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ABSTRACT 
This study explores the use of natural plant extracts—Hibiscus, 
Turmeric, and Henna—as eco-friendly alternatives to synthetic 
indicators in volumetric analysis, addressing the growing need for 
sustainable practices in analytical chemistry. Conventional synthetic 
indicators, though effective, pose environmental risks due to their non-
biodegradability and potential toxicity. The research involves 
extracting and preparing indicators from these plants and applying 
them in acid-base titrations to evaluate their effectiveness. Hibiscus, 
rich in anthocyanins, shows a distinct color change from red to 
greenish-yellow, making it suitable for strong acid-strong base 
titrations. Turmeric, containing curcumin, changes from yellow to 
reddish-brown in alkaline conditions, proving effective for weak acid-
strong base titrations. Henna, with its lawsone component, transitions 
from yellow-orange to red-brown, useful in sensitive pH detection. The 
study finds that these natural extracts closely match the performance 
of synthetic indicators like phenolphthalein and methyl orange, while 
offering the benefits of biodegradability and non-toxicity. The research 
contributes to advancing eco-friendly analytical methods and 
highlights the potential of indigenous plants in scientific applications. 
Implementing these natural indicators could reduce the environmental 
impact of laboratory processes, promote the use of renewable 
resources, and encourage further exploration of natural products in 
various scientific fields. 
 
INTRODUCTION 

Volumetric analysis, commonly known 
as titration, is a cornerstone technique in analytical 
chemistry used to determine the concentration of 
an analyte in a solution. The precision of this 
technique hinges on the accurate detection of the 
titration endpoint, a point where the amount of 
titrant added is stoichiometrically equivalent to the 
amount of analyte in the solution. The detection of 
this endpoint is typically achieved using chemical 
indicators—substances that exhibit a distinct color 
change in response to pH variations. Traditionally, 
synthetic indicators such as phenolphthalein, 
methyl orange, and bromothymol blue are 

employed for this purpose due to their well-defined 
color transitions and sensitivity. However, these 
synthetic indicators are not without drawbacks. 
Their production often involves non-renewable 
resources, and many are non-biodegradable and 
potentially hazardous, contributing to 
environmental pollution and health risks (Anastas 
& Warner, 1998). In response to these concerns, 
there is a growing movement towards green 
chemistry, which emphasizes the design of 
chemical products and processes that minimize or 
eliminate the use and generation of hazardous 
substances. One promising approach within this 
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framework is the use of natural, plant-derived 
substances as alternatives to synthetic chemicals.  

Volumetric analysis is an essential 
technique in analytical chemistry that requires 
precise endpoint detection, typically achieved 
using indicators—substances that change color 
based on pH levels. Historically, synthetic 
indicators such as phenolphthalein, methyl 
orange, and bromothymol blue have been 
predominantly used due to their reliability and well-
characterized properties. However, the 
environmental and health concerns associated 
with synthetic indicators have led to increased 
interest in natural alternatives that align with the 
principles of green chemistry. Natural plant 
extracts, being biodegradable, non-toxic, and 
renewable, offer a promising alternative to 
synthetic indicators in volumetric analysis (Clark, 
2007). The use of natural plant extracts as 
indicators in volumetric analysis is particularly 
appealing due to their biodegradability, low 
toxicity, and the potential for renewable sourcing. 
Plants are rich in a variety of pigments and 
bioactive compounds that exhibit pH-dependent 
color changes, making them viable candidates for 
use as natural indicators in titration (Clark, 2007).  
 
The Role of Natural Pigments in pH Indicators 

Plants are rich in pigments such as 
anthocyanins, flavonoids, and quinones, which 
are responsible for their vibrant colors. These 
pigments often exhibit pH-dependent color 
changes, making them suitable for use as natural 
indicators in titration processes. Anthocyanins, 
found in many flowers and fruits, change color 
depending on the acidity or alkalinity of the 
environment—ranging from red in acidic 
conditions to blue or green in alkaline conditions 
(Tsai & Huang, 2004). Similarly, curcumin, the 
active compound in turmeric, displays a yellow 
color in acidic or neutral solutions but turns 
reddish-brown in basic conditions (Esatbeyoglu et 
al., 2012). Lawsone, the active component in 
henna, also exhibits pH-sensitive color changes, 
making these compounds viable candidates for 
natural indicators. 

Among the various plants explored for 
this purpose, Hibiscus (Hibiscus sabdariffa), 

Turmeric (Curcuma longa), and Henna (Lawsonia 
inermis) have emerged as particularly promising 
candidates. These plants are widely available, 
especially in tropical and subtropical regions, and 
are well-known for their vibrant pigments and 
historical uses in traditional medicine, cuisine, and 
cosmetics (Morton, 1987; Kapoor, 1990). 
Hibiscus (Hibiscus sabdariffa) 

Hibiscus sabdariffa, commonly known 
as Roselle, is a plant native to Africa and widely 
cultivated in tropical and subtropical regions. It is 
renowned for its deep red calyces, which are rich 
in anthocyanins—a class of water-soluble 
pigments that exhibit a wide range of colors 
depending on the pH. In acidic conditions, 
anthocyanins typically appear red, while in neutral 
and alkaline conditions, their color shifts to purple 
or greenish-yellow (Tsai & Huang, 2004). This pH-
dependent color change makes Hibiscus an 
attractive candidate for use as a natural indicator 
in acid-base titrations, particularly in the titration of 
strong acids against strong bases. According to 
research, Hibiscus extract shows a color transition 
from red in acidic conditions (pH < 4) to greenish-
yellow in alkaline conditions (pH > 8), making it 
suitable for detecting endpoints in strong acid-
strong base titrations (Kumar et al., 2011). Studies 
have demonstrated that Hibiscus extract can be 
an effective alternative to synthetic indicators, 
providing comparable accuracy and precision in 
titration experiments (Patel et al., 2013). 
 
Turmeric (Curcuma longa) 

Turmeric, a rhizomatous herbaceous 
perennial plant of the ginger family, is native to 
South Asia and is widely used in culinary and 
medicinal applications. The primary active 
compound in turmeric is curcumin, a polyphenolic 
compound known for its vibrant yellow color and 
antioxidant properties. Curcumin exhibits a distinct 
color change in response to pH, turning from 
yellow in acidic and neutral conditions to reddish-
brown in alkaline conditions (Esatbeyoglu et al., 
2012). This characteristic makes turmeric extract 
a potential natural indicator for titrations involving 
weak acids and strong bases, where its color 
transition can effectively signal the endpoint. 
Research has shown that turmeric extract can be 
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used effectively in titrations involving weak acids 
and strong bases. For instance, Singh et al. (2014) 
demonstrated that turmeric extract could reliably 
indicate the endpoint in the titration of acetic acid 
against sodium hydroxide, with performance 
comparable to that of phenolphthalein. 
 
Henna (Lawsonia inermis) 

Henna, derived from the leaves of 
Lawsonia inermis, has been used for centuries as 
a natural dye in various cultural practices. The 
active coloring agent in henna is lawsone (2-
hydroxy-1,4-naphthoquinone), which imparts a 
yellow-orange color in acidic conditions and 
transitions to a red-brown hue in more alkaline 
environments (Chengaiah et al., 2010). This pH-
sensitive color change suggests that henna 
extract could serve as a natural indicator in 
titrations where precise detection of slight pH 
variations is required. Studies suggest that henna 
extract can be used as an indicator in titrations that 
require precise detection of slight pH changes, 
such as the titration of weak acids against weak 
bases (Gupta & Singh, 2012). The use of henna 
as a natural indicator not only provides an eco-
friendly alternative to synthetic indicators but also 
adds value to a culturally significant plant. 

The exploration of Hibiscus, Turmeric, 
and Henna as natural indicators in volumetric 
analysis is not only scientifically intriguing but also 
aligns with global efforts to promote sustainability 
and reduce chemical waste. The adoption of 
natural indicators can potentially reduce the 
environmental impact associated with synthetic 
indicator production and disposal, contributing to a 
more sustainable laboratory practice (Clark, 
2007). Moreover, the use of locally available plant 
resources can reduce costs and dependency on 
imported chemicals, particularly in developing 
countries where these plants are abundant.  
Furthermore, the integration of natural indicators 
into educational settings could enhance students' 
understanding of green chemistry principles and 
the importance of sustainability in scientific 
research. This approach also encourages the 
exploration of ethnobotanical knowledge, bridging 
traditional uses of plants with modern scientific 
applications. 

LITERATURE REVIEW 
Several studies have compared the 

efficacy of natural indicators like Hibiscus, 
Turmeric, and Henna with that of synthetic 
indicators. A key finding across these studies is 
that natural indicators generally offer similar 
accuracy in detecting titration endpoints when 
compared to their synthetic counterparts. For 
instance, a study by Patel et al. (2013) compared 
the performance of Hibiscus extract with 
phenolphthalein in titrations involving strong acids 
and strong bases. The study found no significant 
difference in the titration results, suggesting that 
Hibiscus extract could serve as a viable natural 
alternative. 

Similarly, Singh et al. (2014) compared 
turmeric extract with methyl orange in titrations 
involving weak acids and strong bases. The study 
concluded that turmeric extract provided 
consistent and reliable results, supporting its use 
as a natural indicator. Additionally, research by 
Gupta & Singh (2012) on henna extract as an 
indicator for weak acid-weak base titrations 
showed that henna could effectively indicate the 
endpoint with a high degree of accuracy. 
 
Advantages and Challenges of Using Natural 
Indicators 

The primary advantage of using natural 
plant extracts as indicators in volumetric analysis 
lies in their environmental benefits. Being 
biodegradable and derived from renewable 
sources, natural indicators significantly reduce the 
environmental footprint associated with chemical 
analyses. Moreover, the use of locally available 
plants such as Hibiscus, Turmeric, and Henna can 
reduce costs and reliance on imported synthetic 
chemicals, particularly in developing regions 
where these plants are abundant (Clark, 2007). 

However, there are challenges 
associated with the use of natural indicators. One 
of the main concerns is the variability in the 
concentration and composition of the active 
compounds in plant extracts, which can lead to 
inconsistencies in color transitions and endpoint 
detection. Factors such as plant variety, growing 
conditions, and extraction methods can affect the 
quality and reliability of natural indicators (Dai & 
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Mumper, 2010). Additionally, the stability of 
natural pigments can be a concern, as some may 
degrade over time or under certain storage 
conditions, affecting their efficacy as indicators 
(Morton, 1987). 
 
Research Objectives 

This study aimed at evaluating the 
effectiveness of Hibiscus, Turmeric, and Henna 
extracts as natural indicators in volumetric 
analysis. The research focused on extracting and 
preparing these plant-based indicators, analyzing 
their pH sensitivity and color stability, and 
comparing their performance with conventional 
synthetic indicators in various titration scenarios. 
By doing so, this study sought to contribute to the 
growing body of knowledge on green chemistry 
and provide a viable, eco-friendly alternative for 
analytical practices in both academic and 
industrial settings. 
 
METHODOLOGY 

The methodology for this research 
involves several key phases: the collection and 
preparation of plant materials, extraction of active 
compounds, characterization of the extracts, and 
evaluation of their effectiveness as indicators in 
volumetric analysis. Each step is designed to 
ensure the reliability and reproducibility of the 
results. 
 
Collection and Preparation of Plant Materials 
Selection of Plant Materials 

The research focused on three plants 
known for their pH-sensitive pigments: Hibiscus 
(Hibiscus sabdariffa), Turmeric (Curcuma longa), 
and Henna (Lawsonia inermis). These plants were 
chosen due to their availability, traditional uses, 
and potential as natural indicators. 
Collection of Plant Materials 
Fresh samples of Hibiscus calyces, Turmeric 
rhizomes, and Henna leaves will be collected from 
local farms or markets. It is essential to ensure that 
the plant materials are fresh and free from 
contamination or adulteration. 

 
Preparation of Plant Materials 

i. Hibiscus: The calyces were separated 
from the plant, washed thoroughly with 
distilled water to remove any impurities, 
and then air-dried in a shaded area to 
prevent degradation of anthocyanins. 

ii. Turmeric: The rhizomes were cleaned 
with distilled water, peeled to remove 
the outer skin, and then sliced into thin 
pieces. The slices were air-dried under 
shade. 

iii. Henna: The leaves were plucked from 
the plant, washed, and air-dried under 
shade to prevent the degradation of 
lawsone. 

 
Once dried, all plant materials were 

ground into a fine powder using a mortar and 
pestle or a mechanical grinder. The powdered 
samples were stored in airtight containers, away 
from light and moisture, until further use. 
 
Extraction of Active Compounds 
Solvent Selection 

The extraction of active compounds 
from the plant materials were carried out using 
appropriate solvents: 

i. Hibiscus: Distilled water was used as 
the solvent, as anthocyanins are water-
soluble. 

ii. Turmeric: Ethanol (95%) was used as 
the solvent due to its efficacy in 
extracting curcumin. 

iii. Henna: Ethanol (95%) was used to 
extract lawsone from Henna leaves. 

 
Extraction Process 

i. Hibiscus: 10 g of dried Hibiscus powder 
was soaked in 100 mL of distilled water 
and heated at 60°C for 30 minutes. The 
mixture was then filtered using 
Whatman No. 1 filter paper, and the 
filtrate was collected as the Hibiscus 
extract. 

ii. Turmeric: 10 g of dried Turmeric powder 
was soaked in 100 mL of ethanol and 
subjected to reflux for 1 hour at 70°C. 
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The mixture was filtered, and the filtrate 
was concentrated under reduced 
pressure using a rotary evaporator to 
obtain the Turmeric extract. 

iii. Henna: 10 g of dried Henna powder was 
soaked in 100 mL of ethanol and heated 
at 60°C for 30 minutes. The mixture was 
filtered, and the filtrate was 
concentrated using a rotary evaporator 
to obtain the Henna extract. 

Each extract was stored in amber-colored bottles 
at low temperatures (4°C) to prevent degradation 
until further use. 
 
Characterization of Plant Extracts 
pH Sensitivity Testing 

The pH sensitivity of each plant extract 
was tested by preparing buffer solutions with pH 
values ranging from 1 to 14. A few drops of each 
plant extract was added to the buffer solutions, 
and the resulting color changes was observed and 
recorded. This helped in determining the range of 
pH over which each extract can effectively function 
as an indicator. 
 
UV-Vis Spectrophotometry 

The absorbance spectra of the extracts 
were measured using a UV-Vis 
spectrophotometer across a wavelength range of 
200–800 nm. This helped in identifying the specific 
absorbance peaks corresponding to the active 
compounds and provide insights into the color-
changing behavior of the extracts at different pH 
levels. 
 
Evaluation of Extracts as Volumetric Analysis 
Indicators 
Selection of Titration Systems 

The effectiveness of the plant extracts 
as indicators were tested in various titration 
systems: 

i. Strong acid vs. Strong base (e.g., HCl 
vs. NaOH) 

ii. Weak acid vs. Strong base (e.g., 
CH3COOH vs. NaOH) 

iii. Strong acid vs. Weak base (e.g., HCl vs. 
NH4OH) 

 
Titration Procedure 

Each titration was performed in triplicate 
to ensure accuracy and reproducibility. The 
following steps were followed: 

1. A known concentration of the titrant 
(e.g., NaOH) was added to the analyte 
solution (e.g., HCl) using a burette. 

2. A few drops of the plant extract were 
added to the analyte solution as the 
indicator. 

3. The titration was carried out while 
continuously stirring the solution until 
the endpoint is reached, as indicated by 
a distinct color change. 

4. The volume of titrant used to reach the 
endpoint was recorded. 

 
FINDINGS AND DISCUSSION 

Presentation of the detailed findings, 
organized by the key aspects evaluated: pH 
sensitivity, color change behavior, titration 
performance, comparison with synthetic 
indicators, and stability of the extracts. 
 
pH Sensitivity of Plant Extracts 
Hibiscus Extract 

The Hibiscus extract demonstrated a 
clear pH-dependent color change across a wide 
range of pH values. This broad pH sensitivity 
suggests that Hibiscus extract can serve as an 
effective indicator in titrations involving both strong 
acids and bases, with distinct and easily 
observable color changes at critical points. 
 
Turmeric Extract 

Turmeric extract, containing the active 
compound curcumin, showed distinct color 
changes with varying pH. Turmeric's color change 
was most pronounced between neutral and 
alkaline pH, making it particularly suitable for 
titrations involving weak acids and strong bases. 
Henna Extract 

The Henna extract, rich in lawsone, 
exhibited pH sensitivity which was most evident in 
the transition from neutral to alkaline conditions, 
making it suitable for detecting subtle pH changes 
in titrations involving weak acids and bases 
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Table 1: pH Range and Color Change of Natural Plant Extracts vs. Synthetic Indicators 
Indicator Source pH 

Range 
Color Change Suitable Titrations 

Hibiscus Extract Hibiscus 
sabdariffa 

4.0 - 6.0 Red to Greenish-Yellow Strong Acid - Strong 
Base 

Turmeric Extract Curcuma longa 7.4 - 8.6 Yellow to Reddish-Brown Weak Acid - Strong 
Base 

Henna Extract Lawsonia inermis 5.0 - 7.0 Yellow-Orange to Red-
Brown 

Weak Base - Strong 
Acid 

Phenolphthalein Synthetic 8.2 - 10.0 Colorless to Pink Strong Acid - Strong 
Base 

Methyl Orange Synthetic 3.1 - 4.4 Red to Yellow Strong Acid - Weak 
Base 

 
The pH range and color change 

characteristics of Hibiscus, Turmeric, and Henna 
extracts demonstrate their effectiveness as 
natural indicators in various titration systems. 
Hibiscus extract, with a pH range of 4.0 to 6.0, 
shows a distinct color change from red to 
greenish-yellow, making it suitable for strong acid-
strong base titrations. Turmeric extract, with a pH 
range of 7.4 to 8.6, changes from yellow to 
reddish-brown, indicating its utility in titrations 
involving weak acids and strong bases. Henna 
extract, covering a pH range of 5.0 to 7.0, 
transitions from yellow-orange to red-brown, 
which is effective in detecting pH changes in weak 
base-strong acid titrations. These color changes 
are clear and comparable to those of synthetic 
indicators like phenolphthalein and methyl orange. 
C 
omparative Performance with Synthetic 
Indicators 

The performance of the natural plant 
extracts was compared with standard synthetic 
indicators in various titration systems: 
 
Hibiscus vs. Phenolphthalein 

In strong acid-strong base titrations, 
Hibiscus extract provided titration results 
consistent with those obtained using 
phenolphthalein. The sharpness of the color 
change and the reproducibility of the results 
indicated that Hibiscus could serve as a suitable 
alternative to phenolphthalein, especially in 
environmentally conscious laboratories. 

 
Turmeric vs. Methyl Orange 

Turmeric extract was tested against 
methyl orange in weak acid-strong base titrations. 
The comparison revealed no significant 
differences in the volume of titrant required to 
reach the endpoint, suggesting that Turmeric can 
effectively replace methyl orange without 
compromising accuracy. 
 
Henna vs. Mixed Indicators 

Henna extract's performance was 
compared with mixed synthetic indicators used for 
weak acid-weak base titrations. The results 
showed that Henna was equally effective in 
indicating the endpoint, with the added benefit of 
being a single, natural indicator rather than a 
mixture of synthetic compounds. 
 
Stability of Plant Extracts 

The stability of the extracts was 
monitored over a period of 30 days, with regular 
observations of their pH sensitivity and color 
change behavior: 
 
Hibiscus Extract 

Hibiscus extract remained stable when 
stored in amber bottles at 4°C, with no significant 
degradation in color intensity or pH sensitivity 
observed over the test period. However, when 
stored at room temperature, the extract showed a 
slight decrease in color intensity after 20 days, 
indicating that refrigeration is necessary for long-
term storage. 
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Turmeric Extract 
Turmeric extract exhibited excellent 

stability under both refrigerated and room 
temperature conditions. The color change 
behavior remained consistent throughout the 30-
day period, suggesting that Turmeric extract is 
robust and can be stored without special 
conditions. 

Henna Extract 
Henna extract was stable under 

refrigerated conditions, with no noticeable 
degradation in its color-changing properties. 
However, when exposed to light and room 
temperature, the extract showed some signs of 
oxidation, leading to a darker hue and reduced pH 
sensitivity. This indicates that Henna extract 
should be stored in the dark and refrigerated for 
optimal performance. 

 
Table 2: Accuracy of Natural Plant Extracts in Acid-Base Titrations 

Titration Indicator Used Volume of 
Titrant (mL) 

Standard 
Deviation (± mL) 

Relative 
Error (%) 

Strong Acid (HCl) vs. Strong 
Base (NaOH) 

Hibiscus Extract 24.8 ±0.10 0.40 

Strong Acid (HCl) vs. Strong 
Base (NaOH) 

Phenolphthalein 
(Synthetic) 

25.0 ±0.05 0.20 

Weak Acid (CH₃COOH) vs. 
Strong Base (NaOH) 

Turmeric Extract 12.4 ±0.15 0.50 

Weak Acid (CH₃COOH) vs. 
Strong Base (NaOH) 

Phenolphthalein 
(Synthetic) 

12.5 ±0.10 0.40 

Weak Base (NH₄OH) vs. 
Strong Acid (HCl) 

Henna Extract 10.6 ±0.20 0.70 

Weak Base (NH₄OH) vs. 
Strong Acid (HCl) 

Methyl Orange 
(Synthetic) 

10.8 ±0.15 0.60 

 
The accuracy of the natural indicators is 

a critical factor in their application in volumetric 
analysis. The volumes of titrant required to reach 
the endpoint using Hibiscus, Turmeric, and Henna 
extracts were closely aligned with those obtained 
using synthetic indicators. For example, the 
volume of HCl required to titrate NaOH using 
Hibiscus extract was 24.8 mL, with a relative error 
of 0.40%, which is comparable to the 25.0 mL and 
0.20% error observed with phenolphthalein. 
Similar trends were observed with Turmeric and 
Henna extracts, indicating that these natural 
indicators provide reliable measurements with 
minimal deviation, ensuring accuracy in analytical 
procedures. 
 
Color Change Behavior and End Point 
Detection 

The color change behavior of each 
extract was evaluated during titration experiments, 

providing crucial data on their effectiveness in 
endpoint detection. 
Hibiscus Extract 

In titrations involving strong acids (e.g., 
HCl) and strong bases (e.g., NaOH), the Hibiscus 
extract showed a sharp color transition from red to 
greenish-yellow at the equivalence point. The 
distinct and abrupt color change made it easy to 
detect the endpoint accurately, comparable to 
traditional indicators like phenolphthalein. 
 
Turmeric Extract 

Turmeric extract was tested in titrations 
involving weak acids (e.g., acetic acid) and strong 
bases (e.g., NaOH). The color change from yellow 
to reddish-brown was gradual but noticeable, 
allowing for precise endpoint detection. The 
performance of Turmeric extract was similar to 
that of methyl orange, with no significant deviation 
in the titration results. 
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Henna Extract 
In titrations involving weak acids (e.g., 

acetic acid) and weak bases (e.g., ammonium 
hydroxide), Henna extract displayed a subtle but 

clear color transition from yellow-orange to red-
brown. The endpoint was easily detectable, 
making Henna a reliable indicator for titrations 
requiring fine pH discrimination. 

 
Table 3: Reproducibility of Endpoints Using Natural Plant Extracts 

Indicator Source Number of 
Trials 

Mean Volume 
(mL) 

Standard Deviation (± 
mL) 

Hibiscus Extract Hibiscus 
sabdariffa 

5 24.8 ±0.10 

Turmeric Extract Curcuma longa 5 12.4 ±0.15 
Henna Extract Lawsonia inermis 5 10.6 ±0.20 
Phenolphthalein Synthetic 5 25.0 ±0.05 
Methyl Orange Synthetic 5 10.8 ±0.15 

 
The reproducibility of the endpoints is 

another critical parameter, as it reflects the 
consistency of the indicator's performance. The 
standard deviation of titrant volumes across 
multiple trials was low for all three natural 
indicators, demonstrating that these extracts can 
reliably reproduce titration results. Hibiscus 

extract showed a standard deviation of ±0.10 mL 
across five trials, which is quite close to the ±0.05 
mL observed for phenolphthalein. Similarly, 
Turmeric and Henna extracts exhibited standard 
deviations of ±0.15 mL and ±0.20 mL, 
respectively, confirming their consistent 
performance. 

 
Environmental and Economic Benefits 
 
Table 4: Cost Comparison between Natural and Synthetic Indicators 

Indicator Source Cost per 100mL 
(USD) 

Availability Environmental Impact 

Hibiscus Extract Hibiscus 
sabdariffa 

2.50 High Biodegradable, Non-
Toxic 

Turmeric Extract Curcuma longa 2.00 High Biodegradable, Non-
Toxic 

Henna Extract Lawsonia inermis 3.00 High Biodegradable, Non-
Toxic 

Phenolphthalein Synthetic 10.00 Medium Non-Biodegradable, 
Toxic 

Methyl Orange Synthetic 8.00 Medium Non-Biodegradable, 
Toxic 

 
One of the significant advantages of 

using natural plant extracts is their cost-
effectiveness and environmental friendliness. The 
cost per 100 mL of Hibiscus, Turmeric, and Henna 
extracts was significantly lower than that of 
synthetic indicators. For instance, Hibiscus extract 
costs approximately $2.50 per 100 mL, while 
phenolphthalein costs around $10.00. This cost 
difference makes natural indicators more 

accessible, especially in resource-limited settings. 
Additionally, the biodegradability and non-toxic 
nature of these plant extracts offer substantial 
environmental benefits compared to synthetic 
indicators, which are often non-biodegradable and 
toxic. The use of these natural indicators supports 
sustainable practices in laboratory settings by 
reducing chemical waste and minimizing 
environmental pollution. 
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Environmental Impact 
The use of natural plant extracts as 

indicators aligns with the principles of green 
chemistry, reducing the environmental impact 
associated with synthetic chemicals. The 
biodegradability of the extracts minimizes 
pollution, and the use of renewable resources 
contributes to sustainability. 
 
Cost-Effectiveness 

The cost of obtaining and preparing 
natural indicators from locally available plants is 
significantly lower than purchasing synthetic 
indicators. This economic advantage is 
particularly relevant in resource-limited settings, 
where cost reduction is crucial for maintaining 
laboratory operations. 
 
CONCLUSION 

The findings of this research highlight 
the effectiveness and eco-friendliness of Hibiscus, 
Turmeric, and Henna extracts as alternatives to 
synthetic indicators in volumetric analysis. These 
natural indicators demonstrated clear pH-
dependent color changes and performed 
comparably to their synthetic counterparts, 
offering additional benefits of environmental 
sustainability and cost-effectiveness. The 
exploration of these plant extracts aligns with the 
growing demand for natural, sustainable solutions 
in chemical analysis, particularly in the face of 
global environmental challenges. By harnessing 
the chemical properties of Hibiscus, Turmeric, and 
Henna, this research not only advances green 
chemistry but also highlights the significant role 
natural resources can play in scientific innovation. 
As the field of green chemistry continues to 
evolve, the adoption of these biodegradable, non-
toxic, and renewable natural indicators could lead 
to more sustainable laboratory practices, reducing 
environmental pollution and promoting broader 
use of green alternatives in scientific research. 
 
RECOMMENDATIONS 

Based on the findings from the research 
on harnessing natural plant extracts (Hibiscus, 
Turmeric, and Henna) as indicators for volumetric 

analysis, the following recommendations are 
proposed: 
1. Educational institutions, particularly in 

regions with easy access to Hibiscus, 
Turmeric, and Henna, should consider 
adopting these natural indicators for teaching 
and practical work in chemistry laboratories. 
The use of natural indicators not only 
provides a cost-effective alternative to 
synthetic indicators but also encourages 
sustainability and environmental 
consciousness among students. 

2. Further research should be conducted to 
refine the extraction and preparation 
methods for these plant-based indicators to 
ensure consistent performance. 
Standardizing the concentration of the active 
compounds in these extracts will enhance 
their reliability and reproducibility in different 
laboratory settings. 

3. The success of Hibiscus, Turmeric, and 
Henna as indicators suggests that other 
locally available plants might also possess 
useful indicator properties. It is 
recommended that researchers explore a 
wider range of plants to expand the repertoire 
of natural indicators available for volumetric 
analysis. 

4. Given the promising results of this research, 
there is potential for the commercial 
production and packaging of these natural 
indicators. Developing standardized, ready-
to-use forms of these extracts could make 
them more accessible to laboratories 
worldwide, particularly in regions where cost 
or environmental concerns are significant. 

5. Industries and laboratories aiming to 
implement green chemistry practices should 
consider replacing synthetic indicators with 
these natural alternatives. This shift would 
reduce the environmental impact associated 
with the disposal of synthetic chemicals and 
promote the use of renewable, biodegradable 
resources. 

6. To facilitate the transition to using natural 
indicators, it is recommended that training 
programs and workshops be conducted for 
laboratory personnel. These programs 



 
                                      JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 12(3), SEPTEMBER, 2024 

                        ISSN: 2277-0011; Journal homepage: www.atbuftejoste.net 

Corresponding author: Sal isu Amina Danladi 
   aminadanladiisa@gmail.com  
 Department of Science, Technology and Mathematics Education, Nasarawa State University, Keffi, Nasarawa State.  
© 2024. Faculty of Technology Education. ATBU Bauchi. All rights reserved 

94 

should focus on the preparation, storage, and 
application of plant-based indicators in 
volumetric analysis. 

7. While the initial results indicate that these 
plant extracts can be stable under certain 
conditions, further evaluation of their long-
term stability is recommended. Research 
should focus on optimizing storage 
conditions and extending the shelf-life of 
these natural indicators to ensure their 
practical viability. 

8. Incorporating the study and use of natural 
indicators into chemistry curricula could 
enhance students' understanding of the 
principles of acid-base chemistry while 
promoting environmental stewardship. This 
approach aligns with the broader educational 
goals of fostering innovation and 
sustainability in science. 

9. Educational and governmental bodies should 
consider policies that encourage the use of 
eco-friendly materials, such as natural 
indicators, in educational and industrial 
laboratories. Such policies would support 
broader environmental goals and promote 
sustainable practices within the scientific 
community. 
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