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ABSTRACT: Acid-base titrations are the main part of volumetric analysis in the secondary school chemistry practical
syllabus in Nigeria. Synthetic indicators are generally used in teaching students the procedure and skills required in acid-
base titrations. However, some of these synthetic indicators are not readily available, some are toxic and there is a special
procedure to be followed in preparing them for use as indicators. Hence there is need to consider the suitability of natural
indicators which are more readily available, easy to prepare and ecofriendly compared. Therefore, this study aimed at
investigating the suitability of Hibiscuss rosa sinensis, Acalipha wilkesiana, Hibiscus sabdariffa and Beta vulgaris L. extract
as indicators in acid-base titration. The results showed that in strong-acid strong-base titration, all the plant extracts under
study are suitable. All the plant extracts are fairly suitable for strong-acid and weak-base, except Beta vulgaris L. which is
unsuitable for this titration. H. rosa sinensis is most suitable for weak-acid weak-base titrations similar to phenolphthalein,
Acalipha wilkesiana is fairly suitable while H. sabdariffa and Beta vulgaris L. are unsuitable. For weak-acid strong-base
titrations, all the plant extracts are fairly suitable especially H. sabdariffa. It was recommended that the use of these flower
extracts as acid-base indicators should be incorporated in the teaching of acid-base titration especially in the secondary
schools.

Keywords: Acid-base titration, plant indicators, synthetic indicators, H. sabdariffa, H. rosa sinensis, A. wilkesiana, Beta
vulgaris L.

INTRODUCTION

In Nigeria, the major factors militating against science
education are the increasing unavailability and high cost of
conventional science teaching materials (Along, 1998;
Garba, 2001). This has resulted in paucity of experimental
activities in the schools which threatens the potential for
increase in students’ scientific knowledge. Acid base
titration is one of such experimental activities required in
the senior secondary school Chemistry practical syllabus.
Itinvolves the determination of the concentration of an acid
or base by exactly neutralizing the acid or base with an
acid or base of known concentration. Indicators are used
to determine the equivalent points between reacting

reagents (Nwosu et al., 2004). The choice of an indicator
for a particular titration depends on the characteristics of
the neutralization curve. In acid-base titration, an indicator
is used to determine the end point of the titration at which
the acid and base are in the exact proportions necessary
to form salt and water only.

Majority of indicators in use today are synthetic.
Synthetic indicators are man-made chemical substances
produced in the laboratory which is used to determine pH
of a substance, such as methyl red, methyl orange,
phenolphthalein, phenol red, methyl yellow, bromophenol
blue, and thymol blue. Synthetic indicators are slightly
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expensive and some have toxic effects on users and can
cause environmental pollution (Pathade et al., 2009).
However, natural indicators from plant pigments have
been found to be readily available (in the immediate
surrounding or local market, easy to prepare (simple
extraction)) and eco-friendly (Pathan and Farooqui, 2011;
Vinayak et al., 2013; Eze and Ogbuefi, 2014; Bungale and
Mali, 2014).

Hence, scientists have embarked on search for natural
indicators which are less or even non-toxic and eco-
friendly for acid-base titration. Natural indicators are dyes
or pigments that are isolated from a variety of sources,
including plants (plant parts like flowers, fruits, and
leaves), fungi, and algae (Vinayak et al., 2013). The
coloured pigments obtained from plants are found to
exhibit colour changes with variation of pH (Abbas, 2012).

Researchers have worked on some plant extracts as
indicators and have found them to be accurate and precise
at equivalent points in acid-base titrations (Ayodele, 2019
b; Vinayak et al., 2013; Sharma et al., 2013; Jain, 2012;
Pathan and Farooqui, 2011; Pathade et al., 2009; I1zonfuo
et al., 2006).

There is paucity of experimental activities in secondary
school Chemistry laboratories due to lack of funds needed
to get most of the chemicals. Some of these chemicals are
expensive and are not available locally. Hence there is
need to integrate available local materials as reagents in
secondary school experimental chemistry (Ayodele, 2019
a). Acid-base titration is a major volumetric analysis in the
secondary school Chemistry curriculum. It requires the use
of pH indicator to show a colour change at the end point
during titration. Synthetic indicators are slightly expensive,
not readily available and some have toxic effect. The use
of plant extracts would be a cheaper and a more
sustainable alternative which would also promote green
chemistry in experimental chemistry.

It is on this premise that this study sought to investigate
the suitability of the aqueous and ethanolic extracts of
Hibiscus sabdariffa, Beta L wvulgaris, Hibiscus rosa
sinensis and Acalipha wilkesianna as indicators in acid-
base titrations.

LITERATURE REVIEW
Roselle (Hibiscus sabdariffa L)

Hibiscus sabdariffa L. is an annual, erect, bushy,
herbaceous sub-shrub that may grow to 8 ft (2.4 m) tall,
with smooth or nearly smooth, cylindrical, typically red
stems (Figure 1). The leaves are alternate, 3 to 5 in (7.5-
12.5 cm) long, green with reddish veins and long or short
petioles. The capsule turns brown and splits open when
mature and dry. The calyx stems and leaves are acidic and
closely resemble the cranberry (Vaccinium spp.) in flavor.
It is extensively cultivated in tropical Africa, Asia, Australia
and Central America (Schippers, 2000). H. sabdariffa is
native to West and East Africa and South-East Asia. Itis

Figure 2. Beetroot (Beta vulgaris L.).

used for making wine juice, jam, tea and syrup. H.
sabdariffa has been found to possess antiseptic, diuretic,
antioxidant and antimutagenic properties (Al-Hashimi,
2012; Olvera-Garcia et al., 2008)

Beetroot (Beta vulgaris L.)

This is crop belonging to the Quenopodiaceae family
having bright crimson colour (Figure 2). It is famous for its
juice value and medicinal properties; and known by
several common names like beet, chard, spinach beet, sea
beet, garden beet, white beet and Chukander (Yashwant,
2015). Beetroot contains different beneficial chemical
compounds, for example betalains which have been
reported to have high antioxidant activity (Kujala et al.,
2000; Ravichandran et al., 2013), and also presence of
anthocyanins in beetroot makes it a possible pH indicator.
Beet root has been found to exhibit anti-inflammatory,



Figure 3. Tree of Hibiscus rosa sinensis.

hepatic protective and anti-cancer properties (Kapadia et
al., 2003). It contains nutrients like vitamin E, magnesium,
manganese, iron dietary fibres and minerals,
carbohydrates, fats and protein (USDA database, 2014). It
is used raw or boiled in salads, omelets and soups.

Hibiscus rosa sinensis

The plant is known generally as Chinese hibiscus,
shoeblack plant, tropical hibiscus or China rose. It is a
species of tropical hibiscus, a flowering plant in the
Hibisceae tribe of the family Malvaceae, native to East
Asia (Figure 3). It contains anthocyanins and comes in
orange, pink, red white and yellow. it is a popular flowering
plant used in the beautification of the outer gardens and
surrounding (Arthur, 2000) such as in schools, workplaces
and residential houses. It is also used as medicinal
beverage (Manandhar, 2002).

Acalypha wilkesiana

This plant is commonly called Irish petticoat. It is native to
the south pacific islands and belongs to the family
Euphorbiaceae (Figure 4). The plant has antimicrobial and
antifungal properties and in traditional medicine, the
leaves are eaten as vegetables in the management of
hypertension, being a diuretic plant (Ogundini, 2005;
Oladunmoye,2006) It is a plant of great ornamental value
due to its showily coloured foliage and is widely cultivated
in the tropical and subtropical countries. Acalypha
wilkesiana is frequently used in traditional medicine,
exclusively or as a major constituent of many herbal
preparations for the management or treatment of
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Figure 4. Acalypha wilkesiana plant.

hypertension. This medicinal plant is of great importance
to the health of individuals and communities (Omage and
Azeke, 2014).

METHODOLOGY

The experimental research design was adopted for the
study. The raw materials used were Hibiscus sabdariffa,
Beta L. vulgaris, Hibiscus rosa sinensia and Acalypha
wilkesiana. The chemicals were ethanol, distilled water,
ammonia hydroxide, hydrochloric acid, acetic acid, sodium
hydroxide, methyl orange and phenolphthalein. The
equipment used include, pH-meter, retort stand, burette,
pipette, beaker, UV-Vis spectrometer, funnel, conical flask,
dropper, blender, analytical balance, white Muslim cloth.
All reagents were prepared according to the official
method of preparation in AOAC (2019). The extraction and
titration procedure were adapted from Vadivel and Chipkar
(2016) and Pathade et al. (2009).

Sample collection

The fresh flower species of Acalypha wilkesiana and
Hibiscus rosa sinensis were collected from the premises of
Oduduwa University Ipetumodu, lle-Ife, Osun State. The
Beta L vulgaris (beetroot) and dried leaves of Hibiscus
sabdariffa were purchased at Akinola market at
Ipetumodu, lle-Ife, Osun state. The samples were
identified by a Botanist and colleague in Oduduwa
University, lle-Ife, Osun-state.

Extraction

The petals of Hibiscus rosa sinensis were rinsed to remove
dirt and sundry. The dried Hibiscus rosa sinensis was
blended into powdery form. 40 g of the powdered sample
was dissolved in 400 ml of water and another 40 g was
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Figure 6. Aqueous and ethanolic extract of Acalypha wilkesiana.

dissolved in 400 ml of ethanol to extract the juice for 48
hours. After the extraction, the juice was filtered using a
muslin cloth. The juice extracted from both water and
ethanol extract of Hibiscus rosa sinensis were analysed
using UV absorption spectrometer. The same was done
for Acalipha wilesiana (Figures 5 and 6).

The dried zobo calyces (Hibiscus sabdariffa) were rinse
and sundry to remove dirt. The dried zobo was blended
into powdery form. 20 g of the powdered sample was
dissolved in 200 ml of water and another 20 g was
dissolved in 200 ml of ethanol to extract the juice. After the
extraction, the juice was filtered using a white muslin cloth.
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Figure 8. Extract of Beta L vulgaris (Beetroot).

The juice obtained from both ethanol and water extract of
Hibiscus sabdariffa were analyzed using UV absorption
spectrometer (Figure 7).

The beetroot was peeled and chopped into small pieces.
The chopped beetroot was blender with the addition of
small volume of water and the mixture is sieved using
white muslin cloth to extract the juice. The juice obtained
was analyzed using UV absorption spectrometer (Figure
8).

Titrations

Strong acid-strong base titration (0.1M  Of
hydrochloric, HCl and sodium hydroxide, NaOH)

25 ml of sodium hydroxide was pipette out into a clean

conical flask and 3 to 5 drops of methyl was orange was
added and titrated against 0.1M Hydrochloric acid in the
burette. The titration was repeated for consisted values.
Same titration procedure was followed for phenophtalein,
Acalypha wilkesiana, Hibiscus rosa sinensis, Hibiscus
sabdariffa and Beta L. vulgaris (Beetroot) (both ethanol
and water extract). The pH of each indicator at both initial
and at endpoint was taken.

Strong acid-weak base titration (0.1M of Hydrochloric
acid, HCl and ammonium hydroxide, NH4OH)

25 ml of ammonium hydroxide was pipette out into a clean
conical flask and 3 to 5 drops of indicator was added and
titrated against 0.1M Hydrochloric acid in the burette. The
titration was repeated for consisted values. Same titration
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Table 1. pH of indicators.

Indicators pH Colour change in Acid Colour change in Base
Methyl orange 6.1 Reddish Yellow

Phenolphthalein 6.3 Colourless Pink

Aqueous Acalypha wilkesiana 5.9 Green Light brown

Ethanolic Acalypha wilkesiana 6.2 Green Brown

Aqueous Hibiscus rosa sinensis 3.9 Pink Greenish

Ethanolic Hibiscus rosa sinensis 6.8 Pink Pale green

Aqueous Hibiscus sabdariffa 2.8 Brown Pale green

Ethanolic Hibiscus sabdariffa 3.2 Brown Pale green

Aqueous Beetroot 6.1 Brown Yellow

Table 2. Strong acid vs strong base titration.

Indicators Experiment 1 Experiment 2 Mean value(cm3) Colour at end point
Methyl orange 19.40 19.20 19.3040.1 Pale orange
Phenolphthalein 18.50 18.10 18.30+0.2 Pink

Aqueous Acalypha wilkesiana 19.00 18.60 18.80+0.2 Greenish brown
Ethanolic Acalypha wilkesiana 19.60 19.30 19.45+0.15 Greenish yellow
Aqueous Hibiscus rosa sinensis 19.90 20.30 20.1+0.20 Green

Ethanolic Hibiscus rosa sinensis 20.30 20.40 20.35+0.05 Pale green

Aqueous Hibiscus sabdariffa 17.00 17.20 17.1040.10 Pale brown
Ethanolic Hibiscus sabdariffa 16.20 16.20 16.20+0,00 Pale brown
Aqueous Beta L vulgaris 20.3 20.0 20.15+0.15 Brown

procedure was followed for methtyl orange, phenophtalein,
Acalypha wilkesiana, Hibiscus rosa sinensis, Hibiscus
sabdariffa and Beta L. vulgaris (Beetroot) (both ethanol
and water extract). The pH of each indicator at both initial
and at endpoint was taken.

Weak acid-weak base titration (0.1M of aAcetic acid,
CH3COOH and ammonium hydroxide, NH4OH)

25 ml of ammonium hydroxide was pipetted out into a
clean conical flask and 3 to 5 drops of indicator was added
and titrated against 0.1M acetic acid in the burette. The
titration was repeated for consisted values. Same titration
procedure was followed for methtyl orange, phenophtalein,
Acalypha wilkesiana, Hibiscus rosa sinensis, Hibiscus
sabdariffa and Beta L. vulgaris (Beetroot) (both ethanol
and water extract). The pH of each indicator at both initial
and at endpoint was taken.

Weak acid-strong base titration (0.1M of acetic acid,
CH3COOH and sodium hydroxide, NaOH)

25 ml of sodium hydroxide was pipetted out into a clean
conical flask and 3 to 5 drops of indicator was added and
titrated against 0.1M acetic acid in the burette. The titration
was repeated for consisted values. Same titration

procedure was followed for methtyl orange, phenophtalein,
Acalypha wilkesiana, Hibiscus rosa sinensis, Hibiscus
sabdariffa and Beta L. vulgaris (Beetroot) (both ethanolic
and aqueous extract). The pH of each indicator at both
initial and at endpoint was taken.

RESULTS AND DISCUSSION

The results of the experimental analyses are presented in
the Tables 1 to 5. The results in Table 2 (Titration of strong
acid/strong base) shows that the end points obtained for
all the sample extracts (Hibiscus rosa sinensis, Acalypha
wilkesiana, H. sabdariffa and Beta L. vulgaris) are very
close to those obtained using synthetic indicator
(phenolphthalein and methyl orange). This reveals that the
plant extracts considered are suitable for strong acid vs
strong base titration. Also, the results in Table 3 (strong
acid/weak base) shows that the end points obtained with
the plant extract in the titration of 0.1M solutions of
hydrochloric acid and ammonium hydroxide are
comparable to those obtained using synthetic indicators
with the exception of Beta L. vulgaris and Acalipha
Wilkesiana. Furthermore, results presented in Table 4
(weak acid-weak base) shows that Hibiscuss sabdarriffa
and Beta L vulgaris like methyl orange are not suitable
indicators for weak acid and weak base titrations.
However, Hibiscus rosa sinensis is a suitable indicator
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Indicators Experiment 1 Experiment 2  Mean value(cm® Colour at end point
Methyl orange 16.70 16.40 16.55+0.15 Yellow
Phenolphthalein 11.20 11.50 11.35+0.15 Colourless

Aqueous Acalypha wilkesiana 16.10 15.60 15.85+0.25 Pale Brown
Ethanolic Acalypha wilkesiana 3.40 3.50 3.45+0.05 Greenish yellow
Aqueous Hibiscus rosa sinensis 13.00 13.20 13.1040.1 Green

Ethanolic Hibiscus rosa sinensis 14.70 14.50 14.60+0.1 Pale green

Aqueous Hibiscus sabdariffa 17.00 17.40 17.20 Dark brown
Ethanolic Hibiscus sabdariffa 15.70 15.20 15.45 Purple

Aqueous Beta L vulgaris >50.00 >50.00

Table 4. Weak acid vs weak base.

Indicators Experiment 1 Experiment2 Mean value(cm® Colour at end point
Methyl orange Not Suitable Not Suitable

Phenolphthalein 12.40 12.70 12.55+0.15 Colourless

Aqueous Acalypha wilkesiana 6.60 6.60 6.60+0 Brown

Ethanolic Acalypha wilkesiana 5.90 5.40 5.65+0.25 Pale brown
Aqueous Hibiscus rosa sinensis 12.70 12.40 12.55+0.15 Green

Ethanolic Hibiscus rosa sinensis 13.70 13.80 13.75+0.05 Green

Aqueous Hibiscus sabdariffa >50.00 >50.00 Not suitable

Ethanolic Hibiscus sabdariffa >50.00 >50.00 Not suitable

Aqueous Beta L vulgaris >50.00 >50.00 Not suitable

Table 5. Weak acid vs strong base.

Indicators Experiment1  Experiment 2  Mean value(cm® Colour at end point
Methyl orange 23.20 23.20 23.20+0.00 Orange
Phenolphthalein 0.80 0.70 0.75+0.05 Colourless

Aqueous Acalypha wilkesiana 20.20 20.50 20.35+0.15 Yellowish green
Ethanolic Acalypha wilkesiana 20.20 20.40 20.30+0.10 Greenish yellow
Aqueous Hibiscus rosa sinensis 19.00 19.20 19.104+0.10 Green

Ethanolic Hibiscus rosa sinensis 18.50 18.60 18.55+0.05 Pale green
Aqueous Hibiscus sabdariffa 13.00 13.20 13.1+0.10 Pale brown
Ethanolic Hibiscus sabdariffa 8.80 8.80 8.80+0.00 Pale Brown

Crude extract of Beta L vulgaris 19.3 19.0 19.1540.15 Brown

comparable to phenophtalein. Table 5 (weak acid-strong
base) revealed that almost all the plant indicators gave titre
values close to that of methyl orange.

The results obtained for suitability of Hibiscus sabdarrifa
as acid base indicator comparable to methyl orange
corroborate the reports of Izonfuo et al. (2006) and
Nuryanti et al. (2013). Also, Bhuvaneshwari et al. (2015),
Powar et al. (2013) reported findings similar for Beta
vulgari as a suitable acid-base indicator. The result
obtained for H. rosa sinensis corroborates the reports of
Okoduwa et al. (2015) and Jain (2012) in its suitability as
acid-base indicator comparable to phenophtalein.

Moreover, Bhise et al. (2014) gave reports which also
confirmed the suitability of Acalipha wilkesiana as acid-
base indicator especially for strong-acid strong-base and
strong-acid weak-base.

Conclusion

The suitability of the extracts of four plants as indicators in
acid-base titration was investigated in this study. Based
on the results obtained, it can be concluded that in strong
acid-strong base titration, all the plant extracts (Hibiscuss
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sabdariffa, Hibiscuss rosa sinensis, Acalipha wilkesiana
and Beta L vulgaris) under study are suitable indicators.
For strong acid and weak base, all the plant extracts are
fairly suitable except Beta L. vulgaris which is unsuitable
for this titration. H. rosa sinensis is most suitable, for weak
acid-weak base titrations similar to phenolphthalein,
Acalipha wilkesiana is fairly suitable while H. sabdariffa
and Beta L. vulgaris are unsuitable. For weak acid-strong
base titrations, all the plant extracts are fairly suitable
especially H. sabdariffa.

Recommendation

It is therefore recommended that the extracts of Acalypha
wilkesiana, Hibiscus rosa sinensis, Hibiscus sabdariffa
and Beta L. vulgaris could be used as alternatives for
synthetic indicators in the teaching of acid-base titration
especially to secondary school students. The use of these
plant extracts would:

1. ignite the awareness of students to chemistry and
society.

promote green chemistry.

encourage use of indigenous or locally available
materials in the teaching of experimental chemistry
especially at the secondary school level.

2.
3.

It is also recommended that workshops should be
organized for secondary school teachers on how to use
locally available materials to conduct some qualitative and
guantitative analyses. Also, advanced research could be
conducted on the characterization of pigments found in
these plant extract using instruments like Mass spec- Gas
chromatography and HPLC.
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