
Differential metabolome landscape of Kadsura coccinea fruit tissues
and potential valorization of the peel and seed tissues
JIANFEI GAO1; KANGNING XIONG2,*; WEIJIE LI1; WEI ZHOU3

1
Institute of Mountain Resources, Guizhou Academy of Sciences, Guiyang, 550001, China

2
School of Karst Science, Guizhou Normal University, State Engineering Technology Institute for Karst Desertfication Control of China, Guiyang, 550001, China

3
Guizhou Industry Polytechnic College, Guiyang, 550008, China

Key words: Kadsura coccinea, Widely-targeted metabolomics, Alkaloids, Lignans, Flavonoids, Fruit, Biowaste valorization

Abstract: Kadsura coccinea (Lem.) is a woody wine plant with a peculiar fruit enriched in important health-promoting

compounds. The non-editable part of the fruit, i.e., the seed and peel, represents more than 60% of the fruit and is

considered a biowaste. This significantly restricts the development of the K. coccinea fruit industry. Clarifying the

metabolic components of the different fruit parts can help to improve the utilization rate and valorization of

K. coccinea. Herein, we evaluated K. coccinea fruit peel, pulp, and seed using widely-targeted metabolomics and

quantified a set of 736 bioactive compounds from 11 major metabolite classes. The most prominent metabolite classes

included lipids, amino acids, flavonoids, and lignans. Furthermore, our results emphasized a significant accumulation

of flavonoids in pulp tissues, while alkaloids and lignans were abundant in peel and seed tissues, respectively. A total

of 183 metabolites were differentially accumulated among the three tissues. Procyanidin C2, rutinoside,

2-hydroxyoleanolic acid, 5-hydroxymethyluracil, nootkatol, isoquercitrin, isohyperoside, quercetin-7-O-glucoside,

hyperin, and rutin showed elevated accumulation in the peel. In the seed, kadsuralignan G, kadcoccilactone A,

kadsuralignan H, lysoPE 20:5, iso-schisandrin ethyl alcohol, and kadangustin were significantly enriched. Our results

highlight the diverse metabolome composition of K. coccinea fruit parts, which can be further exploited for its

valorization in various industries.

Introduction

Black tiger (Kadsura coccinea (Lem.)) is a perennial evergreen
climbing woody vine indigenous to Southwest China (Sun
et al., 2009) and widely distributed in Guizhou, Guangxi,
Yunnan, Guangdong, and Sichuan (Sritalahareuthai et al.,
2020a). The mature black tiger fruit is usually consumed as
fresh fruit. However, the edible portion of the fruit is only
30–40%, which is relatively lower compared to popular
fruits. The high proportion of skin and seed weights of
black tiger fruit is one of the main reasons for its low
commercial value. Bioactive compounds present in different
plant parts are an excellent source for potential valorization
and value addition of the fruit plants. Previous studies
emphasized valorization of plant biowaste by utilizing a
broad spectrum of bioactive compounds present in plant
parts generally considered biowaste. Deng et al. (2020) and
Wang et al. (2020a), in their studies on banana pseudo-stem

and longan fruit parts (skin and seed), respectively,
demonstrated the potential valorization of biowaste by
exploiting the metabolome and identified several
compounds with nutraceutical properties. Hence,
investigating the metabolome composition of black tiger
fruit parts could open a new avenue towards a better
valorization of the fruit and the development of the industry.

Kadsura genus, with extensive uses in traditional
medicine (Yang et al., 2020), is known as an abundant
source of lignans and terpenoids (Yang et al., 2019b),
exhibiting several biological functions with beneficial
properties, i.e., anti-tumor (Liu et al., 2014), cytotoxic (Hu
et al., 2016), anti-HIV (Gao et al., 2008b), antioxidative
(Cao et al., 2019), anti-hepatitis (Kuo et al., 2005) and
hepatoprotective effects (Liu et al., 2018a). K. coccinea is an
important raw material for traditional Chinese medicine.
Different plant parts of K. coccinea, including rhizomes,
bark, stem, and fruit, have been widely used as raw
ingredients for the formulation of traditional Chinese
medicine (Li et al., 2006; Li et al., 2007; Yang et al., 2020)
and subsequently utilized for the treatment of ulcer, acute
gastroenteritis, rheumatoid arthritis, bruise, pain, and
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dysmenorrhea (Wang et al., 2020b). However, there is a lack
of studies concerning the different parts of the fruit and
their potential utilization as dietary or medicinal sources.

The fruit of the black tiger, with its peculiar shape,
appearance, bright color, and unique flavor, possesses high
health and medicinal values (Hao et al., 2014; Sritalahareuthai
et al., 2020a; Sun et al., 2009). Black tiger fruit is highly
nutritive, with a higher vitamin C content as compared to
common fruits such as apple, cherry, grape, Kiwi, litchi, and
strawberry (El-Ishaq and Obirinakem, 2015). In our
preliminary study, we found some biological activities of black
tiger fruit peel and seed extracts. If the metabolic components
of black tiger fruit parts are elucidated, the value of the non-
edible part can be further explored with potential utilization in
the food and pharmaceutical industries. Therefore, this study
was designed to aim at exploring the differential metabolome
of fruit parts, including peel, pulp, and the seed of black tiger
fruit, based on the widely-targeted metabolomics approach.

Materials and Methods

Plant material
The black tiger plants, locally known as ‘HeiLaohu’, used in
the experiment, resulted from 6 years of artificial cultivation.
They were planted in an 80% plastic canopy with a
sunshade net. The experiment was conducted in Xiaba,
Wudang District, Guiyang, China, with regular management
practices. Randomly selected fruits were picked during the
maturation season in October 2020. Each selected fruit was
rinsed with tap water, placed on a small plate, and cut with
a scalpel. The peel and the pulp parts were slowly stripped
out and collected separately into 10 mL centrifuge tubes.
The seeds were rubbed in an emery cloth for seed tissue
sampling to remove the flesh and then put into a 10 mL
centrifuge tube. Three biological repeats for each sample
from the peel, pulp, and seed were collected from three
different fruits. Samples were stored at −80°C for further use.

Sample preparation
The samples were prepared according to Deng et al. (2020). The
three groups of samples, cryopreserved, were freeze-dried in a
vacuum using lyophilizer (Scientz-100F) and ground to
powder. A 100 mg powder was accurately weighed and
thawed in 1.2 mL 70% methanol extract (Shanghai Aladdin
Bio-Chem Technology Co., Ltd., Shanghai, China). The
samples were centrifuged every 30 min for 30 s, a total of six
times. The samples were placed in a refrigerator at 4°C
overnight. After centrifugation, at 12000 rpm for 10 min, the
supernatant was absorbed, and later, samples were filtered
with 0.22 μm-pore size (ALWSCI Technologies Zhejiang,
China) and stored in injection bottles for further analysis.

UPLC-MS/MS analysis
The ultraperformance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS performed by Metware, Wuhan,
China) was used as a widely targeted metabolomics approach
to detect and quantify the metabolome in the three black tiger
fruit tissues including, peel, pulp, and seed. The sample
extracts were analyzed using a UPLC-ESI-MS/MS system
(UPLC, SHIMADZU NexeraX2, www.shimadzu.com.cn/; MS,

Applied Biosystems 4500 Q TRAP, www.appliedbiosystems.
com.cn/). The analytical conditions were as follows, UPLC:
column, Agilent SB-C18 (1.8 µm, 2.1 mm � 100 mm); The
mobile phase consisted of solvent A and solvent B. Solvent A
consisted of pure water with formic acid (0.1%), and solvent B
consisted acetonitrile with formic acid (0.1%) (Shanghai
Aladdin Bio-Chem Technology Co., Ltd., Shanghai, China).
The gradient program was used to measure the samples with a
starting point of 95% A, 5% B. After 9 min, the linear gradient
was changed to 5% A, 95% B for 1 min. Later, at 1.10 min, the
gradient was adjusted back to 95% A, 5.0% B for 2.9 min. The
flow velocity was kept constant during the whole gradient
process as 0.35 mL/min. Moreover, the temperature was also
kept constant at 40°C, while the injection volume was 4 μL.

AB4500 Q TRAP UPLC/MS/MS (triple quadrupole-
linear ion trap mass spectrometer) system was utilized to
perform ESI-triple quadrupole-linear ion trap (ESI-Q
TRAP-MS/MS). The system was equipped with an ESI turbo
Ion spray interface. Analyst 1.6.3 was used to control the
system (Xu et al., 2020).

ESI-Q TRAP-MS/MS
For ESI-triple quadrupole-linear ion trap (QTRAP)-MS, LIT,
and triple quadrupole (QQQ) scans were acquired on a triple
quadrupole-linear ion trap mass spectrometer (Q TRAP),
AB4500 Q TRAP UPLC/MS/MS System, equipped with an
ESI Turbo Ion-Spray interface, operating in positive and
negative ion mode and controlled by Analyst 1.6.3 software
(AB Sciex). The ESI source operation parameters were kept
as explained by Chen et al. (2013).

Quality control and data analysis
To confirm the reliability of metabolome data sets, quality
control was performed, as previously described by Fiehn et al.
(2008). Extracted samples were mixed and inserted into every
sample, and changes were monitored (Yang et al., 2019a). Data
sets with the intensity of the metabolites from the three
samples were uploaded to the Analyst 1.6.3 software (AB
SCIEX, Ontario, ON, Canada) for descriptive statistical
analyses (Dossa et al., 2020). Unsupervised principal
component analysis (PCA) was performed by statistics
function prcomp within R (www.r-project.org).

Differential metabolites
Significantly differentially accumulated metabolites between
the fruit tissues were estimated by exploring the variable
importance in projection (VIP) values greater than 1 with
Log2 fold change (FC) also greater than 1. Before
Orthogonal Projections to Latent Structures-Discriminant
Analysis (OPLS-DA), data was transformed as log2FC, and
mean centering was also performed. OPLS-DA results were
used for the extraction of VIP values using R software with
MetaboAnalystR package. Subsequently, 200 permutations
were performed for each sample.

Results

Metabolic landscape in black tiger fruit parts
The UPLC-MS/MS technique was employed for metabolic
profiling of black tiger fruit parts viz., peel, pulp, and seed
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(Fig. 1). Repeatability of metabolites detection was ensured by
observing the accuracy of the instrument using quality
control, as previously explained by Fiehn et al. (2008). We
observed overlapped peaks of the total ion current in
different quality control samples (Fig. 2a). The results
depicted overlapped and consistent peaks for ion-intensity
peaks (showed on the y-axis) and retention time.
Furthermore, the analysis showed stable peaks for identical
samples for different time intervals.

Principal component analysis (PCA) was executed to
evaluate the structure of the data. The PCA plot showed the
distribution of three groups based on metabolite ion
intensity in specific tissues (Fig. 2b). We observed a close
grouping of biological replicates in each tissue, while all
three tissues viz., peel, pulp, and seed were in separate
groups, suggesting that high-quality metabolome data was
obtained. Metabolome variance explained by the first two
PCs was accumulatively high (90.34%).

After a quality check, we identified 736 metabolites,
grouped into 11 major classes and 35 sub-classes (Fig. 3
and Tab. S1). The classification was based on the structural
configuration of the identified metabolites. Of the 736
metabolites, lipids (17.66%) showed the highest proportion,
followed by phenolic acids and derivatives (16.17%), amino
acids and derivatives (13.18%), flavonoids (11.55%),
organic acids (10.87%), others (10.05%), nucleotides and
derivatives (6.52%), lignans and coumarins (5.57%),
terpenoids (4.35%), alkaloids (2.17%), and tannins (1.90%)
(Fig. 3). Complete information about the set of identified
metabolites, including molecular weights (Da), compound
formula, ionization, compounds, classes, and KEGG

pathways, are listed in Tab. S1. The concentration (ion
intensity) of the identified metabolites has been presented
as a heatmap (Fig. 4), depicting their differential
accumulation across the three tissues. Flavonoids, phenolic
acids, terpenoids, and tannins showed relatively higher
concentrations in the peel than in the pulp and seed.
However, lignans and coumarins showed the highest
accumulation in the seed.

Differential metabolic landscape
In order to understand the metabolic properties of the three
fruit tissues, we identified the differentially accumulated
metabolites (DAMs) between the tissues. In KF vs. KP, we
obtained 299 DAMs (Tab. S2), 492 DAMs in KF vs. KD
(Tab. S3), and 533 DAMs in KP vs. KD (Tab. S4). We
further identified 183 conserved DAMs between the three
groups (Fig. 5 and Tab. S5). These conserved DAMs can be
categorized into ten major metabolites classes viz., alkaloids,
amino acids, flavonoids, lignans and coumarins, lipids,
nucleotides and derivatives, organic acids, phenolic acids,
tannins, and terpenoids. The differential accumulation
profile of these conserved metabolites has been illustrated in
Fig. S2, indicating an up-accumulation of 114 DAMs in the
peel (Tab. S5). While 37 and 38 DAMs were up-
accumulated in the seed and pulp, respectively. This
indicates that the peel contains more bioactive compounds
even than the pulp. The most noticeable DAMs between
pulp and peel were procyanidin C2, quercetin-3-O-(2’’-O-
arabinosyl) rutinoside, 2-hydroxyoleanolic acid, 5-
hydroxymethyluracil, nootkatol, quercetin-3-O-glucoside
(isoquercitrin), isohyperoside, quercetin-7-O-glucoside,
quercetin-3-O-galactoside (hyperin), and quercetin-3-O-
rutinoside (rutin).

Further, we explored the metabolome of black tiger fruit
by comparing differential accumulation between pairs of
tissues. Comparison of pulp and peel (KF vs. KP) yielded
299 DAMs (Tab. S2). The accumulation profile of these
DAMs has been presented as a heatmap (Fig. 6a) with
corresponding classes. A total of 168 DAMs were found
with an up-accumulation pattern in the peel, while 131
DAMs were up-accumulated in the pulp. The top 10 DAMs
up-accumulated in peel were flavonoids: delphinidin-3-O-
glucoside (mirtillin), isorhamnetin-3-O-glucoside, myricetin-
3-O-glucoside, quercetin-3-O-(2’’-O-rhamnosyl) rutinoside,
quercetin-3-O-rutinoside-7-O-rhamnoside, taxifolin-3’-O-
glucoside, delphinidin-3-O-(2’’-O-glucosyl) rutinoside,
quercetin-3-O-sambubioside, eriodictyol-3’-O-glucoside, and
tannins: procyanidin C2 (Fig. 6b). In contrast, the pulp
showed a high accumulation of L-alanine, kadangustin I,
kadangustin G, eicosadienoic acid, acetylepigomisin R,
pregomisin, kadangustin F, kadusurain C, kadsuralignan J,
and N-α-acetyl-L-ornithine (Fig. 6b).

Similarly, a comparison of pulp and seed resulted in the
identification of 492 DAMs, with 115 metabolites up-
accumulated in the seed while 377 were up-accumulated in
the pulp (Fig. 7a and Tab. S3). Kadsuralignan G,
kadcoccilactone A, kadsuralignan H, lysoPE 20:5, iso-
schisandrin ethyl alcohol, kadangustin H, gomisin G,
schisandrol B, maslinic acid, and plaunol E showed strong
accumulation in the seed (Fig. 7b). While, p-coumaric acid,

FIGURE 1. A pictorial description of black tiger fruit (Kadsura
coccinea (Lem.)).
(a–b) Black tiger fruit. (c) Cross section of black tiger fruit.
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kadcoccinic acid G, delphinidin-3-O-(2’’-O-xylosyl)rutinoside,
cyanidin-3-O-(2’’-O-glucosyl)rutinoside, cyanidin-3-O-rutinoside
(keracyanin), kadcotrione C, cyanidin-3-O-glucoside
(kuromanin), kadcoccitone C, lariciresinol-4’-O-glucoside, and
rosmarinic acid-3’-O-glucoside showed up-accumulation in the
pulp as compared to the seed (Fig. 7b).

Comparison of seed and peel (KP vs. KD) metabolome
resulted in the identification of 533 DAMs, with 144
showing up-accumulation in the seed while 389 showed up-
accumulation in the peel tissues (Tab. S4). The
accumulation level of the identified DAMs between peel and
seed has been presented in Fig. 8a. Pregomisin, kadangustin
G, kadsuralignan G, kadangustin F, kadusurain C,
kadsuralignan J, kadcoccilactone A, kadangustin I,
kadsuralignan H, and acetylepigomisin R were among the
up-accumulated metabolites in the seed (Fig. 8b).
Epicatechin, 4-aminobenzoic acid, cyanidin-3-O-(2’’-O-
glucosyl) rutinoside, delphinidin-3-O-glucoside (mirtillin),
cyanidin-3-O-rutinoside (keracyanin), quercetin-3-O-
rutinoside (rutin), rosmarinic acid-3’-O-glucoside,
lariciresinol-4’-O-glucoside, delphinidin-3-O-(2’’-O-xylosyl)
rutinoside and cyanidin-3-O-glucoside (kuromanin) showed
up-accumulation in the peel compared to the seed (Fig. 8b).

Above mentioned metabolome comparisons suggested
that peel tissues of black tiger fruit have more diverse and

concentrated metabolites, particularly flavonoids compared
to the pulp and seed. On the other hand, the seed also
contains elevated amounts of lignans and coumarins.

Discussion

Metabolites are naturally occurring organic compounds
present in living organisms, with the most common being
flavonoids, amino acids, alkaloids, and lipids (Erb and
Kliebenstein, 2020). In this study, we explored the
metabolome of black tiger (Kadsura coccinea (Lem.)) fruit
parts viz., peel, pulp, and seed using the widely-targeted
metabolomics approach. Widely-targetted metabolomics
provides an inclusive platform for identifying and further
exploiting diverse metabolomes (Chen et al., 2013; Sawada
et al., 2009). The study aimed to provide a comprehensive
insight into the differential metabolome of different fruit
parts of black tiger fruit, which is used in traditional
Chinese medicine due to its antioxidant, anti-tumor, anti-
HIV anti-lipid peroxidative, cytotoxic, and anti-hepatitis
properties (Sritalahareuthai et al., 2020a; Woo et al., 2020).

The metabolome landscape of black tiger fruit revealed
an elevated concentration of flavonoids, phenolic acids,
terpenoids, and tannins in the peel than pulp and seed.
However, lignans and coumarins showed significantly
higher accumulation in the seed. Previous reports have also
reported the identification of flavonoids (Sritalahareuthai et
al., 2020a), phenolic acids (Sun et al., 2009), and lignans (Li
et al., 2006) from different tissues of the black tiger plant.
Moreover, K. coccinea was shown to contain gallic acid
(phenolic acid) (Sun et al., 2011), with a strong DPPH-
radical scavenging activity. The pulp showed a high
abundance of flavonoids and lipids, and the most noticeable,
with known beneficial effects on human health, are
rutinoside (Matsumoto et al., 2001; Olthof et al., 2003), γ-
linolenic acid (Fan and Chapkin, 1998), α-linolenic acid
(Burdge, 2006), lysoPE 16:0 (Ren et al., 2018), lysoPC 18:2

FIGURE 2. Quality control analysis for consistent metabolites measurements.
(a) The vertical axis represents the intensity of the ion current (cps: count per second), and the horizontal axis shows the retention time (min);
(b) Principal component analysis for metabolites identified in three different tissues of black tiger fruit viz. KP (peel), KF (pulp), and KD (seed).

FIGURE 3. Pie chart representing the identified 736 metabolites and
the corresponding major classes.
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(2n isomer), stearic acid (Bonanome and Grundy, 1988), and
lysoPC 18:2 (Dong et al., 2010). Similarly, the peel showed an
abundance of flavonoids. Cyanidin-3-O-glucoside, also
known as “kuromanin” is responsible for red hue in

different fruits (Olivas-Aguirre et al., 2016) and is also
known for its antioxidant and anti-tumor characteristics
(Sun et al., 2012). Nasser et al. (2019) reported
neuroprotective effects of kuromanin chloride (Cyanidin-3-
O-glucoside) against neurodegenerative diseases. A recent
report by Sritalahareuthai et al. (2020b) emphasized the
abundance of flavonoids in K. coccinea compared to other
Kadsura species. Isorhamnetin-3-O-rutinoside (Narcissin)
has been recently reported to inhibit COVID-19 virus
main protease (Owis et al., 2020). Delphinidin-3-O-(2’’-O-
xylosyl) rutinoside was also identified in the peel, which is
an important flavonoid in the biosynthesis of purple to
blue color in plants (Xu et al., 2018). The presence of
delphinidin-3-O-(2’’-O-xylosyl) rutinoside and cyanidin-3-
O-glucoside and their higher accumulation in peel tissues
are predicted to confer the peculiar red peel color of black
tiger fruit. Anthocyanidins are water-soluble pigmented
compounds widely distributed in blue to purplish fruits
(Sritalahareuthai et al., 2020b), with cyanidin and
delphinidin as the most abundant anthocyanidins (Dini et
al., 2019). Beyond pigmentation, anthocyanins also play a
critical role as therapeutic agents for Central Nervous
System (Cásedas et al., 2020). Furthermore, we also
identified gallocatechin, which has been previously
reported in pomegranate (Plumb et al., 2002), guava
(Matsuo et al., 1994), and tea (Ikeda et al., 2003).
Gallocatechin is an important flavonoid and displays a

FIGURE 4. Heatmap representing the accumulation (ion intensity) of metabolites in three tissues KP (peel), KF (pulp), and KD (seed).

FIGURE 5. Venn diagram representing differentially accumulating
metabolites (DAMs) between different tissues of the black tiger: peel
(KP), pulp (KF) and seed (KP).
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cardiovascular protective effect (Hertog et al., 1993;
Plumb et al., 2002).

In the seed, an abundance of lipids and lignans was
observed. Previous reports suggested the significance of lipid

and lignan compositions in the black tiger plant (Gao et al.,
2008a; Li et al., 2006; Mulyaningsih et al., 2010; Shao et al.,
2020). Seed and peel of black tiger fruit are generally
considered biowaste; however, the abundance of bioactive

FIGURE 6. Identification of differentially accumulated metabolites (DAMs) between peel (KP) and pulp (KF), KF vs. KP.
(a) Heatmap representing accumulation profile of DAMs in peel and pulp tissues. (b) Top 20 metabolites differentially accumulated between
KP and KF, where the x-axis represents log2FC of ion intensity.
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compounds in both tissues, as disclosed in this study, suggests
possible valorization of these fruit parts. The most prominent
lignans found in the seed were kadangustin E, pregomisin,
kadangustin G, kadsuralignan G, kadangustin F,
kadangustin D, kadusurain C, and kadsuralignan J.

Previously published statistics by Liu et al. (2019) on
comparative authentication of Kadsura crude drug suggested
identification of kadangustin L and kadangustin E in K.
coccinea. Gao et al. (2012) emphasized lignans and
triterpenoids as principal bioactive compounds present in

FIGURE 7. Identification of differentially accumulated metabolites (DAMs) between the seed (KD) and pulp (KF), KF vs. KD.
(a) Heatmap representing accumulation profile of the DAMs in seed and pulp tissues. (b) Top 20 metabolites differentially accumulated
between KD and KF, where the x-axis represents log2FC of ion intensity.
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K. coccinea with significant bioactivities related to anti-HIV,
immunodeficiency, cytotoxicity, and antiproliferative effects.
Kadsura genus is a rich source of lignans. Previously, reports
highlighted an abundance of lignans in K. angustifolia

(Gao et al., 2008b; Liu et al., 2019), K. philippinensis (Shen
et al., 2009), K. longipedunculata and K. heteroclite (Liu et al.,
2019). In contrast with a previous report (Liu et al., 2019)
suggesting a low abundance of kadangustin E in the stem of

FIGURE 8. Identification of differentially accumulated metabolites (DAMs) between the seed (KD) and peel (KP), KP vs. KD.
(a) Heatmap representing the metabolite accumulation levels of the DAMs in seed and peel tissues. (b) Top 20 metabolites differentially
accumulated between KD and KP, where the x-axis represents log2FC of ion intensity.
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K. coccinea, our results suggest a significant abundance of
kadangustin E in the seed. Pregomisin (Yadav et al., 2019),
kadangustin G (Gao et al., 2008b), kadsuralignan G (Goh et
al., 2013), and kadsuralignan J (Liu et al., 2018b) have also
been reported for their significant effects on human health and
used in traditional medicine. Plant lipids are an excellent
dietary source for human consumption (Ursin, 2003). Both
pulp and seed tissues showed strong accumulation of linoleic
acid, lysoPC 18:2, lysoPC 18:2(2n isomer), γ-linolenic acid, α-
linolenic acid, and stearic acid.

Conclusions

Our study clarified the metabolome landscapes of the fruit
peel, seed, and pulp in K. coccinea. Comparative
metabolome analysis suggests that the peel and seed tissues
of K. coccinea are enriched in bioactive secondary
metabolites, especially flavonoids and lignans, and can be
further valorized as human dietary sources or raw materials
in the pharmaceutical industry. Furthermore, a multi-omics
approach can decipher the biosynthesis pathways for
identified key metabolites to improve their bioavailability.
Quantification and biological activities of the identified
metabolites can be resourceful for future studies.
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Supplementary Materials

FIGURE S1. Top 20 metabolites and their ion intensity in respective tissues.
(a) Top 20 metabolites and their corresponding classification in pulp (KF), (b) Top 20 metabolites and their corresponding classification in peel
(KP), (c) Top 20 metabolites and their corresponding classification in seed (KD) of the black tiger.
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FIGURE S2. Heatmap representing the differential accumulation of
metabolites in three group comparisons KF vs. KP, KF vs. KD, and
KP vs. KD, where KF, KP, and KD correspond to black tiger fruit
pulp, peel, and seed tissues, respectively.

TABLE S1

Metabolic landscape of black tiger fruit and respective tissues, i.e., peel, pulp, and seed

TABLE S2

Differentially expressed metabolites between pulp and peel tissues (KF vs. KP) of black tiger fruit.

TABLE S3

Differentially expressed metabolites between pulp and seed tissues (KF vs. KD) of black tiger fruit.

TABLE S5

Conserved differentially expressed metabolites between different tissues of black tiger fruit.

TABLE S4

Differentially expressed metabolites between peel and seed tissues (KP vs. KD) of black tiger fruit.
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