%g’\?tg!)rgggge Food Connect & SCIFINITI

2026, Article ID. 2026.0016, Cite as: https://doi.org/10.69709/SustainFoodConn.2026.172787 PUBLISHING

Research Article

OPEN ACCESS

Quantification of Bioactive Compounds of Major
Medicinal Plants from Bangladesh

Tupura Khatun™'" | Md. Asaduzzaman™%34%"

! Department of Mathematics, Chittagong College, National University, Chittagong 4203, Bangladesh

2 Department of Food Engineering and Nutrition Science, State University of Bangladesh, Dhaka 1461, Bangladesh
3 State Key Laboratory of Food Science and Resources, Jiangnan University, Wuxi 214122, China

4 School of Food Science and Technology, Jiangnan University, 1800 Lihu Avenue, Wuxi 214122, China

Article History
Received: April 28, 2026 Accepted: August 14, 2026 Published: September 01, 2026

Abstract

The medicinal and nutritional benefits of various plant leaves originate from their rich phytochemical content, which plays vital roles
in providing potential solutions for various diseases. In this study, the levels of bioactive compounds were quantified in the leaves
of twenty-four medicinal plant species collected at the National Botanic Garden, Dhaka, Bangladesh, based on visual coloration and
documented medicinal uses in traditional Bangladeshi medicine. Bioactive compounds, including total phenol content, flavonoids,
[—carotene, anthocyanins, and lycopene levels, were quantified and evaluated. The T80 UV/Vis Spectrophotometer (PG Instru-
ments, United Kingdom) was used to determine the levels of these bioactive compounds using a simple, rapid, and cost-effective
method, where fresh leaf extracts were analyzed in triplicate at specific wavelengths, and data were subjected to one-way ANOVA
followed by Duncan’s Multiple Range Test (p < 0.05). The leaves of Ipomoea batatas (Sweet potato), Amaranthus gangeticus
(Red spinach), Cordyline fruticosa (Ti plant), Tradescantia spathacea (Boatlily), Tradescantia zebrina (Wandering dude) showed
the highest levels of 3—carotene content (153 mg/100 g), lycopene content (109 mg/100 g), flavonoid content (810 mg/100 g RE),
anthocyanin content (267 mg/100 g) and phenolic content (615 mg GAE/100 g), respectively. Pearson correlation analysis identified
extremely strong positive relationships between 3-carotene and lycopene (r = 0.9264) and between anthocyanins and total phenolic
content (r = 0.9712), indicating common metabolic regulation. These selected plants could be considered new natural sources of
bioactive compounds and could open up future applications in the food, chemical, and pharmaceutical industries. This study offers
novel insights into the bioactive compositions of tropical medicinal plants.
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|I. Introduction their antioxidant properties and benefits, including phe-
nolics and fat-soluble vitamins, which play significant
Numerous medicinal properties have been attributed to  roles in human physiology. Besides vitamins and min-
natural plants. Today, medicinal plants are used to formu-  erals, phenolics also show potential to support the body
late pharmaceuticals, healthcare products, food products, by acting as reducing agents, hydrogen donors, singlet
chemicals, and cosmetics. These plants are rich sources oxygen quenchers, and metal chelators against various
of vitamins, minerals, and phytochemicals, which sup-  pathogens and diseases [1-3].
port the human body and help combat various microbial Various bioactive compounds, also known as phy-
and other health-related ailments. Across the globe, in- tochemicals, such as flavonoids, carotenoids, and pheno-
digenous peoples use various herbs and plants for their  Jic compounds, along with tannins, phytoestrogens, phy-
diverse medicinal properties. For example, harval teas  tosterols, and glucosinolates, and have significant medic-
prepared from such medicinal plants, are well known for  jpa] importance, including tumor-inhibitory and anticar-
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cinogenic potential [4,5]. Nowadays, these bioactive com-
pounds, as secondary metabolites in plants, are considered
highly important, and a new era of research is underway
to explore their anticarcinogenic, antitumor, antioxidant,
and wound-healing effects.

Modern techniques used to identify and isolate these
bioactive compounds from various medicinal plants are in-
tricate. While different animals, such as guinea pigs and
rats, are often used to assess the antioxidant and therapeu-
tic activities of these compounds, these findings are sub-
sequently translated to human applications [5,6]. Conse-
quently, the use of phytochemicals for therapeutic and an-
tioxidant purposes requires their identification, followed
by extraction and refinement into drugs with minimal or
no side effects, similar to antibiotics [7].

Inhibiting mutagenic reactions in deoxyribonucleic
acid (DNA) and inactivating carcinogens represent a new
approach to preventing various cancers and are strategies
that utilize anticarcinogens and antioxidants. Enzymatic
inactivation, scavenging carcinogens, and inhibition of re-
active oxygen species are notable mechanisms utilized for
this purpose [8].

In modern medicine, many anticarcinogenic com-
pounds are extracted and purified from traditional plants
that have been clinically used to treat different diseases
worldwide, such as flavopiridol, epipodophyllotoxin, be-
tulinic acids, combretastatin, camptothecin, silvestrol, tax-
ols, vinblastine, vincristine, irinotecan, and topotecan,
which have shown promising results in various studies [9].

Ellagic and gallic acids, as phenolic compounds,
can interrupt tumor cell spread and possess DNA-binding
properties that effectively interfere with carcinogenic cell
development [10]. Different plant parts, such as fruits,
shoots, leaves, and roots, from species including Amaran-
thus gangeticus and Tradescantia zebrina, contain phe-
nolic compounds that have significant anticarcinogenic
potential [7].

Few studies have quantified the bioactive composi-
tion of plant leaves [11-14]. Comprehensive characteriza-
tion, functionalization, and utilization studies of bioactive
compounds from plant leaves remain scarce, as do studies
using spectrophotometric methods as preliminary practi-
cal approaches for the screening, identification, and quan-
tification of major bioactive compounds in plant leaves.
Plant leaves have complex, heterogeneous matrices that
lead to variable levels of pigments, phenolics, and other
phytochemicals. For the precise identification and quan-
tification of the individual bioactive compounds, high-
performance liquid chromatography (HPLC) or mass spec-
trometry can be used; however, these techniques are ex-
pensive, time-consuming, require specialized solvents,
and are not easily scalable for large sample sets. In con-

trast, UV-Vis spectrophotometry is simple, fast, cost-
effective, and widely available in routine laboratories,
supporting experimental replication. These experiments
also enable simultaneous processing of multiple leaf sam-
ples, making them ideal for comparative screening across
numerous species, such as those included in this study
(24 plants). Moreover, spectrophotometric assays such as
the Folin—Ciocalteu assay for total phenolic content, the
aluminum chloride assay for flavonoid content, and spe-
cific, fixed-wavelength measurements for carotenoids are
well-established, replicable, reproducible, and have been
widely validated for leaf tissues [4,15,16]. For this rea-
son, these methods are highly efficient as first-line tools
for identifying promising leaf sources of bioactive com-
pounds before more targeted and expensive analyses are
undertaken.

This study focuses solely on the identification and
quantification of the major bioactive compounds present
in traditional medicinal plants widely available in
Bangladesh. Variability in extraction systems—such as
alkaline or enzymatic extraction—along with differences
in sample preparation, yield calculation, and characteriza-
tion methods, has been identified as a potential source of
error affecting the accuracy and comparability of findings
across studies. The identification of these bioactive com-
pounds highlights the medicinal value of these traditional
plants and their potential health benefits, introducing a
new dimension to research and industrial utilization.

2. Materials and Methods

2.1. Location of the Plant Samples

A total of 24 plants were randomly selected and collected
from the National Botanic Garden (23°48’ N, 90°21’ E)
in Mirpur, Dhaka, Bangladesh, during the summer sea-
son (March—April) in 2023; their names are listed in Table
S1 [17-40]. The National Botanic Garden is maintained
by the government organization of the People’s Republic
of Bangladesh, where plants are managed using standard
horticultural practices without chemical fertilizers. The
National Botanic Garden is a vast managed horticultural
collection rather than an experimental field or laboratory;
therefore, all plants, trees, and shrubs were maintained
under routine garden management practices without spe-
cific pesticide applications or intentional chemical stress
treatments. No species-specific records of soil properties,
irrigation schedules, or nutrient management were used
because the plants were not cultivated; rather, they were
collected as part of a controlled agronomic library and pro-
vided experimental samples for researchers in Bangladesh
and worldwide. Therefore, no specific cultivation records

Khatun and Asaduzzaman

Sustainable Food Connect


https://scifiniti.com/
https://scifiniti.com/journals/sustainable-food-connect

SCIFINITI

PUBLISHING

®

2026, Vol. 2, Article ID. 2026.0016
https://doi.org/10.69709/SustainFoodConn.2026.172787

were available for individual species, as the plants were
grown under natural conditions in open beds with regu-
lar irrigation. In this study, all plants were selected based
on their local medicinal use in Bangladesh and nation-
wide availability as mature, healthy plants free from vis-
ible symptoms of disease, insect infestation, mechanical
injury, or physiological disorders. For each species in
this study, plant parts (leaves) were collected from three
to five individual plants. The leaves were comparable in
size and developmental stage and were collected during
the same phenological stage. The leaves were fully ex-
panded and mature and were harvested from the middle
canopy to ensure that all samples represented the same
physiological maturity stage, thereby reducing variation
associated with leaf age and development. The leaves
were collected between 8:00 and 10:00 AM to minimize
variations in metabolite content caused by daylight expo-
sure. After collection, the leafy parts of each plant were
thoroughly washed and rinsed multiple times with tap wa-
ter, and then cut into smaller pieces to obtain a uniform
composite sample.

2.1.1. Sample Preparation and Basis of
Expression

All collected leaves were washed, cut into small pieces,
and homogenized in their fresh state without drying.
Bioactive compound contents are expressed as mg per 100
g of fresh weight. Fresh samples were used to avoid degra-
dation of heat-labile compounds such as anthocyanins, ly-
copene, and [3-carotene during drying, and to reflect the
bioactive composition as consumed or initially extracted
in traditional preparations.

2.2. Extraction of 3-Carotene

Five grams of plant leaves were combined with 100 mL
of methanol, stirred for 24 h at 25 °C and 150 rpm, and
then filtered using Whatman no. 4 filter paper. The
methanolic extract was collected, and 100 mg of the ex-
tract was subsequently mixed with a combination of 10
mL acetone-hexane (4:6). After vigorously shaking the
mixture for one minute, it was filtered again using What-
man filter paper no. 4 [41]. A T80 UV/Vis Spectropho-
tometer (PG Instruments, Leicestershire, UK) was used
to measure absorbance. Carotenoid absorbance was mea-
sured at 453 nm, 505 nm, and 663 nm, and carotenoid

Anthocyanin Content (mg/100g) =
Absorbance X Molecular Weight of cyanidin—3—glucoside (449.2) X Dilution Factor

content was calculated using Equation (1) and expressed
as mg [3-carotene equivalents per 100 g fresh weight.

Carotenoids Content(™9/1009) = )
0.216 x A663 — 0.304 x A505 + 0.452 x A453

2.3. Extraction of Lycopene

Colorimetric determination of lycopene from plant leaves
was performed by extraction with hexane, ethanol, and
acetone, followed by absorbance measurement at 503 nm.
1 g of plant leaves was collected and soaked in 80 mL of a
hexane-ethanol-acetone mixture (2:1:1) in a flask. Then,
the solution was vortexed for 10 min, 10 mL of water
was added, and the mixture was vortexed for a further 10
min [15]. Lycopene absorbance was measured at 503 nm
and expressed as mg per 100 g fresh weight.

2.4. Extraction of Flavonoids

Flavonoid extract was prepared using methanol: 10 mg of
plant leaves were soaked in 10 mL of methanol, and 1 mL
was collected in a test tube. 5 mL of water and 0.1 mL
of potassium acetate (CH;CO,K) were added to the test
tube, which was then left to rest for 5 min. Then, 3 mL
of aluminum chloride (AICl3) was added, and the mixture
was allowed to stand for 30 min at room temperature[4].
QC samples for accuracy determination at six concentra-
tions (0, 10, 20, 30, 40, and 50 pg/mL) were also prepared
by serial dilution of the freshly prepared rutin stock solu-
tion and used within 24 h. Flavonoid absorbances were
measured at 415 nm, using equation 2 to determine TFC,
where Y is the absorbance of the sample, and X is the total
flavonoid content in mg/100 g Rutin equivalents (RE) per
100 g fresh weight.

Y =0.0059 x X 4 0.0527R* = 0.981 2)

2.5. Extraction of Anthocyanin

1 g of plant samples and 40 mL of 50% ethanol were
placed in a flask at pH 3.0, then kept at a warm tempera-
ture (50 °C) for 1 h. The solution was then filtered, and a 1
mL aliquot was collected in a test tube and combined with
4 mL of methanol [4]. Anthocyanin absorbance was mea-
sured at 530 nm and calculated using the following equa-
tion. Anthocyanin content was expressed as mg cyanidin-
3-glucoside equivalents per 100 g fresh weight.

x 100 3

Molar Absorptivityx Sample Weight
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2.6. Extraction of Total Phenol

This method used 25% ethanol for extracting total phe-
nols from plant leaves. One gram of plant leaves was
soaked in 20 mL of 25% ethanol for 15 min. The solu-
tion was then filtered through Whatman No. 2 filter pa-
per, and a 1 mL sample was collected from the filtrate,
mixed with 5 mL Na,CO; and 1 mL Folin reagent, and
transferred to a volumetric flask. Then it was kept at room
temperature for 1 h [4,16,42]. Quality control (QC) sam-
ples to assess accuracy at five concentrations (10, 20, 30,
50, and 60 PPM) were also prepared by serial dilution
of the freshly prepared gallic acid stock solution, which
was used within 24 h. Phenolic content was quantified
at 765 nm using spectrophotometry (T80 UV/Vis Spec-
trophotometer, PG Instruments, UK) by comparing ab-
sorbance values with a gallic acid calibration curve and
expressed as milligrams of gallic acid equivalents per 100
g fresh weight(mg GAE/100 g fresh weight). Equation
2 was used to calculate the total phenolic content (TPC),
where Y is the absorbance of the sample, and X is the to-
tal phenolic content, expressed as mg GAE/100 g fresh
weight.

Y =0.0019 x X + 0.2066R> = 0.995 @)

2.7. Statistical Analysis

All measurements were performed in triplicate for each
sample, and averages and standard deviations were cal-
culated from these measurements. Data were analyzed
using R statistical software (Windows version 4.3.3) and
figure are generated in GraphPad Prism (Version 8.3.0).
A single-factor analysis of variance was conducted. Dun-
can’s Multiple Range Test (DMRT) was used to identify
significant differences, with differences considered signif-
icant at p < 0.05.

3. Results and Discussion

3.1. p-Carotene Content

Figure 1 and Table S2 present the concentrations of ex-
tracted (3-carotene from plant parts, revealing significant
amounts in the respective species, in which Ipomoea
batatas showed the maximum concentration at 153.21
mg/100 g and Ajuga reptans at 138.67 mg/100 g, indi-
cating a high [3-carotene content in the leaves. In addi-
tion to Ipomoea batatas and Ajuga reptans, the leaves
of Lawsonia inermis and Euphorbia cotinifolia also con-
tained significant amounts of [3-carotene, comparable to
those found in Amaranthus gangeticus, establishing them

as excellent sources of this carotenoid. To maintain a
healthy life, a daily intake of 1545 mg of 3-carotene is
recommended, as supported by previous nutritional stud-
ies [43]. In Bangladesh, Ipomoea batatas and Amaranthus
gangeticus leaves are traditionally used in food prepara-
tions such as steaming and infusion with oil, whereas Eu-
phorbia cotinifolia is highly toxic, and Lawsonia inermis
is prohibited for direct consumption. For pharmaceutical
use, all species, including toxic ones, can be processed
under controlled environmental conditions into standard-
ized extracts, powders, coated or encapsulated formula-
tions. Additionally, although the practice is uncommon
in Bangladesh, young shoots of 4juga reptans can be uti-
lized in salads in Brazil [44].

[3-carotene, which is commonly present alongside
water-soluble and fat-soluble vitamins, is abundant in
plant leaves and has been reported to inhibit various
cancers [44]. The antioxidant capacity of plant leaves
varies with their content of metabolites such as vitamins,
carotenoids such as [3-carotene and lycopene, and other
pigments [45].

Carotenoids, which are precursors to vitamin A, are
typically derived from flowering plants and herbs and
serve as colorants and bioactive compounds; they are very
common in tropical plant species, as evidenced by previ-
ous studies [46]. Comparable levels of (3-carotene have
been reported in medicinal plants [11-13]. Still, certain
plant leaves, such as wine palm (Mauritia vinifera), are
promising sources of (3-carotene [47].

3.2. Determination of Lycopene

There are different types of carotenoids, such as ly-
copene and [3-carotene, with lycopene having a nearly
two-fold higher capacity to reduce singlet oxygen than (3-
carotene [48]. Lycopene plays a crucial role in defense
against carcinogenic diseases by protecting DNA, lipid
particles, low-density lipoproteins, and proteins from free
radical attacks [49].

According to Figure 2 and Table S2, leaves of Ama-
ranthus gangeticus exhibited the highest lycopene concen-
trations at 109.44 mg/100 g, followed by Tradescantia ze-
brina leaves at 84.11 mg/100 g. Furthermore, leaves from
Tradescantia zebrina, Ipomoea batatas, and Lawsonia in-
ermis are significant sources of lycopene [50,51].

3.3. Flavonoids Determination

Figure 3 and Table S2 present the quantification of
flavonoid content, showing that Cordyline fruticosa vari-
eties exhibited the highest flavonoid levels, with Cordy-
line fruticosa at 810.46 mg/100 g RE, Cordyline rubra at
502.13 mg/100 g RE, and Plectranthus scutellarioides at
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352.18 mg/100 g RE. The flavonoid content of these plant
leaves falls within a range similar to that reported in pre-
vious studies on medicinal plants [52-55]. However, the
sources of plant leaf samples vary with environmental con-
ditions and soil composition, making direct comparisons
challenging.

Notably, samples of Cordyline species exhibited sig-
nificantly higher flavonoid levels (p < 0.05) than other
plant leaves. For instance, 17.1 + 2.8 mg RE/100 g d.b.
for Tradescantia zebrina and 10.6 = 4.0 mg RE/100 g
d.b. for Tradescantia pallida (Malaysia), values which
surpass those found in this study [14]. Similarly, 3.93 £+
0.008 mg quercetin/100 g d.b. for Tectona grandis and
27.2 mg RE/100 g d.b. for Prunus cerasifera, values close
to those reported in several studies [56,57]. Again, an-
other study reported 6.92 mg RE/100 g d.b. for Oxalis
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corniculata, while 14.32 mg quercetin/g for Basella alba,
both of which are notably lower than the levels observed
here [58,59].

3.4. Determination of Anthocyanins

Anthocyanins, vibrant pigments responsible for the blue,
red, and purple hues in leaves and fruits, are notably abun-
dant in various berries [60]. Among the species examined,
Tradescantia spathacea exhibited the highest level of an-
thocyanins at 267.18 mg/100 g, followed by Oxalis trian-
gularis at 161.67 mg/100 g and Alternanthera dentata at
151 mg/100 g (Figure 4 and Table S2). With their diverse
colors and potential health benefits, anthocyanins are used
in dietary supplements, nutraceuticals, and pharmaceuti-
cal products.
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Figure I: Quantitative distribution of f-carotene content (mg/100 g) in the leaves of 24 medicinal plant species from Bangladesh.
Data are presented as mean + standard deviation (n = 3). Bars with different letters indicate statistically significant differences at p

< 0.05 according to Duncan's Multiple Range Test.
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Figure 2: Quantitative distribution of lycopene content (mg/100 g) in the leaves of 24 medicinal plant species from Bangladesh.

Data are presented as mean = standard deviation (n

< 0.05 accordin

from Bangladesh. Data are presented as mean = standard deviation (n = 3). Bars with different letters indicate statistically significant

Figure 3: Quantitative distribution of total flavonoid content (mg rutin equivalents/100 g) in the leaves of 24 medicinal plant species
differences at p < 0.05 according to Duncan’s Multiple Range Test.
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Figure 4: Quantitative distribution of total anthocyanin content (mg/100 g) in the leaves of 24 medicinal plant species from
Bangladesh. Data are presented as mean + standard deviation (n = 3). Bars with different letters indicate statistically significant
differences at p < 0.05 according to Duncan’s Multiple Range Test.

The total anthocyanin contents observed in the
leaves of Tradescantia spathacea, Oxalis triangularis,
and Alternanthera dentata were lower than those reported
for various vegetable leaves. For instance, several stud-
ies have reported that purple cabbage leaves contain 629
mg/100 g d.b., red lettuce varieties contain 100 to 300
mg/100 g d.b., and purple leaves of Perilla frutescens con-
tain 42.33 mg/100 g d.b. [61-63].

3.5. Total Phenolic Determination

Previous studies have categorized the phenolic content
of plant leaves into three groups: low, moderate, and
high. Generally, plants with phenol content below 500 mg
GAE/100 g are classified as having low concentrations of
phenolic compounds, those ranging from 500 to 2500 mg
GAE/100 g fall into the medium concentration category,
and those above 2500 mg GAE/100 g are categorized as
having high concentrations of phenolic compounds [64].
Tradescantia zebrina exhibited the highest level of
phenolic compounds among the plants examined, fol-

lowed by Lawsonia inermis, Plectranthus scutellarioides,
and Acalypha wilkesiana (Figure 5 and Table S2). The
leaves of these plants contain high levels of phenolic com-
pounds, making them excellent sources. Except for Cala-
dium Bombshell, the leaves of the other examined plants
can be categorized as having medium levels of phenolic
compounds and may still represent good sources of these
compounds.

Notably, higher levels of phenolic compounds were
found in Tectona grandis, Tradescantia zebrina, and
Tradescantia pallida (Malaysia) than in this study [14,57].
However, the levels reported for Prunus cerasifera were
comparable to those obtained in several studies [56]. Pre-
vious studies reported lower levels in Oxalis corniculata
and Basella alba [58,59]. These discrepancies may be at-
tributed to various factors affecting the properties of bioac-
tive compounds in plant leaves, such as cultivation meth-
ods, climate, plant varieties, and the time of year of har-
vest [65].

Sustainable Food Connect

Khatun and Asaduzzaman


https://scifiniti.com/
https://scifiniti.com/journals/sustainable-food-connect

2026, Vol. 2, Article ID. 2026.0016
https://doi.org/10.69709/SustainFoodConn.2026.172787 ® ﬁgé'!:u\ll(!\“-rl
a

600
550
500
450
255
240-1“
25 1
200
CHE f
8 7 =
m-
<
5 9
(=2}
g
‘E-
L
B
S
0-
o
- _J':__ h h
o] o
5 100+
s 4
5
'_-
4 j J
| Kk
n
R T S S N A
cE c £ 5 ©° = o = S5 =
© ® 3 o
$ 582 &35 FE ¢ 838§ ¢
&ocg-ﬂomg‘»:g
E"vch-Q..g.Zg
3 & & &8 & & § 5 £ 2 o
g o @® £ 5 g > o g
m'—":"’Eﬂgz.E:'"
£ < 2 3 5 ® 5§ > ¢ £ £
> € £ 5 ©O g T O £ ¢
= = [ -
© hgs S 0o < g
< 2§ 8 g ° S 3
<<Et (] o"u

b
c c
e
i
=
|
o] no
1P p
. R .
B B 8 £ 8 8 2 8 8 0 & 8§ 8
§ 8 E 8 2 3 s z & BB = g %
® ® ¢ £ 3 © 3 & ®» s & £ 2
a @ £ 2 = 5 @9 £ &8 5 2 =
e £ §F g & 2 F B o % N
T ® s L. = £ § = ¢ 5 £ a @
2 8 & 5 o > &8 T o 8 £ §F £
& 6 & 8 o % 5 &£ 4 5 & o €
g 3 9 8 o 2 , 3 %8 2 8 & §
E =g £ 2 2 238 83§ % 3
@ T »® ® D 73
EONEx:QmEpggm
£ d 0O ® & = o S 8 B
[*] X K= - o 0
c o t -
Kl © ©
G kS =
x 8
o

Figure 5: Quantitative distribution of total phenolic content (mg GAE/100 g) in the leaves of 24 medicinal plant species from
Bangladesh. Data are presented as mean + standard deviation (n = 3). Bars with different letters indicate statistically significant
differences at p < 0.05 according to Duncan’s Multiple Range Test.

3.6. Correlation Analysis

Pearson correlation analysis was performed using Prism to
examine the relationships among the phytochemical com-
ponents ([3-carotene, lycopene, flavonoids, anthocyanins,
and total phenolic content) in the plant species under in-
vestigation (Figure 6). To calculate the correlation coeffi-
cient (r) and its 95% confidence interval (CI), we used a
metric to assess the relationship between each pair of vari-
ables. The correlation coefficient ranges from —1 to +1,
where values close to +1 indicate strong positive relation-
ships, while values close to —1 indicate strong negative
relationships.

In this study, several variable pairs showed ex-
tremely strong positive correlations, indicating that their
concentrations tend to vary in proportion to each other.

For instance, the correlation between (3-carotene and ly-
copene was strongly positive (r = 0.9264) and had a 95%
CI 0f0.8141 to 0.9264 because they share a similar biosyn-
thetic pathway as carotenoids. In addition, flavonoids and
total phenolic content showed moderately strong positive
correlations, as expected due to the fact that flavonoids are
a subset of total phenolic content.

Furthermore, several pairs exhibited strong positive
correlations, indicating that the concentrations of these
phytochemicals tended to increase together. In particu-
lar, anthocyanins and total phenolic content showed a very
strong positive correlation (r = 0.9712), suggesting that
plant species with higher anthocyanin concentrations also
possessed higher total phenolic contents.

Most remaining variable pairs showed very weak
or negligible correlations, indicating no significant rela-
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tionship; for instance, anthocyanins and flavonoids had a
very weak correlation (r = 0.01494, 95% CI: 0.02131 to
0.9919). Confidence intervals (95%) for the correlation
coefficient indicate the reliability of the estimates: wide
confidence intervals (0.8141 to 0.9264) indicate greater
uncertainty in the correlation estimate, whereas narrow
confidence intervals (0.5491 to 0.9977) indicate a stronger
estimate. Correlations between variables whose confi-
dence intervals include zero were not statistically signif-
icant.

This information on the studied correlations holds
significant value regarding different metabolic pathways
of the studied bioactive compounds because, for instance,
a positive correlation of (3-carotene and lycopene sug-
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Acalypha wilkesiana

Ajuga reptans
Alternanthera dentate
Amaranthus gangeticus
Caladium Bombshell
Calathea ornate
Codiaeum variegatum
Cordyline fruticosa
Cordyline rubra
Cryptanthus bivittatus
Euphorbia cotinifolia
Ipomoea batatas
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Lawsonia inermis

Malabar spinach

Oxalis corniculata

Oxalis hedysaroides

Oxalis triangularis
Plectranthus scutellarioides
Prunus cerasifera

Tectona grandis

Tradescantia pallida

gests common regulation, as carotenoids are theoretically
controlled by the same genetic and environmental fac-
tors, while a lack of correlation between anthocyanins
and flavonoids may be interpreted as their separate con-
trol. Again, because of resource allocation at the biosyn-
thetic level, the strong positive correlation between antho-
cyanins and total phenolic content suggests that these phy-
tochemicals accumulate concurrently in the studied orna-
mental plant species. This finding is biologically plausi-
ble because anthocyanins are a subclass of phenolic com-
pounds and share common biosynthetic pathways. There-
fore, increased anthocyanin accumulation is often associ-
ated with increased total phenolic content.

Tradescantia spathacea

Tradescantia zebrina '[|
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Figure 6: Pearson correlation matrix among (-carotene, lycopene, flavonoids, anthocyanins, and total phenolic content across the 24
studied medicinal plant species. The heatmap displays correlation coefficients (r) and corresponding 95% confidence intervals, with
color intensity indicating the strength and direction of the linear relationships.
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3.7. Practical Implications and
Beneficiaries

This study provides a detailed and reliable dataset on the
bioactive compound profiles of 24 medicinal plant species
commonly found in Bangladesh, which may benefit sev-
eral groups within the research and industrial communi-
ties. First, researchers can use this dataset as a baseline for
further investigations into phytochemicals across differ-
ent extraction methods, characterization, bioactivity eval-
uation, compound isolation, and the development of nu-
traceuticals, functional foods, and pharmaceutical prod-
ucts. Identifying plant species with varying concentra-
tions of bioactive compounds may also provide promising
candidates for advanced analytical and chemical studies
using metabolomic and chromatographic techniques.

Second, the food, pharmaceutical, and nutraceuti-
cal industries may use these findings to identify econom-
ically valuable plant species as potential natural sources
of antioxidants, phenolic compounds, flavonoids, antho-
cyanins, (3-carotene, and lycopene, which may facilitate
the extraction and development of natural ingredients,
functional food products, dietary supplements, and plant-
derived therapeutic innovative formulations.

Third, government organizations such as policymak-
ers, different public and private agricultural extension
agencies, and local and international botanical conserva-
tion authorities may use the results to prioritize the con-
servation, sustainable utilization, and cultivation of medic-
inal plant species with high bioactive compound potential.
These findings also support future strategies to promote
value-added utilization of indigenous plant species and
strengthen the medicinal plant sector.

Finally, this study can contribute to sustainable de-
velopment awareness by encouraging the use of locally
grown and available medicinal plants as renewable natu-
ral resources to produce high-value bioactive compounds
that are highly effective for the treatment of chronic dis-
eases. This contribution not only potentially reduces the
dependence on synthetic medicine and additives but also
promotes environmentally sustainable resource utilization
and creates new economic opportunities through the devel-
opment of plant-based health products.

4, Conclusions

Different plant parts contain various pigments, such as
[3—carotene, lycopene, anthocyanins, and flavonoids, sup-
porting the value of utilizing these plant species, given
their significant amounts of bioactive compounds and
diverse macro- and micronutrients, particularly antho-
cyanins, flavonoids, and phenolic compounds. This study

provides valuable evidence confirming the nutritional
properties of medicinal plant leaves, particularly the di-
verse properties of identified pigments and compounds,
which are not only rich sources of bioactive compounds
but also can be utilized as low-cost, renewable resources
for the pharmaceutical industry, thereby providing posi-
tive economic and environmental impacts. From a tradi-
tional preparation perspective, [pomoea batatas and Ama-
ranthus gangeticus leaves are locally processed through
light steaming or infusion in Bangladesh, making them ac-
cessible sources of bioactive compounds and vitamins for
local populations. For pharmaceutical and nutraceutical
applications, all studied species, including Tradescantia
zebrina, Cordyline fruticosa, Lawsonia inermis, and even
the toxic Euphorbia cotinifolia, can be processed into
standardized extracts, powders, or encapsulated formula-
tions through controlled chemical, physical, or mechani-
cal extraction methods. These findings confirm that bioac-
tive compounds may play significant roles in protecting
against various diseases, suggesting broader applications
beyond their use as sources of medicine.

5. Limitations

This study did not involve controlled cultivation because,
in Bangladesh, dedicated cultivation practices do not ex-
ist for these plants, except for Amaranthus gangeticus
and Ipomoea batatas. Consequently, the plant materials
were collected from a managed botanical garden rather
than a controlled cultivation experiment. No specific agro-
nomic variables or cultivation parameters, such as soil
nutrient composition, irrigation schedules, and fertilizer
history, were available for individual plant species; there-
fore, these factors could not be standardized. Although
these factors can influence bioactive profiles, future stud-
ies should build on this work by conducting controlled cul-
tivation experiments to separate genotypic effects from en-
vironmental influences on bioactive compound accumula-
tion.
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