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Abstract
The aim of this study was to assess the efficiency of different dryingmethods (room, sun, oven, microwave, cross-flow, infra-red,
dehumidifier, and freeze-drying) on maximum retention of the nutritional and bioactive compounds profiling of Talinum
triangulare, which is a less-known perishable leafy-vegetable. The evaluation of various drying methods is to learn the best
appropriate strategy for a post-harvest drying method for retaining all the potential benefits with minor loss. Microwave and
freeze-dried samples held the maximum ascorbic acid quantified by HPLC with 1.36 and 1.11 g/100 g DW, respectively. The
main carotenoid compounds identified were violaxanthin, lutein, zeaxanthin, β-carotene isomers, trans-β-carotene, and cis-β-
carotenes. Gallic, protocatechuic, catechin, para-coumaric, ferulic, rutin, trans-cinnamic, and quercetin are the significant phe-
nolics and flavonoids identified and quantified by liquid chromatography. The efficiency of different solvents on bioactive
extractions uncovered that the methanol and 80% aqueous ethanol were good for retention of total phenolics, total flavonoids,
and antioxidant compounds, which was affirmed through phosphomolybdate, DPPH, and FRAP assays. Dried T. triangulare
foliage could be productively utilized as a promising raw material for food and pharma businesses because of its rich bioactive
composition.
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Introduction

Rapid changes in diets and lifestyles have a significant impact
on the health and nutritional status of populations, particularly
in developing countries. India, being a tropical country with
varying climates and seasons, grows a variety of leafy vege-
tables (LVs), some of which are locally grown and utilized.
LVs are most often from short-lived herbaceous plants and are
rich sources of vitamins, especially β-carotene, riboflavin,
folic acid, ascorbic acid, and minerals such as calcium, iron,

and phosphorous [1]. Intake of LVs in our daily diet may
enrich the essential micronutrients as well as dietary fiber with
other vital nutrients. LVs wilt within a short span after har-
vesting due to transpiration and respiration activities; conse-
quently, this leads to the forfeiture in quality of nutritional
components. Therefore, optimization of suitable preservation
methods such as blanching, dehydration, or drying can over-
come the loss of essential nutraceutical molecules in the LVs
for effective utilization and preservation. Moreover, the opti-
mization of these regime steps can help in the exploitation of
LVs to bring down the micronutrient malnutrition in develop-
ing countries to increase the occurrence of chronic degenera-
tive diseases globally [2].

Talinum triangulare L., commonly known as ‘Common
man’s spinach’ or ‘Ceylon Spinach’, is a non-conventional
LV crop belonging to the family Talinaceae, originating from
tropical Africa and widely grown in Asia, West Africa, and
South America. T. triangulare leaves are spirally arranged
with often crowded leaves at the top of the stem and bright
pink flowers [3]. It is a fast-growing plant (35–45 days) in
water lodged places, hence its being popularly known as
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waterleaf [3, 4]. Nutritionally, the leaves are a good source of
fiber and minerals, especially potassium, calcium, and mag-
nesium, which contribute to assembling the micronutrients for
daily nutritional requirements. It is reported that T. triangulare
had the highest amount of riboflavin (0.18 g/100 g FW) [5]. A
good number of reports explained its rich phytoconstituents
profile, vitamins, considerably high crude protein (22.1%),
crude fiber (11.12%), cardiac glycosides, omega-3-fatty acids,
flavonoids, and polyphenols [6]. The antioxidant activities
and high kaempferol content from leaf extracts of
T. triangulare have been reported recently [7]. The use of
leaves and young shoots to thicken the sauce and their con-
sumption in large quantities is known in the southern part of
Nigeria [8]. Conferring to the traditional medicine system of
India, T. triangulare leaves are used to treat polyuria, inflam-
mation, heat, gastrointestinal disorders, measles, hepatic ail-
ments, kidney disorders, gout, rheumatoid arthritis, cancer,
and anemia in pregnant women and growing children [9].
Though there are numerous health and nutritional benefits of
T. triangulare, the knowledge on effective preservation,
phytoconstituents evaluation, and sustainable utilization of
dehydrated leaves are limited.

Therefore, the present work was focused on the conse-
quences of eight different drying methods (room, sun, oven,
microwave, cross-flow, infra-red, and freeze and dehumidifier
drying methods) and fresh leaves evaluation along with the
extraction efficacy of different solvents on the extraction of
nutritional and nutraceutical components from T. triangulare.

Materials and Methods

Plant Material

T. triangulare leaves were harvested from garden grown
plants of the CFTRI campus from June to October 2018.
The temperature variation during this period were 30 and
25 °C, respectively, with an average rainfall of 2–4 cm. The
herbarium specimen of T. triangulare plant was submitted at
Herbarium Center, Yuvaraja’s College, Department of Botany
(Accession No: 0274). The leaves were sorted and washed
with tap water thrice, followed by spreading on hand made
blotting paper to remove water. Later on the leaves were used
for different drying methods.

Drying Methods

Freshly harvested leaves of T. triangulare (1 kg) were exposed
to eight different drying methods such as room, sun, oven,
microwave, cross-flow, dehumidifier, Infra-red, and freeze
drying, and fresh leaves (FL) were also analyzed for
phytoconstituents. In room-drying (RD), the leaves were
spread over the floor in a room at 27–32 °C for five days for

complete drying of the leaves. In sun-drying (SD), the leaves
were spread under sunlight at 35–38 °C mid-day temperature
for two days. Oven drying (OD) (Ecocell, MMM group,
Germany) involves drying of leaves for 5 h at 55 °C.
Microwave drying (MWD) (Samsung, M183DN, with
Triple Distribution System) was done at 850 W for 3 min.
Cross-flow drying (CFD) (Technico Lab Products Pvt. Ltd)
was performed for 16 h at 50–55 °C. In dehumidifier drying
(DHD), the leaves were dried for 6 h at 55 °C. Infra-red drying
(IRD) was done in CSIR-CFTRI developed machine with 1.1
to 1.3 μm wavelength or radiation for 5 h at 50–55 °C. In
freeze-drying (FD), the leaves were lyophilized overnight in
a vacuum tray at 0.012 mbar at −110 °C freeze dryer (Scanvac
coolsafe™, Denmark). The dried leaf material was collected
and grinded using a mixer (Maharaja Whiteline Perfect W&R
500 Mixer grinder) for 20 min at high speed. The particle size
of powdered leaf material was analyzed by using a particle
size analyzer (Microtrac Inc. Blue Wave, USA) to maintain a
uniform particle size of almost 250–270 μm in all the dried
leaves and stored in polythene air tight glass containers until
further use. For comparative analysis, the fresh leaves were
also simultaneously analyzed with the different dried leaf
samples.

Determination of Moisture Content

The moisture content of fresh and different dried leaf powder
material was measured according to the AOCS method to
know the ultimate moisture content [10].

Color Measurement

The color of the fresh and different dried leaf powder samples
were monitored by measuring L, a* and b* values using a
color measurement instrument (Konica Minolta CM-5, VA,
USA). The L values represent the lightness or darkness, a*
values refer to the red-green color, and b* values refer to blue-
yellow color [11]. The L, a*, and b* values were used to
calculate the chroma and Hue angle.

Determination of Chlorophyll Content

The fresh and different dried leaf powder samples were ex-
tracted using mortar and pestle with acetone (1:10 w/v) and
centrifuged at 7,000×g for 10 min, and the clear supernatant
was collected. The absorbance of the collected supernatant
was measured at 661.5, 663, and 645 nm with a double beam
spectrophotometer (UV-160 A, Shimadzu Corporation,
Kyoto, Japan), and the concentration of chlorophyll a, b, and
total were calculated and compared with two standard
methods [12, 13].
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Extraction and Estimation of Ascorbic Acid by Using
HPLC

Ascorbic acid from fresh and various dried leaf powder sam-
ples were extracted under subdued light with some modifica-
tion [14]. A known quantity of leaf sample (1 g) was extracted
with 2 ml of methanol and 10 ml of cold extraction solution,
containing 3%meta phosphoric acid (w/v), 0.05% ethylenedi-
aminetetraacetic acid (w/v) and 0.8% glacial acetic acid (v/v).
The homogenate was centrifuged at 7,000×g for 15 min at
4 °C. Then the supernatant was collected and filtered
(0.45 μm), and chromatographic analysis of ascorbic acid
was carried out in LC 20 AD (M/s Shimadzu Corporation,
Kyoto, Japan), Chromatopak C18 (150 × 4.6 mm i.d., 5 μ par-
ticle size) was used for separation, and the mobile phase was
50 mM K2HPO4 adjusted to pH 7 (Solvent A) and 100%
methanol (Solvent B), with a linear gradient at a flow rate of
1 ml/min. Ascorbic acid was detected at 254 nm and quanti-
fied with standard ascrobic acid calibration curve (R2 =
0.992).

HPLC Analysis of Carotenoids Compounds

HPLC identification of carotenoids in HPLC grade acetone
extracts (1:10, w/v) was carried out by an LC 20 AD HPLC
with Princeton C-30 (ODS) column (250 × 4.6 mm; 5 μm)
without saponification. The mobile phase consists of acetoni-
trile/methanol/dichloromethane (60:20:20, v/v/v) containing
0.1% ammonium acetate at a flow rate of 1 ml/min, and ca-
rotenoids were detected at 450 nm. The carotenoids were
identified by comparing the retention times reported earlier
[15].

Sample Extraction for Antioxidant Assays

The extraction efficiency of antioxidant compounds in differ-
ent solvents, namely methanol and 80% ethanol, hot water,
and cold water, was tested against fresh and dried leaf powders
of T. triangulare following an earlier reported method [16].
Briefly, about 2.5 g leaf powder and fresh leaves were extract-
ed with 50 ml of solvent by using mortar and pestle, shaken at
120 rpm in a gyro rotary shaker for 30 min, and centrifuged at
10,000 rpm for 10 min. The pellet was collected and re-ex-
tracted, and both the supernatants were pooled and stored in
amber tubes to avoid light interference.

Determination of Total Phenolics Content (TPC)

Total phenolic content (TPC) of the above-prepared ex-
tracts was determined using the Folin-Ciocalteu method
[17]. The extract (0.2 ml) was pipetted out into a test tube
and used for further analysis. The volume in all the tubes
was made up to 3 ml with distilled water. Of the Folin-

Ciocalteu reagent (1:1 diluted with distilled water), 0.5 ml
was added into each test tube and incubated for 3 min. Of
the 20% Na2CO3 solution, 2 ml was added to each tube.
The tubes were vortexed and placed in a boiling water
bath for exactly 1 min. The absorbance was measured at
650 nm, and the amount of phenolics present in the sam-
ples was obtained by plotting against the standard graph.
The TPC was expressed as gallic acid equivalent (GAEq.)
in g/100 g of dry leaf material.

Estimation of Total Flavonoid Content (TFC)

To the 1 ml of diluted sample extract with absolute ethanol,
1 ml of 2% (w/v) methanolic solution of AlCl3 was added [18].
After incubation at room temperature for 15 min, the absor-
bance of the reaction mixture was read at 430 nm. The results
were expressed as rutin equivalent (REq.) in g/100 g of dry
leaf material.

Separation of Phenolics and Flavonoids by HPLC

Phenolics and flavonoids were extracted with ethyl acetate
until the macerate became colorless and passed through anhy-
drous sodium sulfate. The obtained clear filtrate was
completely evaporated (Hei-VAP Advantage, Heidolph
Instrument GmbH & Co. KG, Schwabach, Germany) to dry-
ness and re-dissolved in HPLC grade methanol and filtered
through a 0.22 μm filter before HPLC analysis. The separa-
tion was performed by reverse phase HPLC (Shimadzu LC
20A; Shimadzu Corp.) fitted with a C18 column (250 × 4.6,
5 μm, Waters Corporation, Milford, MA, USA) and UV de-
tector [19]. A binary solvent system, consisting of filtered
Milli-Q water adjusted to pH 2.6 with acetic acid as solvent
A and 80% acetonitrile as solvent B, was run for 60 min at a
flow rate of 1.2 ml/min. The phenolics and flavonoids were
detected at 280 and 320 nm using standards gallic,
protocatechuic, catechin, syringic, para-coumaric,
chlorogenic, ferulic, sinapic, rutin, trans-cinnamic acid, and
quercetin.

Determination of Total Antioxidant Assay (TAA)
by Phosphomolybdenum Method

The TAA of a known quantity of extract (2 mg/ml) was com-
bined with sodium phosphate and ammoniummolybdate, and
the mixture was incubated at 95 °C for 90 min, then the ab-
sorbance of the mixture was measured at 695 nm against blank
after cooling to room temperature [20]. The TAA was
expressed as the number of gram equivalents of ascorbic acid
(AA) in g/100 g of dry leaf material.
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DPPH Free Radical Scavenging Activity

Different dilutions of extract were taken in different test tubes.
Accordingly, DPPH (3.94 mg/100 ml methanol) was added to
make the total volume 2 ml. The reaction mixture was
vortexed properly and incubated in dark for 15 min, and ab-
sorbance was measured at 517 nm [21].

Ferric Reducing Antioxidant Power (FRAP)7

The FRAP assay was done according to the method
described by Oyiazu [22]. The fresh, different dried,
and solvent extracts were diluted and analyzed.
Different dilutions of each extract (1 ml) were mixed
with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and
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Fig. 1 Moisture content (a) colour measurement values (b) and HPLC
quantified ascorbic acid content (c) of the different dried leaf powders and
fresh leaves of T. triangulare. FL-Fresh leaf, RD-Room dried, SD-Sun
dried, OD-Oven dried, MWD-Microwave dried, CFD-Cross-flow dried,

DHD-Dehumidifier dried, IRD-Infra-red dried, FD-Freeze dried. Values
are mean ± SD and values with different superscript were found signifi-
cant difference from each other
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2.5 ml of potassium ferricyanide [K3Fe (CN)6] (1%, w/
v), and then the mixture was incubated for 30 min at
50 °C. Then, 2.5 ml of 10% trichloro acetic acid (TCA)
was added to this mixture, which was centrifuged at
3,000 rpm for 10 min. Finally, 2.5 ml of the upper layer
solution was taken and mixed with 2.5 ml of distilled
water and 0.5 ml of 0.1% ferric chloride. The procedure
was carried in triplicate and absorbance was measured
at 700 nm. The absorbance obtained was converted to

gram equivalent of ascorbic acid for 100 g of dry leaf
material.

Statistical Analysis

The data in the manuscript have been presented in mean ±
S.D. of three replicates (n = 3). One-way ANOVA was per-
formed by using Microsoft Excel. The values with P < 0.05
were considered significant.

Table 1 Influence of different drying methods on chlorophyll content determined by two methods of T. triangulare foliage (g/100 g)

Method Lictenthaler method Arnon method

Sample Chl.a Chl.b Total chl. Chl.a Chl.b Total chl.

FL 67.88 ± 0.55 24.38 ± 0.50 92.26 ± 0.38 76.17 ± 0.58 27.31 ± 0.35 104.51 ± 0.69

RD 231.38 ± 23.10 120.23 ± 11.87 351.61 ± 34.95 253.50 ± 25.85 136.64 ± 13.30 394.41 ± 39.55

SD 261.35 ± 17.30 78.45 ± 3.36 339.80 ± 15.09 291.94 ± 19.25 88.48 ± 3.77 384.05 ± 16.95

OD 284.96 ± 14.66 92.38 ± 21.20 377.34 ± 29.67 330.79 ± 17.01 99.50 ± 23.34 434.39 ± 34.10

MWD 278.61 ± 14.80 32.81 ± 8.32 311.42 ± 6.64 329.52 ± 18.22 31.07 ± 9.73 363.41 ± 8.66

CFD 289.07 ± 10.83 64.85 ± 1.34 353.92 ± 10.44 336.90 ± 11.62 68.34 ± 0.88 408.80 ± 11.58

DHD 312.52 ± 9.85 51.07 ± 13.22 363.59 ± 23.06 351.07 ± 17.67 57.54 ± 2.52 412.07 ± 8.50

IRD 352.02 ± 5.54 61.00 ± 7.09 413.02 ± 2.38 412.98 ± 7.91 62.23 ± 8.50 479.19 ± 2.11

FD 401.88 ± 25.68 182.31 ± 23.95 584.19 ± 24.55 455.06 ± 29.46 202.43 ± 26.71 664.35 ± 28.06

All the values are mean ± SD of three replicates. FL-Fresh leaf, RD-Room dried, SD-Sun dried, OD-Oven dried, MWD-Microwave dried, CFD-Cross-
flow fried, DHD-Dehumidifier dried, IRD-Infra-red dried, FD-Freeze dried
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Fig. 2 HPLC chromatogram of
carotenoids identified in
microwave dried-MWD (a) and
cross-flow dried-CFD (b) sam-
ples of the different dried leaf
powders of T. triangulare. 1.
Violaxanthin, 2. antheraxanthin,
3. neoxanthin, 4. lutein, 5. zea-
xanthin, 6. isomers of β-carotene,
7. isomers of α-carotene, 8. trans
β-carotene and 9. cis β-carotene
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Results and Discussion

Determination of Moisture Content

The moisture content in the fresh leaf samples was found to be
95.7%. Similarly, after drying, the final moisture content of
various dying methods was recorded in the range of 1.32 to
3.91%, respectively (Fig. 1a). The lowest moisture content
was recorded in the sun-dried sample (1.32%) and the highest
in oven-dried leaf (3.91%). The results were concomitant with
other popular LVs, viz. Hibiscus sabdariffa L. and Moringa
oleifera that were subjected to various drying methods [16,
23].

Color Measurement

The color is an important factor to be observed during
dehydration to check the color changes (chroma values)
of different dried leaf material. It indicates the pigment
degradation such as chlorophyll and carotenoids, etc.
The fresh and oven and cross-flow dried leaves have

better retentions of green color in T. triangulare, which
was evidenced by the L, chroma, and hue values (Fig.
1b). Similarly, the room and sun-dried samples showed
less chroma values due to the dark green color of the
powders. The changes in pigment color were caused by
thermal treatment and oxidation during drying [11]. A
longer drying time and higher temperature will lead to
significantly greater pigment losses. Similar color mea-
surement observation was also reported in various
H. sabdariffa dried leaf powders recently [16].

Determination of Chlorophyll

Chlorophyll content of various dried and fresh leaf ma-
terial is presented in Table 1. The temperature treated
samples had greater degradation of chlorophyll pigment
than the non-thermal drying. The freeze and infra-red
dried samples retained maximum total chlorophyll con-
tent with 584 and 413 mg/100 g by the Lictenthaler
method. When compared to Lictenthaler, the Arnon
method showed higher chlorophyll content (12–18%),
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and this data was supported by earlier reports to com-
pare both the methods advocated in H. sabdariffa dried
leaves [16].

Estimation of Ascorbic Acid by Using HPLC

Ascorbic acid is a sensitive antioxidant compound, and
the retention of it will be served as a quality parameter
in evaluating the influence of post-harvest preservation
techniques. Drying methods have varied effects on the
retention of ascorbic acid in T. triangulare. Microwave
and freeze-dried samples have maximum ascorbic acid
retention with 1.36 and 1.11 g/100 g DW, respectively
(Fig. 1c). However, the room and sun-drying have the
lowest retention of ascorbic acid, with 0.19 and 0.25 g/
100 g DW, respectively. The difference in ascorbic acid
content is attributed to the drying time, temperature of
drying, and effect of light that affected the volatilization
of acids [11]. Ascorbic acid is an important compound
that is helpful in regulating blood pressure, lowering
and removing cholesterol from the arterial walls, hence
preventing arteriosclerosis [24]. Earlier reports stated
that 15–20% degradation of ascorbic acid during
blenching, drying, and storage [25].

HPLC Analysis of Carotenoids Compounds

The carotenoid compounds such as antheraxanthin, lutein,
violaxanthin, zeaxanthin, neoxanthin, isomers of β-carotene,
trans-β-carotene, and cis-β-carotene were detected in HPLC
of various dried and fresh leaves of T. triangulare, respective-
ly (Fig. 2). A similar trend in the carotenoid profile was also
observed in Basella spp. leaves reported earlier [16, 26].
These identified carotenoids, and isomers of carotenoids were
detected earlier in fruits and green leafy vegetables [27].

Determination of Total Phenolics Content (TPC)

Phenolics compounds are plant secondary metabolites with an
aromatic ring structure widely distributed in the plant king-
dom that are linked with the color, sensory qualities, and an-
tioxidant activities of the foods. The redox potentials of the
phenolic compounds are the key factors for its antioxidant
properties. The TPC profiles of the various dried and different
solvent-based extraction quantities of the T. triangulare have
been shown (Fig. 3a). There is a significant variation in TPC
content in different solvent extractives and various dried leaf
material. The methanol microwave (0.67 g/100 g DW) and
infra-red (0.61 g/100 g DW) dried leaf samples showed the
highest TPC content compared to other drying methods used.
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Similarly, the 80% aqueous ethanol extracts of microwave
(1.09 g/100 g DW) and dehumidifier (0.94 g/100 g DW) dried
material showed higher TPC content. The solvent based ex-
traction denatures the polyphenol oxidase in the plant cell
wall, and thus the extraction efficiency is more in methanol
and aqueous ethanol compared with hot and cold water, re-
spectively [16].

Estimation of Total Flavonoid Content (TFC)

Figure 3b shows the TFC of the various dried and different
solvent extraction efficiencies of T. triangulare. The TFC is
more soluble in organic solvents than in water. The micro-
wave (3.52 g/100 g DW), freeze (2.99 g/100 g DW), and oven
(2.22 g/100 g DW) dried methanol extractives exhibited the
highest TFC contents. However, the fresh leaf showed 0.33 g/
100 g FW TFC content in methanol extracts. Similarly, the
cold and hot water extraction did not much affect the extrac-
tion of TFC for all the dried T. triangulare samples. A similar
trend of TFC in differentH. sabdariffa dried leaf powders was
reported recently [16].

Separation of Phenolics and Flavonoids by HPLC

The HPLC separation of individual phenolics and flavonoids
in the various dried leaf samples are shown in Fig. 3c, d. The
main phenolics and flavonoids quantified were gallic,
protocatechuic, catechin, syringic, para-coumaric,
chlorogenic, ferulic, sinapic, rutin, trans-cinnamic acid, and
quercetin, respectively. However, catechin, gallic, syringic,
and rutin were major in various dried leaf materials. In infra-
red drying, the catechin (23.63 mg/100 g DW) was found to
be highest.

Determination of Total Antioxidant Assay
by Phosphomolybdenum Method

All the sample extractives were used for the determination of
phosphomolybdenum complexes by the samples to know the
antioxidant capacities. This method is mainly based on the
reduction of Mo(VI) to Mo(V) by antioxidant compounds,
which in turn, form the green color complex that has an ab-
sorbance maxima of 695 nm. The different dried leaf samples
and various solvents showed various degrees of antioxidant
activities (Fig. 4a). The microwave samples showed the
highest retention of antioxidant compounds in all the extracts
such as methanol (2.27 g/100 g DW), aqueous ethanol (2.8 g/
100 g DW), hot water (2.11 g/100 g DW), and cold water
(2.23 g/100 g DW). A similar trend in phosphomolybdenum
reduction antioxidant assay was also reported for
H. sabdariffa foliage dried using different methods [16].

DPPH Free Radical Scavenging Activity

It is a widely used rapid and reproducible method for the
analysis of the antioxidant activity in plant and foliage extracts
[16]. The reduction of DPPH free radicals by the plant extracts
in different solvents, which will reduce the color of DPPH to
colorless based on the content of antioxidant capacity of the
extracts, which will be read at 517 nm. The DPPH scavenging
activity assay is shown in Fig. 4b. The oven, microwave, and
cross-flow dried samples showed lesser EC50 values, indicat-
ing that they have good retention of antioxidant compounds.
The oven dried methanol extract exhibited a 0.82 mg/ml EC50

value. Similarly, the microwave 80% ethanol extract showed
still a lower 0.64 mg/ml EC50 value. The variation in antiox-
idant activity of the ginger leaves and H. sabdariffa leaves of
various extracts have been reported [16, 28]. Phenolic and
flavonoid compounds contribute mostly to the antioxidant ac-
tivity, and the present results also correlated with their content.
The variation in bioactive profiles during cooking of
T. triangulare leaves was reported [29].

Ferric Reducing Antioxidant Power (FRAP)

The FRAP capability to reduce the ferric ions by various ex-
tracts of different dried leaf samples of T. triangulare is shown
in Fig. 4c. The 80% aqueous ethanol dehumidifier (7.81 g/
100 g), cross-flow (7.49 g/100 g), microwave (6.99 g/100 g),
and oven (6.62 g/100 g) dried samples showed the highest
FRAP activity compared to the other samples dried.
However, the hot water extracts also showed a good FRAP
activity in an oven, cross-flow, and dehumidifier drier. In food
systems, the ferrous iron is most common, and its redox po-
tential play an important role in cellular oxidative stress lead-
ing to various physiological dysfunctions. The T. triangulare
showed a good chelating activity by capturing the ferrous ions
before ferrozine. A similar trend was noticed in other leafy
vegetables such as H. sabdariffa [2, 16].

Conclusion

The plant foliage processing, preservation, and post-harvest
effective utilization of T. triangulare could be efficiently used
as a promising raw material for food and pharma industries
due to its rich bioactive composition. The oven, microwave,
and infra-red drying of leaves showed good quality retention
of nutrients and antioxidant activities to use throughout the
year unlike fresh LVs, which are perishable. The efficiency
of different solvents used for extraction of bioactive com-
pounds, such as carotenoids, phenolics, flavonoids, and in-
vitro antioxidant potentials, will have implications for their
presence in dried leaf powders for preparing ready-to-serve
food formulations.
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