in this 
iteration demonstrated much less spoilage across the 
board than those in the first iteration. 
   Bacterial counts on the PetriFilms revealed that the 
salt water undried tomatoes had by far the most bacterial 
colonies on average of all the groups. On the other hand, 
the control group actually had the fewest colonies: only 
around 21 colonies compared to the salt water group’s 
82 colonies (Figure 5).

Discussion
This experiment was performed in order to determine 

the most effective method of slowing down spoilage in 
tomatoes. We originally hypothesized that the bleach 
dried group would be the most successful due to 
bleach’s antiseptic properties, and because drying 
would remove excess moisture. The results, however, 
negated this hypothesis. Instead, they demonstrated 
that the salt water undried preparation was the most 
effective inhibitor of spoilage. In both iterations, the salt 
water undried group had the lowest average spoilage 
score. The bleach dried group performed better than 
the majority of the other groups, but was still not the 
most successful. Bleach was less effective than salt 
water and vinegar (Table 2), suggesting that antiseptic 
properties alone might not be sufficient to significantly 
retard spoilage. An alternative explanation could be that 
the concentration of bleach used – 2% – was too low 
to be effective. This may especially be true because 
bleach can easily be neutralized by organic material 
(8). Therefore, a higher concentration such as 20% 
likely would have been more successful in eliminating 
microbial growth and retarding the spoilage of the 
tomatoes. However, a low concentration was ultimately 
used because it was important for the tomatoes to be 
consumable afterwards. Another significant finding was 
that the effects of drying or not drying the tomatoes after 
soaking were not conclusive enough to recommend one 
method over the other, as seen from iteration 1 of the 
experiment. 

The salt water undried preparation did the best 
job of inhibiting spoilage, possibly because salt water 

dehydrated the tomatoes slightly, creating conditions 
unfavorable for the growth of mold. Because the 
tomatoes were not dried after soaking, their skin 
may have better absorbed the salt. Salt water, being 
hypertonic to the tomatoes, likely caused them to lose 
water through osmosis (10). This resulted in a reduction 
of the tomatoes’ water activity (aw), or the amount of 
free water molecules inside of them (10). Most produce 
items have high aw levels of around 0.97-1.00, which 
is the ideal condition for many microbes and molds to 
thrive in (9). As a result, the salt water solution may 
have been successful in limiting spoilage by decreasing 
the tomatoes’ aw levels, making them less suitable for 
the growth of mold. On the other hand, the bleach and 
vinegar solutions, as well as plain water, were likely 
unable to have the same effect because they caused 
little to no moisture loss in the tomatoes.

With reduced levels of mold on the surface of the 
salt water undried tomatoes, more bacteria may have 
been able to thrive on them instead. Competition 
between bacteria and fungi often occurs in a variety of 
environments (11). While the salt water concentration 
used — 1% — seemed to be high enough to eliminate 
most mold, certain species of bacteria may have been 
able to survive in lower aw levels. With mold unable to 
thrive on the tomatoes, these bacteria may have been 
able to dominate instead, which would explain why the 
most bacterial colonies were found on the salt water 
undried PetriFilms. Furthermore, while it was initially 
thought that more bacteria would correspond to a 
shorter shelf life, it is possible that mold or other factors 
had to first compromise the skin of the tomatoes before 
bacteria could actually begin to boost spoilage. This 
could be why, despite the high levels of bacteria, the 
salt water undried tomatoes experienced significantly 
reduced levels of spoilage.

Table 3. Effect of various preparation methods on each group’s 
average spoilage score by Day 14 of the second iteration.

Figure 4. Spoilage over time for tomatoes washed in 
each solution from the first iteration. Quantitative data was 
collected starting on the sixth day, as minimal spoilage was 
observed up until that point.
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In the second iteration, the control, bleach undried, 
and water undried groups all spoiled more rapidly than 
the salt water undried group; however, they also had 
much lower bacterial counts. The control tomatoes 
may have had fewer bacterial colonies because their 
pesticides were not removed or washed off. Likewise, 
the plain water may have been effective in destroying 
bacteria because of its chlorine, which was at a 
concentration of approximately 4 mg/L (12). Chlorine 
kills a significant number of pathogens in tap water (13) 
and thus may have been responsible for Water undried 
tomatoes having the lowest bacterial levels in the second 
iteration. In future experiments, chlorine concentrations 
in the water could be controlled to demonstrate how 
chlorine’s antiseptic properties affect spoilage. Another 
possible explanation for the reduced levels of bacteria 
on the Water undried tomatoes could be that increased 
moisture from the water promoted the growth of mold. 
Although most bacteria also thrive in high aw levels (9), it 
is possible that in the presence of mold, fewer bacteria 
were able to survive due to competition between the two. 
Finally, bleach was the second most successful solution 
in this round and also had low bacterial counts, most 
likely because it was effective in killing both bacteria and 
mold. However, the 2% bleach solution may not have 
been concentrated enough, which could explain why it 
still fared worse than the salt water.

There were several possible sources of error that 
could have influenced the outcome of this experiment. 
First, there was difficulty in standardizing the contact 
of the PetriFilms with the tomatoes. The duration of 
this contact and the pressure with which the films were 
held to the tomatoes likely differed, perhaps resulting in 
variability in bacterial counts within the groups. Another 
source of error could have occurred while counting 
the bacterial colonies on the PetriFilms. Some of the 

bacterial colonies were extremely small and bunched 
together, making it difficult to identify and differentiate 
between them. As a result, this likely caused the number 
of bacterial colonies that were counted to differ from the 
actual number. Finally, the scale that was used to score 
the spoilage of the tomatoes was only semi-quantitative 
and was largely based on judgment. This was an 
inherent flaw of the experiment; however, there was no 
viable alternative due to the fact that spoilage cannot be 
fully quantified.

This experiment raised multiple questions for further 
investigation. One of these questions was how varying 
concentrations of salt water will affect the spoilage of 
tomatoes. Although it is clear that salt water was the 
most effective solution for slowing down spoilage, only 
a 1% concentration was used. It would be interesting to 
see how a higher concentration, such as 10%, would 
perform, especially in terms of eliminating bacteria. 
Additionally, in future experiments, a more consistent 
bacterial count could be achieved by homogenizing 
all three tomatoes from each group separately in a 
blender and adding 1 mL of the resulting mixture to 
each PetriFilm. The bacteria on each individual tomato 
could then be counted to determine variation between 
the groups. Finally, another area that could be examined 
more deeply is the relationship between bacteria and 
mold in facilitating spoilage. The results showed that it 
is possible to have high bacterial counts but low levels of 
mold and spoilage, however there is no definitive answer 
for why this was the case. 

All in all, this experiment demonstrated that there is a 
simple and chemical-free method of extending the shelf 
life of tomatoes: soaking them in a 1% salt water solution 
for about five minutes and leaving them undried. This 
is a simple process that can easily be performed and 
it significantly reduces the spoilage rate of tomatoes, 
thereby reducing waste, as well. In addition, a salt water 
bath may even be preferable to refrigeration, which, 
despite being a popular method of preserving tomatoes, 
alters their taste and texture, making it less preferable 
than alternatives.

Materials and Methods
     Nine small holes were poked into the lids of thirty-
three 16 oz plastic containers. Small nails were heated 
over a stove flame on medium heat, and were then used 
to pierce the container lids. The nail was re-heated when 
it cooled off. For each lid, eight holes were poked evenly 
in a circle around the edge and one was poked in the 
center. The containers were stored in a basement with a 
temperature of around 21oC and a humidity of 28%.
   Three non-organic Roma tomatoes were placed 
individually into the control group containers. Plastic 
gloves were used whenever handling the tomatoes. 

Figure 5. Average number of bacterial colonies present 
on the stems of the tomatoes on Day 14 of the second 
iteration.  Error bars represent the standard error of mean 
within each group.
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incubate for two days, after which the bacterial colonies 
were counted.
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