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Abstract

One of the biggest problems in the modern world and throughout human history is
the accessibility of food that is safe to eat. Throughout the world, food waste and
dangerous preservatives are rampant and a new solution is necessary to prolong the
shelf-life of food without using dangerous chemicals. The goal of this experiment is to use
cheap household items to determine which one is able to keep the orange fresh and
closest to its original mass and appearance. The oranges were submerged in jars
containing air, water, saltwater, and hydrogen peroxide. Our hypothesis was that the
orange submerged in water would maintain the highest amount of its original mass and
appearance by the end of the experiment. The experiment supported our claim and proved
that the orange kept in water was able to absorb the water as a method of preservation.
Additionally, the experiment revealed the acceleration of microbial growth caused by
saltwater.

Question

Which substance (air, water, saltwater, or hydrogen peroxide) will an orange maintain the
greatest amount of its original mass after a period of 28 days in a sealed jar?

Variables

Independent Variable: Substance in which the orange is submerged in
Dependent Variable: Mass of orange



Experimental Group Controlled Variables for Each
Group

All Groups Amount of substance (450 mL)
Type of jar used

Scale used to measure
Location of experiment

Batch of oranges

Air Placement of orange (bottom of jar)
Water Type of water used (tap water)
Saltwater Salt concentration (10%)

Hydrogen Peroxide Hydrogen peroxide dilution (3%)
Hypothesis

If an orange is placed in water for a period of 28 days, then it will retain more of its original
mass than air, saltwater, and hydrogen peroxide.

Background Research

Food spoilage is a persistent issue that has impacted manufacturers, businesses,
and consumers all around the world. Roughly 14% of food that is shipped ends up spoiling
before getting in the hands of retailers. This equates to approximately $400 billion in losses
each year (Food Logistics 2024). Although this still leaves the vast majority of food safely
preserved, the substantial amount of food gone to waste and costs to maintain it are
unacceptable. Additionally, food preservatives have been attributed to possible increases
in cancer, cardiovascular diseases, allergic reactions, and even potential brain damage

(Food Science Journal 2022).



In order to effectively determine a solution to the current problems associated with
food spoilage and preservation, a food such as an orange can be used because of its
absorption properties and sources of vitamin C and folate (University of California
Publication 8199). Substances like water can be easily absorbed by oranges and lead to
an increase in mass, which is also the case for foods like beans (David Whyte 2020). This
absorption actually decreases the available humidity that microbes require to thrive and
helps prevent food from spoiling for a longer period of time (Cooperative Extension). Both
water and salt can be used for food preservation as they discourage the growth of
dangerous bacteria, though more research needs to be done on the combination of water
and salt in order to be conclusive (Pennsylvania State University 2019).

Although hydrogen peroxide is used as a bleaching agent and can clean some
foods, it can break down the mass of said foods when it reacts to organic compounds,
light, or iron (National Library of Medicine 2024). The vitamins and phenolic compounds
found in oranges are organic compounds, and oranges also have a small amount of iron in
their seeds (NIH 2011). Although hydrogen peroxide by itself accelerates food
deterioration, some researchers believe that if stabilized hydrogen peroxide was combined
with other eco-friendly ingredients, it could actually prevent deterioration caused by
bacteria in many foods including citrus fruits like oranges (Triple Pundit 2014). The addition
of research comparing groups like saltwater which haven’t been frequently tested and 3%
hydrogen peroxide by itself could provide new insight on a pathway forward to a more

sustainable and preserved future.



Materials List

Mason Jars

Water

Sea Salt

12 average/similar sized oranges
Hydrogen Peroxide

Measuring Cups

Scale

Experimental Procedure

1.

2.

Measure the mass of each orange

Calculate the average mass of all the oranges

Choose the 12 oranges closest to the average mass

Take before pictures of the oranges for reference later

Measure each orange before putting them into their respective jars to identify and
keep track of the oranges’ original weight

Label and seal the jar containing the air experimental group.

Fill the jar containing the water experimental group with 450 ml and seal/label it.
Fill the jar containing the saltwater experimental group with 450 ml of water and add
salt until 10% salt concentration is achieved. Seal and label with the orange inside.
Fill the jar containing the hydrogen peroxide experimental group with 450 ml of

hydrogen peroxide. Seal and label with the orange inside.

10. Leave the experimental groups in a garage to avoid light impacting the experiment

and ensure a consistent temperature before waiting 28 days, occasionally checking

the oranges’ appearance before making final measurements.



Data Analysis and Discussion

Level of IV Air Water Saltwater Hydrogen Peroxide
Before Experime 65 66.4 66 64.6
After 28 Days 63.6 72.6 66 50.5

Mass of Oranges Before and After Experimentation

I Before Experiment [l After 28 Days
80

60
40

20

Water Saltwater Hydrogen Peroxide

Substance inside each container the oranges were placed in

Fig. 1 Graph and table of each orange before and after the duration of the experiment
(in grams)

Before (Left) and After (Right) Photos of Every IV

Water

Saltwater

Hydrogen Peroxide



Fig 2. Side by side comparison of each subject before and after the duration of the
experiment

According to our experiments, the test group with the greatest increase in mass was the
subject involving water, which maintained its mass with approximately a 9% increase. This
can be attributed to the orange absorbing much of the water, as the water level in the jar
appeared lower than when the experiment was initially started. The orange with water also
didn’t appear as harmed by the experiment as other groups, with the exception of some
microbial growth at the top. As theorized initially, the test group with the greatest loss in
mass was the one using hydrogen peroxide. This group had a 22% decrease in mass. This
was a result of the hydrogen peroxide reacting to the organic compounds in the orange, as
well as the limited iron content that oranges have in their seeds. Saltwater maintained
roughly the same amount of mass as its original measurement, though it became
unrecognizable in regards to its original shape and spawned the highest growth of
microbes out of any subject. The control group, air, showed a small reduction in mass.
This was expected due to the natural process that occurs when food is exposed to oxygen
that results in its water content attempting to match the surrounding environment by
leaving the orange. This is what is typically known as food going “stale” and would’ve been
more significant if the jar was not sealed.

Conclusion

Our hypothesis was that the orange enveloped in water would maintain more of its
mass than the other experimental groups like air, saltwater, and hydrogen peroxide.

While the data generally supported our hypothesis, more experimentation should be
done to further gather a more concrete answer.

The tests went relatively smoothly once we figured everything out on the first day. A
problem with the size of the scale we were using initially caused a setback, but we were
able to find a solution and continue the experiment as planned.

An informative future experiment in the future could include solutions for food
preservation used by grocery stores and other companies that work in the food industry
like vinegar mixtures, as well as measuring and obtaining a deterioration curve by
measuring the oranges day by day to capture the rate of decay.
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