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ABSTRACT 
 

 

The staining ability of Averrhoa carambola L. extract as a natural plant histological stain 

was investigated across various plant tissues. According to the study, it revealed that A. 

carambola L. has a higher affinity towards cell walls, chloroplasts and parenchymatous 

regions. Through hydrogen bonding with cellulose molecules and hydrophobic 

interactions with anthocyanins, the extract consistently imparted a pinkish -red 

coloration to diverse tissues including epidermis, parenchyma and vascular tissues in 

gymnosperms, angiosperms and pteridophytes. A. carambola L. stain is a viable 

substitute for synthetic dyes due to its affordability, sustainability and eco-friendliness. 

The study highlights the versatility and potential of A. carambola L. extract in enhancing 

histological staining techniques, providing opportunities for further exploration in both 

plant and animal tissues 
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CHAPTER -1 

GENERAL INTRODUCTION 

 

1.DYES 

 

Dyes are organic compounds that, when applied to a substrate, produce color by changing 

the colored substances' crystal structures at least temporarily. These compounds are 

widely used in the textile, pharmaceutical, food, plastics, photography, and paper sectors 

due to their significant coloring potential (Manzoor, & Sharma, 2020). Water readily 

dissolves dyes ,which have particle size distribution of 0.025-1.0 μm (Ardila-Leal et al., 

2021). A good dye should have color retention under various conditions such as heat, 

light, moisture, diluted acids, washing soaps, and more. Fast dyes are those that adhere 

to fiber surfaces permanently, whereas fugitive dyes fade or wash off (Shindy, 2017). 

 

1.2. HISTORY OF DYES 

Dyes have been an integral part of human history, dating back thousands of years, and 

continue to hold a significant place in contemporary society (Affat, 2021). Plants, fruits, 

vegetables, flower, and insects were the sources of natural color for textiles, wood, and 

clay as early as 3500BC, according to a number of civilization (Phan et al., 2021). In the 

Ancient Stone Age, various colored powders made up of colored minerals were used by 

the people for applying them in to their hair and body as a protection during hunting 

and also for occasional dressings. People have always been interested in colors, the art 

of dyeing has a long history (Yusuf et al., 2017). Otto Unverdorben prepared aniline for 

the first time from the destructive distillation of Indigo. Henry Perkin went on to create 

Mauveine, the first synthetic color. It was produced from coal tar, in 1854. Coal tar-

derived ingredients allowed for the development of new colors, and by1869, low cost 

synthetic dyes had replaced some natural dyes like Alzarin (Ardila- Leal et al ., 2021). 

 

1.3. CHEMISTRY OF DYES 

Dyes are complex unsaturated chemical compounds what give visible area color by 

absorbing light and imparting it. They consist of two major structural components, 

auxochrome and chromophore, whose presence gives them distinctive characteristics 
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(Rahman et al., 2020). The dye’s active location is called the chromophore. It is composed 

of many atom groups, the most frequent being nitro(-N02), azo(-N=N-), nitroso(-N=O), 

thiocarbonyl(-C=S), carbonyl(-C=O), and alkenes(-C=C-). The molecule which contains 

chromophore are called chromogenic. The chromogenic molecule shows dyeing 

properties only by the adding additional atom groups known as auxochrome. 

Auxochromic groups allows proper fixation and modification of dyes. These groups can 

be acidic or basic (Benkhaya et al., 2020). 

 

1.4. CLASSIFICATION OF DYES  

Dyes are classified in to two categories based on their origin,  

• Natural dyes  

• Synthetic dyes 

 

Natural dyes, which have been existed since ancient times, they are derived mainly 

from plants and Synthetic dyes are artificially synthesized from chemical compounds 

(Slama et al., 2021). Natural dyes are also known as natural pigments, are mainly 

obtained from plant sources, animals, or natural-coloured ores. Natural dyes are 

biodegradable, non-carcinogenic, non- toxic and renewable (Pizzicato et al., 2023). 

Synthetic dyes are usually unsaturated organic molecules (Srivatsav et al., 

2020).  Synthetic dyes are obtained from petroleum products and coal tar (Salauddin et 

al., 2021) 

 

1.5 CLASSIFICATION OF NATURAL DYES 

1.5.1 BASED ON PLANT SOURCE 

Dyes are naturally obtained from plants in earlier time onwards. There were about 500 

plant species are identified as the dye sources. These are high biodegradability and 

pharmaceutical as well as health benefits also. The content and the amount of coloring 

material is mainly depended on the age and harvesting time of the plant (Chungkrang 

et al., 2020). 
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Table :1 

Plant source Useful 

parts 

Colour 

produced 

References 

Acacia catechu Bark Brown Samant et al., (2022) 

Adathoda vasica  Leaf  Yellow  Chaudhari et al., (2023) 

Aegle marmelos Fruit Yellow Sobh et al., (2024) 

Bougainvillea glabra Fresh 

flowers 

Yellow Rasool et al., (2023) 

Cassia fistula  sap wood Red  Samanta, & Singhee, (2023) 

Curcuma longa Rhizome  Yellow  Kusumawati et al., (2020) 

Indigofera tinctoria  Leaves, 

seeds  

Blueish 

black,indigo 

Das et al., (2021) 

Tectona grandis  Stem,  Yellow  Tibkawin et al., (2022) 

 

1.5.2 BASED ON COLOUR  

Table:2 

Colour Plant source  References 

RED DYES 

 

Saf flower  

Caesalpinia  

Madder  

Sanda & Liliana, (2021) 

YELLOW DYES Bougainvillea  

Golden rod 

Teak 

Marigold  

Baig et al., (2020) 

GREEN DYES  Tulsi 

Bougainvillea  

Lily 

 

Aggarwal, (2021) 

BROWN DYES  Caesalpinia  

Marigold  

Sanda & Liliana, (2021) 
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BLUE DYES  Indigo 

Woad  

Suntberry  

Pivet  

Kumar & Prabha, (2018) 

BLACK DYES  Lac  

Rof blamala  

Sappan wood 

Aggarwal, (2021) 

ORANGE / PEACH DYES  Bougainvillea 

Balsam  

 

Kumar & Prabha, (2018) 

 

1.5.3 BASED ON ANIMAL SOURCE  

These are the dyes obtained from animal sources, secretion of insects and dried bodies 

of insects are the major sources for natural dye (Chungkrang et al., 2020) 

Table:3 

Animal source  Colour of dye References 

Leaccifer lacca Red  Baqri, (2023) 

Coccus ilicis Scarlet  Baqri, (2023) 

Coccus cacti Pink,purplish–red, 

grayish 

violet,scarlet 

Baqri, (2023) 

Murex species Tyrian purple AlAshkar&Hassabo ,(2021) 

 

1.5 .4 BASED ON MINERAL SOURCE 

These are the dyes obtained from inorganic metal salts and metal oxides. (Yusuf et 

al.,2017) 

Table:4 
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1.6 DISADVANTAGES OF SYNTHETIC DYES  

• Synthetic dyes are extremely harmful and can lead to cancer (Islam et al., 2022). 

• Dyes can prevent sunlight from entering water and also harm aquatic life (Bal & 

Thakur, 2022). 

• It can also result in significant harm to the liver, kidney, reproductive system, 

brain, and central nervous system.  It can cause irritations to skin, allergies, cancer, 

neurological problems, and other human health disorders like nausea, vomiting, 

and paralysis (Ayele et al., 2021). 

• Synthetic dyes are not biodegradable, they accumulate on lands, rivers and other 

waterbodies and it causes ecological problems (Affat, 2021). 

Colour  Dye  Dye source  References 

RED  ● Cinnabar, 

● Red Ochre 

● Red lead  

● Realgar  

Mercury sulphide 

Hydrated iron oxide 

Pb3O4  

Arsenic sulphide 

Sharma & Singh,(2021 ) 

YELLOW  ● Yellow Ochre 

● Raw Sienna  

 

● Orpiment  

● Litharge  

Fe2O3·H2O 

Ironoxide, 

Manganese oxide Arsenic sulphide 

 lead oxide 

Mastrotheodoros.& 

Beltsios,( 2022) 

GREEN  ● Terre-Verte 

(Green Earth) 

● Malachite  

● Vedgiris 

Fe, Mg, Al, and K 

 

Copper carbonate hydroxide 

Acetate of copper  

 

Sharma & Singh,( 2021)  

BLUE  ● Ultramarine 

Blue 

● Azurite  

 lapis lazuli 

 

Copper ore  

Švarcová et al .,(2021) 
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• When synthetic dyes degrade, it’s byproducts can cause health risks to human 

beings directly or indirectly (Manzoor & Sharma, 2020). 

1.7 ADVANTAGES OF NATURAL DYES 

● Natural dyes are biodegradable and renewable,non-allergic and non-

carcinogenic, non-toxic (Chungkrang et al., 2020). 

● Natural dyes are abundant and their extraction process is relatively easy (Omar 

et al., 2020).  

● Natural dyes present no harmful health hazards, rendering them inherently safe 

for use (Rahman Bhuiyan et al., 2018). 

● Natural dyes have medicinal value as well as antimicrobial and UV protective 

character (Samanta et al., 2018). 

● Less chemical reactions are involved during dye preparation (Choudhury, 2018). 

● Natural dyes have some inherent insect repellent properties (Salauddin et al., 

2021) 

1.8 APPLICATIONS OF NATURAL DYES  

Natural dyes have diverse applications in contemporary industries, highlighting their 

benefits and creative potential. Natural dyes are used in various fields such as follows, 

● Textiles (Ahsan et al., 2020). 

● Food colourant (Bora et al., 2019). 

● Dye sensitized solar cells (Verma & Gupta, 2017). 

● Anti-microbial property,UV resistant (Singh et al., 2021). 

● Histological stains and pH indicators (Dulo et al., 2021).  

● Cosmetics (Bujak et al., 2022). 

● Fluorescent natural dyes are used for cell imaging. A beetroot extracted 

fluorescent dye is an example (Yadav et al., 2023). 

●  Natural dyes are used as photo initiators for design of photo initiating species for 

polymerization (Noirbent & Dumur, 2021). 

● Natural dyes are used as marker ink, example marker ink from mangosteen 

leaves (Mohd Basri et al., 2021). 
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1.9 RELEVANCE OF THE PRESENT STUDY 

The growing environmental consciousness has made it crucial to utilize eco-friendly, 

non-allergic, non-toxic and natural dyes. Averrhoa carambola L. is readily available in 

nature and it contains pigments suitable for dyeing purpose. The present study mainly 

focused on the exploration on the use of dyeing potential of the selected plant.  

 

1.10 OBJECTIVES OF THE STUDY 

● To identify and extract the dye from flowers of Averrhoa carambola L.  

● To examine the staining potential of Averrhoa carambola as a plant histological 

stain.  
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CHAPTER – 2 
 

EXTRACTION AND APPLICATION OF NATURAL DYE FROM 
Averrhoa carambola L. AS A PLANT 

 HISTOLOGICAL STAIN 

2.1 INTRODUCTION 

2.1.1 HISTOLOGY 

Histology is the study of analyzing the cells and tissues of both plants and animal section 

by cutting and staining then after viewing under light or electron microscope. 

Histological studies can be applicable in different fields such as forensic investigation, 

diagnosis, pharmaceutical, academics etc. (Hartika et al.,2021) 

2.1.2 HISTOLOGICAL STAINING 

Histological staining is a series of steps used in stain sample tissues with histological 

stains in order to prepare them for microscopic inspection. Fixation, processing, 

embedding, sectioning and staining are the five crucial phases in histological staining 

(Alturkistani et al., 2016) 

Various stain types have been developed corresponding to different biological features 

to be highlighted. Haematoxylin and eosin made more contrast staining in both nuclei and 

extracellular tissue matrix are the common example (Bai et al., 2023). In histological 

staining mainly two types of stains are used, synthetic dye which is obtained from 

chemical reaction and natural stain acquired from natural sources. Synthetic dyes are 

more effective for staining tissues but it has harmful side effects (Dina et al., 2021). 

2.1.3 HISTORY OF STAINING 

In ancient times histologists were used substances like Tyrian purple, alizarin, carmine, 

saffron etc. to stain the tissues. But later in 17th century scientists like Leeuwenhoek and 

Robert Hooke were used Cochineal to stain the tissues. In 1825, a scientist named Raspail 

used iodine to stain plant cells to identify the starch contents then after German scientists 

used carmine to stain plant tissues to find out the structures of cells and tissues (Dibal et 

al., 2022). 

Later synthetic dye such as aniline dye was discovered and it was very useful to 

histological staining. Along with this synthesis of basic fuchsin, aniline blue, eosin and 

methylene blue were discovered in 1858,1862,1871 and 1876 (Dibal et al., 2022). 
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 In 1879, Haematoxylin, a natural dye has been discovered by Cook. It was obtained from 

logwood tree. Extraction method was done using alum, copper sulphate extractions to 

remove the hematoxylin from logwood. Later it was applied in plant tissues and it showed 

more results in staining cytoplasm and nuclei. In 1896, sudan III were discovered to stain 

lipids in tissues. At the beginning of 20th century new stains and staining techniques were 

developed and also the modification of old ones were also be done (Dibal et al., 2022). 

2.1.4 MECHANISM OF STAINING  

The up taking of stain is mainly due some interactions. The interactions may be dye – 

tissue or reagent-tissue interactions. In addition, there are other elements that influence 

the interactions between dye and tissue,solvent interactions (hydrophobic effect), 

reagent -reagent interactions ,reagent -tissue interactions(vander waals’ forces)  , 

hydrogen and covalent bonding. 

Vander waal’s forces includes intermolecular attractions like dipole -dipole, dipole 

induced dipole, dispersion forces etc. These interactions can be commonly occurring in 

all reagents and tissues. 

Hydrogen bonding is the contact occurs between a dye and tissue when a hydrogen atom 

is covalently bound to only one of two electronegative atoms. 

Hydrogen bonds are not much important for stain- tissue affinity when the aqueous 

solvents are used, except in case of staining with connective tissue fibers. Covalent 

bonding is also present in between the tissue and stains. The polar covalent bonding 

between metal ions and mordants are an example (Horobin, 2008). 
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CHAPTER -3 

REVIEW OF LITERATURE 

 

Hematoxylin was extracted from the logwood of the tree Haematoxylon campechianum 

and can be used as a histological stain for staining the cell nuclei of plant cells with blue-

black colour (Gamble & Wilson, 2008). 

The brilliant red colored extract produced from dried calyces of Hibiscus sabdariffa L 

using aqueous extraction method can be used as an alternative for hematoxylin (Benard, 

2008).   

 According to (Sikhruadong et al., 2009) dye extracted from Morus alba was capable for 

staining the chromosomes in Crinum asiaticum L. 

(Akinloye et al., 2010) analyzed the ability of herbal dye extracts from Bixa 

orellana, Curcuma domestica, Lonchocarpus cyanescens and Pterocarpus osun to stain 

fibre and vessel elements of wood sections. 

A yellow pigment that was taken out of the dried stem powder of Berberis Pachyacantha 

can be used as histological staining agent for angiospermic plants (Jan et al., 2011). 

Effective staining was observed in the stem tissues of monocots and dicots. 

Dye was extracted from dry leaves of Lawsonia inermis were used for staining the 

angiospemic stem tissues of Helianthus annuus L., and Zea mays (Jan et al., 2011). 

The staining capacity of Melastoma malabathricum fruit was tested by (Deepak&Omman, 

2013) for staining stem sections of dicot, monocot, and pteridophytes. The results 

demonstrate that the stems xylem, collenchyma, and sclerenchyma tissues all had 

outstanding differential staining. 

Aqueous extracts from plants like Lowsonia inermis, Hibiscus rosa-sinensis,Rubia 

tictorium L., Butea monosperma,Rosa indica,and Bougainvillea glabra were used to stain 

angiospermic stem tissues(Deepali et al., 2014),this can be serve as a substitute for 

artificial stains. 

Red dye was obtained from the red dragon fruit (Hylocereus castaricensis) and was 

applied on plant tissues. The plant tissues were stained with different concentrations to 

analyze the high contrasting concentration (Wagiyanti & Noor, 2017). 

The intense yellow colored dye extracted from Curcuma longa can be applied in place of 

eosin stain (Suryawanshi et al., 2017). 
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A study conducted by (Sudhakaran et al., 2018) showed that the extracts from the 

rhizome of Zingiber officinale and Curcuma longa can be used as an alternative stain to 

eosin. 

The extraction of yellow dye from Curcuma longa were applied on nine different plant 

and animal tissues for comparing the staining effect with different concentration. 

(Cruz et al., 2018) has studied the capability of the dye extracted from Ixora coccinea can 

act as an alternative for eosin. It has proved that the extract contains cyanidin, 

flavonoids, and anthocyanins which imparts good colour to the material. 

The dye was extracted from Erythrina crista-galli L. and was applied on Piper betle L. 

stem. The anthocyanin present in the dye gave the colour. (Susetyarin et al., 2020). 

The extracts from Allium cepa and Sorghum bicolor were identified as a good counter 

stain for hematoxylin (Krampah et al., 2021). 

A substitute stain for eosin was carried out by extracting dye from Lawsonia inermis  and 

Hibiscus sabdariffa using aqueous extraction method. The stain showed high 

effectiveness for staining cytoplasm (Joshua et al., 2021). 

Dicot and monocot stem sections were stained using the dye extracted from curcuma 

longa (rhizome)and Nyctanthes arbortristis (corolla tube) (Shet Verenkar et al., 2021).  

Efficacy of a dye extracted from red dragon fruit (Hylocercus costaricensis) and its 

application to stain the chromosomes of onion root tip was carried out by 

(Sujjaritthurakarn et al., 2022). 

According to (Chingangbam et al., 2023), the dye extracted from Bixa orellana and 

Strobilanthes cusia shows better stainability while applied on root tip cells of Allium 

ascalonicum. It showed better nuclear stainability as good as carmine stain. 
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CHAPTER -4 

MATERIALS AND METHODS 

 

 

4.1 PLANT MATERIAL  

4.1.1 SYSTEMATIC POSITION 

Scientific name: Averrhoa carambola  L.  

Kingdom        :  Plantae  

Division          : Magnoliophyte                                              

Class               :  Magnoliopsida 

Subclass          :  Rosidae  

Order              : Geraniales  

Family             : Oxalidacea 

Genus              : Averrhoa                                                    Fig: 1 A. Habit , B. Flower  

Species            :  carambola                       

Part used         : Flower 

 

4.1.2 ORIGIN AND DISTRIBUTION 

Star fruit have originated in Ceylon and Moluccas. For hundreds of years, it has been 

cultivated in Southeast Asia and Malaysia. It is also distributed in Taiwan, Thailand, 

Israel, Florida, Brazil, Philippines China, Australia, Indonesia, in the warmer parts of 

India and (Ferrara, 2018). 

4.1.3 BOTANICAL DESCRIPTION 

Averrhoa carambola L. is a tiny, showy, slow growing evergreen tree that grows between 

5 and 7 meters in height and diameter about 20-25 ft. Leaves are long, alternate, spirally 

arranged, ovate-oblong in shape. They are 15-25 cm long. Leaflets are smooth usually in 

5 pairs.  Panicles are small, axillary and bell shaped. Flowers are red or pink and white 

appear on bare branches. Petals are purple to bright purple. Fruit is fleshy with greenish 

to yellow in color. Growing season is from August-March (Gowrishankar et al., 2018). 
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4.2 PLANTS SELECTED FOR STAINING 

Staining was done by selecting members from each plant groups. 

Table -5 Plant material selected for staining 

Group Plant 

material  

Part used 

for 

staining 

Type of 

preparation 

Algae Cladophora sp. Whole 

material  

Whole mount  

 

Bryophyte Marchantia sp. Thallus  T.S of thallus 

 

Pteridophytes Psilotum sp. Stem  T.S of stem 

 

 Selaginella sp. Stem  T.S of stem  

 

 Equisetum sp. Stem  T.S of stem  

 

 Pteris sp. Stem  T.S of stem 

 

Gymnosperms  Cycas sp. Rachis, 

Leaflet  

T.S of rachis, 

leaflet 

 

 Gnetum sp. Stem  T.S of stem  

 

Angiosperms  Eupatorium sp. Stem  T.S of stem  

 

 Cyperus sp. Stem  T.S of stem 

 

4.3. METHODS 

4.3.1 SELECTION AND SCREENING OF PLANT  

Averrhoa carambola L. is a widely distributed perennial tree. The Plant material was 

selected for the current study is based on its abundance and intense red to pinkish 

colored flowers. 
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4.3.2 COLLECTION AND PREPARATION OF SELECTED PLANT  

Plants were identified and authenticated from St. Teresa’s college, Ernakulam, Kerala.  It 

was collected, washed with tap water to remove the impurities and stored for further 

analysis 

4.3.3 EXTRACTION OF STAIN 

Fresh flowers of A. carambola L. were harvested. Flowers were washed in tap water. The 

extract was prepared by hot aqueous extraction method. 10 gms of plant material were 

boiled in 100 ml of distilled water for 20 minutes. The solution was cooled and filtered 

using Whatmann No.1 filter paper. The extract was stored airtight bottles in freezer for 

further study. 

4.3.4 pH ANALYSIS 

The pH of the extract was determined using digital pH meter. 

4.3.5 FREEHAND SECTIONING AND STAINING 

The easiest technique for getting specimens ready for microscopic examination is a 

freehand section. It is a suitable method for variety of plant materials from soft herb to 

small woody twigs (Yeung, 1998). Algae and stem, leaves sections of different plants were 

selected for tissue staining. Very thin free hand sections of these materials were stained 

using the extract made from A. carambola L. for 15 minutes. The stained sections were 

mounted on glycerin. The prepared sections were observed and analyzed using 

compound light microscope (XSZ-N107T) under the power of 4X, 10X ,40X 
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CHAPTER -5 

                                              RESULTS AND DISCUSSION 

5.1 pH ANALYSIS 

The extraction of dye from A. carambola L. exhibited promising results in its application 

as a plant histological stain. Initially, the pH of the dye was 4.2 which has a purple color. 

The purple colour of the dye was due to the presence of anthocyanin, a natural pigment 

found in many plants. Anthocyanins are mainly in the form of 2- phenyl-flavylium cations, 

which give the solution its red color and remain stable under acidic condition (Sachdev 

et al., 2021). There are many factors which influence the stability of anthocyanins. pH is 

one of the important factors among them. Anthocyanins are more stable at low pH (Enaru 

et al., 2021). Due to this reason, the pH was adjusted to 2 which gave a pinkish color 

similar to the safranine, a synthetic dye. The lower pH not only intensified the purple 

color but also facilitated better adhesion and penetration of the dye in to tissues. It was 

observed that the extraction from A. carambola L. was stable at low pH and retained the 

shelf life for 3 months at freezing temperature of 4°C. 

 

  

  
 
 
 
 
 
 
     
 
                                                                                    
            
 

 
 
        Fig :3 Original pH - 4.                                      Fig :4   pH - 2 
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5.2 STAINING POTENTIAL OF Averrhoa carambola  
 
The staining efficiency of A. carambola L. in different plant groups were shown in the 
Table :6 
                                                        
Table: 6 staining potentials of A. carambola L. in different plant group 
 
Group  Genus name  

 
Region  Averrhoa 

carambola L. 
extract 

Algae  Cladophora filament  Cell wall 
Chloroplast 
Pyrenoids  
 

+ 
+ 
- 

Bryophytes  Marchantia thallus  Epidermis 
Chlorenchyma 
Parenchyma  

- 
- 
+ 

Pteridophytes  Psilotum stem  
 
 
 
 
 
 
 
Selaginella stem  
 
 
 
 
 
 
 
 
Equisetum stem  
 
 
 
 
 
 
 
 
Pteris rachis  

Cuticle 
Epidermis 
Sclerenchyma 
Parenchyma  
Xylem  
Phloem 
Pith 
 
 
Cuticle 
Epidermis 
Sclerenchyma 
hypodermis 
Parenchyma cortex 
Xylem  
Phloem 
 
 
Cuticle 
Epidermis 
Sclerenchyma 
Parenchymatous cortex 
Xylem 
Phloem  
 
Epidermis 
Sclerenchymatous 
hypodermis 
Xylem  
Phloem  
 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
 

 

+ 
+ 
+ 
 
+ 
+ 
+ 
 

 

+ 
+ 
+ 
+ 
+ 
+ 
 
+ 
+ 
 
+ 
+ 
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Gymnosperm  Cycas leaflet  
 
 
 
 
 
 
Cycas rachis  
 
 
 
 
 
Gnetum stem  

Cuticle 
Epidermis 
Sclerenchymatous 
hypodermis 
Xylem 
Phloem  
  
Epidermis 
Sclerenchymatous 
hypodermis 
Xylem  
Phloem  
 
Cuticle 
Epidermis 
Parenchymatous cortex 
Sclerenchyma 
Xylem 
Phloem  
Pith  

+ 
+ 
+ 
 
+ 
+ 
 
+ 
+ 
 
+ 
+ 
 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
 

Angiosperms  Eupatorium stem  
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Stain obtained from Averrhoa carambola shows better staining on the cell wall and 

cytoplasm of Cladophora (Plate 1). The cell wall and chloroplast of Cladophora is mainly 

composed of cellulose. Cellulose is a polysaccharide composed of linear β – (1,4)- linked 

glucan chains. Cellulose molecules aggregate to form micorofibrils, which are long, 

parallel chains of cellulose held together by hydrogen bond. These microfibrils provide 
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structural support and rigidity to the cell wall (Nicolai & Preston, 1952; Dawes 1966; 

Zhang et al., 2021). The result showed that the enhanced staining capacity of Averrhoa  

carambola was due to the high affinity of anthocyanins towards cellulose present in the 

cell wall and chloroplast of Cladophora.  

 
Plate 1: Staining of Cladophora filament 

 

 

Cladophora filaments (10X) showing cell wall (CW), Chloroplast (CP).  A. Unstained, B. Averrhoa 
carambola stain. 

 

Another reason for the stainability was due to the hydrogen bonding between the dye 

molecules and cellulose. The dye molecules within the stain form hydrogen bond with 

hydroxyl groups on the glucose unit of cellulose chain. These bonds allow the dye 

molecule to adhere to the cellulose molecule, leading the formation of stable complexes 

(Sahin & Arslan, 2008; Zanjanchi et al., 2013; Hubbe et al., 2019; Pruś et al., 2022). 

Dye from Averrhoa carambola stain gave a pinkish red color to the parenchymatous 

tissues of storage region in Marchantia thallus (Plate 2). This is because of the presence 

of cell components like cellulose and pectin present in that region. Parenchymatous 
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region is rich in cellulose and pectin (Richter, 2011). Pectin is hydrophilic in nature, 

which can aid in retaining staining solution within the cell wall and also promote cell to 

cell adhesion (Roberts e t al., 2012; Roig-OliRoig‐Oliver et al., 2021; Henry, 2021; Pfeifer 

et al., 2022). 

Plate 2: Staining of Marchantia thallus 
 
     
      

 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T. S of Marchantia thallus(10X,40X) showing parenchymatous region A.Unstained  B.  Averrhoa carambola 

stain , Parenchyma (PAR), rhizoids (RHI) 

The application of Averrhoa carambola dye shows excellent stainability to the epidermal 

tissues, sclerenchyma, parenchyma, xylem and phloem in Pteridophytes (Plate3, 4, 5, 6). 

Parenchyma and phloem cells contain cellulose, hemicellulose and pectin. Sclerenchyma 

and xylem tissues contains cellulose, hemicellulose and lignin (Baldacci‐Cresp et al., 

2020; Liao et al., 2022). Lignin molecules contain various functional groups such as 

phenolic hydroxyl groups and aromatic rings. These chemical structures provide 

potential binding sites for dye molecule (Cauley & Wilson, 2017). Parenchyma and 

phloem tissues contains cellulose in their cell wall. Anthocyanins bind to cellulose 
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molecules through hydrophobic interactions (Padayachee et al., 2012). Similar result was 

observed with the dye from Melastoma malabathricum (Deepak and Omman, 2013). 

Gymnosperms and angiosperms also stain pink colour to the parenchyma, sclerenchyma 

and vascular tissues (plate 7,8,9,10,11). Similar result was also observed with the dye 

extracted from Berberis pachyacantha (Jan et al., 2011). 

All the above results showed that Averrhoa carambola stain acts as an excellent plant 

histologicall stain which imparted pink colour to the various plant tissues similar to that 

of safranine.  

 

Plate 3: Staining of Psilotum stem 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
T.S of Psilotum stem (10X, 40X) with epidermis (EPI), sclerenchyma (SCL), parenchyma (PAR), xylem, 
(XYL) phloem (PHL) 
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Plate 4: Staining of Selaginella stem 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S of Selaginella stem (10X,40X) showing parenchyma (PAR), sclerenchyma (SCL), xylem (XYL) phloem 
(PHL). 
 

Plate5: Staining of Equisetum stem 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S of Equisetum stem (10X,40X) showing parenchyma (PAR), sclerenchyma (SCL), xylem (XYL) phloem (PHL) 
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Plate 6:  Staining of Pteris rachis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S of Pteris stem (10X,40X) showing parenchyma (PAR)sclerenchyma (SCL), xylem (XYL), phloem (PHL) 

 
Plate7: Staining of Cycas leaflet 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S of Cycas leaflet (10X,40X) showing parenchyma (PAR), sclerenchyma (SCL), xylem (XYL) phloem 
(PHL). 
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Plate 8: Staining of Cycas rachis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S Cycas rachis (10X,40X) showing parenchyma (PAR), sclerenchyma (SCL), xylem (XYL) phloem (PHL). 

 
Plate9: Staining of Gnetum stem 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S of Gnetum stem (10X,40X) showing parenchyma (PAR) sclerenchyma (SCL), xylem (XYL) phloem 
(PHL). 
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Plate10: Staining of Eupatorium stem 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S of Eupatorium stem (10X,40X) showing parenchyma(PAR), sclerenchyma(SCL), xylem(XYL) 
phloem(PHL). 

Plate11: Staining of Cyprus stem 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T.S of Cyprus stem (10X,40X) showing parenchyma (PAR), sclerenchyma (SCL), xylem (XYL) phloem 
(PHL). 
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CHAPTER - 6 

                                                 

CONCLUSION 

 

Averrhoa carambola L.  extract was derived from a natural plant source and offers more 

environmentally benign staining solution. The findings of current study suggests that A. 

carambola L. plant extract holds great ability for staining various plant tissues. Its ability 

to produce vivid and consistent staining across different tissue types including epidermis, 

parenchyma, vascular tissues highlight its versatility and applicability for a wide range of 

histological applications. One of the primary advantages of using this stain is its eco-

friendliness and sustainability. It could be used as an alternative histological stain as they 

are non -toxic, non -carcinogenic, easy to use and cost effective compared to synthetic 

dyes. This was the first report of the use of A. carambola L. extract as a natural plant 

histological stain. Further studies are required to understand more staining ability of  

A. carambola L. in plant tissues as well as in animal tissues. 
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