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Abstract

Tamarind fruit pulp is a significant spice and flavouring agent used in various
cuisines worldwide. Tamarind pulp has potential therapeutic value due to the
presence of numerous bioactive components and widely utilized in
preparation of different Ayurvedic medicines for treating the different illness.
The present investigation aimed to evaluate the phytochemical constituents
in the fruit pulp of different phenotypic variants of red, sweet and sour
Tamarind clones. The Tamarind fruits were collected from the Tamarind
germplasm bank at the ICFRE-Institute of Forest Genetics and Tree Breeding
and subjected to phytochemical and GC-MS analysis. The Tamarind clones
IFGTBTI-4, IFGTBRT-4 and IFGTBST-5 were subjected to GC-MS analysis. The
methanol extract of fruit pulp was analysed by GCMS for identify the bioactive
component present in the different phenotypic variants of Tamarind. The
GCMS analysis revealed 22 components in sour Tamarind, 18 components in
red Tamarind and 22 components in sweet Tamarind. The most important
bioactive compounds present in all the Tamarind types are myo-inositol, 4-C-
methyl-, L-(+)-ascorbic acid 2,6-dihexadecanoate and 2-furancarboxaldehyde, 5
-(hydroxymethyl) and also the components such as a-calacorene, gamma-
sitosterol and levoglucosenon. Therapeutic potential, including anti-
inflammatory, antioxidant, antiviral and anticancer properties. The findings
contribute to the pharmacological validation of Tamarind extracts and to
supporting their utility in pharmaceutical, cosmetic and food industries. This
study highlights Tamarind's role as a source of natural bioactive compounds
with significant health benefits, emphasizing its potential in the development
of new therapeutic agents and supplements based on sustainable, bio-based
chemicals.
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Introduction

Tamarindus indica L., commonly known as Tamarind, belongs to the tropical
Fabaceae family and the Caesalpiniaceae subfamily, thriving in the regions of
Africa and Southern Asia. Its composition mainly consists of 30-50% of pulp,
11-30% of shell and 25-40% of seeds (1). Based on the variations in the fruit
color, acidity and total sugars, Tamarind is delineated into red, sweet and
sour types, which is attributed to the presence of various phyto-compounds.
The medicinal applications of Tamarinds are widely utilized in many
traditional medical systems for its effectiveness in treating various ailments
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(2). The fruit pulp is laxative and effective for treating fever,
scurvy, nausea and bile-related disorders (3). Tamarind
leaves are used for their anthelmintic and vermifuge
properties to inhibit the growth of intestinal parasites and
were widely adopted in ethnomedicinal practices across
Africa, Asia and Latin America (4). Moreover, the seeds are
traditionally used to manage diabetes, fever and
gastrointestinal infections (5). The diverse pharmacological
actions of T. indica are attributed to its array of
phytochemicals, including flavonoids, saponins, alkaloids,
tannins, polyphenols and steroids, making every part of the
plant rich in therapeutic compounds (6). While the health
and economic benefits of T. indica are recognized
worldwide, detailed insights into the biologically active
constituents of its methanol extract, particularly regarding
its antioxidant and antibacterial properties, remain scarce
(7). This study aims to bridge this gap by exploring the
bioactive phyto-constituents of T. indica fruit through GC-
MS analysis and assessing its potential for antibacterial and
antioxidant activities, reflecting the ongoing interest in
sourcing novel pharmaceuticals from natural products
through advanced selection methodologies.

Materials and Methods
Sample collection and preparation of crude extract

Ripened fruits from five sour Tamarind trees were collected
from the IFGTB VMG at the Forest Campus, Coimbatore (11°
01'N; 76°94'E) and from each of the red and sweet Tamarind
varieties, 5 clones were collected from the National
Tamarind Germplasm Bank for Red and Sweet Tamarind at
IFGTB-FRS in Salem (11°09'N; 76°84'E). In GC-MS analysis, 20
g of pulp of ripened Tamarind fruits of each accession were
weighed to prepare aqueous and methanolic extracts of the
fruit samples. The sample extracts were centrifuged and
filtered by Whatman filter paper. The sample extracts were
stored in sterile centrifuge tubes and refrigerated at 4 °C for
further analysis.

The crude extract of the fruit samples re-suspended
with 100 mg/mL (w/v) of methanol, filtered with Whatmann
filter paper no. 1, evaporated to dryness followed by mixed
with 1 mL of methanol and impurities in the extract were
removed using a Varian Bond Elute C18 solid phase
extraction column.

Untargeted profiling of tamarind fruit crude extract

Exactly 1 pL of the purified samples were injected into a
coupled Varian 4000 GC/MS interfaced with a GC-MS/MS
Chemstation and NBS 49 K mass spectral library containing
mass spectra of over 100000 compounds. A fused silica
capillary column (10 m x 0.2 mm) with a cross-linked methyl
silicon phase utilized. Helium served as the transporter gas.
The range of temperature was set between 40 °C and 250 °C,
with a rise of 5 °C per min and a 2 min solvent delay. The
injector transfer line and ion source temperatures were
maintained at 230 °C and 220 °C respectively. The mass
spectral data observed during the assay were related with
the compounds of mass spectra of in the ChemStation NIST
library.
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Metabolite analysis

The metabolites profiled from the GC-MS spectra were
selected based on the retention time (RT) and the maximum
possible hit values. Before analyzing the data, a data integrity
check is carried out to verify that all required information has
been collected, which is followed by row-wise normalization.
The logarithmically transformed values were auto scaled
before conducting analysis. The metabolites were analyzed
using the online tool Metaboanalyst 6.0 using R programming
at the backend (24). The statistical and machine learning data
analysis includes one-way ANOVA, Multivariate analysis (PCA),
hierarchical clustering, Self-organizing map (SOM-
unsupervised) and Random Forest analysis (RF-supervised).
SOM and RF algorithms are used to identify the trends in high
dimensional data analysis using the packages R som and
Random Forest packages respectively in R programming,.

Results

The GC-MS analysis of methanol extracts from IFGTBST-5,
IFGTBTI-4 and IFGTBRT-4 Tamarind clone revealed the presence
of 22 components in IFGTBST- 5, 22 components in IFGTBRT-4
and 18 components in IFGTBTI-14 (Table 1). The most significant
compounds identified in the IFGTBRT-4, IFGTBTI-4 and IFGTBST-
5 Tamarind clones were 2-Furancarboxaldehyde, 5-
(hydroxymethyl) (53.33%: 53.27%: 55.40%), Myo-Inositol, 4-C-
methyl- (63.50%: 23.54%: 20.66%) and L-(+)-Ascorbic acid 2,6-
dihexadecanoate (58.48%: 59.44%: 54.11%). In the sweet
Tamarind clone IFGTBST-5, 2-Furancarboxaldehyde 5-
(hydroxymethyl), showed a high amount of 55.4%. The red
Tamarind clone IFGTBRT-4 exhibited high levels of Myo-Inositol,4
-C-methyl (63.50%) and L-(+)-Ascorbic acid-2,6-dihexadecanoate
(58.48%). The component 9,12-Octadecadienoic acid (Z,Z) was
found in 22.76% of the sour Tamarind clone IFGTBTI-4. In the red
Tamarind clone IFGTBRT-4, a-Calacorene was found at 69.74%.
The sweet Tamarind clone IFGTBST-5 showed a high amount of
Gamma-Sitosterol (67.78%), a phytosterol and Levoglucosenone
was present at 66.01%. The component Octadecanoic acid was
found in 52.68% of the IFGTBST-5 clone.

These component signals were collected from the
NIST database using the “MALDI quant” package in R
program. Analysis of Principal component analysis (PCA)
was conducted following data normalization. PCA was
conducted for Permutational multivariate analysis of
variance (PERMANOVA) to identify variations in metabolite
production and explore their interrelationships among
genotypes. Principal components with eigenvalues greater
than 1 were considered. The figure presents the scatter plot
of the PC scores along with their corresponding loading
plots. PC1 and PC2 together explained 97.58% of the total
variance, effectively representing all variables (Fig. 1). PC1
accounted for 63.75% of the variance and was associated with
the following volatile compounds:2-Furancarboxaldehyde,1-H-
Pyrazole 4,5-dihydro-3-methyl-1-propyl Thiophene-2-propyl,
Pentadecanoic acid, Palmitic anhydride, Furyl hydroxymethyl
ketone, Levoglucosenone, Isoindolel,3,5-trione,perhydro-2-[2-
(1-piperidyl) ethyl],2-Thiophene carboxylic acid,4-
nitrophenylester,1,2-Naphthalenedione 3,8  dimethyl-(1-
methylethyl),2,3-Dihydroxypropyl elaidate,9-Octadecenoic
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Table 1. GC-MS analysis of the methanol pulp extract of tamarind clones
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SL. No. RT Lead compound Mol. Formula Mol. Structure Mol. Wt % Biological properties
IFGTBTI-4
Inhibit the formation of
2-Furancarboxaldehyde, 5- w T\ i i
1 6.023 ’ CeHeO03 A Vi 126 53.27 sickled cells in blood,
(hydroxymethyl) VF)\/ Antimicrobial
1H-Pyrazole,4,5-dihydro-3- M Antioxidant, anticancer,
2 6.023 methyl-1-propyl CiHuN, TN 126 12.36 antiulcer, antihypertensive
3 6.023 Thiophene, 2-propyl CsH10 w 126 7.98 -
4 6.023 4-Octen-3-one C7H10S /\(H\/v 126 4.11 Flavoring agent or adjuvant
5 6.023 4Ethyl-2-hydroxycyclopent-2- CH10 y 126 26 Antibacterial
: en-1-one THo2 :
6 13.21 Myo-Inositol, 4-C-methyl C7H1406 T \‘V - 194 23.54 anti-inflammatory
|(+)Ascorbic acid 2,6- .
7 14.914 dihexadecanoate CagHesOs 652 59.44 Antioxidant
N . Anti-HIV potential,
8 14.914 n-Hexadecanoic acid Ci6H320; P 256 16.2 antimicrobial, flavoring agent
9 14.914 Pentadecanoic acid Ci1sH3002 P 242 4.94 Flavoring Agents
. . s Emulsifier (allows mixing oil
10 14.914 Palmitic anhydride Cs2He20s ¥ 494 3.88 .4 water), opacifying agent
11 14914  2-Hexyldecanoic acid CieH5:0 - 256 2.9  cleansing Emulsifying;
. y 16H3202 e : Surfactant
90ctadecenoic acid(Z)-, 2-
12 16.65  hydroxy-1-(hydroxymethyl) C21H4004 356 7.72 Antagonist
ethyl ester
E,E,Z-1,3,12-Nonadecatriene- o i
13 16.65 5,14-diol Ci9H340, g I 294 6.52 Antagonist
S 4
14 16.65 Oleic acid CisH3402 lj 282 4.47 Antimicrobial
e
15 16.991 Heptadecanoic acid C17H340, NN 270 2.78 Antagonist
S g
16 18 9’12'0“3‘1‘(9;‘32‘?"3”0"5 acid CisH02 iﬁ 294 2276 Agonist
) v;g/\v\/\/\‘; "
i1
17 18.572 2-Chloroethyl linoleate Ca0H35ClO> fL 342 9.86 -
oy
o £
18 19.433 9-Octadecenoic acid, 12- CoHa:0 r 34 3.99 )

hydroxy-, methyl
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IFGTBRT-4
2-Furancarboxaldehyde, 5- , 3 Inhibit the formation of sickled cells in
16201 (hydroxymethyi)- CaHs0s A N/ 126 5333 blood, Antimicrobial
2 6.201 1H-Pyrazole,4,5-dihydro-3- CHuNs /\vN/\N;«,\\, 126 8.76 Antioxidant, anticancer, antiulcer,

methyl-1-propyl antihypertensive

4 6.201 4-Octen-3-one CgH10 126 3.76 Flavoring agent or adjuvant

3 6.201 Thiophene, 2-propyl- C7H1S w 126 6.01 -
e A

5 6.201 4-Ethyl-2-hydroxycyclopent-2-en CoH10,

-1-one 7 126 1.93 Antibacterial

6 9.646 Isoledene CisHaa 204 2.06 Cytotoxic
‘ . .
7 9.986 Alpha-Calacorene CisH2o . 200 69.74 Anti-viral
8 9.986 Cadala-1(10),3,8-triene CisHa 202 13.66 Anti-fungal
Pyrimido[1,6-a]indole,1,2,3,4- .
9 9.986 tetrahydro-2,5-dimethyl- CizHieN; ' 200 3.06 Pharmacological uses
Naphthalene, 1,2-dihydro-1,1,6- _ .
10  9.986 trimethyl- CisHie 40 172 1.84 Cancer treatment, flavoring
11  11.826 Longifolene-(V4) CisHaa " 204 5.36 Flavoring agent
12 11.826 10s,11s-Himachala-3(12),4-diene  CisHys 204 3.98 Anti-bacterial, anti-allergens
13 11.826 Hinesol CisH260 QDﬁé 222 3.67 Anti-hepatotoxic activity
|(+)Ascorbic acid 2,6- o -
14 14951 dihexadecanoate CasHesOs 652 58.48 Antioxidant
) . , Anti-HIV potential ,antimicrobial,
15 14951 n-Hexadecanoic acid CisH3202 NW 256 16.25 flavoring agent
16 14951 Pentadecanoic acid CisH3002 AN 242 4.87 Flavoring Agents
. . i emulsifier (allows mixing oil and
17 14951 Palmitic anhydride C3He203 Srnnnandpn AN 494 3.92 water), opacifying agent or emollient
18 14951 2-Hexyldecanoic acid Ci6H3202 ~ H 256 2.85 Cleansing; Emulsifying; Surfactant
19  14.23 Myo-Inositol, 4-C-methyl- C7H1406 - \T”E: 194 63.50 anti-inflammatory
90ctadecenoic acid (2), 2-
20 17.505 hydroxy-1-(hydroxymethyl)ethyl CziH4004 356 8.55 Antagonist
ester o
21 17.505 Octadec-9-enoic acid CisH3402 o 282 5.82 -

E,E,Z1,3,12-Nonadecatriene-5,14

22 17.505 _diol

CigH340 ¢ ; 294 4.94 Antagonist
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IFGTBST-5
1 3.863 Furyl hydroxymethyl ketone CsHs0s 43— 126 54.26 -
2 4305 Levoglucosenone CsHsO3 * 126 66.01  Anti-inflammatory, Cytotoxic
Isoindole-1,3,5-trione,perhydro-2-[2-(1 N
3 4305 oiperidylethyl) CisH22N;05 o 278 16.92 -
2-Thiophenecarboxylic acid, 4-
4 4.665 nitrophenyl ester C1:H7NO4S u I 249 27.5 -
1
Inhibit the formation of sickled
5  6.058 2-Fu r(z?]n((:jargl?(O?(lgﬁhgfje, > CeHeOs UAY; 126 554  cellsin blood, Antimicrobial,
Yy y y ; Preservative
1H-Pyrazole,4,5-dihydro-3-methyl-1- \ Antioxidant, anticancer,
6 6058 propyl- CrHuaN, A 126 13.06 antiulcer, antihypertensive
7 6.058 Thiophene, 2-propyl- CiH10S w 126  9.74 -
Ethyl-2- 2-en-l- 1
8 eosg HEthylZhydroxycyclopent-2-en-l CH100; Yy 126  2.55 Antibacterial
1,2-Naphthalenedione, 3,8-dimethyl-5- ‘ . :
9 10.886 (1methylethyl) CisH160: B 244 2.98 Antibacterial
10 13.178 Myo-Inositol, 4-C-methyl- C7H1406 194  20.66 -
11  14.911 [(+)Ascorbic acid 2,6-dihexadecanoate CagHesOs —‘: 652  54.11 Anti-oxidant
N ) Anti-HIV potential,
12 14911 n-Hexadecanoic acid Ci6H3,0; 00400001 256  14.75 antimicrobial, flavoring agent
13 14911 Pentadecanoic acid CisH300; A 242 6.71 Flavoring Agents
emulsifier (allows mixing oil and
14 14911 Palmitic anhydride Cs2He20s SRR 494 5.01 water), opacifying agent or
emollient
15 14911 2-Hexyldecanoic acid Ci6H30 T 256 3.33 Cleansing; Emulsifying;
. y 16H3202 S : Surfactant
16 16.648 2,3-Dihydroxypropyl elaidate C21H4004 SRR 356 13.95 Flavoring agent
17 16.648 90ctadecenoic acid (Z), methyl ester Ci9H3602 296 7.71 Flavoring agent
9-Octadecenoic acid(Z), 2,3- .
18 17.419 dihydroxypropyl ester Ca1H4004 356 7.17 Flavoring agent
19 17.687 Octadecanoic acid CisH360: 284  52.68 Flavoring agent
Octadecanoic acid, 2-(2hydroxyethoxy) .
20 17.687 ethyl ester C2H1404 372 11.02 Emulsifier
21  17.687 L-Ascorbic acid, 6-octadecanoate C24H1,07 442 5.46 Anti-oxidant
. - Hypolipidemic agents
22 35.878 Gamma.-Sitosterol 414 67.78

CZQHSOO ! D

Anti-proliferative activity
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(B)PCA - Biplot

Dim2 (33.8%)

Dim1 (63.8%)

Fig. 1. Principal component analysis for metabolomics of sour, red and sweet Tamarind (Scree plot (A) and PCA biplot (B))

acid (Z2) methyl ester,9-Octadecenocic acid (2),2,3-
dihydroxypropyl ester, Octadecanoic acid 2-(2-hydroxyethoxy)
ethyl ester, L-Ascorbic acid 6 octadecanoate and Gamma-
Sitosterol. Similarly, PC2 explained 33.82% of the total
divergence and showed strong correlations with compounds
of volatile Alpha-Calacorene, Cadala-1(10),3,8-triene, Pyrimido
-[1,6-a] indole,1,2,3,4-tetrahydro-2,5-dimathyl,
Naphthalene,1,2-dihydro-1,1,6-trimethyl, Longifolene,
Himachala-3(12),4-diene, Hinesol and Pentadecanoic acid.

From the heat map cluster analysis (Fig. 2), the IFGTBRT
-4 Tamarind clone had a row z-score >1, which was observed in
metabolites such as 4-Ethyl-2-hydroxycyclopent-2-en-1-
one,Myo-Inositol, 4-C-methyl, Oleic acid, Pentadecanoic acid,
9,120ctadecadienoic acid (Z,Z), 2-Chloroethyl linoleate and 9
Octadecenoic acid, 12hydroxy, methyl. The IFGTBRT-4
Tamarind clone had a row z-score>1, which was observed in
Alpha-Calacorene,Cadala-1(10),3,8-triene,Pyrimido [1,6-a]
indole, 1,2,3,4-tetrahydro-2,5-dimathyl, Naphthalene, 1,2-
dihydro-1,1, 6-trimethyl, Longifolene, Himachala-3(12), 4-
diene,Hinesol and Pentadecanoic acid. The IFGTBST-5
Tamarind clone had Levoglucosenone, Isoindole-1,3,5-trione,
perhydro-2-[2-(1-piperidyl)ethyl], 2-Thiophenecarboxylicacid,
4-nitrophenyl-ester, 1,2 Naphthalenedione, 3,8-dimethyl-5
(1methylethyl), 2, 3-Dihydroxypropyl elaidate, 9-Octadecenoic
acid(Z), methyl ester, 90ctadecenoic acid(Z), 2,3-
dihydroxypropyl ester, Octadecanoic acid, 2-(2-hydroxyethoxy)
ethyl ester, L-Ascorbic acid, 6-octadecanoate and Gamma-
Sitosterol.

ﬁ—%
b B

Fig. 2. Heat map clustering for metabolomes of sour, red and sweet Tamarind

An unsupervised neural network algorithm of self-
organizing map (SOM) was used to automatically detect the
key trends in the metabolomic profiles of tamarind clones. It is
based on interconnected nodes in a grid, with each node
serving as a model. Accordingly, the SOM clustering revealed
only two matrices cluster (0,1) with IFGTBRT-4(R11; R12; R13)
and IFGTBST-5 (ST1; ST2; ST3) and cluster (0,2) including
IFGTBTI-4 (S11; S12; S13). (Fig. 3) Table 2. Similarly, the RF

Concenteion

Cluster

— o_1
—— o_=

s
=

9-Octadecenal a

£

Hinachala-3(12) 4-Gene

=
=

Fig. 3. SOM cluster analysis for Tamarind metabolites. The x-axes are components and y-axes are intensities. The blue lines denote median intensities of respective clusters
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Table 2. Clustering result using SOM for Tamarind clones

Cluster Sample in each cluster
Clsuter(0,0)
Clsuter(0,1) R11 (IFGTBRT-4), R12 (IFGTBRT-4), R13 (IFGTBRT-4), ST1
suter(d, (IFGTBST-5), ST2 (IFGTBST-5) and ST3 (IFGTBST-5)
Clsuter(0,2) S11 (IFGTBTI-4), S12 (IFGTBST-5) and S13 (IFGTBST-5)

analysis is a supervised. The machine learning algorithm
utilizes an ensemble of classification trees, with each tree
being constructed through random feature selection from a
bootstrap sample at each branch. Random Forest (RF) also
offers additional valuable information, including out-of-bag
(OOB) error, variable importance measures and outlier
assessments. The class error value was 0.00 for all the three
genotypes studied. The significant features identified are
graded by mean decrease accuracy in categorization accuracy
when they are permuted. MDA value for 1H-Pyrazole, 4 is high
in sour type whereas less in red type. The MDA values for most
of the feature’s compounds exhibited very low intensity in the
sweet type. (Fig. 4).

Discussion

GC-MS analysis of methanol extracts from the IFGTBST-4,
IFGTBTI-5 and IFGTBRT-4 Tamarind clones revealed the
presence of multiple components in each clone. The most
significant compounds identified in these clones include 2-
Furancarboxaldehyde, 5-(hydroxymethyl)-, Myo Inositol,4-C
methyl- and | (+) Ascorbic_acid 2,6 dihexadecanoate. These
compounds are known to possess therapeutic benefits,
including anti-inflammatory, antimicrobial and antioxidant
properties. The observed bioactivity aligns with findings
from previous studies (8, 9, 22, 23), which also reported the
identification of biological compounds in methanol extracts
of Tamarind. These studies highlighted peak area
percentages exceeding 1%, suggesting significant biological
relevance. The high levels of these compounds in the
analysed clones underscore their potential applications in
pharmaceutical, nutraceutical and cosmetic industries.

In the red Tamarind clone IFGTBRT-4, 2
Furancarboxaldehyde, 5-(hydroxymethyl), a compound
known for its pharmacological properties, including anti-
inflammatory, antioxidant and anti-hypoxic effects, was
notably abundant (9). The United States Food and Drug
Administration (FDA) has reported that this compound has
gained attention for its therapeutic potential in the
treatment of sickle cell disease (10). In the red Tamarind
clone IFGTBRT-4, Myo-Inositol, 4-C-methyl-, a derivative of
myo-inositol, plays a crucial role in cellular processes,
potentially impacting brain health, mood, cognitive
function, and metabolic disorders (11). The component L-(+)
-Ascorbic acid 2,6dihexadecanoate, a fat-soluble vitamin C
derivative, is highly valuable in pharmaceuticals, cosmetics
and the food industries due to its improved stability and
ability to integrate into lipid-based systems, offering
sustained antioxidant protection.
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N
St
1H-Pyrazole, 4 o HEC
2-Hexyldecanoi ° [ | |
4-Octen-3-one e W | |
9-Octadecenoic e H | |
EEZ1312N ° W [ | Hih
Himachala-3(12 ) .D.
Heptadecanoic ] [l | |
Myo-Inositol, ° [l | |
Hinesol ) .D.
Pentadecanoic e [ [ | .
Naphthalene, 1 ] .D. Low
9,12-Octadecad @ D..
Oleic acid @ D..
Isoledene @ .D.
2-Chloroethyl ® D..
I I I I I T I I
0.014 0.016 0.018 0.020
MeanDecreaseAccuracy

Fig. 4. Significant features of Tamarind metabolites identified by Random Forest

The component 9,12 Octadecadienoic acid (Z,2),
commonly known as a-linolenic acid, identified in the sweet
Tamarind clone IFGTBTI-4 is associated with significant
health benefits, including decreased risk of mortality for
coronary heart disease and cardiovascular diseases, despite a
potential slight increase in cancer-related mortality risk (12).
Additionally, a-linolenic acid may offer the added advantage
of diminishing blood clots formation, further contributing to
its cardiovascular benefits (13, 14). In the red Tamarind clone
IFGTBRT-4, a-calacorene, a sesquiterpene, was prominent
and is known for its antimicrobial, anti-inflammatory,
antiviral and antifungal properties, highlighting its
importance in both pharmaceutical development and
traditional herbal medicine (15, 16). Gamma-sitosterol, a
phytosterol observed in the same clone, offers various health
benefits, including lowering cholesterol levels, improving
urinary tract health, and potential anticancer properties,
emphasizing its value in nutrition, dietary supplementation
and pharmaceutical research (17, 18). Levoglucosenone,
found in the Tamarind clone IFGTBST-5, is recognized for its
unique structure, derived from the pyrolysis of cellulose. It
holds promise as a versatile building block for synthesizing
pharmaceuticals, agrochemicals, and advanced materials,
showcasing the significance of sustainable, bio-based
chemicals (19, 20). Octadecanoic acid, present in IFGTBTI-4, is
a versatile saturated fatty acid widely used across the
cosmetics, food and pharmaceutical industries for its
stabilizing, emollient, and lubricant properties. Its unique
characteristics distinguish it from other saturated fats in
dietary considerations (21).

The unsupervised machine learning algorithm SOM
classified the genotypes into two clusters, of which cluster
(0,1) encompass a pooled metabolites of both red and sweet,
whereas cluster (0,2) contained only sour type. This indicates
that most of the metabolites with median intensities are fall
under sour type, represented by the which is indicated by line
in the Fig. 3. As explained above the compounds like gamma
sitosterol, Ascorbic acid, Octadecenoic acid and isoindole and
Levoglucosenone are highly significant for the sour type in
determining its genetic traits. However, the metabolites 2-
Furancarboxaldehyde, 2-Hexyldecanoic acid, Hinesol,
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Pentadecanoic acid.1 and 4-Octen-3-one could be a visible
metabolite marker for clustering red and sweet types. Here
few metabolites are shared by both of them.

The supervised RF analysis identified 15 signature
features based on mean decrease accuracy values. Unlike to
SOM, the sweet genotype exhibited lower intensities for most
metabolites, except for 1H-Pyrazole,4, which was less in red
genotype. The sour type displayed medium to low intensities
of all the 15 features, suggesting its richness of metabolite
diversity. This diversity in the sour genotype highlights its
potential for further exploration using targeted profiling
studies.

Conclusion

The metabolomic analysis of methanol extracts from IFGTBST-
5, IFGTBTI-4 and IFGTBRT-4 Tamarind clones identified 22
metabolites in both IFGTBRT-4 and IFGTBST-5 and 18
metabolites in IFGTBTI-4, with significant variability in their
chemical profiles. Notably, key metabolites such as 2-
Furancarboxaldehyde, 5-(hydroxymethyl)-, Myo-Inositol,4-C-
methyl- and L(+)Ascorbic acid 2,6-dihexadecanoate were
dominant across the clones. The red Tamarind clone IFGTBST-
5 exhibited high levels of Myo-Inositol,4-C-methyl- and L (+)
Ascorbic acid 2,6-dihexadecanoate, while the sweet Tamarind
clone IFGTBRT-4 was characterized by a high content of 2-
Furancarboxaldehyde, 5-(hydroxymethyl)- and a-Calacorene.
The results from PCA indicated that PC1 and PC2 together
explained 97.58% of the total variance, with PC1 strongly
associated with a range of volatile metabolites, including
Gamma-Sitosterol, while PC2 correlated with Alpha-
Calacorene and other aromatic metabolites. The heat map
cluster analysis further revealed distinct metabolic profiles for
each clone, highlighting the unique composition of volatile
metabolites in the IFGTBRT-4, IFGTBTI-4 and IFGTBST-5 clones.
This metabolomic analysis underscores the substantial
metabolic diversity among Tamarind clones, providing a
crucial biochemical foundation for identifying metabolomic
superior genotypes. By elucidating the distinct metabolic
profiles, this study enhances our understanding of the
biochemical traits associated with desirable characteristics,
thus offering valuable insights for breeding programs aimed at
improving Tamarind varieties.
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