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Gardenia fruit, derived from the Gardenia jasminoides plant, is a small berry known for its medicinal and dye-producing
properties, found mainly in Asia—specifically Southern China and Japan. This plant provides a vibrant yellow pigment that is
currently used in a variety of food products as a natural colorant. Its vivid pigment makes it the best use of paint, as it creates a
profound and rich coloring in mixtures. As the paint industry transitions to more sustainable formulations, gardenia fruit pigment
stands out as one such possible option. We hypothesize that extracting pigment from gardenia fruit and mixing it with water and
flour results in a natural paint. The optimal viscosity of paint was determined through repeated testing of various flour-to-water
ratios using the Zahn #3 cup; gardenia fruit extract was then mixed with flour to create the yellow paint. Our results showed a
possible flour-to-water ratio that yields a bright yellow paint, suggesting that gardenia fruit pigment can produce a sustainable

alternative to synthetic paints.
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Introduction

Paint is most often a mixture of pigment, binder, and thin-
ner, which can be made from a variety of materials. The
process begins with mixing the pigment, which provides the
paint’s color, and then the binder, which holds the ingredi-
ents together. Following this step, a thinner is added to create
the consistency of the final product!. The earliest forms of
paint date back as early as 300,000 years ago, when prehis-
toric artists created pigments using coal and soil?. Different
materials were used depending on location and time period?>.
Inhabitants of prehistoric Spain around 16,000 years ago used
burnt animal fat*, those of second-millennium Egypt used in-
digo and woad, and those of ancient Greece used various min-
erals such as copper>. The first creation of artificial paint,
which occurred in 1826, began with heating kaolinite, sodium
carbonate, and sulfur in a kiln®.

The rise of synthetic paints in the 20th century led to the use
of ingredients such as lead and volatile organic compounds
(VOCs), which can cause air pollution and trigger allergic re-
actions and irritation’. These strong chemicals have also been
found to cause both short-term and long-term health issues;
for instance, asthma and related symptoms, including wheez-
ing and throat irritation, can result from prolonged exposure®.
Heavy metals found in synthetic paints, such as zinc and lead,
have also been linked to environmental degradation by dis-
rupting delicate microbiological processes®. In response, the
paint industry has seen a growing shift toward sustainability,
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particularly through the development of low-VOC formula-
tion paint ', Paints made with non-toxic components, such
as plants, offer a much more promising direction, as they have
been beneficial not only to human health but also to the envi-
ronment !,

Gardenia jasminoides, an integral fruit in Chinese medicine,
is a prime candidate for substitution with synthetic paint'2. It
is actively used in essential oils and food coloring because of
its effective anti-inflammatory properties and vibrant yellow
color!3. Yet, its potential to act as a substitute for synthetic
paints has remained unexplored, despite it being used in other
products related to color'4. Native to temperate regions of
Asia and the Pacific Islands, Gardenia fruit is the mature fruit
of the species Gardenia jasminoides 1. Due to its red and yel-
low hues, this fruit has been used for dyeing purposes. Ad-
ditionally, gardenia fruits have been used in traditional Chi-
nese medicine for over a thousand years to treat various con-
ditions, including fever, inflammation, and liver disorders 16
Its flowers provide ornamental value and are also used in tea
and pastries. The fruit can also be used as a pigment, provid-
ing a water-soluble bright yellow color with low allergenic-
ity!7. An absorbent material pulls molecules into its interior
volume, similarly to how a sponge soaks up liquid'8. Rather
than holding the molecules on the surface, like with adsorp-
tion, the absorbent draws the molecules in through its porous
structure !°. Flour is an absorbent material with starch, min-
erals, and protein content that enables it to draw in and retain
liquids such as water and oil ?°. This property of flour can thus
be used to thicken the paint to a desired viscosity, matching
the thickness of conventional paint.
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The many health and environmental risks associated with
VOCs have created a modern interest in more organic alter-
natives to synthetic materials. This shift necessitates a return
to the principles of primitive art but with a focus on modern
performance standards. By utilizing the intense pigment of
the gardenia fruit and the natural absorbent properties of flour,
it is possible to replicate the functional qualities of commer-
cial paint without the associated chemical hazards. This ex-
periment seeks to bridge the gap between traditional botanical
knowledge and contemporary needs by testing the viability of
these specific organic components.

Our experiment will investigate which formulation of flour,
water, and gardenia fruit produces the most stable natural paint
based on consistency and color intensity. Through this exper-
iment, we aim to determine whether gardenia fruit pigment
can serve as a possible natural dye option, thereby expanding
the market for natural paints. A paint made with a non-toxic
pigment was created through this experiment. There will be
two stages of the experiment: one testing the viscosity and
one testing the color. For the viscosity testing, the indepen-
dent variable is the water-to-flour ratio, while the dependent
variable is the viscosity of the mixture. For the color testing,
the independent variable is the concentration of gardenia fruit,
while the dependent variable is the color intensity. We hypoth-
esized that gardenia fruit pigment can be mixed with water and
flours to produce a natural paint. Since the plant is natural, this
could be a possible alternative method for creating non-toxic
paint.

Methods

To test the viscosity for paint texture, different ratios of water
and all-purpose flour were mixed in a 200mL beaker. Both
materials were weighed using a scale and mixed thoroughly
using a blender. Viscosity was measured using a Zahn Cup
(Amazon, model: BOOFWWMWEFM) number 3. The cup was
submerged in the mixture and lifted into the air. As the mix-
ture flowed through the hole at the bottom, the seconds re-
quired for the paint mixture to drain were recorded. To con-
vert this time to centipoise (cp) for the viscosity values, we
used the equation n = 11.7(¢t — 7.5), where n is the kinematic
viscosity in mm?/s and ¢ is the flow time in seconds?!. The
kinematic viscosity value was converted to centipoise by mul-
tiplying the value by the flour mixture’s average density of
1.1 grams/centimeter’. This density was found by dividing
the grams of the mixture by its cubic centimeters when the
mixture was at a ratio of 2.5 milliliters of water to 1 gram
of flour. To ensure accuracy, multiple trials were performed
for each water-to-flour ratio, and the results were logged in
a spreadsheet in Google Sheets, for a total of twelve trials.
With this, we were able to create a graph that shows the
line of best fit. To test the ratio of gardenia fruit (Amazon,

model: BOD6Z6WGF6) in the dye extract, we created differ-
ent amounts of gardenia fruit in water. Using a 200mL beaker,
the water and the gardenia fruits were mixed and placed on
a hot plate. The mixture was boiled for 4 minutes until the
liquid turned yellow. The gardenia fruits were then crushed
and soaked in the water for at least an hour. The liquid was
then strained using a coffee filter and a funnel. The mixture
was cooled to room temperature before any use. The water in
the water-flour mixture was replaced with the previous dye ex-
tract to add pigment to the paint, and was also similarly mixed
with a blender. The natural paint and a store-bought acrylic
paint (Amazon, model: BOB3S6T8R1) were then swatched
on a sketchbook and analyzed with a colorimeter. The nat-
ural paint and the store-bought paint were then compared in
various trials.

Results

To determine the ratio of water to flour for the paint, we first
began testing the amount of flour needed to achieve a specific
viscosity. We wanted to mimic widely used acrylic paints,
which have a viscosity around the 200 centipoise range >2. We
designed an experiment to study the relationship between the
ratio and the viscosity of the mixture.

Figure 1 displays the water-to-flour ratio corresponding to
the viscosity value measured by the Zahn cup. The ratio is
calculated by dividing the volume of water in milliliters by the
weight of flour in grams. With this regression, we see that as
more water is added to the mixture, the viscosity decreases lin-
early. The R-squared value was determined to be 0.814. This
value is statistically significant and indicates a strong, linear
relation between the flour-to-water ratio and the viscosity. Be-
cause of the R-squared value, we are able to create a simple
linear regression equation to predict the relationship between
water-to-flour ratio and viscosity. The equation is determined
to be y = —118(x/p) +405. In the equation, y is the viscosity
in centipoise, x is the milliliters of water, and u is the grams
of flour. The x/u would determine the water-to-flour ratio.
Through this equation, we concluded that the ratio needed for
a desired viscosity of 200 is 1.75 milliliters of water for every
gram of flour.

Using the ratio found in the previous experiment, we re-
placed the water in the mixture with gardenia fruit extract pre-
pared by boiling the fruits in water. Because the extract con-
sisted primarily of water and appeared to exhibit a similar flow
to water during mixing, the flour-to-water ratio was used as an
approximation. However, because the viscosity of the extract
was not measured separately, we cannot conclude that the ex-
tract and water had equal flow. Thus, applying the same ratio
can be considered an approximation and a limitation.

To find the amount of gardenia fruit needed to create the
brightest yellow paint, different ratios of gardenia fruit in wa-
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Viscosity (centipoise) vs Water to Flour Ratio (mL/g)
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Figure. 1 Graph Comparing the Water-to-Flour Ratio in Milliliters
Per Gram and the Viscosity in Centipoise of the Mixture, along with
a line of best fit and the R-squared value.

ter were tested. The data ranged from 1 gram of gardenia fruit
to every 10 millilitres of water, to 1 gram to every 80 millilitres
of water. Figure 2 shows the swatches of each paint.

Using a colorimeter, the International Commission on Illu-
mination (CIE) color space values (CIELAB) of each color
were analyzed. The B value (the yellow-blue axis) of each
color is shown in Figure 3. The results show that as more wa-
ter is put into the extract compared to the gardenia fruit, the
yellowness of the paint decreases linearly.

The B value of the store-bought yellow acrylic paint is
59.41, and the ratio of 10 milliliters of water for every gram
of gardenia fruit exhibited the most similar corresponding B
value. Combining the results of the flour-to-water ratio test
and the gardenia fruit-to-water ratio test, this created the yel-
low paint with a suitable consistency and color for painting.

In order to discover the functionality of natural paint made
from gardenia fruit extraction, we tested its abilities in the re-
spective functions expected of paint: adhesion, drying time,
cracking, smudging resistance, and water resistance. For these
functions, we designed experiments to compare the capabili-
ties of natural paint with those of store-bought acrylic paint to
fully comprehend the extent of natural paint’s proficiency for
common usage.

To understand natural paint’s ability to adhere to surfaces,
we observed the natural and acrylic paints’ resistance to tape.
The amount of paint removed by the tape was calculated,
yielding the results that the natural paint had an average of
18% paint loss, while the acrylic paint had an average of 2.5%
to 15% loss.

Natural paint’s drying ability was analyzed as we measured
the transferability of both natural and acrylic paint through-
out the time span of their drying process. Using a stopwatch
or phone timer, after laying each paint on identical surfaces,
a new spot on the painted area was touched at intervals of 10

minutes. The time when each paint no longer transferred on
contact was recorded, where the natural paint took roughly
107-120 minutes to dry, while the acrylic paint took 3-5 min-
utes to dry.

For natural paints prone to cracking, we examined how nat-
ural and acrylic paints would perform when demonstrating
their flexibility in a dried form. When observing the number
and lengths of cracks formed by the dried paint around iden-
tical pencils, it was recorded that natural paint averaged crack
lengths of 23-40 mm throughout 3 trials, while acrylic paint
exhibited none.

The natural paint’s smudging resistance was identified after
comparing the transferred areas of paint with those of acrylic
paint. After the paper was applied and pressed down by a
textbook on top of each paint for 10 seconds, the natural paint
was found to transfer an area of an estimated 14-19 square
inches, while acrylic paint transferred 4-8.5 square inches.

Gardenia fruit extracted natural paint’s water resistance was
determined by comparison with acrylic paint. While natural
paint exhibited some peeling and changes in brightness across
three trials of applying water from a dropper for a fixed time
of 10 minutes, acrylic paint only exhibited a slight color loss.

Discussion

Based on our experiment, we found a linear relationship be-
tween flour and water. The more water we added to the flour,
the thinner, or less viscous, the mixture became, and vice
versa. This may have occurred because of the way flour and
water mix. Flour is primarily composed of starch, which can
absorb fluids. When we mix flour with water, flour particles
become hydrated as the contained starch can absorb the wa-
ter and swell up. When there is a lack of water, flour par-
ticles, consisting of starch granules, interact more strongly,
and gluten forms a sticky (viscoelastic) network?3, making
the mixture thick and hard to move, or highly viscous. When
more water is added, the starch granules can distribute fur-
ther, decreasing interactions between starch molecules, result-
ing in a thinner mixture. Flour particles form a dense network
of starch and protein that resists movement in environments
with less water, while sliding past one another more freely as
more water is added. When heat is added, starch gelatiniza-
tion may occur, where starch granules absorb water, leading to
increased viscosity. Figure 1 shows this with a line of best fit.
This allowed us to predict exactly how much water and flour
we needed to achieve the typical thickness of acrylic paint,
around 200 cp. This ratio is found to be 1.75:1 water to flour.
The Zahn Cup #3 was selected for viscosity measurements
because it is widely used in the coatings and paint industries
to measure the flow of low-viscosity liquids. Its measurement
range is appropriate for many fluid paint formulations, making
it suitable for comparing the flow properties of the flour-based
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Figure. 2 Different concentrations of gardenia fruit extracts (grams of gardenia fruit for different amounts of water, in milliliters) and the
corresponding color swatches, captured under consistent indoor LED lighting (approximately neutral white), with all samples photographed

under identical conditions.
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Figure. 3 Graph of Different Trials of Paint with their respective
pigment ratios to the CIELAB B value, along with the line of best fit
and R-squared value.

mixtures. Flour was selected as the binder because it contains
starches and proteins that can absorb water and form viscous
pastes. The target viscosity of approximately 200 centipoise
was selected because it is in the lower range of viscosities for
fluid paints, which range from approximately 100 to 3000 cen-
tipoise. Lower centipoise paints show smoother flow and eas-
ily spread with brushes, which makes them suitable for craft
use.

To create a natural paint with a similar color to one sold in
the market, we purchased a store-bought acrylic paint to com-
pare and a colorimeter to measure the CIELAB values. We
focused on the B value since it measures the yellowness of
a color when the number is larger. The store-bought acrylic
paint’s B value was 59.41. Out of all the trials, the mixture
with a ratio of 10 mL of water to every gram of gardenia fruit
had the closest B value to the paint sold in the market, as seen
in Figure 3. The testing demonstrates that gardenia fruit pig-

ment is able to mimic a color that is available in the market, in-
dicating the possibility of creating non-toxic and natural paint
using this pigment in the field.

Comparing the B value to current natural paint alterna-
tives, we note that the gardenia fruit-based paint performs
on par with its commercially available competitors. For in-
stance, turmeric, a commonly used colorant, has been shown
to have a B value in the range of 30-46 when implemented
in paints*; similarly, paints from saffron and safflower ori-
gins have demonstrated B values of 35-40 and 25-45, respec-
tively>>2%. In this manner, the gardenia fruit extract yields
a higher color intensity and a B value closer to store-bought
paints than other natural paint counterparts, indicating its ef-
fectiveness and feasibility as a natural paint colorant.

To ensure the viability of the gardenia paint compared to
market paint, several experiments were conducted to test ad-
hesion, drying time, cracking, smudge resistance, and water
resistance. The results of these experiments demonstrated that
while the gardenia mixture exhibited similar properties and
functional qualities to store-bought acrylic paint, it is still gen-
erally less effective across all of the tested categories.

After testing and observing the adhesive properties of both
natural and store-bought paints, it can be inferred that the nat-
ural paint adhered to surfaces at a lower rate than the acrylic
paint. The findings from the experiment, indicating an 18%
and a 2.5-15% loss for natural and store-bought paint, respec-
tively, show that natural paint is easily weakened on surfaces
compared to acrylic. From the drying properties examined
through three iterations of the same experiment, natural paint
is established to dry at a significantly longer amount of time
than acrylic paint. Taking roughly 20 to 40 times as long as
acrylic paint to dry, natural paint may not be considered to
have the same capabilities as commercially used paint. The
tendencies of cracks appearing in both paints are examined to
be very different, as although natural paint had varying lengths
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of cracking, acrylic paint experienced none. The appearance
of cracking in the natural paint, therefore, suggests that its
paint formula may require additional changes in order to form
a cohesive layer on different surfaces. Smudge resistance is
equally tested, with the paints’ transferability observed over
identical trials. From these tests, natural paint was observed
to transfer at a significantly greater rate compared to acrylic
paint. This indicates that acrylic paint creates a protected layer
of pigment more quickly than natural paint. Tests on the re-
sistance of water gave a wide range of effects for the natural
paint, contrary to acrylic paint, which received a consistent
outcome. These variations may indicate that natural paint may
have an inconsistent level of durability and a lower resistance
to water.

Overall, the gardenia mixture showed less functionality
than the store-bought paint in the areas tested, showing ar-
eas for improvement in the future. In addition, each category
only had three test trials, so further testing would be needed to
better assess the paint’s performance.

Using the results of our two experiments, we successfully
created a paint with a suitable consistency, as shown in Fig-
ure 4. These findings suggest the possibility of utilizing gar-
denia fruit extract, flour, and water to create a non-toxic,
natural paint with a commercially available texture and vi-
brancy. Our results demonstrate that safe alternatives to syn-
thetic paints are possible. Gardenia fruit extract provides a
non-toxic pigment that can help reduce reliance on paints con-
taining volatile organic compounds (VOCs), which are harm-
ful to both human health and the environment. Our main ob-
jective was to determine whether gardenia fruit pigment could
serve as a promising option for creating natural paint, and this
objective was met. The final mixture matched the target vis-
cosity range of paints while maintaining a bright and stable
color. To establish a control, the viscosity of pure water was
considered. At room temperature, water has a viscosity of
approximately 1 cP, which is significantly lower than all the
tested mixtures and confirms that the viscosities we had ob-
served came from the addition of flour. Additionally, while the
water in the mixture was replaced with gardenia fruit extract
for pigment incorporation, the viscosity of the extract without
flour was also approximately 1 cP.

In this experiment, a limitation would be the use of Zahn
cups. The Zahn cups are designed for low- to medium-
viscosity Newtonian fluids. Since flour mixtures are non-
Newtonian, they may not consistently behave according to the
assumptions of the Zahn cup method. The resulting viscos-
ity values may not represent the true non-Newtonian behavior
of the mixtures. A look at gardenia pigment shows that its
color shift over months remains unknown. Oxidation might
alter natural dyes, just like sunlight or tiny organisms break-
ing them down, and light, open air, and surroundings could
weaken the paint’s strength over time. Tests tracking slow

changes would help see how well hues hold up when left ex-
posed, and long-term checks are missing but needed to truly
measure lasting power. An unexpected result was that the nat-
ural paint’s viscosity increases with time, likely caused by the
evaporation of the water at room temperature. Thus, while this
mixture works initially, there may need to be some changes to
store the mixture over a longer period of time. Another po-
tential drawback of using natural flour-based paints, as well
as being affected by microbial growth (such as mold), is their
organic composition and high water content. This is another
limit to the possibility of using these types of natural paints, as
microbial contamination can impact the safety and longevity
of the paint. Other areas of study would include using addi-
tional natural pigments or evaluating the paint’s durability and
colors after exposure to light and air. Areas of future study
may include evaluating the use of natural preservatives or al-
ternative formulations to inhibit microbial growth and increase
the shelf life of the paint.

One of the next steps we could take is to identify an al-
ternative to water that is nontoxic. Since water evaporates at
room temperature, the natural paint will eventually become
thicker and more viscous than the original intended viscosity.
An alternative, ethylene glycol, which will hold water, thus de-
creasing evaporation of water, could prevent this issue. These
drawbacks could be researched further in future experiments.
Moreover, this study implemented flour as the sole tested nat-
ural binder. Investigations could be conducted and tested for
other natural binders, such as starch paste and gum arabic,
with viscosity and stability results analyzed and compared to
our current flour benchmark. Therefore, while our study con-
cludes that gardenia paint can produce a possible natural paint,
it lacks a comparison with other formulations, and future re-
search is needed to determine the gardenia fruit-based paint
system with optimal performance. As the paint industry con-
tinues shifting toward sustainability, similar studies can pave
the way for safer, eco-friendly products.
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