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Abstract

Synthetic pH indicators pose hazardous effects to humans and the
environment. Basella rubra (alugbati) stems contain phytochemicals which
are pH-sensitive. Thus, this study aimed to assess the capability of Basella
rubra stem peel aqueous extract as a plant-based pH indicator. The extract
was obtained through aqueous maceration of Basella rubra stem peels and
was tested to solutions with pH levels 3, 5, 7, 9, and 11; then, color and pH
changes were observed and analyzed. The trend of color changes observed
from acidic to basic pH were red to yellow. Also, the mean pH difference of
the solution with pH 9 was relatively higher compared to other pH levels.
The mean pH differences were lower in pH 3-7 due to stability of
betacyanin in the said range. Hence, the aqueous extract of Basella rubra
(alugbati) stem peels is capable as a plant-based pH indicator at pH levels 3
to 7.

Introduction. - pH indicators are halochromic
substances that change in color when they bind to
hydrogen and hydroxide ions in a solution [1].
When this occurs, they undergo changes in ion
equilibrium which alters the color from colorless to
a distinct color depending on the acidity or
alkalinity of a solution [2]. Commercial synthetic
indicators are man-made chemical substances that
change in color with respect to pH and are used to
determine the pH of a specific solution. However,
the production and use of these commercial
synthetic indicators such as methyl red, methyl
orange, and phenolphthalein pose hazardous effects
to both the environment and humans, and are also
costly [3]. Furthermore, compared to plant-based
indicators, synthetic indicators are more hazardous
to produce as they involve the use of toxic
chemicals such as phthalic anhydride and
p-toluenesulfonic acid monohydrate in
phenolphthalein [4].

Considering these factors, plant-based pH
indicators have been studied as alternatives for
commercial synthetic indicators as they are easily
available, eco-friendly, less hazardous, and low-cost
[5]. These plant extracts contain various
phytochemicals and some of these, specifically
anthocyanins and betacyanins, have been shown to
be sensitive to pH [6,8]. Anthocyanins usually
present in plant-based indicators have been
identified to be less toxic and environmentally
compatible [7]. Also, plant extracts are capable of
showing a spectrum of color at different pH values,
from acid to alkaline [8]. Most of the known
plant-based indicators use the flowers, fruits, leaves,
and seeds of plants. However, these are usually
considered either as food sources or ornamental
plants. Hence, plant-based extracts that possess
similar properties with these known indicators are
being further investigated.

In the Philippines, Basella rubra is cultivated for
its leaves while its stems, however, are considered as
domestic kitchen waste. Furthermore, the plant
extract of Basella rubra had been screened to
contain similar phytochemicals which contribute to
its pigmentation, especially in its stem [9,10,11]. The
fruits of Basella rubra have also been found to
contain betacyanin and anthocyanins which are
natural pigments causing the purple color in its
fruits, flowers, leaves, and stems [12]. These fruits
have already been proven to be effective as
plant-based pH indicators [13,14].

This study aimed to assess the capability of
Basella rubra stem peel aqueous extract as a
plant-based pH indicator. Specifically, the study
aimed to:

(i) Determine the mean pH of the solutions
before and a�er the application of the indicator
at pH 3, 5, 7, 9, and 11;

(ii) Determine if there is a significant difference
between the mean pH of the solutions before
and a�er the application of indicator at pH 3, 5,
7, 9, and 11;

(iii) Construct color scales to visually compare
the colors identified on the solutions with pH 3,
5, 7, 9, and 11; and

(iv) Identify the pH range capability of the
Basella rubra stem peel aqueous extract as a
plant-based pH indicator.

Methods. - Basella rubra stems were cut and its
peels were macerated in distilled water for 24 hours.
The obtained extract was applied to solutions of pH
3, 5, 7, 9, and 11, which were obtained by dilution of
distilled water with lemon juice and bleach. A paired
samples t-test was conducted to determine if there is
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a significant difference between the pH of the
solutions before and a�er the extract application.
The color changes observed in each replicate per pH
level were also recorded and pH scales were
constructed to determine the pH range capability of
the extract.

Preparation of Plant Samples. Freshly harvested
samples of Basella rubra were collected from Brgy.
Bayunan, San Joaquin, Iloilo and were sent to the
Department of Agriculture in Santa Barbara, Iloilo
for species confirmation.

Preparation of Extract. The purple parts of the
epidermis of the aerial Basella rubra stems were
collected using a peeler with an approximate
thickness of 1 mm. They were soaked in 7% NaOCl
solution for 15 minutes and rinsed with distilled
water thrice. A�er rinsing, the peels were cut into
small square pieces approximately 2 x 2 mm in size.
Forty grams of the stem peels were macerated with
40 mL of distilled water for 24 hours at room
temperature (25°C). The aqueous extract was filtered
using a cheesecloth, its pH was measured using a pH
paper, and it was packed in a cooler for transport.

Preparation of Acidic and Basic Solutions. Lemon
juice and bleach were added to distilled water to
obtain solutions of varying pH values with volumes
of 20 mL each. Lemon juice was diluted with
distilled water to prepare the acidic solutions with
pH 3 and 5, and bleach was diluted with distilled
water to prepare the basic solutions with pH 9 and 11.
Distilled water was used as the neutral solution with
pH 7. All of the solutions prepared were colorless.

Application of Extract to Solutions. One mL of
the extract was added to the 50 mL beaker
containing 20 mL of the solutions of varying pH
values. The solutions were then stirred 20 times for
10 seconds.

Stability Test of Extract. To determine the
stability of the aqueous extract, three sets of pH
measurements were conducted at different time
intervals a�er the collection of the aqueous extract.
The pH measurements at pH 3, 5, 7, 9, and 11 were
performed at 0, 25, and 51 hours a�er extraction.

Observation of Color Change. The colors of the
resulting solutions were identified and documented
in each replicate three (3) times. Using the Color
Grab mobile application Version 3.9.2, the
hexadecimal values of the colors of the solutions
were obtained.

Measurement of pH. The pH of the resulting
solutions in each of the three replicates were
measured using a calibrated pH meter.

Data Analysis. A Shapiro-Wilk test was
performed to determine the normality of the data. A
Paired Samples T-test at α=0.05 was performed using
IBM SPSS Statistics for Windows Version 28.0.0.0 to
determine if a significant change was caused by the
extract before and a�er its application.

Colors identified from each resulting solution in
each of the three replicates were visually compared
to evaluate the consistency of the occurrence of color
change. Three color scales were constructed based on

the hexadecimal codes of the colors obtained from
each solution in each replicate.

Safety Procedure. Due to the pandemic, proper
health protocols were observed during the conduct
of the experiment such as the wearing of face masks.
Personal protective equipment was worn at all times,
and physical contact between the chemicals and
open areas of the body were avoided. The bleach
solution and lemon juice solution were neutralized
with distilled water then flushed down the drain with
running water a�er use.

Results and Discussion. - This study aimed to
evaluate the pH indicator capability of Basella rubra
stem peel aqueous extract to solutions with pH 3, 5, 7,
9, and 11. A�er the extract application, a statistical
analysis for their pH means was performed. The
colors of the solutions identified using the Color
Grab mobile application were used to create color
scales.

A�er the extraction of Basella rubra stem peels, a
total yield of 33.5 mL was extracted from 40 grams
of the plant stem peels. The pH of the Basella rubra
stem peel aqueous extract was then measured using a
pH paper to be approximately 6.

Mean Difference of pH Means. Table 1 shows that
the mean difference of the pH means ranges from
0.10 to 2.06.

Table 1. Mean pH of solutions before and a�er application of
extract and their significant differences

pH
Level

3 5 7 9 11

Mean
Initial pH

3.05 5.05 6.98 9.02 10.97

Mean
Resulting

pH

3.41 5.15 6.36 6.96 10.10

Mean pH
Difference

0.36 0.10 0.62 2.06 0.87

SD 0.11 0.05 0.05 0.07 0.33

p-value 0.03* 0.08 0.00
2*

<0.0
01*

0.045
*

*pH groups that showed significant difference (α=0.05)
before and a�er the application of the extract

As shown in Table 1, a significant pH change can
be observed in the solutions with a mean initial pH
of 9.02 a�er the application of the Basella rubra stem
peel aqueous extract. Their mean pH change of 2.06
is relatively higher than the other pH groups. This
result may be attributed to the stability of betacyanin
at pH 3-7 which undergoes color and structural
variations at alkaline conditions [15,16]. With this,
more alkaline pH groups experienced greater pH
changes.

Significant Difference of pH Means. Furthermore,
only the solutions with initial pH 5 showed no
significant pH changes a�er the application of the
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aqueous extract.

Saptarini et al. [17] and Yao et al. [6] have
previously used buffer solutions of various pH levels
to observe the color changes, unlike our
experimental set-up which used household
chemicals, and this led to a significant change in the
pH levels of 3, 7, 9, and 11 a�er the application of the
extract. The Paired Samples T-test showed that only
the solutions with initial pH of 5 showed no
significant pH changes. This result is in accordance
with the studies of Woo et al. [18] and Wong and Siow
[19] wherein betacyanin was found to be most stable
and have the highest concentration at pH 5.

Figures 1, 2, and 3 show the colors of the
solutions a�er the application of the Basella rubra
stem peels aqueous extract in the three replicates.
The solutions of pH 3, 5, 7, 9, and 11 changed into
colors from red to yellow, respectively. Moreover,
these colors became lighter a�er every replicate.

pH 3.05 pH 5.05 pH 6.98 pH 9.02 pH 10.97

Figure 1. Color scale of Set 1 (t=0 hours)

pH 3.06 pH 5.07 pH 6.98 pH 8.99 pH 10.96

Figure 2. Color scale of Set 2 (t=25 hours)

pH 3.06 pH 5.04 pH 6.97 pH 9.04 pH 11.00

Figure 3. Color scale of Set 3 (t=51 hours)

These color changes reflect a similar result to the
study of Kapilraj et al. [5] wherein the
betacyanin-containing aqueous extract of
Bougainvillea glabra gave colors of red to brownish
yellow. Comparing the color changes to the studies
of Ezati and Rhim [20] and Qin et al. [15], the
colorant properties of the Basella rubra stem peel
aqueous extract can be most likely attributed to the
presence of betacyanin as its major colorant.
Betacyanin is stable at weakly acidic and neutral
conditions which is represented by the red color [21].
When exposed to alkaline conditions, it undergoes
color and structural variation. Betacyanin degrades
into betalamic acid as shown in Figure 4 [15], which
undergoes condensation with amines and/or their
derivatives that generate betaxanthins, giving off the
yellow color [16]. The degradation of betacyanins is
caused by the aldimine bond hydrolysis when
subjected to basic solutions, and the recondensation
of betalamic acid and colorless betaxanthins or

cyclo-Dopa-5-O-β-glucoside at acidic pH [18,22].
These mechanisms might be occurring in our study
based on the observed color changes.

Figure 4. Degradation of betacyanin

According to the study of Priatni and Pradita
[23], the betacyanin content of the red dragon fruit
aqueous extract degraded by 22.58% a�er five hours
at room temperature. It has also been stated that
half-life time of the extract at 25°C was 23 hours and
90% shelf-life is 76 hours. In heat processing, betanin,
the most abundant type of betacyanin may degrade
leading to the reduction of the red color to a light
brown color. Other phytochemicals such as
anthocyanins have also been reported to degrade
over time. In the study of Muche et al. [24], there is a
direct correlation in the decrease of anthocyanin
content and storage time especially in temperatures
of 25°C and 35°C. Thus, external factors such as
temperature and prolonged duration of storage
caused the apparent degradation of the extract that
resulted to the decreasing color intensities of the
solutions from Set 2 and Set 3.

Limitations. The test solutions of varying pH
levels were prepared differently in each replicate
which may have influenced the mean pH changes.
The experimental setups were also transported to
different areas and conducted at different time
frames by different researchers which might have
affected the accuracy and consistency of the results
obtained. Changes in temperature and storage time
due to transportation may have affected our extract
resulting in its degradation.

Conclusion. - The Basella rubra (alugbati) stem
peel aqueous extract is capable as a plant-based pH
indicator in identifying pH levels 3 to 7, showing
color changes of red to yellow.

Recommendations. - The researchers suggest to
conduct the experiment in one location for a more
controlled environment. Buffer solutions may also be
used as test solutions. Furthermore, UV-Visible
spectroscopy may also be utilized to accurately
determine and compare the color changes produced
by the test solutions. Testing the aqueous extract of
Basella rubra stem peels on a wider pH range and by
manual titration could also be considered. Lastly, the
stability of the Basella rubra stem peel extract in
terms of color reversibility and storage could also be
explored to determine its other chemical effects and
shelf life, respectively. Phytochemical screening of
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the extract should also be performed to determine
the active ingredient in the extract which gives the
distinct color upon application of the test solutions.

Acknowledgment. - The researchers would like
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the Department of Agriculture in Santa Barbara,
Iloilo for their services in confirming our plant
sample.
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