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Abstract: The article depicts the case of making a research paper of students, aged 15-16. In the research paper made during the remote 

learning period, the students were investigating natural acid-base indicators. They used various plant materials (vegetables, fruits, flowers) 

that they found in their kitchen at home and prepared dye extracts, which they used as indicators. The colouring of individual indicator was 
then verified in acidic and basic solution, also made at home. They found out that various plant extracts can be used as natu ral acid-base 

indicators, e.g. an extract from the pomegranate fruit, blueberries, raspberries, rosehips, plums and poinsettia flowers. 
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1. Introduction 

1. 1 The meaning of natural colorants  

Many different colours can be found in nature and we take it for 

granted to live in a world with such a vast array of the most diverse 
colour shades one can find. The colours that surround us are the 

consequence of coloured chemical compounds, but sometimes they 
occur due to physical phenomena. The colours are mainly the result 

of light absorption of certain wavelengths on various substances. 

The coloration of chemical compounds depends on their structure. 
The compounds used as colorants are mostly compounds with an 

extensive system of conjugated double bonds, frequently occurring 
in combination with groups, consisting of heteroatoms, such as 

oxygen or nitrogen. 

Natural colorants are colouring substances that occur in the cells 
of a living organism. Some natural colorants have a key role in 

physiological processes, such as photosynthesis, the process of 

photosynthesis, the process of observing and oxygen transfer in 
blood. Certain animals with expressive coloration, particularly 

males, exploit the colour effect during their mating rituals and to 
protect their habitat against other males. Strongly contrasted 

patterns also serve as warning colours. In certain cases, i.e. indigo 
and scarlet, the natural colorant will develop its distinctive colour 

only outside of the organism, where it was synthesized.  

Before the discovery and introduction of the first synthetic 

colorants in the 19th century, all the practical and artistic products 
were dyed exclusively with natural colorants and inorganic 

pigments from natural sources. The colorants were high-priced and 
had an important role in trading goods and money. [1]  

1. 2 Colorants as acid-base indicators                                             

Some natural colorants can be used to distinguish between 

acidic and basic solutions, i.e. as pH indicators.  

More than 300 years ago an English chemist and physicist 

Robert Boyle defined the acids and bases (alkalis). He described the 
acids as acidic substances. He noticed that in acids certain blue-

coloured flowers become red and described bases as bitter 
substances, tasting like soap stock.  

The two concepts – acid and base – are well familiar to all of us. 

We know that vinegar contains acetic acid, much of the acid can 

also be found in gastric fluid and carbonated drinks are also slightly 
acidic. The bases, which are in some way the opposite of acids, are 

a little less familiar. A soap, for example, is basic and a much 
stronger base is lime (either hydrated or quicklime). Acidity or 

basicity of solutions is measured by a pH scale. The solutions with a 
pH level under 7 are acidic. If that level exceeds 7, the solutions are 

basic. When the pH level of solution equals 7, it is commonly 
referred to as neutral. [2]   

In 1909 a Danish biochemist Søren Sørensen was the first to 
present the concept of pH values. By definition the pH value is 

defined as a negative decimal logarithm of the molar concentration 
of hydrogen ions (equation 1). 

pH = –log[H+]                                                                                (1)    

According to Brønsted's definition of acids and bases the 

concept of pH is defined in the following way (equation 2): 

pH = –log[H3O+]     (2) 

where [H3O
+] is molar concentration of oxonium ions. 

The stated pH definition is only accurate for diluted electrolyte 
solutions (up to 0.1 M) and pH values are measured in different 

ways. In order to provide accurate measurements, we use pH 

meters. A quick assessment of pH value can also be given by acid-
base indicators, which are slightly less accurate.  

The indicators are weak acids (or bases), where the acid (HInd.) 

is differently coloured from the conjugate base (Ind  ̶). The protolytic 
equation is shown as follows (equation 3):  

                                                                                                        (3) 

        acid                          conjugate base 

        (colour A)                (colour B) 

The acid dissociation constant is defined as follows (equation 

4). 

 

                                                                                                  (4) 

where Ka is acid dissociation constant, [Ind-] is molar 
concentration of conjugate base, [HInd] is molar concentration of 

indicator. 

The dependence of protolytic equilibrium from pH goes as 
follows (equation 5): 

pH = pKa + log [Ind 
̶ 

] / [Hind]                                                     (5) 

If we change pH within the pKa +/- 1 limits (for 2 units), the  
[Ind-] / [HInd] ratio changes as well, including the colour. In case 

there is a small amount of indicator in the solution, we can change 

the colour by adding smaller quantities of acids and bases. In the 
example above (see equation 3) the indicator has colour A in a 

strongly acidic solution and colour B in a strongly basic solution. 
[3] 

Initially, natural compounds were used as indicators. The first 

indicators were made of litmus, acquired from lichen. Due to 

development the society started using sources from crude oil and 
other indicators were used. A universal indicator was developed, 

which is really a mixture of different indicators and pH in the entire 
range of water solutions can be defined with it.  

In order to reduce human effect on the environment as much as 

possible, the society tends to focus on obtaining solutions from 
nature. The benefit of this approach in pH indicators is safe use, as 

classic indicators are toxic and expensive.  

Nowadays the most frequently used indicators are litmus , 

methyl orange and phenolphthalein. In acidic solution litmus will 
turn red and in basic it will turn blue. Colour transition occurs 

between pH 5.0 and 8.0. Methyl orange turns red in a strongly 
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acidic solution and yellow in a strongly basic solution. Colour 
transition takes place between pH 3.1 and 4.4. Phenolphthalein is a 

weak acid, which becomes colourless in the pH range under 8.3 and 
over 10.0 it turns bright purple.  (see Fig. 1) [4-7] 

Litmus 

 

 
 

 
Methyl orange 

 
 

 

Phenolphthalein 
 

 
 

 

 

 

 
Fig. 1 The coloration of litmus, methyl orange and phenolphthalein 4-7 

1. 3 The division of natural colorants  

According to their structure natural colorants can roughly be 

divided in five larger groups: the derivatives of pyrimidine, the 
derivatives of quinone, the derivatives of pyrrole, the derivatives of 

isoprene and the derivatives of pyran.  [1] 

The most common colorants in the patterns that we researched, 

are the following:  

Betanin (belongs to the derivatives of pyrrole). It is a red 

colorant found in red beet. 

      Cyanidin, delphinidin, peonidin, petunidin, malvidin 
(belongs to the anthocyanins, which are the derivatives of pyran).  

Cyanidin is a dark red colorant found in the fruits of rosehips, 

raspberries, plums, pomegranate, rose flowers, poinsettia flowers, 
red cabbage leaves. Delphinidin is a scarlet-blue colorant found in 

the blueberry fruits, blackcurrant, violet flowers and pomegranate. 
Pelargonidin is a red colorant found in poinsettia flowers and in 

pomegranate fruits. Peonidin is a magenta colorant found in 

blueberries and black grapes. Petunidin is a dark red to violet 
colorant, which, among other things, can be found in blueberries 

and violet-coloured flowers. [8]   

Anthocyanins are glycosides. They are compounds consisting of 
sugar (glycon) and other components (aglycone). Aglycones of 

anthocyanins are called anthocyanidins; in nature the most common 

are the ones in the figure 2: 
    

 

 

 

 

 

 

 

 

Fig. 2 The formula of anthocyanidins  and anthocyanins9 

2. Experimental part 

We learned about various indicators at school, mostly synthetic. 

We became familiarized with the extract of red cabbage in a group 

of natural indicators. A question was raised as to whether or not any 
other known plants could be used instead of red cabbage. When 

reviewing the literature, we learned that natural indicators, beside 
the red cabbage extract, do not commonly occur.  

With this task we wanted to investigate, which natural colorants 

from fruits, vegetables or flowers could be used for the same 
purpose. A research questions was therefore asked: 

Can other colorants, extracted from fruits, vegetables or 
decorative flowers, be indicators for acid-base solutions?  

2. 1  Hypotheses 

Two hypotheses were formed: 

First hypothesis:  Substances from certain types of fruit, vegetable 
or decorative flowers can be used as acid-base indicators.  

Second hypothesis: Substances, extracted from certain types of fruit, 

vegetable or decorative flowers turn into different colours in basic 
and acidic solution.  

2. 2  Plant material 

In order to extract colorants, the following plant material was 

used: 

- red beet (one root) 
- plums (several fruits) 

- poinsettia leaves (several flowers) 

- pomegranate (one fruit) 
- red cabbage (several leaves) 

- blueberries (several fruits) 
- raspberries (several fruits) 

- rosehip (several fruits) 

 2. 3  Experimental equipment 

As the experimental work was carried out at home, the 
instruments from home kitchen were used, such as: 

- several transparent, colourless glasses 

- teaspoons 
- knife, fork 

- chopping board 

- coffee grinder 

2. 4  Acidic and basic substances 

In order to make an acidic and basic solution we used:  

- quick pickled vinegar (acidic solution) 
- sodium bicarbonate (base) 

2. 5  The work procedure 

2. 5. 1. Preparation of colorants 

Red beet colorant. Half of a red beet root was grated, 2 dl of 

hot water was poured over it and left standing for 5 minutes. The 
mixture was then filtered and the clear liquid was stored in a glass.  

Pomegranate colorant. First, the pomegranate fruit was 

peeled. Juice was squeezed out of it and used as an ind icator.  

Poinsettia leaves colorant. First, poinsettia leaves were cut, 
poured over with 1 dl of hot water and left for 10 minutes. Then the 

liquid was filtered and stored.  

Plum colorant. Some of the plum fruits were deseeded. What 

remained was mashed with fork into a dense mixture and filtered 
through a sieve. The liquid was used as an indicator.  

INTERNATIONAL SCIENTIFIC JOURNAL "SCIENCE. BUSINESS. SOCIETY" WEB ISSN 2534-8485; PRINT ISSN 2367-8380

16 YEAR VI, ISSUE 1, P.P. 15-17 (2021)



Red cabbage colorant. A larger leaf of red cabbage was thinly 
sliced and poured with 2 dl of hot water. It was left for 10 minutes 

and then filtered. The liquid was stored for experiments.  

Blueberry and raspberry colorant. Frozen fruits were used, 
so they had to be thawed. Then they were mashed with fork and 

filtered through a sieve. Blueberry liquid and raspberry liquid were 

used as an indicator, respectively.  

Colorant from rosehip fruits. Some rosehip fruits were ground 
in a coffee grinder. Ground rosehip was poured with 1 dl of hot 

water, left for 10 minutes and then filtered. The liquid was used as 
an indicator. 

2. 5. 2. Performing the experiments 

In order to determine the colour of individual indicator, one 

acidic and one basic substance were used. A quick pickled vinegar 
was used for the acidic substance, because it is colourless. Basic 

solution was prepared by dissolving 1 teaspoon of sodium 

bicarbonate in 200 ml of water. For every subsequent experiment 
two clean, transparent glasses were used and two teaspoons. 0,5 dl 

of vinegar was added in the first glass and 0.5 dl of basic solution in 
the second. Both glasses were placed on a white sheet of paper. 

Then 3 teaspoons of the prepared colorant – the indicator – were 
added in each glass and stirred.  

2. 6   Results of experiments 

Colorations of individual colorants are presented in the table 

below.  
Table 1: Coloration of individual colorants 

Indicator 

Indicator 

colour 

in acid  

Indicator  

colour 

in base 

Red beet colorant dark pink dark violet 

Pomegranate 

colorant 
red-orange dark blue 

Poinsettia colorant bright orange yellow 

Plum colorant orange-red bright brown 

Red cabbage 

colorant 
red-pink blue 

Blueberry colorant red dark violet 

Raspberry colorant red-orange dark violet 

Rosehip colorant red-orange dark violet 

Figure 3 shows the coloration of blueberry colorant in acid and 
basic solution. 

 

 

 

 

 

Fig. 3 The coloration of blueberry colorant in acid (left) and basic solution 
(right). (Photo: SEPŠ) 

Figure 4 shows the coloration of poinsettia and pomegranate 
colorants in basic and acid solution. 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. 4 The coloration of poinsettia (left) and pomegranate(right) colorants 
in basic and acidic solution. (Photo: SEPŠ) 

3.  Discussion and conclusion 

Based on the experiments performed the following was 
concluded:  

- Colorants, extracted from different types of fruit, vegetable or 

flowers, can be used as indicators. This confirms the  hypothesis 1 
(Substances from certain types of fruit, vegetable or decorative 

flowers can be used as acid-base indicators.).  

  - Most of the colorants, extracted from plant material, turned 
different colours in an acidic and basic solution. The smallest 

difference in coloration was noticed when using a red beet extract. 

The hypothesis 2 (Substances, extracted from certain types of fruit, 
vegetable or decorative flowers turn into different colours in basic 

and acidic solution)  was therefore partially confirmed.  

The students enjoyed the research and it encouraged them to 
form new research questions. It could be tested, which of the 

colorants used above would be appropriate to prepare the colour 
scale across the entire pH range (from 1 to 14).  

It was determined that with most natural indicators that were 

used, a noticeable change of colour took place and therefore many 

plants can be considered to be potential replacement for 
commercially available synthetic pH indicators. Obtaining 

extractions is also cheap and simple.  
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