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ABSTRACT

This study investigated a natural indicator for acid-base titration which is extracted from guinea corn leaves popularly
called “waakye leaves’ in Ghana. Four types of acid-base titration were studied: strong acid versus (v/s) strong base,
strong acid versus weak base, weak acid versus strong base, and weak acid versus weak base. The indicator color
change, pH range and the average titre values were determined for each type of acid-base titration. These values were
comparable to those obtained from three standard indicators: methyl orange, methyl red and phenolphthalein. Total fla-
vonoids (TF) and condensed tannin (CT) from the crude leaves extract were determined which might be the major rea-
sons for the activity of the extract as an indicator for simple acid-base titration. The authors suggest that the natural in-
dicator is cheap, available, simple to extract, user and environmentally friendly and could be an excellent replacement

for standard indicators.
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1. Introduction

Commercial indicators are expensive and some of them
have toxic effects on users and can also cause environ-
mental pollution [1-3]. For these reasons there has been
an increasing interest in searching for alternative sources
of indicators from natural origins. These alternatives
would be cheaper, more available, simple to extract, less
toxic to users and environmentally friendly. Volumetric
analysisis one of the key quantitative techniques used to
analytically determine both inorganic and organic acid
interaction with strong or weak acids and bases in raw
materials, intermediates and finished products for quality
assurance purposes [1]. This is accomplished via the use
of appropriate weak organic dyes or acids pH indicators.
Most pH indicators are either weak organic acids or
bases dyes which accept or donate electrons. The change
in color at a marginal range is attributed to their acidity
or basicity properties. Although there are automated ti-
tration apparatus that determine the equivalent points be-
tween reacting species, indicators are still needed for
teaching and research laboratories for simple titration [1].
Natural indicators have been extracted from Hibiscus
(red species), Bougainvillea and rose flowers [1]. Severa
authors have reported on the effectiveness of natural in-
dicators in acid-base titrations e.g. Nerium odorum,
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Thespesia populnea extract used as indicators [3]; Morus
alba linn fruit extract indicator [2] and Ixora coccinea,
Datura stramonium, Sun flower (Helianthus annus),
pride of Barbados (Caesalpinia pulcherrima) and rail
creeper (Ipomoea palmate) flower petal extracts [1]. The
natural indicator sources investigated in these papers
have been extracted and prepared using ethanol, water, or
methanol [1-3].

Waakye leaves are obtained from Guinea corn which
is cultivated mostly in African countries and other parts
of the world. The plant is listed as the fourth major world
cereal crop base on its production and is also considered
as staple food in semi-arid tropics [4]. The leaves are
considered as good dye sources for dying hats, hand bags
and wallets in Ghana (Azumdo 2006 unpublished data)
[5]. Besides the above very important aspect of the
leaves, they have been reported to contain essential fatty
acids and important bioactive compounds such as lyco-
pene, beta-carotene, phenolics, chlorophyll a and chlo-
rophyll b, condensed tannins and flavonoids [5]. On a
previous study carried out by Azumdo 2006 (Unpub-
lished data), dyes were extracted from the guinea corn
leaves and used for titration. However, the data was not
consistent and little is known about whether the dyes
could react well with all types of reacting species (strong
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bases versus strong acids and or weak acids versus strong
base or the vice versa or wesk acids versus weak bases).
Also no evidence is available with regards to the pH
ranges of the indicator, its optimum function and its pos-
sibilities of replacing some expensive commercia indi-
cators. In this present study, we further investigated the
potentials of using waakye leaves (Guninea Corn red
leaves) with ethanol extract as a source of natural indi-
cator for simple acid-base titration. The outcome of the
study could promote the use of the guinea corn leaves as
a raw material for industria production of chemicals
such as indicators, pH papers, dyes and other potential
products for foreign exchange. Unlike some commercial
indicators that are known to have detrimental effects, we
anticipate that indicators from natural sources could re-
duce both environmental pollution and the toxic effect on
users. Thiswill also encourage the cultivation of the crop
in large scale for multipurpose uses.

2. Materialsand M ethods

The chemicals and materials used for the study include;
High Performance Liquid Chromatography (HPLC) grade
ethanol, sodium hydroxide (NaOH), hydrochloric acid
(HCI), acetic acid (CH;COOH), sodium bicarbonate
(NaHCOs3), methyl red, phenolphthalein, methyl orange
of the American Chemical Society (ACS) grade, waakye
leaves extract and Whatman No. 4 filter papers. The fol-
lowing apparatus such as; volumetric flasks (100 mL,
500 mL and 1000 mL), conical flask with volume size of
125 mL, burette of 50 mL, and graduated measuring cyl-
inders of volume size 10, 20, 25 and 100 mL were used
to carried out the experiment.

2.1. Sample Collection and Preparation of
Indicator Solution

The plant materias (leaves) were purchased from an Af-
rican market in Columbus, Georgia, USA and then
ground into powdered form. The powder was sieved into
an amber bottle and stored away from direct sun-light to
prevent photolysis and decomposition.

The natural indicator extract was prepared by weigh-
ing approximately 1.01 g of a powdered sample leaves
into a Pyrex culture test tube (20 x 250 mm) and 25.0 mL
of ethanol (99.9%) added. The mixture was vortexed for
5 minutes at ambient temperature (25°C) and then fil-
tered using Whatman No. 4 filter paper into a new cul-
ture test tube of the same size, capped with a Teflon cap
and store for use on the same day.

2.2. Experimental Procedure

2.2.1. Experiment with Natural Indicators
Approximately 15.0 mL of 0.1 M HCl or 0.1 M CHsCOOH
was titrated with 2.2 M NaOH using the natural indicator
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extracted from the waakye leaves in the order of strong
acid versus strong base and weak acid versus strong base
respectively, and then 5.0 mL of 0.1 M HCl or 0.1 M
CH3COOH was also titrated against the weak base 0.1 M
NaHCOsin the order of (HCI v/s NaHCO;, CH3;COOH
v/s NaHCQOs) Three drops of the extracted indicator were
added to each volume of acid used for the titration. The
experiment was conducted in triplicate at some cases and
replicates of five (5) as indicated in Table 2. The acid-
base titration was carried out at room temperature.

2.2.2. Experiment with Commercial Indicators

For comparison, the procedure used for the commercia
indicators (standard indicators) was the same as de-
scribed above for the natural indicators. The experiment
was conducted in triplicate and replication of five (5) and
the results were analyzed with simple Microsoft excel
2010 and SPSS dtatistical software. The statistics gener-
ated were used to discuss the results.

2.2.3. Determination of Total Flavonoids (TF)

TF was determined by a colourimetric method as de-
scribed in [6-8] with slight modification. Briefly, 250 pL
of sample was mixed with 1.25 mL of deionized water
and 75 pL of a’5% NaNO, solution. After 6 min, 150 pL
of a 10% AICl3-6H,0 solution was added to the mixture.
The mixture was incubated at room temperature for 5
minutes, and then 0.5 mL of 1 M NaOH and 2.5 mL of
deionized water were added. The mixture was then thor-
oughly vortexed and the absorbance of the light pink
color was measured at 510 nm against the blank using
Perkier ElImer 8454 UV-Visible spectrophotometer. A
blank solution prepared with ethanol replacing the guinea
corn leaves extract. Results were expressed as absorb-
ance per 1.0 g amount of extract dry weight (DW). All
experiments were carried out using eight (8) replicates.

2.2.4. Determination of Condensed Tannin (CT)

CT content in sorghum bicolor crude extract was deter-
mined using a colourimetric method as described in [9,
10], with slight modification. A 1.0 mL of sample solu-
tion, 5.0 mL of vanillin/HCI reagent (0.5 g villain in 4%
methanol plus 1.5 mL HCI solution (v/v)) was added. Af-
ter mixing well, the mixture was allowed to stand for 20
minutes at room temperature in darkness. Absorbance
was measured against the blank reagent at 500 nm using
Perkier ElImer 8454 UV-Visible spectrophotometer. A
blank solution prepared with ethanol replacing the guinea
corn leaves extract. Results were expressed as absorb-
ance per 1.0 g amount of extract dry weight (DW). All
experiments were carried out in replication of eight.

3. Results and Discussion

pH Range of Indicators: The results of the titre values
obtained using the natural indicator and the standard in-
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dicators are presented in Table 2. It was observed that
the natural indicator (waskye leaves extracts) when
added to the acid produced a sharp yellow color as indi-
cated in Table 1 and in Figure 1. For the strong acid the
pH range was between 1.0 (acidic) to 12.0 (alkaline) after
titration, whereas for the weak acid the pH was observed
to be around 4.0 to 12.0 with exception in the case of a
weak acid versus weak base asindicated in Table 1. The
possible factors that might have contributed to the pattern
of the pH variation as well as titre value could be tem-
perature, ionic strength, colloidal particles and organic
solvents [11]. Another reason could be the chemical com-
position of the natural indicators. Flavonoids and tannins
have the capacity to produce sharp color changes at cer-
tain pH ranges as compared to non-flavonoid and tannins
derivatives because of the functiona groups (e.g. OH) in
flavonoids and tannins.

Equivalent Points: The average titre values obtained
for the extract was comparable to methyl orange and
phenolphthalein indicator used as indicated in Table 2.
However, the waakye extract average titre volume was
higher compared to methyl red in a strong acid versus
strong base. It was interesting to observe that for the
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weak acid versus strong base the titre values were similar
between the methyl red, waakye extract and methyl or-
ange. A similar trend was found in strong acid versus
weak base. For weak acid versus weak base the methyl
red were quite comparative to the natural indicator ex-
tract, however methyl orange was way higher by a factor
of 3 than the natural extracted indicator as presented in
Table 2. The anomalies are aso attributed to the mole
strength as indicated in Table 3. For instance, generally,
the sharply increasing pH during titration must surpass 2
pH units for an indicator to function accurately [13]. This
however, hinders any smallest concentration of a strong
acid (HCI) which could be titrated to approximately 5.0 x
10 M. It is therefore, prudent to use a concentrated base
but the challenges are that the volume of the base must
be accurately measured in a titration process to avoid a
large margin of error [13]. It is therefore, anticipated that
for instance, if a volume of 25 mL of 5.0 x 10* M HCI
will need only about 0.125 mL of 0.1 M NaOH solution
to obtain an equivaent point, then the relative error ex-
pected in delivering such a small volume with an ordi-
nary burette will be reasonably large [13]. This could
have happened with the methyl red indicator.

Table 1. Physical and chemical parameters of the indicatorsused for titration.

Acid Base Indicator color change and (pH range)” (Extract) Indicator color change and (pH range) (Standard)

HCl N&OH Yellow to light pink (1.0 - 12.0) (WL) (ng‘fif;'tg) ’E‘,f'ﬂ'g‘;; 8‘?&"_";?&%‘; L(i%t _pilg'fg)"(",\;a;ge
CHiCOOH  NaOH Yellow to light pink (4.0 - 12.0) (WL) a?g‘fif;%’) %ﬁﬂ'g‘% %%"_’qg)t‘(’g’;’;)k L(ig_hot Pilg'fg;’(i;%”ge
CHLCOOH  NaHCO, Yellow to light pink (4.0 - 8.0) (WL) (fg‘fdg‘ot)"({/le'o'%"" nd L(igg ﬂg‘f&f&?{"ﬁ‘)’e

HCl NaHCOs Yellow to light pink (1.0 - 9.0) (WL) Reddish to orange nd Light pink to orange

(1.0- 8.0) (MO? (1.0-9.0) (MR

"WL: waakye leaves extract-red leaves of guineacorn, PH = phenolphthalein, M O: methyl orange, *™MR: Methy! red and nd: not determined.

Table 2. Mean volume (in mL) of base used to reach the equivalent point of acid-base titrations.

Reaction Type HCI/NaOH" CH3COOH/NaOH" HCI/NaHCO;" CH3COOH/NaHCO;
Indicator Type
Natural Extract 6.20 £ 0.25 0.82+0.15 1.33+0.06 140+ 0.30
Methyl Red 0.90+0.10 1.92+0.16 150+ 0.61 2.00+0.53
Methyl Orange 420+ 1.10 0.38+ 0.05 0.97+£0.42 433+ 055
Phenolphthalein 3.64+0.15 nd nd nd

Means plus standard deviation of five (), and three () determination, and nd: not determine. Concentration of HCl = 0.1 M, NaOH = 2.2 M, CHzCOOH = 0.1

M, and NaHCO3; = 0.1 M.

Table 3. Comparison of moles of Acid used versus moles of Base used to reach an equivalent point in acid-base titrations.

Reaction Type CH3COOH/NaOH HCI/NaOH CH3COOH/NaHCO; HCI/NaHCO;
Indicator Type
Natural Indicator 50%x107%1.8x 10 1.5%x10%1.4 x 10 5.0 x 10%/1.4x 10™* 15%x10%1.3x10™
Methyl Red 50x10%4.2 x 10 1.5x107%1.9x 10° 5.0x10%2.0 x 10 15x10%15% 107*
Methyl Orange 5.0x 1084 x 107 1.5x10%9.2x 10 50x10%4.3x 10° 1.5x107%9.7 x 10°
Phenolphthalein Nd 15x10%8x 10 nd nd

The mean moles values are calculated based on the volume of base and acid used to reach an equivalent point. nd: not determined, Concentration of HCI = 0.1
M, NaOH = 2.2 M, CH3COOH = 0.1 M, and NaHCO3 = 0.1 M.
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The trend of the results agreed with other findings in
Hibiscus plant leaves, flowers, and petals [1-4,12]. Other
different sorghum leaves preliminary studied by (Azum-
do 2006 unpublished data) also depicted similar trends.
The variation in the equivalent point is attributed partly
to the presence of flavonoids, condensed tannins which
gave high absorbance at 500 and 510 nm indicated in
Table 4, and also because of the presence of phenolic
and chlorophylls reported by [5]. It could also be argued
that the ratio of the reacting species and the mole
strength as well as other side reacting functional groups
might have been found in the natural indicator extracted
resulting in the variation of the pH and the titre values
obtained. Since there is no speciation analysis of the in-
dividual compounds yet on the composition of the indi-
cator much cannot be emphasized. Although there have
reported that flowers extract from Delonix regia Raf. and
Caesalpina pulcherrima Swartz obs were found to pos-
sess polyphenolic, flavonoids, anthocyanins and also
been pH sensitive and therefore yielded sharp end points
with sharp color change at the equivaence points [14].
Our studies with the natural indicator was aso sensitive
to pH and also show a sharp pink color change at equiva
lent point and light yellow at acid region Figure 1 and

Figure 1. Acid (HCI or CH;COOH) solution plusthree drops
of natural indicator (waakye leaves extract). Color change
was yellow.

Figure 2. Acid (HCI or CH;COOH) solution plusthree drops
of natural indicator (waakye leaves extract) at equivalent
point with base (NaOH or NaHCO3) showing a sharp color
changeto belight pink.

Copyright © 2012 SciRes.
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A T-test analysis results are presented in Table 5. The
statistics indicated at 95% confidence level (CL) that the
indicators gave endpoints which had significantly de-
parted from the stoichiometric end point (true mole ratio).
The natural indicator (NI), methyl red (MR), and methyl
orange (MO) gave mole ratios (at the observed endpoints)
which were less than the true mole ratio for CH;COOH/
NaOH system. This shows that the indicators suggest
endpoints earlier than expected theoretically.

A similar observation was noted for the system HCI/
NaOH using NI, MR, MO, and phenolphthalein (PH) in-
dicators. However, for CH;COOH/NaHCO; system, con-
fidence levels (CL) greater than zero for NI and MR in-
dicators were noted which indicated that they gave
higher mole ratios compared to the true mole ratio. For
the same system however, CL < 0 was noted for MO,
indicating that the mole ratio was lower than expected. In
the case of HCI/NaHCO; system, NI, MR, and MO gave
significantly higher mole ratios (CL >0 as shown in
Tableb.

The observed phenomenon of overestimation and un-
derestimation of endpoint by al the indicators may be
related to several factors but we wish to simply indicate
in this study that the natura indicator under study be-
haves much the same as the commercial indicators. In
addition, the data shows that NI gave comparable esti-
mates of the endpoint in relation to the commercial indi-
cators. Therefore determination of the indicator-com-
pound in the plant extract is vital to enable an effective
chemical assessment of its indicator properties versus its
chemical properties.

Table 4. Condensed tannins and flavonoids absorbance re-
ported per 1.0 g of extract using ethanal.

Condensed tannin Flavonoids content in

Phytochemicals ot in absorbance  Absorbance 510 nm/1.0 g
PAAMEES 560 V1.0 g of extract of extract

3.61 3.53
3.29 3.70
3.20 3.53
3.43 3.61
3.36 341
3.31 4.00
3.27 3.70
3.35 3.66

Mean * standard 335+ 013 3.66+0.19

deviation(SD)

Means plus standard deviation of eight (8) replications of absorbance.
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Table 5. T-test of theoretical moleratio.

Test Value = 1 (Theoretical Mole Ratio)
95% Confidence

Indicators Interval of the
Difference
df  Sig. (2-tailed) Dh[‘]f';ae“nce Lower  Upper
NI1 4 0 -0.72 -0.73 -0.72
MR1 4 0 -0.88 -0.88 -0.88
MO1 4 0 -0.40 -041 -0.40
NI2 4 0 -0.89 -0.89 -0.89
MR2 4 0 -0.21 -0.21 -0.21
MO2 4 0 -0.84 -0.84 -0.84
PH2 4 0 -0.81 -0.81 -0.81
NI3 4 0 2.57 2.57 257
MR3 4 0 1.53 1.50 1.55
MQO3 4 0 -0.88 -0.88 -0.88
NI4 4 0 10.54 10.54 10.54
MR4 4 0 9.22 9.04 9.40
MO4 4 0 14.48 14.43 14.54

NB: “NI = Natural indicator; MO = Methyl orange; MR = Methyl red; PH =
Phenolphthalein. The numbers, 1, 2, 3 and 4 stands for the different acid/
base system, HCI/NaOH, CH3;COOH/NaHCO;, and HCI/NaHCO; respec-
tively. The statistics were obtained at 95% confidence level intervals.

Indicators and the Neutralization Process: The follow-
ing chemical equations, Equations (1)-(4) were consid-
ered to be the reactions which proceed during the neu-
tralization process, in the presence of the visua indica
tors at 25°C. The mole ratios of the stoichiometric equa-
tions were taken as the true mole ratio (with a value of
1.0). This was compared with the experimentally deter-
mined mole ratios by deductions from the titre values.

Indicator organic, 25°C

HCl + NaOH — NaCl + H,0 1)
Indicator organic, 25°C

HCI + NaHCO; — NaCl + CO, + H,0 (2)
Indicator organic, 25°C

CH4COOH + NaOH — CHsCOONa+H,0  (3)
Indicator organic, 25°C

CH;COOH + NaHCO; — CH;COONa+ CO, + H,0

4

4. Conclusion

The current paper suggests that natural indicators should
be exploited to prevent toxicity among users and pollu-
tion of the environment. It is also evident that the leaves
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when prepared as commercial indicators will serve as a
source of economic gains to farmers and countries pro-
ducing the crop. Also in conclusion, the study depicts
that standard indicators can be successfully substituted
with waakye leaves extract (natural indicator) for simple
acid-base titration.
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