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Abstract 

This study investigates the tissue-specific localization of bioactive compounds in Pithecellobium dulce, 

a tropical plant widely used in traditional medicine. Known for its therapeutic potential, the plant 

contains diverse phytochemicals such as quercetin, kaempferol, dulcitol, tannins, phenols, flavonoids, 

and saponins. Fresh sections of leaf, stem, fruit, and bark were subjected to histochemical staining 

using specific reagents to detect major metabolites including saponins, phenols, tannins, flavonoids, 

alkaloids, and glycosides. The analysis revealed distinct patterns of metabolite distribution across 

different tissues, highlighting the plant’s chemical diversity. These findings provide insight into the 

localization of pharmacologically important compounds and support the medicinal relevance of 

Pithecellobium dulce. The study lays a foundation for further exploration of its therapeutic applications 

and potential in drug development. 

 
Keywords: Pithecellobium dulce, phytochemicals, bioactive compounds, tissue-specific localization, 
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Introduction 

Pithecellobium dulce (Roxb.) Benth popularly called as manila tamarind, is an ever green 

tree belongs to the family Leguminosae, subfamily Mimosoideae, broadly distributed 

throughout India [1]. P. dulce is evergreen tree compose of pairs of leaflets with greyish and 

rough bark, it produces green and red variety of rolled pods covering the period from 

February to August. The pods enclose 5 to 12 arils which are white and pink each containing 

black seeds [2, 3]. Pithecellobium species are rich in diverse phytochemicals [4]. These 

phytochemicals are organic compounds, typically classified into primary and into secondary 

metabolite groups [5]. Primary metabolites are vital compounds involved in key biological 

processes such as photosynthesis, respiration, overall growth and development [6]. Secondary 

metabolites are naturally occurring organic molecules which do not contribute directly to the 

typical growth and development of an organism [7, 8]. They are often produced in highest 

concentrations during the transition from active growth to the stationary phase [7, 9]. These 

metabolites can be broadly classified into major three groups: terpenes (such as carotenoids, 

sterols, cardiac glycosides, and plant volatiles), phenols (including phenolic acids, lignans, 

coumarins, flavonoids, tannins, and lignin), and nitrogen-containing compounds (like 

Alkaloids, glucosinolates) [7, 10, 11]. Plants are the primary source of secondary metabolites [12], 

accounting for approximately 80%, together with fungi, bacteria and marine organisms also 

playing a role [13]. These plant compounds are crucial in pharmaceuticals, flavors, fragrances, 

insecticides, and dyes [13, 14]. The seeds of P. dulce are rich in fixed oil, primarily olein, and 

also contain lipids, phospholipids, steroids, saponins, glycosides, glycolipids, and 

polysaccharides [15, 16, 17]. Quercetin, a glycoside, has been derived from the plant. The bark 

yields catechol-type tannins [18], while the leaves contain quercetin, kaempferol, dulcitol, and 

afezilin [19, 20]. Additionally, P. dulce fruit contains alkaloids, tannins, phenols, saponins, 

flavonoids, glycosides, and anthraquinones [21, 22, 23]. This comprehensive profile highlights 

the significant potential of P. dulce for health benefits and pharmacological uses [24, 25]. P. 

dulce shows diverse medicinal properties in various parts [26]. The leaves and bark are known 

to have anti-diabetic properties, while the fruit peel exhibits significant antibacterial, 

antioxidant, wound-healing, and diabetes-controlling properties [27, 28].  
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Additionally, plant phytochemicals exhibit strong 

insecticidal activity, particularly against adult mosquitoes 
[29]. The medicinal attributes of plants are primarily due to 

secondary metabolites namely flavonoids, alkaloids, tannins, 

and saponins [30], which exhibit significant biological 

activities. To confirm and identify these compounds, 

histochemical techniques are used to study the distribution 

and presence of these metabolites within plant tissues [30, 31]. 

Histochemistry involves the detection, identification, and 

localization of bioactive substances within biological cells 

utilizing indicators, stains, and light microscopy techniques. 

This technique is vital for investigating the structures 

responsible for secretion in plants, as their classification is 

depends on the composition of the substances they secrete 
[32]. Histochemistry offers an in-depth chemical analysis of 

cells and tissues, highlighting their structural organization. 

This is particularly significant because a single gland or 

even an individual glandular cell can simultaneously 

produce multiple metabolic products. Thus, a thorough 

histochemical analysis is crucial for accurately profiling the 

variety of metabolites generated by plant secretory 

structures [31].  

In this study, we aim to use histochemical techniques to 

detect and map the distribution profile of secondary 

metabolites within P. dulce. By applying these methods, we 

aim to investigate the presence of key bioactive compounds 

present in the plant’s tissues that contribute to its diverse 

medicinal properties. Histochemistry facilitates accurate 

detection and characterization of metabolites, providing 

valuable information pertaining the secretory structures of 

the plant species and their functions in producing 

compounds that are biologically active. This thorough 

profiling is crucial for exploring the pharmacological 

potential of P. dulce as a guidance for future research. 

 

Material and Methods 

Plant Collection 

Different plant parts of P. dulce was collected from 

Ghatkopar, Mumbai and was identified & authenticated 

taxonomically from Blatter herbarium from St. Xaviers 

College, Mumbai, Maharashtra, India. The specimen is 

matches with Blatter herbarium specimen no JP-3229 OF J. 

Pallithanam [33]. 

 

Macroscopical observations 

Macroscopical observations were conducted through visual, 

physical, and organoleptic evaluation techniques. Colour 

and shape were assessed under natural daylight. Surface 

characteristics, such as texture and appearance, were 

examined using a hand lens [32, 34]. 

 

Histochemical localisation of the plant metabolites 

To localize plant metabolites by histochemistry technique, 

samples were prepared by free-hand sectioning and staining 

methods, using standard protocols. Transverse section of 

plant tissues were treated with specific reagents to localized 

tissue area. The treated sections were observed by 

microscope (Models: Stereomicroscope WF 10X/20, Optical 

microscope WF-10X/20MM and Motic microscope-WF-

10X/20MM) [35, 36]. 

The fresh plant samples were sectioned (leaf, stem, bark, 

and fruit) to perform histochemical localization. These 

sections were treated with the appropriate reagents [32]. 

Following reagents were used for histochemical localization 

were viz concentrated H2SO4, 1% barium hydroxide, 

calcium chloride, potassium dichromate to detect saponins, 

dilute acidic Fecl3 solution (0.5% to 1% of ferric chloride in 

0.1 N HCI) to detect tannins [37], Dragendorff's reagent for 

detection of alkaloids, 10% Lead acetate for flavonoids, 

10% Alcoholic ferric chloride for detecting phenols [33], 

Concentrated H2SO4 was used to detect terpenes, 1% NaOH 

for detection of glycosides [38]. The metabolites were 

confirmed by the corresponding colour development within 

the specific region of the plant tissue. 

 

Results and Discussion 

Macroscopical observations 

P. dulce (Roxb.) Benth is an evergreen tree from the 

Leguminosae family, typically reaching heights of 10-15 

meters, though it can grow between 15-18 meters [19]. It 

features a broad, spreading crown with irregular branches 

extending up to 30 meters [39]. Its leaves are bipinnate with 

two pairs of kidney-shaped leaflets, and thin spines ranging 

from 2 to 15 mm are found in pairs at the base of the leaves 
[39]. Small white flower heads, approximately 1 cm in 

diameter, are formed by the tree, each having a hairy corolla 

and calyx that surround around 50 thin stamens united at the 

base. The bark starts off grey and smooth, gradually 

becoming rough and peeling with maturity [1]. The inner 

bark is thick, smooth, and lightly brown. The pods, 

measuring 10-15 cm by 1.5 cm, turn reddish-brown and 

contain 5-10 glossy black seeds. A distinguishing feature of 

P. dulce is its tightly coiled seed pods, which make 

identification straightforward [1, 3]. 
 

   
A) B) C) 
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D) E) F) 

   
G) H) I) 

 
J) 

 

Fig 1: A) P. dulce entire plant, B) Inflorescence, C) bipinnate leaf, D) pair of sharp spine, E) hard bark, F) L.S. of flower with ovary, style & 

stigma, G) corolla, H) single pollen grain, I) fresh fruit, J) seed with pulp. 

 

Histochemical localisation of plant metabolites 

Histochemical localization tests identify the presence and 

distribution of active metabolites within tissues, thus 

providing critical insights into their medicinal potential and 

acting as a foundational method for isolating natural 

products [31]. The analysis of stem metabolites given in 

(Figure 2) and (Table 1) revealed distinct patterns of 

localization and colouration. Saponins, which appeared 

yellow, were concentrated in the cortical region. Tannins, 

exhibiting a blue-green colour, were distributed across the 

cortical and parenchymatous regions. Alkaloids, marked by 

a reddish-orange colour, were located in hypodermis and the 

xylem bundles. Glycosides, showing yellow, were present in 

the sclerenchyma cells of the hypodermis and vascular 

region, while flavonoids, also yellow, were localized 

primarily in vascular region. These findings highlight the 

specific distribution and potential functional roles of these 

metabolites within the stem. 
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Histochemical localization of the stem in P. dulce 

 

   
A) B) C) 

  
D) E) 

 

Fig 2: Histochemical tests performed on transverse sections of the stem in P. dulce A) Saponins, B) Tannins, C) Alkaloids, D) Glycosides, 

E) Flavonoids. 

 
Table 1: Histochemical localization of the stem in P. dulce 

 

Sr. 

No. 

Plant 

Metabolites 
Reagents used & treatment 

Localization of Stem 

Colour 

observed 
Region 

1 Saponins 

Section treated with Conc. H2SO4 for 30 min. followed by overnight 

treatment with 1% barium hydroxide then section is washed with 

calcium chloride and then placed in potassium dichromate. 

Yellow Cortical region 

2 Tannins Dilute acidic Fecl3 solution Blue green 
Cortical & parenchymatous 

region 

3 Alkaloids Dragendorff's reagent Reddish Orange Hypodermis & xylem bundles 

4 Glycosides 1% Sodium Hydroxide Yellow 
Sclerenchyma cells in the 

hypodermis & vascular region 

5 Flavonoids 10% Lead acetate Yellow Vascular region 

 

The analysis of leaf metabolites given in the (Figure 3) and 

(Table 2) the Saponins were detected in mesophyll tissue 

and bundle sheath, exhibiting a yellow colouration. Tannins, 

which appeared blue-green, were concentrated in the 

vascular region and the palisade layer of the mesophyll. 

Alkaloids, characterized by a reddish-orange colour, were 

located in the bundle sheath cells. Glycosides, observed as 

yellow, were found in epidermal cells beneath the vascular 

bundle of the mid vein. These findings highlight the diverse 

localization of metabolites within leaf tissues, suggesting 

their specialized roles in leaf structure and function. 

Histochemical localization of the leaf in P. dulce 
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A) B) 

  
C) D) 

 

Fig 3: Histochemical tests performed on transverse sections of the leaf in P. dulce A) Saponins, B) Tannins, C) Alkaloids, D) Glycosides. 

Table 2: Histochemical localization of the leaf in P. dulce 
 

Sr.  

No. 

Plant  

Metabolites 
Reagents used & treatment 

Localization of Leaf 

Colour 

observed 
Region 

1 Saponins 

Section treated with Conc. H2SO4 for 30 min. followed by overnight 

treatment with 1% barium hydroxide then section is washed with 

calcium chloride and then placed in potassium dichromate 

Yellow 
Mesophyll tissue and bundle 

of sheet 

2 Tannins Dilute acidic Fecl3 solution Blue green 
Vascular region and palisade 

layer of mesophyll region 

3 Alkaloids Dragendorff's reagent Reddish Orange Bundle of sheath cells 

4 Glycosides 1% Sodium Hydroxide Yellow 
Epidermal cells below the 

vascular bundle of mid vein 

 

The analysis of bark metabolites given in the (Figure 4) and 

(Table 3) the Saponins were predominantly localized in the 

phloem fibres, where they appeared yellow. Tannins, 

displaying a blue-green colour, were present in both some 

phloem fibres and medullary rays. Alkaloids were 

concentrated in medullary rays, showing a reddish-orange 

colouration. Phenols were identified in phloem fibres and 

medullary rays with a green colour. Flavonoids, marked by 

yellow, were found in the parenchyma just beneath the cork 

cells and in some of the phloem fibres. Glycosides also 

appeared yellow and were distributed in the parenchyma and 

medullary parenchyma beneath the sclerenchymatous layer, 

along with a few phloem fibres. Lastly, terpenoids were 

observed as a light purple colouration in phloem fibres. 

These observations underscore the diverse localization of 

these metabolites in bark, pointing to their varied roles in 

structural support and defence mechanisms within the tissue. 

Histochemical localization of the Bark in P. dulce 
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A) B) 

  
C) D) 

  
E) F) 

 
G) 

 

Fig 4: Histochemical tests performed on transverse sections of the Bark in P. dulce A) Saponins, B) Tannins, C) Alkaloids, D) 

Phenols, E) Flavonoids, F) Glycosides, G) Terpenoids. 
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 Table 3: Histochemical localization of the Bark in P. dulce 

 

Sr. 

No. 

Plant 

Metabolites 
Reagents used & treatment 

Localization of Bark 

Colour 

observed 
Region 

1 Saponins 

Section treated with Conc. H2SO4 for 30 min. 

followed by overnight treatment with 1% barium 

hydroxide then section is washed with calcium 

chloride and then placed in potassium dichromate 

Yellow Phloem fibres 

2 Tannins Dilute acidic Fecl3 solution Blue green Some phloem fibres & medullary rays 

3 Alkaloids Dragendorff's reagent Reddish Orange Medullary rays 

4 Phenols 10% Alcoholic ferric chloride Green phloem fibres & medullary rays 

5 Flavonoids 10% Lead acetate Yellow 
Parenchyma inner to the cork cells and some 

phloem fibres 

6 Glycosides 1% Sodium Hydroxide Yellow 
Parenchyma & medullary parenchyma below the 

sclerenchymatous layer & few phloem fibres 

7 Terpenoids Concentrated H2SO4 Light purple colour Phloem fibres 

 

The analysis of fruit metabolites given in the (Figure 5) and 

(Table 4) the Saponins were detected in the epicarp and 

mesocarp regions, displaying a yellow colour. Tannins were 

concentrated in the epicarp and the seed coat, appearing 

blue-green. Phenols were found in both the inner and outer 

layers of the epicarp and the seed coat, with a green 

colouration. Flavonoids, also yellow, were localized in 

certain areas of the epicarp and the outer layer of the 

mesocarp. Glycosides were detected throughout the entire 

epicarp and in certain areas of the mesocarp, exhibiting a 

yellow hue. These results indicate a targeted distribution of 

these compounds in the fruit, likely contributing to its 

structural integrity and protective functions. 

 

Histochemical localization of the Fruit in P. dulce 

 

  
A) B) 

  

C) D) 
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E) 
 

Fig 5: Histochemical tests performed on transverse sections of the Fruit in P. dulce A) Saponins, B) Tannins, C) Phenols, D) Flavonoids, E) 

Glycosides. 

 
Table 4: Histochemical localization of the Fruit in P. dulce 

 

Sr.  

No. 

Plant  

Metabolites 
Reagents used & treatment 

Localization of Fruit 

Colour observed Region 

1 Saponins 

Section treated with Conc. H2SO4 for 30 min. followed by overnight 

treatment with 1% barium hydroxide then section is washed with calcium 

chloride and then placed in potassium dichromate 

Yellow Epicarp & mesocarp region 

2 Tannins Dilute acidic Fecl3 solution Blue green Epicarp & seed coat 

3 Phenols 10% Alcoholic ferric chloride Green 
Inner and outer layer of 

epicarp & seed coat 

4 Flavonoids 10% Lead acetate Yellow 
Some region of epicarp & 

outer layer of mesocarp 

5 Glycosides 1% Sodium Hydroxide Yellow 
Entire epicarp & some 

region of mesocarp 

 

Conclusion 

The study of metabolite localization in the leaf, fruit, bark, 

and stem through histochemical analysis revealed distinct 

patterns that underscore the specialized functions of each 

compound within the plant. Saponins, tannins, alkaloids, 

phenols, flavonoids, glycosides, and terpenoids were each 

identified in specific tissues, reflecting their roles in 

structural reinforcement, defence, and other physiological 

processes. Histochemistry proved invaluable in this 

research, allowing for precise visualization of these 

metabolites within their native tissue contexts, thereby 

providing insights into their functional roles. The ability to 

localize these compounds at the cellular level enhances our 

understanding of plant biology, offering critical information 

for improving plant resilience, developing targeted 

agricultural strategies, and advancing the study of plant-

environment interactions. This approach not only 

contributes to the fundamental knowledge of plant 

physiology but also has practical implications for the 

optimization of plant resources in various applications. 
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