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ABSTRACT 

Objective: To study variability in respect to physico-chemical and phytochemical characteristics of fruits.  

Methods: The twelve accessions with uniform growth and vigour were selected to study physico-chemical characteristics of the fruits. Physical 

analysis was performed by different qualitative methods in the seed and pulp of fruits of different maturity stages.  

Results: The selected accessions were characterized on the basis of physico-chemical screening by comparing presence of phytoconstituents at 

different stages of maturity in different parts of the fruits. The preliminary phytochemical screening in pulp and seed of fruits of different accessions 

clearly indicates the significant difference among all the accessions. The dendrogram was constructed to examine the variability in relation to 

physico-chemical attributes of different accessions. The cluster analysis was carried out based on physico-chemical attributes of the fruits of 

different accessions that grouped in to four major clusters. The dendrogram constructed on the basis of biochemical characteristics showed the 

same clustering of accessions as that of the grouping of accessions showed in dendrogram based on biochemical attributes. However, accessions J–

51 and J–55 that grouped together in the dendrogram from different geographical regions. The grouping of different accessions may be based on 

their genetic makeup of plant however, some of the variation was also observed among accessions due to change in weather conditions during 

growth and development of fruits. 

Conclusion: The significant variability was observed with respect to physico-chemical characteristics of fruits of different accessions. The S. cumini 

accessions grouped in to different clusters according to their physico-chemical properties that give useful insight into their genetic relationships.  
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INTRODUCTION 

S. cumini occurs larger parts of India from the Indo-Gangetic plains 

in the North to Tamil Nadu in the South India. The potential source 

of phytochemicals and natural antioxidants are secondary 

metabolites of plants [1] that are increasingly being used for health 

food, nutraceuticals and medicinal products [2]. Herbal products 

have reached widespread acceptability because of their readily 

availability, comparatively cheap, no side effects and there were well 

practiced knowledge for use of fruits as health food and 

phytomedicines [3, 4].  

Syzygium cumini Skeels is one of such fruit plant that not only 

provides delicious fruits but also have higher medicinal properties. 

It plays an important role in primary healthcare for many centuries 

till date [5]. Recent research demonstrates that there are many 

“families” of phytochemicals obtained from S. cumini that can be 

used against many degenerative diseases. [6, 7]. It has a rich history 

of uses as edibles and as traditional medicines but many species are 

very poorly known and many more have not been described 

taxonomically [8]. S. cumini fruit, leaves, seeds and bark have a long 

traditional use as alternative medicine as well as can also be used to 

treat a range of ailments of mankind. [9, 10] Although, it is mostly 

known for its use in the treatment of diabetes as well as the source 

for natural antioxidants. [11-14]. The health-beneficial effects are 

mainly attributed to various phytoconstituents [15, 16] such as 

anthocyanins includes cyanidin, petunidin, malvidin [17] alkaloid 

contains jambosine, gallic acid, ellagic acid, corilagin, glycoside 

jambolin or antimellin, resin, albumin, chlorophyll, flavonoids, 

related tannin, 3, 6-hexahydroxydiphenoylglucose and its isomer 4, 

6-hexahydroxydiphenoylglucose, 1-galloylglucose, 3-galloylglucose, 

quercetin [18] and a trace of pale yellow essential oil. The sourness 

of fruits may be due to presence of gallic acid and ellagic acid 

content. It has play role in diastatic conversion of starch into sugar 

so that seed extract minimize blood pressure [19, 20]. The fruits are 

rich in raffinose, glucose, fructose [21], mallic acid, vitamin C and 

mineral salts such as zinc, chromium, vanadium, potassium. The color 

of the fruits might be due to the presence of anthocyanins. Many 

research studies have shown that the various extracts of Jamun 

possess a range of pharmacological properties such as antibacterial 

[22], antimicrobial [23], antiviral [24], anti-inflammatory [25], anti-

ulcerogenic [26], cardioprotective [27], anti-allergic [28], anticancer 

[29], hepatoprotective [30], radioprotective [31], antioxidant [32-34], 

hypoglycemic and antidiabetic effects [35, 36].  

S. cumini trees shows enormous variability in respect to morphology 

and physico-chemical characters of fruits. The present paper has been 

primed to describe the preliminary information of phytochemical 

constituents and physico-chemical properties of different parts of S. 

cumini for different accessions. There is still lack of promotion, less 

planting regions and low economic values of S. cumini in India. 

Characterization based on physico-chemical characters along with 

phytochemical screening are very useful for crop improvement, 

varietal selection for high yielding clones with higher medicinal and 

nutraceutical attributes. Secondly, the study provides practical 

information on S. cumini to herbal drugs manufactures [38].  

MATERIALS AND METHODS 

Collection of plant material  

Syzygium cumini accessions from different geographical regions 

comprising Uttar Pradesh, Maharashtra, Gujarat and Tamil Nadu, 

maintained in the field gene bank at Central Institute for Subtropical 

Horticulture, Lucknow (U. P.) were used for the study of physico-

chemical and phytochemical screening.  

Physico-chemical characterization  

For the study of variation in the physico-chemical attributes, 10 

fruits from each selected accessions were collected randomly and 

analyzed. The fruit size, in terms of the two principal axial 

dimensions, that is the length and width was measured using a 
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digital vernier calliper. The weight of fruits, seeds, pulp content was 

determined by means of electronic balance (Sartorius, Germany). Total 

soluble solids (TSS) were estimated by using hand refrectometer 

(Erma, Japan). Titrable acidity, total sugars, reducing sugar and 

ascorbic were determined according to A. O. A. C. method [39]. 

Preparation of extract 

The fruits were picked, washed well with distilled water then the 

pulp and seeds were separated, dried at room temperature. The pulp 

was powdered in pestle-mortar and seeds were powdered in an 

electrical grinder and stored until further use. The powdered pulp 

and seeds were extracted in a soxhlet with methanol and water at a 

temperature of 50 °C for 48 h. After distillation with the solvents, the 

extracts were filtered using whatmann filter paper no. 2 and then 

centrifuged at 5000 rpm for 15 min [40]. The supernatant or 

extracts were subjected to various chemical tests to detect the 

presence of phytoconstituents present in different accessions at 

different stages of maturity of fruits. 

Preliminary phytochemical screening 

Screening of alkaloids 

Mayer’s test 

1.36 gm of mercuric chloride dissolved in 60 ml and 5 gm of potassium 

iodide were dissolved in 10 ml of distilled water respectively. These 

two solvents were mixed and diluted to 100 ml using distilled water. 

To the test filtrates were treated with above Mayer’s reagent 

(Potassium Mercuric Iodide) and the formation of pale yellow or white 

coloured precipitate showed the presence of alkaloids. 

Hager’s reagent 

A saturated aqueous solution of picric acid was employed for this 

test. When the test filtrate was treated with this reagent, an orange 

yellow precipitate was obtained, indicating the presence of alkaloids. 

Wagner’s reagent 

1.27 gm of iodine and 2 gm of potassium iodide were dissolved in 5 ml of 

water and the solution was diluted to 100 ml with water. When the few 

drops of this reagent were added to the test filtrate, a brown flocculent 

precipitate was formed indicating the presence of alkaloids. 

Screening of tannins 

Ferric chloride reagent 

A 5 % w/v solution of ferric chloride in 90 % alcohol was prepared. 

Few drops of this solution were added to a test filterate. A dark 

green or blue colour precipitate indicated the presence of tannins. 

Lead acetate test 

In a test tube containing about 5 ml of an aqueous extract, a few 

drops of 1% solution of lead acetate was added. Formation of a 

yellow or red precipitate indicated the presence of tannins. 

Screening of sterols 

Salkowaski reaction 

The few ml of test filtrate were dissolved in 2 ml of chloroform. 

Sulphuric acid was carefully added from the side of the test-tube to 

the lower layer. A reddish colour at the interface was an indicative of 

the presence of sterols.  

Screening of saponins 

Foam test: Extract was shaken vigorously with a small amount of 

sodium bicarbonate and 2 ml of water in a graduated cylinder. The 

formation of foam indicated that presence of saponins.  

Screening of flavonoids 

Two methods were used to determine the presence of flavonoids in 

the plant sample. 

(a.) In a test tube containing 0.5 ml of an alcoholic extract of the 

samples, 5 to 10 drops of diluted HCl and the small amount of Zn or 

Mg were added and the solution was boiled for few minutes. 

Appearance of reddish pink or dirty brown colour indicated the 

presence of flavonoids. 

(b.) 5 ml of dilute ammonia solution were added to a portion of the 

aqueous filtrate of each plant extract followed by addition of 

concentrated H2SO4. A yellow colouration observed and yellow 

colouration disappeared on standing indicating a positive test for 

flavonoids. 

Data analysis  

The physico-chemical data were used for multivariate analysis 

through Darwin software (Dissimilarity Analysis and Representation 

for Windows, Version 5.0.148, http://darwin. cirad. fr/darwin). The 

Rogers-tanimoto dissimilarity coefficient used to study the variation 

based on physico-chemical properties. The dendrogram was 

constructed to examine relatedness among twelve Syzygium cumini 

accessions. The dissimilarity coefficients among all accessions were 

analyzed and clustering was carried out using neighbour joining (NJ) 

method. A cophenetic value matrix of the (NJ) clustering was used to 

test for the goodness-of-fit of the clustering to the dissimilarity 

matrix [41] on which it was based, by computing the cophenetic 

correlation (r) with 1000 permutations [42]. 

RESULTS AND DISCUSSION 

Physicochemical parameters 

The physicochemical traits serve as traditional markers for the 

discriminating different germ plasm or accessions. The enormous 

variability was observed with respect to morphology and physico-

chemical attributes of fruits due to pre-dominance of seed propagation 

in S. cumini trees. The study of physicochemical attributes screening 

are very useful for the selection of high yielding accessions of S. cumini. 

The observations of physico-chemical parameters are important for 

characterization of S. cumini accessions. The data pertaining to 

physico-chemical quality attributes of fruits showed significant 

differences with respect to fruit weight, length, breadth, length: 

breadth ratio, pulp weight, pulp percent, seed weight, seed percent, 

pulp: seed ratio, TSS, acidity, TSS: acid ratio, total sugar, sugar: acid 

ratio and vitamin ‘C’ (table 1 & 2).  

The fruit weight was recorded in the range of 11.65 to 20.74 g and 

the maximum fruit weight was observed in J–37 (20.74 g) followed 

by J–36 (19.65 g). While, the minimum fruit weight was found in J–

51 (11.65 g). Fruit size and length: breadth ratio is a measure of fruit 

shape and higher length: breadth ratio indicated the oblong shape, 

while lower ratio suggested the oblong and round shape of the fruits 

[44]. There were wide variations in fruit size (length and breadth) 

observed among different accessions. The fruit length and breadth 

was recorded maximum in J-37 (3.97 cm & 2.91 cm) with big size 

fruit (11.83 cm2) whereas the length breadth ratio was found 

maximum in J–23 (1.48 cm) which exhibited oblong fruits shape. 

While minimum fruit length and breadth were recorded in accession 

J-49 (1.11 cm) which exhibited fruits towards the round shape. The 

maximum pulp weight was recorded in J-37 (17.09 g) however, 

highest pulp content was recorded in J–42 (93.75 %) followed by J-

44 (92.94 %) and J–43 (92.66 %). The lowest pulp content was 

recorded (70.21 %) in accession J-49. Though the maximum weight 

of the fruit was observed in J–37 whereas, maximum pulp content 

was recorded with the accessions J–42, J–43 and J–44 which fruit 

weight was 13.28 g, 12.26 g and 13.46 g respectively, this is due to 

seedlessness of these accessions. The seed weight ranged from 2.79 

to 4.10 g however, in case of seedless accessions J–42, J–43 and J–44 

seed not found only the seed coat weight was recorded that ranged 

from 0.83 to 0.95 g. There was a wide variation also observed in seed 

weight and size and for an ideal variety lower weight and small size of 

seed is desirable character for table purpose of jamun fruits [45]. The 

maximum seed weight was recorded in J–34 (4.10 g) however, 

maximum seed length, breadth was found in J–51 (2.37& 1.52 cm). 

Data revealed that pulp: seed ratio in various accessions ranged from 

2.36 to 15.00 that showed the wide range of variability.  

The different other studies have also been conducted to assess the 

variability of quality characters among best selected S. cumini 

accessions that reveals the wide range of variability for physico-
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chemical traits [43]. The data presented in table–2, revealed wide 

variations in the biochemical composition of the fruits of all the 

accessions. The total soluble solids (TSS) content of the fruit is an 

important trait during selection of superior accessions and there 

were significant variations observed in different accessions selected 

for study [44]. The TSS was recorded in the ranged from 15.65 to 

11.60 oBrix. TSS was found maximum in J–37 (15.65 oBrix) whereas, 

minimum TSS recorded in accession J–55 (11.60 oBrix). Titratable 

acidity content of the fruit varied from 0.90 to 1.08 %. Titrable 

acidity was found maximum in J–40 (1.08 %) followed by J–42 (1.06 

%), while it was the lowest in accession J–51 (0.90 %). The TSS: acid 

ratio ranged from (16.13 to 11.15). The maximum ratio was noted in 

J-37 (16.13) and minimum in J–55 (11.15). A wide range of 

variability was also recorded in total sugar content among selected 

accessions of S. cumini [45]. Total sugars were estimated to be 

highest in J-37 (16.57 %), whereas lowest sugar content recorded in 

J-55 (9.29 %). The reducing sugars were found to be maximum in J-

37 (14.83 %) followed by J–23 (13.55 %) and it was observed 

minimum in J–55 (7.26 %) however, the non reducing sugar found 

maximum in accession J–49 (2.36 %) and lowest in accession J–42 

(1.52 %). The sugar: acid ratio also showed considerable variability 

among accessions and was ranged from J-37 (17.08) to J–26 (8.90). 

There was a considerable variability in ascorbic acid content of fruit, 

which ranged from 25.74 to 37.68 mg/100g fruits among the 

accessions. The maximum ascorbic acid content was recorded in J–

37 (37.68 mg/100g) followed by (35.65 mg/100 g) in J-23 and 

(34.85 mg/100g) in J–49 while, it was minimum (25.74 mg/100g) in 

J–26. 

  

Table 1: Physical traits of fruits of the different Syzygium accessions 

Accessio

ns 

Fruit 

Weight 

(g) 

Fruit 

length 

(cm) 

Fruit 

Breadth 

(cm) 

Length:  

Breadth 

Ratio 

Size 

(cm2) 

Pulp 

Weight 

(g) 

Seed 

Weight 

(g) 

Seed 

Length 

(cm) 

Seed 

Breadth 

(cm) 

Pulp: 

Seed 

Ratio 

Pulp 

Content 

(%) 

J-37 20.73 3.97 2.93 1.35 11.63 17.06 3.67 2.27 1.42 4.65 82.30 

J-36 19.63 3.76 2.89 1.30 10.87 15.68 3.95 1.87 1.03 3.97 79.88 

J-34 18.74 3.74 2.91 1.29 10.88 14.61 4.13 2.18 1.43 3.54 77.96 

J-49 12.57 2.93 2.66 1.10 7.79 9.2 3.37 1.97 1.12 2.73 73.19 

J-51 11.63 3.62 2.73 1.33 9.88 8.16 3.47 2.37 1.52 2.35 70.16 

J-40 15.83 3.59 2.76 1.30 9.91 11.97 3.86 1.87 1.03 3.10 75.62 

J-26 13.47 2.53 1.96 1.29 4.96 10.55 2.92 1.76 1.12 3.61 78.32 

J-23 16.24 3.94 2.67 1.48 10.52 13.01 3.23 1.96 1.13 4.03 80.11 

J-55 12.67 2.6 1.92 1.35 4.99 9.91 2.76 1.67 1.19 3.59 78.22 

J-42 13.26 3.49 2.53 1.38 8.83 12.43 0.83 0.11 0.11 14.98 93.74 

J-43 12.67 2.94 2.03 1.45 5.97 11.74 0.93 0.11 0.11 12.62 92.66 

J-44 13.46 3.43 2.96 1.16 10.15 12.5 0.96 0.22 0.23 13.02 92.87 

CD at 5 % 0.051 0.051 0.051 0.115 0.852 1.77 0.051 0.118 0.122 1.10 5.59 

 

Table 2: Biochemical properties of fruits of the different Syzygium accessions 

Accessi

ons 

TSS 

(oB) 

Acidity 

(%) 

TSS Acidity 

Ratio 

Total Sugars 

(%) 

Reducing 

Sugars (%) 

Non Reducing 

Sugars (%) 

Sugar Acid 

Ratio 

Ascorbic Acid 

(mg/100 g) 

J-49 12.45 1.02 15.05 11.48 9.12 2.36 14.36 34.85 

J-23 14.80 1.02 14.64 15.19 13.55 1.64 14.98 35.65 

J-55 11.60 1.04 11.15 9.29 7.26 2.03 8.93 30.87 

J-51 17.27 1.01 17.15 17.60 16.07 1.53 17.43 39.64 

J-44 13.05 0.92 14.18 9.96 7.88 2.08 10.83 26.85 

J-37 15.65 0.99 15.81 16.57 14.83 1.74 16.74 37.68 

J-36 14.20 0.99 14.34 13.57 11.75 1.82 13.71 33.85 

J-34 13.53 0.99 13.74 10.27 8.27 2.00 10.44 26.57 

J-40 13.47 1.08 12.47 10.79 8.72 2.07 10.92 29.85 

J-26 12.80 0.90 14.22 10.23 8.21 2.02 11.37 27.14 

J-43 14.00 1.06 13.30 10.08 8.26 1.81 9.56 33.18 

J-42 15.27 1.06 14.40 14.90 13.38 1.52 14.06 36.76 

CD at 5 

% 

0.329 0.062 2.462 0.515 0.882 NS 0.952 1.403 

 

Preliminary phytochemical screening 

The selected accessions were characterized on the basis of 

preliminary phytochemical screening by comparing presence of 

phytoconstituents at different stages of maturity in different parts of 

the fruits. The determination of phytochemical of the fruit seed 

clearly indicates the significant difference among all the accessions. 

The alkaloid content was highest in the seeds of fruits at different 

stage of maturity (ripe, semiripe and unripe) of J–23, J–26, J–37 and 

J–40. However, higher alkaloid content was in the seeds of ripe and 

semiripe fruit of accession J–37 and J–36. While, the seeds of ripe 

fruits showed higher alkaloid content J–36 and J–49. The estimation 

of alkaloid content in pulp of different maturity stages of fruits with 

the Mayer’s reagent method clearly indicates that in most of the 

accessions, pulp of ripe fruits had higher alkaloids as compared to 

other stages of fruit pulp. The higher alkaloid content was noticed in 

the pulp of ripe fruits of J–37, J–36 and J–40. As per Wagner’s 

reagent test the alkaloid content has higher in semiripe and ripe 

pulp of fruits of the J–23 and J–40. Hager’s reagent method did not 

show significant differences with respect to alkaloid content seed 

and pulp of fruit at different maturity stages among all the accession 

of S. cumini. 

The earlier other studies on phytochemical investigation in different 

parts S. cumini were carried out to explore the potential as 

nutraceutical fruit with high medicinal values. The phytochemical 

screening studies revealed the presence of different 

phytoconstituents viz. flavonoids, alkaloids, glycosides, steroids, 

phenols, saponins, terpenoid and tannins [46, 47, 48]. The 

estimation of tannins compound was concerned, FeCl3 test showed 

higher tannins activity were found higher in seeds of ripe, semiripe 

and unripe fruits of J–37 and J–49 however, the higher tannins 

activity was also found higher in the seeds of semiripe and ripe fruit 

of accessions J–26, J–36 and J–49. Tannins with lead acetate method 

were observed higher in the seeds of unripe fruits of the accession J–

37 and J–49 however, the semiripe and ripe seeds of accession J–36, J–
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37, J–23, J–40 and J–49 also showed higher tannins content. As far as 

tannins content in fruit pulp of semiripe and ripe fruits the accessions 

J–37, J–40, J–42 and J–49 with ferric chloride (FeCl3) test however, The 

lead acetate method showed did not show considerable variation with 

respect to tannins content in all stages of pulp of all the accessions 

except J–37, J–49 and J–42 that showed higher tannins content in the 

pulp of semiripe and ripe pulp.  

The estimation of saponins by foam test, it was quite clear that seeds 

at different maturity stages of all the accessions showed higher 
saponins content as compared to pulp. The ripe seeds of fruits 

showed higher saponins content in accessions J–26, J–37, J–40 and J–

49 however, the seeds of semiripe and unripe fruits have higher 
content in the accessions J–37, J–40 and J–49. The pulp of semiripe 

and ripe fruits showed higher activity of saponins content in the 
accessions J–37, J–26 and J–49. Mostly higher sterols content in the 

pulp and seeds of fruits was higher among all the accession as 
estimated by Salkowaski reaction. The seeds and pulp of semiripe 

and ripe fruits showed higher sterols content as compared to the 
unripe seed and pulp of the fruits of different accessions however, in 

seeds and pulp of accessions J–37, J–J–26, J–40 and J–49 have higher 
sterol content than other accessions. 

 

Table 3: Screening for alkaloids in the seeds of different stage and accessions through different reagent 

Accessions  Alkaloids test 

Unripe seed Semi ripe seed Ripe seeds 

Hager’s 

reagent 

Mayer’s 

reagent 

Wagner’s 

reagent 

Hager’s 

reagent 

Mayer’s 

reagent 

Wagner’s 

reagent 

Hager’s 

reagent 

Mayer’s 

reagent 

Wagner’s 

reagent 

CISH J-37 + ++ + + +++ ++ - +++ + 

CISH J-36 - + + - + ++ - + ++ 

CISH J-34 - - + - + + - ++ + 

CISH J-40 - ++ + - ++ + + +++ + 

CISH J-26 + ++ + + +++ + - +++ + 

CISH J-23 - ++ + - ++ + + +++ + 

CISH J-49 -- - + - - + - + ++ 

CISH J-42 NA NA NA NA NA NA NA NA NA 

 

Table 4: Screening for alkaloids in the pulp of different stage and accessions through different reagent 

Accessions  Alkaloids test 

Unripe pulp Semi ripe pulp Ripe pulp 

Hager’s 

reagent 

Mayer’s 

reagent 

Wagner’s 

reagent 

Hager’s 

reagent 

Mayer’s 

reagent 

Wagner’s 

reagent 

Hager’s 

reagent 

Mayer’s 

reagent 

Wagner’s 

reagent 

CISH J-37 - + + - ++ + - ++ ++ 

CISH J-36 - + + + + + + ++ + 

CISH J-34 + + + - + + - + + 

CISH J-40 - + + - + ++ + + + 

CISH J-26 + + + + ++ + - ++ + 

CISH J-23 + + + - + + - + ++ 

CISH J-49 - + - - + + + + + 

CISH J-42 + - + - + + - + + 

 

Table 5: Screening for Tannins in the seeds of different stage and accessions through different reagent 

Accessions  Tannins 

  Unripe seed Semi ripe seed Ripe seed 

Ferric chloride 

reagent 

Lead acetate 

test 

Ferric chloride 

reagent 

Lead acetate 

test 

Ferric chloride 

reagent 

Lead acetate 

test 

CISH J-37 +++ ++ +++ ++ +++ ++ 

CISH J-36 ++ + +++ + +++ ++ 

CISH J-34 ++ + ++ + ++ + 

CISH J-40 ++ + ++ ++ ++ ++ 

CISH J-26 ++ + +++ + +++ + 

CISH J-23 ++ + ++ ++ +++ ++ 

CISH J-49 +++ ++ +++ ++ +++ ++ 

CISH J-42 NA NA NA NA NA NA 

 

Table 6: Screening for Tannins in the pulp of different stage and accessions through different reagent 

Accessions  Phenolics 

  Unripe pulp Semi ripe pulp Ripe pulp 

Ferric chloride 

reagent 

Lead acetate 

test 

Ferric chloride 

reagent 

Lead acetate 

test 

Ferric chloride 

reagent 

Lead acetate 

test 

CISH J-37 ++ + +++ ++ +++ ++ 

CISH J-36 + + + + + + 

CISH J-34 + + + + + + 

CISH J-40 + + + + +++ + 

CISH J-26 + + + + + + 

CISH J-23 + + + + ++ + 

CISH J-49 ++ + +++ ++ +++ ++ 

CISH J-42 + + +++ ++ +++ ++ 



Singh et al. 

Int J Pharm Pharm Sci, Vol 7, Issue 5, 158-164 

162 

Table 7: Screening for sterol and saponins in the seeds of different stage and accessions through different reagent 

Accessions  Saponins Sterols 

Foam test Salkowaski reaction 

Unripe seed Semi ripe seed Ripe seed Unripe seed Semi ripe seed Ripe Seed 

CISH J-37 ++ ++ +++ ++ +++ +++ 

CISH J-36 + ++ ++ ++ - +++ 

CISH J-34 + ++ ++ ++ +++ - 

CISH J-40 ++ +++ +++ ++ - - 

CISH J-26 ++ +++ +++ ++ ++ ++ 

CISH J-23 + ++ ++ ++ - +++ 

CISH J-49 ++ +++ +++ ++ ++ +++ 

CISH J-42 NA NA NA NA NA NA 

 

Table 8: Screening for sterol and saponins in the pulp of different stage and accessions through different reagent 

Accessions  Saponins Sterols 

Foam test Salkowaski Reaction 

Unripe pulp Semi ripe pulp  Ripe pulp Unripe pulp Semi ripe pulp Ripe pulp 

CISH J-37 + ++ ++ ++ +++ +++ 

CISH J-36 + + ++ ++ - - 

CISH J-34 + + + ++ - - 

CISH J-40 + + + - +++ +++ 

CISH J-26 + ++ ++ ++ + +++ 

CISH J-23 + + + ++ +++ +++ 

CISH J-49 + ++ ++ - ++ ++ 

CISH J-42 + + ++ ++ +++ +++ 

 

Characterization based on physico-chemical attributes 

The S. cumini widely grown as it possesses diverse health benefits 

and nutraceutical properties. The trees showed enormous variability 

respect to tree and fruit morphology, fruit quality, maturity and 

productivity [44, 45]. There is good scope for breeding programs but 

very less information is available on improvement of this fruit crop. 

The characterizations based on physico-chemical attributes along with 

preliminary phyto chemical screening will be valuable for selecting of 

high yielding clones with higher medicinal and nutraceutical attributes 

that is important for the development of appropriate conservation 

strategies for Syzygium cumini. The purpose of present such study was 

to characterize different accessions through physico-chemical 

parameters that included attributes viz. fruit weight, length, breadth, 

length: breadth ratio, pulp weight, pulp percent, seed weight, seed 

percent, pulp: seed ratio, TSS, acidity, TSS: acid ratio, total sugar, sugar: 

acid ratio and vitamin C.  

Cluster analysis based on physical attributes  

The accessions under study were broadly divided into four major 

clusters (fig. 2). Each cluster was representing the grouping of 

twelve S. cumini accessions according physical attributes. Cluster I 

included three accessions namely J-37, J-36 and J-34 that appears 

to distinct as compared to other clusters. All the accessions of this 

cluster grouped together according to their respective 

geographical origin as they are the selections from the 

Mohanlalganj, Lucknow (UP). These accessions have all most same 

physical characteristics. Cluster II has two accessions that include 

accessions J–23 and J–49 grouped in the same cluster as they 

having similar physical attributes. However, these accessions 

belong from different location of Lucknow (UP). The cluster III 

comprises two accessions J-42 and J-43 which grouped together 

according to their unique characteristics of seedlessness as well as 

they belong to same geographical origin from Varanasi, U. P. The 

accessions J-51 and J-55 were grouped together in a cluster III 

however, they related from different geographical regions. The 

accession J–51 from Godhra region of Gujrat and J–55 from 

Konkan region of Maharastra grouped in a same cluster because 

these accessions having similar morphological characteristics. 

Cluster IV contained accessions J–26 and J–40 were grouped 

together in the same cluster as they have similar physical 

characteristics as well as belong to the same geographical origin of 

Kankaha, Lucknow. These accessions are characterized by big 

canopies, producing small fruit, bold seeded, less pulp content, low 

TSS, low sugar and vit C content. The accession J–44 are quite 

distinct and separated from other clusters as it is a seedless 

accession which was originating from Periyakulum region of Tamil 

Nadu. Bootstrap values above 60 are shown in dendrogram. The 

cophenetic correlation values for dendrogram were used to test 

for the goodness-of-fit of the clustering to the dissimilarity matrix 

by computing the cophenetic correlation (r) with 1000 

permutations. The cophenetic correlation of the dendrogram and 

the dissimilarity matrix revealed a good degree of fit (r = 0.977; 

p<0.001) suggest the cluster analysis strongly represents the 

similarity matrix. 

 

Fig. 1: Dendrogram depicting the cluster analysis based on 

physical characteristics 
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Cluster analysis based on biochemical properties 

The biochemical attributes of fruits of different accessions were also 

used to construct dendrogram with software Darwin 5 by 

calculating rogers-tanimoto dissimilarity coefficient and weighted 

neighbor joining (NJ) algorithm used for characterization of 

different accessions of S. cumini [40]. The dendrogram showed that 

clustering of different accessions may be due to their biochemical 

characteristics and the grouping of different accessions may be 

based on their genetic make up of plant [40, 50]. However, some of 

the seasonal variation were also observed among accessions due to 

change in weather conditions during growth and development of 

fruits. The dendrogram was constructed and the cluster analysis 

grouped different accessions in to four major clusters is presented in 

(fig. 2). Cluster I was observed to be the largest one with 3 

accessions followed by cluster II (2 accessions), Cluster III (2 

accessions) and Cluster IV (2 accessions) and each cluster 

represented the grouping of different accessions according 

biochemical characteristics. The dendrogram constructed were 

showed the clustering of different accessions similar to the 

clustering of accessions showed in dendrogram constructed based 

on physical characteristics. Except, accessions J–51 and J–55 that 

grouped together in the dendrogram made with physical characters 

however, biochemical attributes based dendrogram these accessions 

are separated because they related from different geographical 

regions of Gujrat and Maharastra. The grouping of different 

accessions in a same cluster as the fruits of these accessions having 

similar biochemical properties as well as they belongs from similar 

geographical regions. A cophenetic was used to test for the 

goodness-of-fit of the clustering to the. The cophenetic correlation 

value (r) of the dissimilarity matrix was determined with 1000 

permutations revealed a good degree of fit (r = 0.987; p<0.001). 

Thus different accessions of S. cumini grouped in to different clusters 

according to physical and biochemical that gives a useful insight into 

their genetic relationships that could be value for germ plasm 

accession management programs. 

 

 

Fig. 2: Dendrogram depicting the cluster analysis based on 

biochemical properties 

 

CONCLUSION 

The information obtained from preliminary phytochemical 

screening in pulp and seeds of different maturity stages among all 

accessions of will be useful for manufacturers to utilize superior 

accessions with higher content of phytoconstituents and selection of 

the raw material for drug production as well as in finding out the 

genuity of the drug. The cluster analysis based on physical and 

biochemical attributes of fruits grouped different accessions in to 

four major clusters. The dendrogram showed grouping of similar 

accession either clustering based on physical or biochemical 

properties except few accessions that reveals the fact that clustering 

of different accessions may be due to their genetic make up. The 

significant variability has been observers with respect to physico-

chemical characteristics of fruits of different accessions that could 

play an important role in characterization of these accessions 

selected for study along with preliminary phytochemical screening 

could provide information about varietal selection programme for 

breeding and crop improvement.  
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