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ABSTRACT

Currently, the most usual analytical methods are established to identify compounds, though
analytical methods like gravimetry and titrimetric analysis were the most concern. In the
titrimetric analysis method, the endpoint is detected by the colour changes from one medium
to another medium (either acidic medium or basic medium) with the addition of substances
are known as indicators. Nowadays, many synthetic indicators are available, which produce
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environmental pollution and are costly. Several synthetic indicators produce toxicity in

humans. Therefore, the search for alternative indicators from natural sources is required for
cost-effectiveness and to minimize the toxicity and pollutant from the environment.
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INTRODUCTION

Conventional analytical methods are still appropriate in most
applications, including gravimetry and titrimetric analysis. The
titrimetric analysis is a quantitative chemical analysis that involves
finding the volume of a known concentration solution that reacts
quantitatively with a known volume of a solution to the substance
to be determined. The equivalency point in titrimetric analysis is
usually defined by the detection of the endpoint. The endpoint
can be detected by the colour changes from one medium to
another medium (either acidic or basic) with the addition of
substances which is an indicator.'! At a specific stage of the
chemical reaction, indicators (either weak acid or weak base)
change colour. The identification of an acid-base indicator can be
represented by a colour change depending on the concentration
of Hydrogen (H *) or Hydroxide (OH") ions.™*! Methyl red, methyl
orange, phenolphthalein, phenol red, methyl yellow, Penta
methoxy red, bromophenol blue, and thymol blue were among
the laboratory-based markers.”! Natural sources, such as plants,
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animals, fungus, and algae, can be used to isolate pigments or
dye-based indicators.[® Sir Robert Boyle first recorded the use
of natural dyes in an acid-base indicator in his collection of
assays “Experimental History of Colors” in 1664.1*% The various
parts of the plant impart colour due to the presence of their
extensive distinct character. The number of phytoconstituents
including anthocyanins, glucosylated acylated anthocyanin,
anthraquinonoids, naphthoquinones, flavonoids,
acylated flavonoids, flavanols, imines, indigoids, polymethines,
diarylmethanes, dihydropyrans, and carotene is responsible for
the colour property. Among them, flavones are water and alcohol
soluble yellow pigments present in plant sources either in a free
state or as glycosides or conjugated with tannins. In general,
sometimes it is also identified as anthoxanthins (a chemically
hydroxylated derivative of flavone). The water-soluble pigment is
anthocyanin which is mostly found in flowers, leaves, fruits of
the plants. Anthocyanins belong to the class of glycosides, and
their aglycones moieties are known as anthocyanidins."" Out of
these, some compounds illustrate different colours at different
pH levels. As a result, these features in natural substances can
be used as an acid-base titration indicator. Nowadays, many
synthetic indicators are available that produce pollution to the
environment and are not cost-effective.l'>"*! Apart from these,
diarrhea, pulmonary oedema, hypoglycemia, pancreatitis, skin
rash, eruptions, erythema, and epidermal necrosis are some of
the hazardous effects of synthetic indicators."*!*! Therefore,

quinines,

Pharmacognosy Reviews, Vol 17, Issue 34, Jul-Dec, 2023



Nag, et al.: Eco-friendly Natural Indicators

the gain of the natural-based indicator is an alternative search
for the synthetic indicator towards the development of new
approaches. These approaches are effective towards the cost,
availability, less toxicity and less pollutant for the environment.
Furthermore, the most novel outcome of the natural indicators
is that they are biodegradable. So, this review aims to highlight
the acceptability of some of the natural-based indicators, which
is mostly applicable in acid-base titration and to understand the
mechanistically based concept of naturally acting indicators.

ACID-BASE INDICATORS AND MECHANISM

Acid-base (pH) indicators are either a weak acid or a weak base
that is introduced to a solution in small amounts to visually
determine the pH and change colour when the pH changes. In
the Arrhenius model,'" a pH indicator is a chemical detector
for Hydronium Ions (H,0%) or Hydrogen Ions (H*) as shown
in the Eq. no. 1. Weak acids or bases that dissociate somewhat
when dissolved in water usually serve as indicators. To acquire
understanding into the example of a weak acid with the formula
HIn as an indicator. With its conjugate base, the following
equilibrium equation is established at equilibrium.:

Hin (aq.) + H,O = (Ion) H,0* (aq.) + In" (aq.)
Acid Conjugate Base
(Color A) (Color B)

Eq.no. 1

The colours of the acid and its conjugate base are distinct.
Because the concentration of H,O" is high at low pH levels,
the equilibrium position shifts to the left, becoming colour A.
Similarly, the concentration of H,O" is low at high pH levels, and
the equilibrium position changes to the right, becoming colour
B. A universal indication is a mixture of indicators that gradually
change colour over a large pH range; when a few drops of the
universal indicator are combined with the solution, the pH of
the solution can be approximated. In most titration solutions,
indicators are used to mark the conclusion of the acid-based

reaction.!"”!

FACTORS INFLUENCING THE COLOUR OF THE
INDICATOR

Effect of temperature on the colour of the indicator

The temperature has an impact on the colour-based chemicals’
stability. Natural pigments like Curcuma and tulip petals show
no colour change at 98°C and 92°C, respectively while borage
at 60°C changes red-purple colour."® Studies have revealed that
the pH of a solution shows an inversely proportional relationship
with temperature except for water. A solution is considered
acidic if the excess of hydrogen ions is present over the hydroxide
ions. In the case of pure water, the hydrogen and hydroxide
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ions concentrations are always the same because of neutral
characteristics (even if their pH changes).!"!

Effect of light on the colour of the indicator

The variation in light’s colour composition is evident as white. At
midday, sunlight contains nearly equal amounts of all colours. In
contrast, the prevalence of colour shifts was seen during daylight.
In the early morning, the colour that appears in the presence of
light changes considerably.?” As a result, the indicator colour
must be changed at various time intervals.

NATURAL INDICATOR

Natural-based indicator plays a vital role during titration.
Currently, various plants were used as a natural indicator, and
their colour changes in a different medium (acidic medium or
basic medium) at different pH has listed in Table 1.

COMPOUNDS USED AS A NATURAL INDICATOR

Anthocyanin

The flavonoid anthocyanin has a positive charge oxygen atom
on its C-ring. Anthocyanin’s stability is affected by pH, light,
temperature, and its chemical structure.”” On the anthocyanin
structure (Figure 1la) at the 7" position, the R group can be
incorporated. Various groups such as a methoxyl group, sugar,
and other specific substitutions could influence the colouring
behaviour of anthocyanin.™ Anthocyanin preparation derived
from grape juice tanks has been allowed for use in human food,
beverage production, and soft drinks, according to the Food
Drug and Administration (FDA).™*)

At low pH, anthocyanins are stable. When subjected to heat,
however, it loses its stability, resulting in colour loss and browning.
Anthocyanin molecules are present in the equilibrium of a
solution between the coloured cationic form and the colourless
pseudo base form. pH has a direct impact on this equilibrium,
which is critical for the colour of anthocyanins. In acidic solutions,
anthocyanins create red, violet or purple in neutral solutions and
blue in alkaline solutions. Because anthocyanins have a flavylium
cation in their structure, the cyanidin molecule is protonated and
produces a cation at low pH. When the pH rises, the molecules
deprotonate, and a reaction occurs./**! The effect of changes in
anthocyanin structure based on the surrounding solution and
is depicted in Figure 2. Therefore, most of the anthocyanins
colourant’s can only be used at a pH below four. Additionally,
most of the anthocyanin molecules can act as pH indicators in
acid-base titration.""!

Anthocyanins are primarily found in plants’ flowers, fruits, and
tubers. The basic colours of anthocyanins are blue, purple, red, and
orange, and are determined by the number of hydroxyl groups in
the molecule, as well as an indirect relationship with the number
of methoxy groups.**" Red clover, red pineapple sage, red rose,
red hibiscus, and pink blossom are examples of red flowers that
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Figure 2: Effect of changes in Anthocyanin structure based on the pH of the
surrounding solution.

Figure 1: Chemical Structures of Natural Indicators.

contain anthocyanin molecules. Anthocyanin is found in blue
flowers including cornflower, blue chicory, and blue rosemary,
as well as purple flowers like purple mint, purple passionflower,
purple sage, common violet, and lavender. Apart from flowers,
anthocyanin can be found in fruits such as apples. Tradescantia
pallida leaves contain rich sources of anthocyanin, which are used
for the prevention of diseases.**!! Numerous anthocyanins from
plants revealed different absorption spectra in the range between
465-550 nm,"***! and due to presence of these anthocyanins it
produces different colours like red, pink, blue, purple, violet, and
orange. Only a few aglycone anthocyanidins are much smaller
(about 17).5% Six of the 17 anthocyanidins found in nature are
cyanidin, delphinidin, pelargonidin, pelargonidin, malvidin,
peonidin, and petunidin.®® The chemical structures of the above
six anthocyanidins were depicted in Figure 3.
divided three
3-deoxyanthocyanidins,
O-methylated anthocyanidins,

Anthocyanidins  are into categories:

3-hydroxyanthocyanidins, and
whereas anthocyanins are
divided into two categories: anthocyanidin glycosides and
acylated anthocyanins. Anthocyanins and their aglycone
derivatives (anthocyanidins- malvidin, cyanidin, peonidin,
and delphinidin) are flavonoids found in berries (blueberries,
bilberries, cranberries, elderberries, raspberry seeds, and
strawberries)."! There are four types of acylated anthocyanin:
acylated anthocyanin, coumaroylated anthocyanin, caffeoylated
anthocyanin, and malonylated anthocyanin. The anthocyanidin
pigments are amphoteric in nature, and their acid salts are usually
red, basic salts provide green, metal salts provide blue and in

neutral solution anthocynidins are violet colour in nature.®

Cyanidin

Cyanidin (Figure 3a) is an anthocyanidin-like natural plant
pigment found in berries such as grapes, bilberry, blackberry,
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Figure 3: Chemical Structures of different anthocyanin.

blueberry, cherry, cranberry, elderberry, hawthorn, loganberry,
acai berry, raspberry, and other red-colored vegetables like
red sweet potato, purple corn, red cabbage, and red onion.**
Other fruits that contain cyanidin include apples and plums. The
colour of this natural chemical is a distinctive reddish-purple.
The cyanidin molecule has a red colour when pH is less than 3, a
violet colour when pH is between 7-8, and a blue colour when pH
is greater than 11. The highest concentrations of cyanidin can be
found in the seeds and skin of some fruits.

Delphinidin

Delphinidin (Figure 3b) is a natural plant pigment that shows in
the plant as a blue-reddish or purple colour.® Delphinidin is the
blue pigment found in the flowers of the Viola and Delphinium
genera. Apart from that, delphinidin, which may be found in
cranberries, concord grapes, pomegranates, and bilberries, is
responsible for the grape’s blue-red colour.**!

Pelargonidin

Pelargonidin (Figure 3c) is mainly a red-coloured pigment, but
it provides an orange colour for a few flowers and red colour
in some fruits and berries."* Pelargonidin can be found in
red geraniums, spathes of philodendron Pelargonidin is found
in mature raspberries, strawberries, blueberries, blackberries,

Pharmacognosy Reviews, Vol 17, Issue 34, Jul-Dec, 2023



Nag, et al.: Eco-friendly Natural Indicators

cranberries, saskatoon berries, and chokeberries, among other
berries. The red radishes colour of pelargonidin is found in
plums and pomegranates.® It is also present in higher content
in kidney beans.[!

Malvidin

Malvidin (Figure 3d) is a glycosylated anthocyanidin with the
sugar moiety connected at position 3 on the c-ring, resulting in
malvidin-3-glucoside and malvidin-3-galactoside.””) Malvidin
is found in the blue petal of the polyanthus group’s primula
(Anagallis monelli). Malvidin is also responsible for red wine’s
colour.®® Blueberries (Vaccinium corymbosum) and saskatoon
berries (Amelanchier alnifolia) also contain it.[®7°! Malvidin
solutions that are slightly acidic and neutral are red, while basic
malvidin solutions are blue.

Peonidin

Peonidin is an O-methylated anthocyanidin derived from
cyanidin (Figure 3e). Some flowers, such as peonies and roses,
have a purplish-red colour due to peonidin. Some blue flowers,
such as the morning glory, contain peonidin. At pH 2, peonidin
is cherry red; at pH 3, it is a strong yellowish pink colour; at pH
5, a red-purple grape colour; and at pH 8 it becomes deep blue
colour. It is stable at higher pH and has been isolated as a blue
colourant from the brilliant “Heavenly Blue” morning glory
(Ipomoea tricolor)."!

Petunidin

Petunidin (Figure 3f) is a dark-red or purple water-soluble
pigment found in many red berries, including choke berries
(Aronia sp.), saskatoon berries (Amelanchier alnifolia), and other
grape species. It’s also responsible for the colours of many flowers’
petals. When the fruits are exposed to sunshine, it produces the
deep purple colour of indigo rose tomatoes.”” The molecule’s
name is derived from the word Petunia.

Alizarin

Alizarin (Figure 1b) is an orange dye that is present in the form
of a glycoside in the root of the madder plant, Rubia cordifolia L.,
Oldenlandia umbellata L. (Indian Madder), Rubia tinctorum L.
(European Madder).®”! At pH 5.5 in 0.5%, the alcoholic solution
of alizarin provides a yellow colour, and at pH 6.8, it appears to
be in red.®

Curcumin

Curcumin (Figure Ic) is a yellow pigment derived from the
Curcuma longa (turmeric) plant.” Turmeric contains 2
percent to 9 percent curcuminoids, depending on its origin
Curcumin,
bis-demethoxycurcumin, and cyclic curcumin are examples of
curcuminoid chemicals. Curcumin is the primary component,
while cyclic curcumin is the secondary component. Curcumin

and soil characteristics. demethoxycurcumin,
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is primarily a symmetric molecule called diferuloylmethane.
The colour of curcumin changes from yellow to red when the
pH is between 7.5 and 8.5. At 467 nm, the curcumin is entirely
deprotonated (red) under an alkaline pH (>pH 10).*!

Esculin

The esculin (7-hydroxycoumarin-6-glucoside) is a fluorescent dye
obtained from Aesculus spp., including A. glabra, A. californica,
A. octandra, A. pavia and A. hippocastanum.” Esculin changes
the colourless to fluorescent blue at pH 1.5 — 2.¥ The chemical
structure of esculin was depicted in Figure 1d.

Logwood

Logwoodisadye presentin the yellow heartwood of Haematoxylon
campechianum. The dyestuft contains the substance haematoxylin,
but when exposed to air, it is oxidized and produce the purple
compound hametoxylin (Figure le) or haematein (Figure 1f). In
an acidic medium, the colour logwood produce reddish colour,
and in the alkaline medium, it produces blue shades.””’

Pyrogallol

Pyrogallol (Figure 1g) is derived from the aquatic plant
Myriophyllum spicatum. Pyrogallol gives colourless to golden
yellow in the variation of pH range 7.4 - 10.0.7%

Juglone and Lawsone

The chemicals juglone [5-hydroxy-1, 4-naphthoquinone] and
lawsone [2-hydroxy-1, 4-naphthoquinone] were isolated from
Juglandaceae and Lythraceae plants, respectively. In an acidic
media, juglone (Figure 1h) and lawsone (Figure 1i) have minor
pale-yellow colours. But in the alkaline medium, they reveal pink
and red colours."”

Lapachol
Plants in the Bignoniaceae and Verbenaceae families
produce lapachol [2-hydroxy-3-(2-methyl-3-butenyl)-1,

4-napthoquinone]. The compound is present mainly in the
heartwood of Tecomella undulate, Tabebuearosea,and Phyllarthron
comorense.®™ The lapachol (Figure 1j) is also present in the stem
bark of Stereospermum suaveolens.®" Because protonation of
the quinonoid oxygen atom suppresses its quinonoid character,
it produces colourless acidic media. However, because of its
resonant structures, it has a red colour in the alkaline medium.
Lapachol transition range is found to be in between the pH range
of 4.8-5.8.18%

Cochineal

Cochineal (Figure 1k) is an acid-base indicator obtained from
the bodies of dried female insects Dactylopius coccus Costa.
Cochineal extract is obtained by using an aqueous-alcoholic or
by alcoholic solution. But now a day’s cochineal solutions are not
used as indicators in acid-base titration.*>#!
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Litmus

Litmus (Figure 11) is a dye derived from lichens of diverse types.
Litmus is most commonly used to determine if a solution is acidic
or basic. When exposed to acidic conditions, blue litmus paper
turns red, and when exposed to alkaline conditions, red litmus
paper turns blue. Purple is the colour of neutral litmus paper. s3]

Easter egg dyes

Easter egg decorating with a natural pH indicator that is also a
natural Easter egg dye, for example, purple beetroot, cabbage,
and yellow turmeric are used as natural pH indicator egg dye.
The blue or purple colour from the cabbage mixed with the
yellow-orange colour of the turmeric dye or Easter eggs green.
Because the Easter egg dye is a natural pH sensor, it will change
colour if a strong acid or strong base is present. The colour of the
easter egg varies depending on the ingredients (lemon juice vs.
citric acid) and the natural Easter egg dye utilised (beets versus
cabbage versus turmeric, etc.). The colour of eggshells changed
from green to yellow when to be painted on lemon juice, an acid.’®!
The potential of a natural indicator as for example extract of
Areca catechu seed when assessed in comparison to a synthetic
indicator like phenolphthalein was found to be similar.
Comparison of end points in four different acid-base titrations
helped in better understanding. The acid-base titrations such
as strong acid-strong base (HCI v/s NaOH), weak acid-strong
base (CH,COOH v/s NaOH), strong acid-weak base (HCI v/s
NH,OH), and weak acid-weak base (CH,COOH v/s NH,OH)
were performed using both of the indicators to compare accuracy.
In strong acid-strong base system it was found that the extract
of Areca Catechu seed yields an end-point of 5 mL of titrant
quantity while phenolphthalein gives an end point of 4.8 mL. For
strong acid-weak base system Areca catechu shows an end-point
at 3.7 mL while that of phenolphthalein is 4.4 mL. In case of
weak acid-strong base type, Areca catechu seed extract gives an
end-point at 5.4 mL of titrant volume whereas phenolphthalein
gives the end-point at 5.1 mL. In the weak acid-weak base system,
Areca catechu seed extract yields end-point at 4 mL just similar
to that of phenolphthalein, which shows an exact end point at
4 mL of titrant volume. In all these titrations performed the Areca
catechu seed extract provides a colour change from yellowish to
reddish that marked the end-points. These data’s show that the
seed extract of Areca catechu gives close endpoint result when
compared with the synthetic indicator like phenolphthalein.
Also, it confirms that the seed extract of Areca catechu acts as
quite an accurate tool as a universal green indicator.®®!

CONCLUSION

The many natural-based indicators like
curcumin, lapachol, cochineal, juglone, lawsone and many other

review reflects

phytochemicals may have effective indicator properties. Due to
molecular structure, functionality of phytochemicals, they act as
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an indicator. These pigments and phytoconstituents were isolated
by different extraction methods by the application of various
solvents, and as an indicator, they possess sharp colour changes
at different pH levels in acid-base titrations. So, considering
advantages like eco-friendly, simplicity, non-hazardousness
properties, these natural-based indicators were preferred against
synthetic ones. Literature survey revels, a limited number of
phytoconstituents and pigments. So, the demand for new natural
pigments is needed for experimental studies with accurate and
sharp results.
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