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Abstract

BACKGROUND: Eighteen edible plants were assessed for their antioxidant potential based on oxygen radical absorbance
capacity (ORAC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, total phenolics, vitamin C content and
various lipophilic antioxidants. The inhibitory activities of the plant extracts against the enzymatic activities of a-amylase and
a-glucosidase were also evaluated.

RESULTS: The antioxidant and starch hydrolase activities of the plants varied widely across a single batch of analysis. The ORAC
and DPPH radical scavenging EC,, values varied between 298 and 1984 Trolox equivalents g~ fresh weight and between 91 and
533 mg kg~' fresh weight, respectively. The total phenolics and vitamin C contents varied between 32 and 125 mg gallic acid
equivalents g~' fresh weight and between 96 and 285 ug g~' fresh weight, respectively. All the plants contained neoxanthin,
violaxanthin, and a- and - carotene in varying amounts. Coccinia grandis, Asparagus racemosus, Costus speciosus, Amaranthus
viridis and Annona muricata displayed the highest inhibitory activities against starch hydrolases. They were the most efficient
against the breakdown of seven starches exposed to the two enzymes as well.

CONCLUSIONS: Overall, the edible plants were observed to display a high antioxidant potential with starch hydrolase inhibitory

properties, which were beneficial in their being recognized as functional food.
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INTRODUCTION

Functional food has been a rapidly growing area of interest over
recent years in the areas of product development and scientific
research. By definition, functional food is considered to be simi-
lar in appearance to a conventional food, is consumed as part of
the usual diet, is demonstrated to have physiological benefits and
has the ability to reduce the chances of contracting chronic dis-
eases and/or contain a disease condition which has already been
contracted.”? Functional food includes substances which origi-
nate from plant sources such as vitamin- and mineral-enriched
products, products containing added fiber, pre-, pro- and synbi-
otics, and omega-3 fatty acids/oils, among others, as well as those
which are derived from animals and microorganisms.3* In this
aspect, functional food products are commonly known to contain
bioactives which are able to prevent or contain disease conditions
of a complex nature such as diabetes, cardiovascular disease, can-
cer,immune and inflammatory disorders and many other diseases
related to the aging process.>’

Among all bioactives existing in food which classifies them
as being functional, antioxidants have received much attention
from a therapeutic perspective.8~'° Food phenolics have been
identified as the major source of antioxidant activity and are

commonly present in all parts of plants, including vegetables and
fruits.®2 The mechanism by which phenolic compounds exert their
beneficial effects may be related, but not limited, to their antioxi-
dant activity."" Along the lines of functional food and bioactives, a
more recent advance in terms of phytochemicals with a therapeu-
tic value are starch hydrolase inhibitors. These inhibitors retard the
absorption of glucose through inhibition of the starch-hydrolyzing
enzymes, such as a-amylase and a-glucosidase, which are present
in the small intestinal brush border. Inhibitors of these two
enzymes in particular can delay starch digestion, causing a reduc-
tion in the rate of glucose absorption into the bloodstream and
consequently blunting postprandial plasma glucose rise.

The objective of this study was to identify and appraise 18
commonly consumed edible plants as functional food. For the
purpose of quantifying the antioxidant potential, the antioxidant
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Edible plants as functional food

capacity of hydrophilic fractions of the plants was assessed
using the oxygen radical absorbance capacity (ORAC) and
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activ-
ity assays. Neither of these assays was performed on lipophilic
fractions of the plants since they were found in previous studies to
contain less than 10% of their antioxidant capacity as compared
to their hydrophilic fractions.'? The individual lipophilic antioxi-
dant compounds were measured instead using high-performance
liquid chromatography (HPLC) to provide a more accurate quantifi-
cation as well as better identification of the lipophilic compounds
contributing to the antioxidant potential. The total phenolics
and vitamin C contents were also evaluated. The a-amylase and
a-glucosidase inhibitory activities of these edible plants were
determined, in addition to their ability to reduce the breakdown
of some commonly consumed starches which were exposed to
the enzymatic activity of a-amylase and a-glucosidase. Over-
all, the study was able to identify the therapeutic potential of
these edible plants in terms of antioxidant and starch hydrolase
inhibitory activities.

EXPERIMENTAL

Chemicals

Anhydrous sodium carbonate, Folin—Ciocalteu phenol reagent,
KH,PO, and K,HPO, were obtained from Merck (Darmstadt,
Germany). Gallic acid and Trolox were purchased from Acros
Organics (Morris Plains, NJ, USA). 2,2-Azobis(2-amidinopropane)
dihydrochloride (AAPH), fluorescein disodium salt, vitamin C,
neoxanthin, violaxanthin, lutein, zeaxanthin, lycopene, a- and
p-carotene and metaphosphoric acid were purchased from Sigma
Chemicals (St Louis, MO, USA). Sulfuric acid (95%) was obtained
from BDH (UK). Tetrahydrofuran, n-hexane, methanol, n-butanol,
ethyl acetate, acetone and acetonitrile (HPLC/Spectro grade)
were purchased from Tedia (Fairfield, OH, USA). Absolute ethanol,
butylated hydroxytoluene (BHT) and disodium sulfate (analyt-
ical grade) were obtained from Merck (Darmstadt, Germany).
a-Amylase from porcine pancreas (type VI-B) and a-glucosidase
in the form of rat intestine acetone powder were purchased from
Sigma-Aldrich (St Louis, MO, USA). Corn, rice and wheat starches
(whole wheat) were purchased from Sigma-Aldrich (St Louis, MO,
USA), while atta (durum wheat of Triticum spp.), cassava, finger
millet/ragi/kurakkan (Eleusine coracana) and kitul (Caryota urens)
starches were purchased from Bangkok International Food Co. Ltd
(Bangkok, Thailand).

Selection and authentication of edible plants

and preparation of their extracts

Table 1 lists the edible plants used in the study, chosen mostly
based on their therapeutic properties and popularity among con-
sumers as documented in the authoritative literature and market
studies.”>~ ' The plants were collected from the central province
of Sri Lanka in representative locations and identified by com-
parison with the respective herbarium specimen available at the
National Herbarium of the Peradeniya Botanical Gardens in Kandy,
Sri Lanka, while voucher specimens were appropriately placed in
the same location. The registration numbers of plants are indicated
against their scientific names in Table 1. The plants were inten-
sively dried and ground to powder. The powder (0.5-1.0g) was
extracted three times with acetone-water—acetic acid (8.0 mL,
70:29.5:0.5; AWA), which was the same solvent used by Wu et al.'?
After the addition of AWA solvent, the tube was vortexed for 305,
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Table 1. Botanical, registration numbers and family names of edible

plants

Botanical name and registration number Family
Adhathoda vasica (pdn A4 14 3) Acanthaceae
Amaranthus viridis (pdn A6 9 3 2) Amaranthaceae
Alternanthera sessilis (pdn A3 10 2 3) Amaranthaceae
Annona muricata (pdn A2 11 3) Annonaceae
Artocarpus heterophyllus (pdn A527 1) Moraceae
Asparagus racemosus (pdn A6 14 1) Asparagaceae

Centella asiatica (pdn A3112)
Coccinia grandis (pdn A6 15 1)
Costus speciosus (pdn A285 1)
Desmodium gangeticum (pdn A3 15 1)
Gymnema sylvestre (pdn A 142 3)
Ipomoea aquatica (pdn A83 1 2)
Mimosa pudica (pdn A3 23 4)
Momordica charantia (pdn A6 41 2)
Psidium guava (pdn A3 26 5)
Sesbania grandiflora (pdn A7 31 2)
Solanum americanum (pdn A4 57 2)
Wattakaka volubilis (pdn A7 2 19)

Mackinlayaceae
Cucurbitaceae
Zingiberaceae
Fabaceae
Asclepiadaceae
Convolvulaceae
Fabaceae
Cucurbitaceae
Myrtaceae
Fabaceae
Solanaceae
Asclepiadaceae

followed by sonication for 15 min, with temperature maintained
between 37 and 39 °C. The tube was shaken once in the middle
of the sonication step to suspend the sample. After sonication, the
tube was vortexed for 30 s and cooled to room temperature. The
tube was then centrifuged and the supernatant was collected in
a 25 mL volumetric flask and topped up to the mark with AWA for
analysis. Isabelle et al.'® had shown that the procedure for extrac-
tion was able to extract most of the phenolics, with less than 5% of
the total phenolics content (TPC) detected in the fourth extraction
supernatant.

ORAC assay

The assay was carried out according to the method of Prior et al.,'”
with a few modifications, in 96-well microplate format using a
Thermo Scientific Multiskan FC microplate reader. Fluorescein dis-
odium was used for the kinetic monitoring of free radical quench-
ing and AAPH was used as the free radical source. Excitation and
emission wavelengths were 485 and 528-538 nm, respectively.
The following components were added to a single well: (i) blank
(phosphate-buffered saline)-Trolox standard—sample: 20 pL; (ii)
fluorescein working solution: 160 pL; and (lll) AAPH: 20 pL. Reac-
tion kinetics were monitored for 2 h at 37 °C, following which the
area under the curve was used to calculate the ORAC value com-
pared with those of the Trolox standards. Results were expressed
as pmol TE per gram fresh weight (umol TE g~' FW) of extract.

Determination of the DPPH radical scavenging activity

Extract concentrations of 62.5, 125, 250, 500 and 1000 mg kg™
were prepared by dilution with 75 mmolL~! phosphate buffer
(pH 7.4). A 96-well microplate was used for the analysis, in which
140 pL of the respective extracts of the leaves were pipetted
along with 60 pL of 400 pmol L=' DPPH (prepared in 75 mmol L'
phosphate buffer solution). The blank wells consisted of 200 pL of
the phosphate buffer solution, while the control wells consisted
of 140 pL of the phosphate buffer solution and 60 puL of the DPPH
solution. The microplate was incubated at 37 °C for 30 min and
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absorbance was measured at 517 nm, using a Thermo Scientific
Multiskan FC microplate reader. Each sample concentration was
added in triplicate to the microplate. Vitamin C was used as the
positive control. Antioxidant activity was calculated as % DPPH
radical scavenging activity by substituting the absorbance values
into the following equation:

% DPPH radical scavenging activity

_ AbSControI/Extract - AbSBIank %100

AbSControl

The % DPPH scavenging activity of 10 replicates of each sample
was used to calculate the EC, values (in mg kg™ FW) of the
extracts.

Determination of total phenolics content

The method, as described by Huang etal.,'® was used for deter-
mining the total phenolic content of the plant extracts. Gallic acid
was used as the standard to plot a curve, in which concentrations
of 50.0, 25.0, 12.5, 6.2 and 3.1 mgmL~" were prepared by carry-
ing out serial dilutions using deionized (DI) water. The following
constituent volumes were added to a single well: Folin—Ciocalteu
reagent: 100 uL; sample-blank (DI water)-gallic acid standard:
20 pL; Na,CO; (30gL™"): 80 pL. The microplate was incubated at
room temperature for 15min, following which the absorbance
was read at 540 nm using the Thermo Scientific Multiskan FC
microplate reader. Dilutions were performed on the leaf extracts
as deemed necessary, for the absorbance values to fit within the
gallic acid standard curve. Results were expressed as milligrams of
gallic acid equivalents per gram fresh weight (mg GAE g~' FW).

Determination of vitamin C content

Ascorbic acid was extracted and analyzed in triplicate following
the method from Sanchez-Mata et al.,'® with a slight modification.
Plant powders (10-70 mg) were extracted with 1.4 mL of 4.5%
metaphosphoric acid for 15 min using a plate shaker (Heidolph
Rotamax 120) at 300 rpm and 25 °C. The sample was centrifuged
and the supernatants were filtered through 0.45 pm filters. Analysis
was carried out using a Waters 2695 separation module equipped
with a model 2996 PDA detector (Milford, MA, USA) and a Waters
Atlantis T3 C18 column (5 pm, 250 mm X 4.6 mm i.d.). Each sam-
ple (20 pL) was injected into the HPLC system. H,SO, (0.01%) in
water was used as the mobile phase and the flow was maintained
at 1.0mLmin~". Vitamin C peak was monitored at 245 nm. Quan-
tification was performed using a vitamin C standard curve with
concentrations ranging from 5 to 320 mg L=".

Determination of lipophilic antioxidant content

Sample extraction and HPLC analysis for the lipid-soluble antiox-
idants were carried out according to the internal standard (IS)
method by Lee etal?® At least triplicate extractions were per-
formed for each sample. IS solution was prepared weekly accord-
ing to the method by Lee etal.. For calibration, 100 puL of the IS
solution were mixed with 100 pL of standard mixtures of various
concentrations. Stock solutions of each standard were prepared
individually with relevant solvents as described by Lee et al.?'

Assays of @-amylase and a-glucosidase inhibitory activities
and evaluation of the extracts’ effects on breakdown

of starches

The a-amylase inhibitory activity of leaf extracts was carried out
according to the method by Liu etal.?? and the a-glucosidase
inhibitory activity was carried out according to the method by
Koh etal..?* Acarbose was used as the positive control for both
assays and the data were expressed as both ICs, (mgmL~") and
micromoles of acarbose equivalents per gram fresh weight basis
(umol AE g~' FW). The plant extracts were prepared for compari-
son of a-amylase and a-glucosidase inhibitory activity with seven
different starch sources (i.e. atta, cassava/manihoc, corn, finger
millet/ragi/kurakkan, kitul, rice, wheat) according to the method
described by Liu et al.?? The area under the curve of each concen-
tration was calculated, and the data were expressed as both ICg,
(mgmL~") and pmol AEg — 1 FW.

Statistical analysis

All data are presented as means (+ SEM) of at least three inde-
pendent experiments (n > 3); each experiment had a minimum of
three replicates of each sample. For comparisons between sam-
ples, data were analyzed by ANOVA and Tukey’s multiple compari-
son test (SPSS, version 17). A probability of 5% or less was accepted
as statistically significant.

RESULTS

Antioxidant potential of hydrophilic extracts of edible plants
The ORAC values, DPPH EC;, values and vitamin C content of
the edible plants are shown in Table2. The table is arranged
in decreasing order of ORAC values. The mean ORAC value of
the plant extracts was 998.8 pmol TE g~ FW, while the mean
DPPH EC,, value was 266.7 mg kg~' FW. The mean total phenolics
content was 67.3mg GAE g~ FW. The mean vitamin C content
was 188.3mgg~" FW. Coccinia grandis, Asparagus racemosus and
Costus specious had the highest ORAC values, the lowest DPPH
EC;, values and the highest total phenolics content. In comparing
the ORAC and the DPPH EC,, values, the former had a better
correlation with the total phenolics content, while they were also
comparable with the values of a similar study conducted by Wu
etal.'? Given the two different approaches of quantifying the
antioxidant capacity, both assays were carried out in this study
to cover all possible reaction mechanisms of the antioxidants.
However, the ORAC values may have had a better correlation
with the total phenolics content, as the phenolic compounds
present in the leaf extracts may have been better scavengers of
peroxyl radicals which are generated in the ORAC assay rather than
DPPH.?* The ORAC values to total phenolics ratio was in the range
of 10-20. The high ratio would have been due to the presence
of non-phenolic antioxidants in the extracts, or the presence of
phenolic antioxidants having strong radical scavenging activity.
Nevertheless, as previously shown by Isabelle etal.?® as well as
Wu et al.,'? the total phenolics content was observed to be a good
indicator of the antioxidant capacity for the edible plants.

Most edible plants are regarded as good source of vitamin C,
which is a powerful antioxidant, effective in scavenging superox-
ide radical anion, hydrogen peroxide, the hydroxyl radical, singlet
oxygen and reactive nitrogen oxide.?s The vitamin C content in
the edible plants of this study correlated poorly with both total
phenolics content and the ORAC values (R? < 0.5). Since vitamin C
reduces the Folin—Ciocalteu reagent, subtraction of its contribu-
tion is necessary to obtain a more accurate total phenolics content.
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Table 2. ORAC values, DPPH ECsy, total phenolics and vitamin C content of edible plants

Moisture Corrected total

content ORAC(pmol DPPH ECsy Total phenolics content Vitamin C phenolics content
Botanical name (%) TEg™' FW) (mgkg™") (mg GAE g~ FW) (ngg~' FW) (mg GAE g~' FW)?
Coccinia grandis 916+12 1984.3 +21.1 912+75 125.1+£13.5 156 +£23.5 1249+124
Asparagus racemosus 923 +2.1 18284 +18.6 91.2+7.2 1183 +13.6 128.9 + 36.1 118.1+10.3
Costus specious 89.7+14 1744.2 +16.1 102.2+10.1 99.8 +14.6 102.6 +29.1 99.7+124
Amaranthus viridis 90.7 +£2.1 1660.2 + 19.1 97.5+104 90.6+9.8 114.6 £30.6 90.5+10.1
Annona muricata 924 +0.9 1536.2+11.9 98.9+9.1 86.5+14.8 169.3+19.5 86.3+13.6
Sesbania grandiflora 914+13 1487.2+15.9 118+9.0 826+6.5 96.8 +39.1 82.5+6.1
Desmodium gangeticum 89.6+15 1395.1+18.1 1464 +£11.1 834+55 201.4+£204 83.2+48
Mimosa pudica 88.2+2.1 1187.9+11.3 243.2+89 70.2+5.5 2591115 69.9+83
Momordica charantia 924+14 1097.1+16.5 283+12.7 69.6+9.6 274.5+23.0 69.4+8.6
Alternanthera sessilis 90.2+18 596.2+11.2 313+£125 56.8+5.9 208.2+16.5 56.6+6.3
Artocarpus heterophyllus 89.3+13 587.2+14.3 3156+11.9 543+6.9 1659+17.3 54.2+6.1
Adhathoda vasica 93.6+2.2 560.1+11.1 326.5+18.1 523+86 311.5+18.6 520+83
Psidium guava 929+16 531.1+13.1 3544+16.3 513+9.2 2454 +17.5 511174
Solanum americanum 916+ 14 490.1+20.3 389.6+14.5 48.1+£6.9 219.5+16.0 479+6.3
Gymnema sylvestre 934+14 4122+16.3 476.0+214 46.1+7.5 2263 +15.7 459+7.2
Centella asiatica 92.1+0.8 369.8+10.8 519.3+£22.1 406+59 284.7 +£16.3 404 +5.5
Wattakaka volubilis 91.7+15 3254+185 511.2+10.2 40.7 £6.8 103.6 +289 40.6 +6.2
Ipomoea aquatica 88.5+2.1 289.5+10.9 533.7+124 36.4+6.1 119.4+27.4 363+57
@ Corrected total phenolics content obtained from deducting the vitamin C contribution (1 mg vitamin C=0.873 mg GAE).

The vitamin C standard was assayed using the method for quantify-
ing total phenolics content, and it was found to possess a reducing
activity of 0.873 mg GAE g~' vitamin C - consistent with the value
obtained by Isabelle et al.?® For each edible plant, the vitamin C
contribution was calculated by multiplying the vitamin C content
by 0.873. The corrected total phenolics content of the vegetables
is presented in Table 2. Overall, the analyses indicated the edible
plants to be a good source of vitamin C.

Lipophilic antioxidant content of edible plant extracts

The lipophilic antioxidant content is listed in Table 3. In general, all
the edible plants contained neoxanthin, violaxanthin and a- and
p-carotene in varying amounts. Coccinia grandis, Costus specious,
Annona muricata, Momordica charantia and Wattakaka volubilis
had the highest amount of total carotenoids of the 18 edible
plants. The total carotenoids were obtained from the sum of neox-
anthin, violaxanthin, lutein, zeaxanthin and a- and fS-carotene,
while the total vitamin E vitamers were obtained from the sum
of a-, - and y- tocophercol. The highest vitamin E vitamers were
presentin Asparagus racemosus, Amaranthus viridis, Wattakaka vol-
ubilis, Centella asiatica and Sesbania grandiflora. a-Tocopherol was
identified to be the most abundant active form of vitamin E in
the edible plants. This observation was further supported by the
results in the study by Isabelle et al?® No clear relationship was
observed between the relationships of ORAC, total carotenoids
and vitamin E content (R? < 0.5 for all).

Starch hydrolase inhibitory activities

Table 4 shows the a-amylase and a-glucosidase inhibitory activi-
ties of the plant extracts. The mean a-amylase inhibitory activity
of the extracts was 186.3 pmol AE g~' FW, while it was 16.6 pmol
AE g~ FW for a-glucosidase. Coccinia grandis, Asparagus race-
mosus, Costus specious, Amaranthus viridis and Annona muricata
had the highest inhibitory activities against both a-amylase and

a-glucosidase. It is noteworthy that the five plants with the high-
est inhibitory activities have been consistently used in tradi-
tional medicinal systems as antidiabetic treatments or consumed
together with starch-based products as salads or incorporated
into porridge.?’-2 Of the two enzymes, all the plant extracts were
observed to inhibit a-amylase better than a-glucosidase. Tables 5
and 6 shows the a-amylase and a-glucosidase inhibitory activities
of the 18 plants against the breakdown of the seven gelatinized
starches. Coccinia grandis, Asparagus racemosus, Costus specious,
Amaranthus viridis and Annona muricata were identified to pos-
sess the highest inhibitory activities in this instance as well. How-
ever, statistical analysis of the data revealed the relative standard
deviation (RSD) of a-amylase and a-glucosidase inhibition activ-
ity for all the plant extracts to be less than 20%, suggesting that
variability of the sources of starch had no effect on the inhibitory
activities of any of the extracts. The starches analyzed in this study
are commonly used in culinary applications around the world and
also happened to cover a range of glycemic index (Gl) values.
The amylose content of these starches is known to vary between
0% and 40%.%° Numerous studies have classified atta, finger mil-
let/kurakkan/ragi and kitul as low Gl compared with milled pol-
ished rice, and it has been widely recommended as a suitable food
for diabetics.30 732

DISCUSSION

Functional foods are viewed as a novel therapeutic intervention in
the West.' In contrast, food has been viewed as medicine in many
of the traditional medicinal systems of the East. Thus many of the
functional food which have been identified from Asia have been
associated with disease prevention for many years.33 In fact, itis the
lack of scientific investigations and systematic studies which have
been preventing the functional food in these traditional diets from
coming into the limelight as disease-preventing agents. Better
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Table 3. Lipophilic antioxidant content of edible plant extracts®

Viola Zea Carotene Tocopherol Total Total vitamin
Botanical name Neoxanthin ~ xanthin  Lutein  xanthin  Lycopene « p a 6 y  Carotenoids¢  E vitamersd
Coccinia grandis 39.63 5.95 13.65 7.31 1.12 0.06 0.25 0.08 0.06 0.05 67.97 0.19
Asparagus racemosus 261 1.55 5.26 1.32 NDP 0.06 358 045 0.08 6.55 14.38 7.08
Costus specious 32.25 6.21 12.95 6.18 0.95 0.08 038 0.19 0.15 0.18 59.00 0.52
Amaranthus viridis 14.81 5.94 3.46 5.49 1.05 115 116 2.06 195 1.88 33.06 5.89
Annona muricata 20.46 6.51 ND 3.54 ND 0.65 0.28 041 0.07 0.34 31.44 0.82
Sesbania grandiflora 12.95 12.66 3.44 3.68 ND 0.54 168 055 052 041 34.95 1.48
Desmodium gangeticum 10.84 1.29 0.90 0.29 0.05 0.22 028 0.09 0.08 0.06 13.87 0.23
Mimosa pudica 9.86 6.57 7.75 ND 0.62 0.19 025 025 ND ND 25.24 0.25
Momordica charantia 18.65 2.58 17.64 0.55 0.36 0.21 025 0.08 0.06 0.06 40.24 0.18
Alternanthera sessilis 3.69 4.58 4.20 0.69 0.49 035 047 0.28 0.04 0.06 14.47 0.38
Artocarpus heterophyllus 4,55 6.48 ND ND 0.61 0.58 0.34 0.07 0.06 0.06 12.56 0.19
Adhathoda vasica 3.19 3.54 6.58 6.47 0.94 0.64 0.85 0.07 0.06 0.05 22.21 0.18
Psidium guava 8.64 3.67 5.50 6.35 0.84 038 0.81 007 ND ND 26.19 0.07
Solanum americanum 5.87 4.31 3.84 0.90 0.55 020 0.80 0.10 0.08 ND 16.47 0.18
Gymnema sylvestre 14.38 5.64 2.80 1.24 0.47 0.14 061 0.84 039 041 25.28 1.64
Centella asiatica 17.96 3.22 3.64 1.58 1.47 0.26 024 0.81 037 0.54 28.37 1.72
Wattakaka volubilis 11.38 10.55 4.28 4.20 1.28 124 034 0.83 0.71 0.69 33.27 223
Ipomoea aquatica 9.64 11.68 2.65 ND 0.82 0.34 057 0.88 0.24 0.75 25.70 1.87
Lower detection limit 0.02 0.02 0.05 0.05 0.05 0.01 0.04 0.01 0.02 0.02
Lower quantification limit 0.05 0.07 0.13 0.12 0.15 0.04 0.12 0.03 0.05 0.05
Analytical CV 12% 14% 11% 12% 13% 12% 10% 12% 11% 11%

same as in Table 3.
b ND, not detected.

carotenoids per gram fresh weight.

2 Data expressed as micrograms per gram fresh weight basis (ugg~' FW) and presented as mean. The order of edible plants is arranged to be the

¢ Total carotenoids obtained from the sum of neoxanthin, violaxanthin, lutein, zeaxanthin and «- and f-carotene expressed as micrograms of

d Total vitamin E vitamers obtained from the sum of a-, 5- and y- tocophercol expressed as micrograms of vitamin E per gram fresh weight.

Table 4. a-Amylase and a-glucosidase inhibitory activity of edible
plant extracts

Botanical name pmol AE g~! pmol AE g~!
Acarbose 1547.8 1547.8
Coccinia grandis 3252+11.3 49.6 +0.7
Asparagus racemosus 316.7 +18.5 41.8+3.1
Costus specious 289.2 +20.5 387+13
Amaranthus viridis 252.6 +19.6 373+26
Annona muricata 2089+ 16.5 250+23
Sesbania grandiflora 201.6+15.2 16.8+1.3
Desmodium gangeticum 195.6+13.6 18.6+1.6
Mimosa pudica 189.3+9.2 6.6 +0.5
Momordica charantia 180.3+9.6 6.9+0.9
Alternanthera sessilis 1756 +8.9 11.3+1.6
Artocarpus heterophyllus 169.5 + 8.1 46+05
Adhathoda vasica 1543 +7.9 3.1+06
Psidium guava 148.6 +10.7 3.6+0.1
Solanum americanum 134.8+8.6 89+12
Gymnema sylvestre 121.6+7.5 83+1.2
Centella asiatica 108.6 +8.1 36+04
Wattakaka volubilis 926+7.6 74+09
Ipomoea aquatica 88.2+85 6.9+0.5

yet, functional food with a traditional presence and of ancient
origin have been ‘clinically tested’ for years, with their recipes
fine-tuned across the generations; it requires minimal processing,
easing their incorporation into the fast-paced modern lifestyle of

urban populations, where diseases related to the diet seem to be
comparatively more prevalent.3*3 The edible plants analyzed in
this study have a traditional presence where they have been part
of the diet for many centuries, either for medicinal purposes or
for general health and wellness. Therefore, despite the scientific
evidence provided by the study, it could be highlighted that these
edible plants have been generally regarded as functional food due
to their traditional usage.

Diets biased towards plant-based components are known to
provide high amounts of antioxidant phytochemicals, which offer
protection against reactive oxygen species (ROS)-induced cellular
damage.33:3¢ Oxidation of DNA, lipids and proteins by ROS play an
important role in aging and its associated disease conditions.>#3’
Although the presence of ROS in the body has been justified
as a mechanism of defense against foreign organisms, striking
an optimum balance in terms of ROS concentration has been
highlighted as a key element in maintaining well-being and
good health, thereby reducing the risk of disease contraction
and increasing the containment of contracted diseases.®” This
study has focused on both hydrophilic and lipophilic antioxi-
dant capacities and components. However, since these edible
plants are typically prepared in households using water for
broth or porridge, or simply as salads, upon consumption, the
principal contribution of the antioxidant potential of these
leaves may be hypothesized to be drawn from the water-soluble
antioxidant components. This is further complemented by the
vitamin C content present in the edible plant extracts. The values
indicate the selected plants to be good sources of vitamin C,
where the compound itself is known to be a water-soluble
antioxidant.34
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Inhibition of starch hydrolases could be deemed as a more
novel aspect when it comes to the properties of functional
food. This inhibitory activity leads to a reduced breakdown
of glucose, thereby controlling the amount of calories and
insulin response in a physiological system. In this sense, inhi-
bition of a-amylase is considered to be more important when
it comes to reducing the breakdown of starch, since it trig-
gers the production of the substrate for the subsequent action
of a-glucosidase. Therefore, it is noteworthy that the edible
plants used in this study were able to inhibit a-amylase bet-
ter than a-glucosidase. Given this requirement, even many of
the commercially available antidiabetic drugs to date, such as
acarbose, primarily target the inhibition of a-amylase rather
than a-glucosidase. Numerous analytical methods have been
established for the assessment of starch hydrolase inhibitory
activities, with only a few of them being able to be carried outin a
high-throughput manner. Most of these established assay meth-
ods involve the usage of p-nitrophenyl-a-D-glucopyranoside
(PNPG),*®  p-nitrophenyl-a-D-maltopentaoside  (PNPG5)*° or
3,5-dinitrosalicyclic acid (DNSA).*® However, methods involv-
ing these chromophores are not suitable for the examination of
the inhibitory activities of plant-based extracts since they contain
compounds which interfere with quantification. The turbidity
measurement established by Liu et al.?? was able to overcome the
typical drawbacks of these assay methods, allowing the use of
natural substrates for inhibitory activity measurements.

CONCLUSIONS

This study was able to identify 18 edible plants as functional food
products which can be consumed for the purposes of health, well-
ness and disease prevention. Although the parameters used in the
study were not disease specific, quantification of properties such
as antioxidant and starch hydrolase inhibitory potentials will be
able to serve as a guide to the use of these plants for diseases
associated with ROS. In this respect, Coccinia grandis, Asparagus
racemosus, Costus specious, Amaranthus viridis and Annona muri-
cata were identified as potent antioxidants and inhibitors of starch
hydrolases. Nevertheless, for investigative purposes, the mecha-
nisms of action of these plants require further study in order to pro-
vide a better understanding of their abilities to effectively cure and
control diseases that have a significant impact on quality of life.

ACKNOWLEDGEMENTS

The authors acknowledge the financial and analytical support
rendered for the study by the Institute of Fundamental Studies,
Kandy, Sri Lanka, and the Temasek School of Applied Science,
Temasek Polytechnic, Singapore. The authors report no conflicts
of interest, financial or otherwise.

REFERENCES

1 Bornkessel S, Broring S, (Onno) Omta SWF and van Trijp H, What
determines ingredient awareness of consumers? A study on ten
functional food ingredients. Food Qual Pref 32C:330-339 (2014).

2 Chen H, Weiss J and Shahidi F, Nanotechnology in nutraceuticals and
functional foods. Food Technol 60:30-36 (2006).

3 Dutta PC, Phytosterols as Functional Food Components and Nutraceuti-
cals. Marcel Decker, New York (2004).

4 Menrad K, Market and marketing of functional food in Europe. J Food
Eng 56:181-188 (2003).

5 Geoffrey PW, Dietary Supplements
Wiley-Blackwell, New York (2006)

and Functional  Foods.

17

20

21

22

23

24

25

26

27

28

29

30

31

Hasler CM, Regulation of Functional Foods and Nutraceuticals: A Global
Perspective. Wiley-Blackwell, New York (2005).

Roberfroid MB, Concepts and strategy of functional food science: the
European perspective. Am J Clin Nutr 71:1660S - 1664S (2000).

Dimitrios B, Sources of natural phenolic antioxidants. Trends Food Sci
Technol 17:505-512 (2006).

Canene-Adams K, Campbell JK, Zaripheh S, Jeffrey EH and Erdman JW
Jr, The tomato as a functional food. J Nutr 135:1226-1230 (2005).
Shahidi F, Functional foods: their role in health promotion and disease

prevention. J Food Sci 69:R146-R149 (2004).

Shahidi F, Nutraceuticals and functional foods: whole versus processed
foods. Trends Food Sci Technol 20:376-387 (2009).

Wu X, Beecher GR, Holden JM, Haytowitz DB, Gebhardt SE and Prior RL,
Lipophilic and hydrophilic antioxidant capacities of common foods
in the United States. J Agric Food Chem 52:4026-4037 (2004).

Prior RL and Cao GH, Analysis of botanicals and dietary supplements
for antioxidant capacity: a review. J AOAC Int 83:950-956 (2000).
Madsen C, Functional foods in Europe. Ann Nutr Metab 51:298-299

(2007).

Karalliedde L and Gawarammana IB, Traditional Herbal Medicines: A
Guide to their Safer Use. Hammersmith Press, London (2008).

Isabelle M, Lee BL, Lim MT, Koh WP, Huang DJ and Ong CN, Antioxidant
activity and profiles of common vegetables in Singapore. Food
Chem 120:993-1003 (2010).

Prior RL, Hoang H, Gu LW, Wu XL, Bacchiocca M, Howard L et al., Assays
for hydrophilic and lipophilic antioxidant capacity (oxygen radical
absorbance capacity (ORAC, )) of plasma and other biological food
samples. J Agric Food Chem 51:3273-3279 (2003).

Huang D, Ou BX, Hampsch-Woodill M, Flanagan JA and Deemer
EK, Development and validation of oxygen radical absorbance
capacity assay for lipophilic antioxidants using randomly methy-
lated p-cyclodextrin as the solubility enhancer. J Agric Food Chem
50:1815-1821 (2002).

Sénchez-Mata MC, Camara-Hurtado M, Diez-Marquez C and
Torija-Isasa ME, Comparison of high-performance liquid chro-
matography and spectrofluorimetry for vitamin C analysis of green
beans (Phaseolus vulgaris L.). Eur Food Res Technol 210:220-225
(2000).

Lee BL, Su J and Ong CN, Monomeric C-18 chromatographic method
for the liquid chromatographic determination of lipophilic antioxi-
dants in plants. J Chromatogr A 1048:263-267 (2004).

Lee BL, New AL and Ong CN, Simultaneous determination of
tocotrienols, tocopherols, retinol and major carotenoids in human
plasma. Clin Chem 49:2065-2066 (2003).

Liu T, Song L, Wang H and Huang D, A high-throughput assay for
quantification of starch hydrolase inhibition based on turbidity
measurement. J Agric Food Chem 59:9756-9762 (2011).

Koh LW, Wong LL, Loo YY, Kasapis S and Huang D, Evaluation of dif-
ferent teas against starch digestibility by mammalian glycosidases.
J Agric Food Chem 58:148-154 (2009).

Ou B, Huang D, Hampsch-Woodill M, Flanagan JA and Deemer EK,
Analysis of antioxidant activities of common vegetables employing
oxygen radical absorbance capacity (ORAC) and ferric reducing
antioxidant power (FRAP) assays: a comparative study. J Agric Food
Chem 50:3122-3128 (2002).

Isabelle M, Lee BL, Lim MT, Koh WP, Huang DJ and Ong CN, Antioxidant
activity and profiles of common vegetables in Singapore. Food
Chem 120:993-1003 (2010).

Halliwell B and Gutteridge JMC, Free Radicals in Biology and Medicine
(4th edn). Oxford University Press, Oxford (2007).

Samad A, Shams MS, Ullah Z, Wais M, Nazish |, Sultana Y et al., Status
of herbal medicines in the treatment of diabetes (review). Curr
Diabetes Rev 5:102-111 (2009).

Patel DK, Kumar R, Laloo D and Hemalatha S, Natural medicines from
plant source used for therapy of diabetes mellitus: an overview of its
pharmacological aspects. Asia Pac J Tropical Dis 2:239-250 (2012).

Benmoussa M, Moldenhauer KAK and Hamaker BR, Rice amylopectin
fine structure variability affects starch digestion properties. J Agric
Food Chem 55:1475-1479 (2007).

Jenkins DJA, Wolever TMS and Jenkins AL, Starchy foods and gly-
caemic index. Diabetes Care 11:149-159 (1988).

Hettiarachchi P, Jiffry MTM, Wickramasinghe AR and Fernando DJS,
Glycaemic indices of different varieties of rice grown in Sri Lanka.
J Ceylon Med Assoc 46:11-14 (2001).

J Sci Food Agric 2015; 95: 2956 -2964

© 2014 Society of Chemical Industry

wileyonlinelibrary.com/jsfa




@)
SCI

WWW.50Ci.org

YH Lee etal.

32 Panlasigui LN and Thompson LU, Blood glucose lowering effects of
brown rice in normal and diabetic subjects. Int J Food Sci Nutr
57:151-158 (2006).

33 Shi J, Ho CT and Shahidi F, Asian Functional Foods. CRC Press, Boca
Raton, FL (2005).

34 Rother KI, Diabetes treatment: bridging the divide. New Engl J Med
356:1499-1501 (2007).

35 Kruger CL and Mann SW, Safety evaluation of functional ingredients.
Food Chem Toxicol 41:793-805 (2003).

36 Arnoldi A, Functional Foods, Cardiovascular Disease and Diabetes.
Woodhead Publishing, Cambridge, UK (2004).

37 Arendash GW, Jensen MT, Salem N Jr, Hussein N, Cracchiolo J, Dickson
A etal, A diet high in omega-3 fatty acids does not improve

wileyonlinelibrary.com/jsfa

© 2014 Society of Chemical Industry

or protect cognitive performance in Alzheimer’s transgenic mice.
Neuroscience 149:286-302 (2007).

38 Kelemen MV and Whelan W, Inhibition of glucosidases and galactosi-
dases by polyols. Arch Biochem Biophys 117:423-428 (1966).

39 Funke | and Melzig M, Effect of different phenolic compounds on
alpha-amylase activity: screening by microplate-reader based
kinetic assay. Die Pharmazie 60:796-797 (2005).

40 Goff DJ and Kull FJ, The inhibition of human salivary a-amylase by
type-Il a-amylase inhibitor from Triticum aestivum is competitive,
slow and tight-binding. J Enz Inhib Med Chem 9:163-170 (1995).

J Sci Food Agric 2015; 95: 2956 -2964



