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ABSTRACT

Natural alternatives for the treatment of diabetes mellitus have been the interest of many
researchers. In this study, the brown testas of mature coconuts were compared to beans
seed coats of four varieties in terms of antioxidative and anti-hyperglycaemic properties.
The total phenolic and flavonoid contents, the antioxidant potentials and the a-amylase
and a-glucosidase inhibitory activities of the crude extracts were studied in vitro. The
results showed that extracts of coconut testa and red kidney bean seed coat displayed
higher a-glucosidase inhibition (IC,=19.90+5.67 and 4.84+1.43 ug/mL) and a-amylase
inhibition (IC,=120.5+15.4 and 532.8+68.0 ug/mL) than the other extracts. These two
extracts showed higher antioxidant capacities owing to their high phenolic and flavonoid
contents. These results suggest that red kidney bean seed coat and tender coconut testa
would have higher potential as nutraceuticals and could serve as natural alternative
sources of anti-diabetic remedy.
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1. INTRODUCTION

Consumption of wholesome food is recognized as an important step to maintain optimal
health. In this respect, consumption of whole grains and cereals is recommended as diet to
prevent chronic diseases such as diabetes and cancer. As whole grains are rich in vitamins,
minerals, and phytochemicals, they are believed to help reduce the risk factors associated
with diabetes. Dry beans that include red bean, red kidney bean, white bean and black
bean are recognized to have many nutritional attributes. According to XU et al. (2007), red
bean and red kidney beans are rich in nutrients and dietary fibre and were found to
display higher content of phenolics and antioxidant activity. LAYER et al.(1985) found that
white bean in vitro was able to inhibit a-amylase. Recent investigations of TANKO et al.
(2017) concluded that bran of Beras merah and Beras hitam rice varieties had high potential
to be used in dietary formulations intended for diabetes.

The recent trend advocates exploring the food values of tropical fruits such as coconut for
healthy living. The most important part of coconut is kernel or endosperm, which is
usually found to possess moisture, fat, protein, carbohydrates, minerals and vitamins. The
oil extracted from the kernel is reported to have health benefits owing to the presence of
lauric, capric, caproic and caprylic acid (MARIKKAR and MADHRAPPERUMA, 2012).
The defatted kernel residue left after extraction of virgin coconut oil is another valuable
product. The fibrous component of the defatted kernel residue is of particular interest due
to the beneficial health effects (AIN NAJWA et al.,, 2016). As a source of dietary fibre,
defatted kernel residue can provide health benefits particularly in relation to chronic
illnesses such as cancer and diabetes mellitus. TRINIDAD et al. (2003) found that the
incorporation of defatted coconut flour in bakery products would lower their glycemic
indices. Other than these, there are other reports, which indicated that defatted coconut
flour might contribute to reduce the concentration of cholesterol in blood (SENEVIRATNE
et al., 2009)

The brownish outer covering of coconut kernel serving as a protective layer in the fruit is
an interesting by-product, traditionally known as coconut testa (SENEVIRATNE et al.,
2009). Owing to its dark brown color, testa is usually removed before processing coconut
products such as desiccated coconut, coconut cream and milk powder. The testa of
coconut constitutes approximately 18% (w/w, wet basis) of the total kernel weight
(MARIKKAR and MADHRAPPERUMA, 2012). In an attempt to utilize coconut testa for
edible oil production, APPAIAH et al. (2014) came to know that the oil was composed of
several short and medium chain fatty acids along with phenolics, phytosterols,
tocopherols, tocotrienols etc. These studies indicated that the fruit component of coconut
such as coconut kernels might have medicinal properties due to these valuable
constituents (DEBMANDAL AND MANDAL, 2011). Recently, SALIL et al., 2011 found
that coconut kernel protein has potent anti-diabetic activity through the reversal of
glycogen levels and activities of carbohydrate metabolizing enzymes. To date, no report
compared the anti-hyperglycaemic activity of coconut testa with those of common beans
namely, red kidney bean, black-eyed pea, red bean and black beans. As the removed testa
is largely wasted in processing factories without any value addition, it is timely to
undertake further studies on it. The results might have various direct and indirect
environmental and economic impacts reducing the disposal costs and increasing the
added value of the final products, giving emphasis to explore their health benefits. If the
removed testa is crushed in the dry form, it might give flour, which could be used for
preparation of wholemeal bread beneficial to those who suffer from type 2 diabetes.
Hence, the objective of this study was to compare brown testa of coconut with seed coats
of four varieties of beans with respect to total flavonoid and phenolic contents, and
antioxidative and anti-hyperglycemic properties.

Ital. J. Food Sci., vol. 29, 2017 - 742



2. MATERIALS AND METHODS
2.1. Sample collection and preparation

Samples of brown testa from coconut (TCO) were collected in triplicate from the coconut
farm located in the university agricultural park, Serdang, Malaysia. Samples of four
varieties of Phaseolus vulgaris (red kidney bean (RKB), black-eyed pea (BEP), red bean (RB)
and black beans (BB) were collected in triplicate from individual farms located at
Setiawan, Malaysia. The bean samples were dehulled manually while the testae of
coconuts were removed from their shells to be dried and milled into fine particles.
Samples were packed in airtight Ziploc plastic bags and stored at 4C until further
analysis.

2.2. Chemicals

Pancreatic a-amylase, a-glucosidase  (Saccharomyces  cerevesiae), 1,1-diphenyl-2-
picrylhydrazine (DPPH), hydrochloric acid, p-nitrophenyl- a-d-glucopyranoside were
purchased from Sigma-Aldrich. Chemicals, namely, sodium carbonate, sodium acetate
buffer (pH 6), sodium potassium tartarate, and sodium hydroxide were purchased from
R&M chemicals. Other chemicals such as; dinitrosalicyclic acid (DNS), potassium
persulphate were purchased from Acros Organics (Private) Ltd. 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonicacid) diammonium salt (ABTS) from Amresco, Folin
Ciocalteu phenol reagent and gallic acid from Cayman. 2,4,6-tripyridyl-s-triazine (TPTZ)
was purchased from Affymetrix.

2.3. Preparation of ethanolic extracts of sample

Hundred (100) gram portions of the milled bean seed coats and coconut testa were
extracted with 1000 mL of 70% ethanol-water for 48 h at 25 ‘C. The extracts were
centrifuged with eppendorf 8510R centrifuge at 8300 rpm for 10 min and filtered with
Whatman no. 1 filter paper. The solvent was evaporated under reduced pressure using a
Biichi Model R-205 rotary evaporator (Biichi, Switzerland) and the semi-solid extracts
were freeze-dried using a Virtis bench top pro-freeze dryer SJIA-10N (FD-1B-50) (Virtis,
New York). They were then re-dissolved in 70% ethanol in the ratio of 10mg/mL of
solvent to serve as stock solution for various analyses.

2.4. Total phenolic content (TPC)

TPC was assayed using Folin-Ciocalteu regent in a 96-well microplate according to the
method described by SINGLETON et al. (1999). About 20 uL of the sample extract was
mixed with 110 uL of freshly prepared Folin-Ciocalteu regent. Subsequently, the mixture
was added with 70 uL of 20% Na.CO. and allowed to incubate for 30 min at room
temperature. After incubating for 30 min at 25+2'C, absorbance was read at 765 nm using a
microplate reader (Synergy 2, BioTek instruments, USA). Total phenolic content of each
sample was calculated from the mean of triplicates and expressed as milligrams (mg) of
gallic acid equivalent (GAE) per 1g of dry sample.

2.5. Total flavonoid content (TFC)

Total flavonoid content of the extracts was determined according to the method described
by ZHISHEN et al. (1999) with some modifications. Briefly, 25 uL of the ethanolic extract,
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125 uL of distilled water and 7.5 pL of 5% NaNO, were mixed together and the mixture
was allowed to stand for 5 min. After adding 15 uL of 10% AICl, the mixture was allowed
to incubate at 25C for an additional 5 min. At the 6* min, the mixture was added with 50
ul of IM NaOH and subsequently diluted by adding 27.5 ul of distilled water. Absorbance
of the solution was measured at 515 nm using a microplate reader (Synergy 2, BioTek
instruments, USA). Total flavonoid content of each sample was calculated from the mean
of triplicates and expressed as milligram (mg) quercetin equivalent (QE) per 1g of dry
sample.

2.6. Analysis of flavonoid and phenolic acids by HPLC

Chromatographic analysis was performed on Agilent 1100 series HPLC-DAD system
(Agilent Technologies Deutschland GmbH, Germany) using a reverse phase C18 column
(150 X 45 mm) packed with 5 ym diameter particles which was controlled at a
temperature of 30:C. The flow rate was 0.7 mL/min and the injection volume was 50 uL.
The mobile phase consisted of 2% acetic acid (Solvent A) and absolute methanol (Solvent
B), and the composition gradient was run as follows: 13% of B until 10min and changed to
obtain 20%, 30%, 50%, 70%, 20% and 10% B at 20, 30, 40, 50, 60, 70 and 80 min respectively,
following the method described by IRONDI et al. (2014) with slight modifications. A stock
standard solution of individual compound was prepared in methanol at a concentration
range of 0.030-0.250 mg/mL for quercetin, kaempferol, catechin, rutin and epicatechin;
and 0.050-0.450 mg/mL for caffeic, ferulic, gallic, ellagic and chlorogenic acids. Peaks of
chromatograms were confirmed by comparing its retention time with those of reference
standards. Gallic acid was detected at 257 nm, catechin and epicatechin at 281 nm, ferulic,
chlorogenic, ellagic and caffeic acids at 325 nm and kaempferol, quercetin and rutin at 366
nm. All analyses were carried out in triplicates.

2.7. Antioxidant analyses
2.7.1. Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed according to the method described by BENZIE and
SZETO (1999) in a 96-well microplate. The working FRAP reagent was prepared by mixing
300 mM of acetate buffer (pH 3.6), 10 mM of TPTZ solution and 20 mM of FeCl.6H.O in a
ratio of 10:1:1 and then heating to 37:C. The TPTZ solution was prepared by dissolving
10mM TPTZ in 40 mM HCL. A 20 pL sample solution was added to a mixture of 150 uL of
working FRAP reagent and 30 uL of acetate buffer. The whole reaction mixture was
allowed to stand for 8 min and the absorbance was recorded at 600 nm. Results were
expressed as mmol of FeSO, per 100 g of the dry sample.

2.7.2. DPPH radical scavenging activity

DPPH scavenging activity was performed according to the method described by BLOIS
(1958) in a 96-well microplate. A 150 uL portion of 125 yM DPPH was mixed with 50 uL of
sample extract with varying concentrations ranging from 3.12-200 yg/mL in a microplate,
the mixture was allowed to incubate at 25+2:C for fifteen minutes in the dark and the
absorbance was measured at 517 nm using a Biotek microplate reader.
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The percentage of free radical scavenging activity was calculated as follows:

Ac— As

% DPPH Scavenging effect = 1
c

x100

Where Ac = absorbance of control, As = absorbance of sample.
2.7.3. ABTS radical scavenging activity

The ABTS radical scavenging assay was performed according to the method described by
RE et al. (1999) in a 96-well microplate. A stable stock solution of ABTS radical was
obtained by mixing 7.8 mM ABTS and 2.45 mM of potassium persulfate at 37°C for 16 h in
the dark. The ABTS radical stock solution was diluted with 80% ethanol until an
absorbance of 0.7+0.02 at 734nm was achieved. 40 uL of varying concentrations of sample
extracts (3.12-200 pg/mL) were added to 160 uL of diluted ABTS stock solution. The
mixture was incubated at 25+2°C for 10 min and the absorbance was measured at 734 nm
using a Biotek microplate reader. The percentage of free radical scavenging activity was
calculated as follows:

Ac—- As
Ac

% ABTS Scavenging effect = x100

Where Ac = absorbance of control, As = absorbance of sample.
2.8. Enzyme inhibition assays
2.8.1. a-Amylase inhibition assay

The a-Amylase inhibition assay was performed according to the method described by
BERNFELD (1955) with modifications in a 96-well microplate. Briefly, 50 uL of varying
concentrations (12.5-200 ug/mL) of ethanolic sample extract was added to 40 uL of cooked
starch (1% w/v) and 50 uL of a-amylase enzyme (0.5 mg/mL), 860 uL of 100 mM acetate
buffer (pH 6.0) was added to the mixture and incubated at 40°C for 15 min. 0.5 mL of DNS
(3,5-dinitrosalicyclic acid) was added after incubation and then placed in a boiling water
bath for 5 min. It was then cooled in cold-water bath and the absorbance was recorded at
540 nm. The percentage inhibition of each sample was calculated using the following
formula:

Inhibition (%) =

Ac—-(As - Ab) 100
Ac

Where Ac = absorbance of control, Ab = absorbance of blank and As = absorbance of
sample.

2.8.2. a-Glucosidase inhibition assay

The a-glucosidase inhibition assay was done according to the method described by
MATSUI et al. (2001) with modifications, in a 96-well microplate. Reaction mixtures of 20

uL of 4 mM of p-nitrophenyl-a-d-glucopyranoside , 30 uL of 50 mU/mL of a-glucosidase
enzyme and 40 L of different concentrations (2.5-80 pg/mL) of sample extracts (Img of
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each of the freeze-dried sample was reconstituted in 1mL of 50mM sodium acetate
buffer)were added together to give a volume of 100 uL in 50 mM sodium acetate buffer
(pH 5.8). The mixtures were incubated at 37°C for 30 min after which the reaction was
stopped by addition of 50 uL of 0.1M sodium carbonate. Absorbance was measured at 405
nm using a 96-well microplate reader. The inhibition of a-glucosidase in percentage was
calculated using the following equation:

Ac—-(As—Ab)

Inhibition (%) = 1
c

x100

Where Ac = absorbance of control, Ab = absorbance of blank and As = absorbance of
sample.

2.9. Statistical Analysis

All measurements were carried out in triplicate data (n=3). All the results were presented
in the form of meantstandard deviation (SD). Data was statistically analyzed by one-way
analysis of variance (ANOVA) with IBM SPSS software package (version 21.0). When F
values were significant, mean differences were compared using Duncan’s multiple range
test at the 5% level of probability.

3. RESULTS AND DISCUSSION
3.1. Total phenolic and flavonoid contents

The results of the total phenolic and flavonoid contents of the extracts of coconut testa and
bean seed coats were compared as shown in Table 1. The TPC ranged from 3.46 to 44.61
GAE (mg) per gram of dry sample with the highest phenolic content being displayed by
TCO. All tested bean seed coat extracts were significantly (p<0.05) different in their TPC
values except BB and RB. In the case of TFC, the values were found to range from 2.30 to
67.60 QE (mg) per gram of dry sample with the highest value (67.60 mg QE/g) being
displayed by TCO. Among the bean seed coat extracts, RKB showed the highest TPC and
TFC values. A number of previous studies discussed about the phenolic and flavonoid
contents of beans. According to WU et al. (2004), RKB was ranked the first in the USDA’s
list of top 20 foods with high antioxidant capacity. However, the differences in phenolic
contents of beans might also be due to genetic factors, variation between cultivars, and
extraction methods (ZHAO et al., 2014) There was hardly any detailed study to compare
the TPC and TFC of the TCO, which was higher than those of other extracts namely, RKB,
RB, BEP, and BB. Although RAIHANA et al. (2015) previously discussed the food values of
several fruit seed wastes, TCO was not mentioned despite it being a by-product of coconut
processing. According to MARIKKAR and MADURAPPERUMA (2012) there was hardly
any data on TPC of TCO but the fatty acid compositions of various oil samples were
available. As SENEVIRATNE et al. (2009) compared the distribution of the phenolic
contents in coconut oil extracted under two different methods, the phenolic content was
increased with the addition of TCO into white coconut kernel. In another study,
APPAIAH et al. (2014) confirmed that the oil extracted from TCO was composed of
phenolics, phytosterols, tocopherols, tocotrienols etc. Generally, the outer layers such as
seed coats and testa would have polyphenolic compounds due to their protective role in
plants. Moreover, dark colours of seed coats were generally found to correlate with higher
phenolic contents (KANATT et al., 2011).
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Table 1. Total phenolic and flavonoid contents and ferric reducing antioxidant power of coconut testa and
different bean seed coats.

Type of extract Total Phenolic content Total flavonoid content Reducing Power (FRAP)
(mgGAE/g) (mgQE/g) mmol FeS04/100g

RKB 21.80+0.51b 24.38+1.22b 204.71+2.87b

RB 5.29+0.47¢c,d 6.29+1.21¢c 48.45+7.34d

TCO 44.61+0.56a 67.60+6.99a 546.10+36.90a

BEP 3.46+0.25d 2.30+0.38c 26.70+4.43d

BB 9.19+0.53c 7.35+1.30c 68.68+3.30cC

Data represented as meantsd of triplicate analysis. Mean values within the column with different
superscript letters are significantly (p <0.05) different. Abbreviations: RKB, red kidney bean seed coat; RB,
red bean seed coat; TCO, testa of coconut; BEP, black-eyed pea seed coat; BB, black bean seed coat.

The HPLC- DAD analysis data shown in Table 2 compared the flavonoid and phenolic
acid compositions of TCO and bean seed coat extracts. Phenolic compounds are essential
constituents of plants due to their ability to scavenge free radicals; they are known for
their alleviation of oxidative stress as well as beneficial effects on human health.

Table 2. Phenolics composition of coconut testa and selected beans seed coats by HPLC-DAD analysis'.

Phenolic
compounds (mg/qg)

Gallic acid 0.42+0.03 0.01+0.01 0.16+0.02 0.11+0.02 0.04+0.00

Catechin - 0.18+0.09 - - -

Epigallocatechin
gallate

Chlorogenic acid 0.625+0.24 - - - -
Caffeic acid 1.752+0.08 - - - -
Ferulic acid - - - - -
Ellagic acid - - 0.91+0.03 4.85+0.02 7.25+0.06
Rutin - - 1.210+0.01
Quercetin - - 0.17+0.00 0.69+0.27 0.05+0.00
Kaempferol - - - - -

TCO RKB RB BB BEP

5.747+0.54 - - - -

'Abbreviations: See Table 1.

According to IRONDI et al. (2014) the most abundant phenolic acid in plants is caffeic acid
followed by chlorogenic acid while quercetin and rutin are two important flavonoids in a
number of food items. According to Table 2, the extracts contain varied levels of phenolic
compounds which include; gallic acid, ferulic acid, chlorogenic acid, ellagic acid, catechin,
epicatechin, caffeic acid, quercetin, rutin and kaempferol. The concentrations of the
different phenolic compounds ranged from 0.03-0.25 mg/mL for phenolic acids and 0.05-
0.45 mg/mL for flavonoids. Gallic acid was the most common phenolic compound present
among the extracts with the highest amount observed in TCO. Previously, SENEVIRATNE
et al. (2009) noticed that coconut oil extracted by incorporating TCO had compounds such
as gallic acid, epigallocatechin, catechin, p-hydroxybenzoic acid, epi-catechin and caffeic
acid. The level of gallic acid in RB seed coat and RKB seed coat were quite comparable.
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Some phenolic compounds such as ellagic acid, caffeic acid and rutin were noticeably
higher in certain extracts while phenolic compounds such as ferulic acid and kaempferol
were observed to be absent in all extracts.

3.2. Antioxidant activities

A comparison of the FRAP activities of the extracts of TCO and bean seed coats are
presented in Table 1. The FRAP values ranged from 26.70 to 546.10 mmol FeSO./100g
extracts with the highest and lowest values being displayed by TCO and BEP,
respectively. According to our literature search, only few studies were available to
compare the FRAP value of TCO. Previously, SENEVIRATNE et al. (2009) reported the
phenolic-dependent antioxidant capacities of coconut oil without giving consideration for
FRAP activity. The FRAP values of bean seed coats used in this study were found to range
from 26.7 to 204.71 mmol FeSO./100g. The values displayed significant (p<0.05)
differences among the extracts of RKB, RB, BB, and BEP. Interestingly, bean seed coat
extracts of BEP, RKB and BB had displayed better antioxidant capacities than the seed
extracts of the same reported previously by MARATHE et al. (2011). BOATENG et al.
(2008) stated that dark coloured seed coats usually had higher FRAP values than the pale
coloured ones, which might be due to higher amount of phenolic compounds in them.
According to some other reports, high FRAP values of grains such as red bean were due to
the high content of condensed tannins (ZOU and CHANG, 2014). The results of DPPH
radical scavenging activities of the extracts of TCO and bean seed coats were compared as
shown in Fig. 1.

100 -

= <= =-Redbean SC
= Black bean SC

—& * Redkidney bean SC
—® - Testa of coconut

= M =Black-eyedpea SC

% DPPH scavenging activity

+++® - Trolox

10 50 100 150 200 250

Concentration (jug/ml)

Figure 1. DPPH radical scavenging activities of coconut testa and different bean seed coats. Values represent
meanzs.d. of triplicate analysis.

Previously, BOATENG et al. (2008) reported the DPPH radical scavenging activities of
several common beans, but there was hardly any comparison with TCO. According to Fig.
1, the radical scavenging activities of all extracts were ranged from 48.97 to 83.21% as
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observed at 200 ug/mL. The values displayed by TCO and RKB were 83.21% and 81.53%,
respectively. The strong radical scavenging potentials of TCO and RKB might be due to
their higher phenolic and flavonoid contents as seen before (Table 1).

According to Table 3, there was no significant (p>0.05) difference between the EC, values
of RB and BB while the EC, of other tested extracts were significantly (p<0.05) different
with respect to each other.

Table 3. DPPH and ABTS radical scavenging activities of coconut testa and selected bean seed coats.

Type of extract DPPH EC50 (ug/mL) ABTS EC50 (ug/mL)
RKB 63.6+3.5C 111.3+0.6¢C

RB 144.2+6.0b 266.5+36.2b
TCO 47.4+7.0d 125.7+6.7C
BEP 188.2+1.9a 375.7+11.6a

BB 135.4+19.0b 260.5+36.8b
TROLOX 22.4+1.7e 32.0+1.2d

Values represent meantsd of triplicate analysis. Mean values within the column with different superscript
letters are significantly (p<0.05) different; Abbreviations: See Table 1.

Previously, GARCIA-LAFUENTE et al.(2014) found that the extracts of RB displayed
higher radical scavenging activity than those of white ones, which was in agreement with
the results obtained in the current study. Separately, HUANG et al. (2012) stated that
factors such as soil types, genes, temperature, light and agronomic conditions could also
affect anthocyanin composition which was an important antioxidant constituent of plants.
Seed coats are generally similar to hulls that are rich in polyphenolics and can act as
natural antioxidants to counter the formation of free radicals that can lead to the onset of
various diseases including diabetes, and cancer (BOATENG et al., 2008).

ABTS activities of the extracts of TCO and bean seed coats are shown in Fig. 2.

Both the RKB and TCO displayed maximum scavenging activities of 83.3% and 76.37%,
respectively at the concentration of 200 ug/mL. According to Table 1, the phenolic and
flavonoid contents of both RKB and TCO extracts were relatively higher than those of any
other extract, which might have contributed to their strong antioxidant activity. It has been
reported that phenolics with higher molecular weight (e.g. tannins) were greater in ability
to scavenge free radicals (SIDDHURAJU and BECKER, 2007) The higher the phenolic
content of an extract, the stronger the antioxidant activity that they tend to exhibit
(GARCIA-LAFUENTE et al., 2014). ABTS values of the extracts of the other samples
showed significant (p<0.05) differences. According to Table 3, there were no (p>0.05)
significant differences in the EC, values of the RKB and TCO, as well as the EC,, values of
BB and RB extracts. However, significant (p<0.05) differences were observed between the
extracts of BEP and other samples. Most of the extracts exhibited strong scavenging ability
at all the tested concentrations (3.12 — 200 ug/mL). Extracts of RKB and TCO showed
somewhat similar activities.
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Figure 2. ABTS radical scavenging activities of coconut testa and different bean seed coats. Values represent
meants.d. of triplicate analysis.

3.3. Enzyme inhibitory activities
3.3.1. a-Amylase inhibitory activity

The a-amylase inhibitory potentials of the extracts of TCO and bean seed coats were
compared as shown in Table 4. Inhibition of carbohydrate degrading enzymes is one of the
approaches to decrease the rate of glucose released into the bloodstream (ADEMILUYI
and OBOH, 2013). MOJICA et al.(2015) stated that common beans contain bioactive
substances such as phenolics, which help in inhibiting digestive enzymes by binding to
these enzymes and modifying their activity. At the highest concentration of 200 ug/mL,
the highest activity was displayed by RKB (77.02%) while the least activity was recorded
for TCO (24.83%). When the efficacy of various extracts were compared using their IC,
values, the values of the test samples were ranged from 120.5 to 612.3 pg/mL while the IC,
of acarbose (positive control) was 115.9 ug/mL (Table 4). This indicated that the positive
control exhibited stronger inhibition towards a-amylase when compared with the test
extracts. Significant (p<0.05) differences were noticed among the extracts such as; RB,
TCO, BB, and BEP except between RKB and the positive control, which showed no
significant difference. In this study, the anti-amylase activity of RKB was significantly
higher than that of TCO. Plant-derived phenolic compounds have the potential to inhibit
digestive enzymes, thus serving as natural therapeutic agents for the management of
diabetes and its associated complications (IRONDI et al., 2014).

3.3.2. a-Glucosidase inhibitory activity

The a-glucosidase inhibitory potentials of extracts of TCO and bean seed coats were
compared as shown in Table 4. Reducing the rate at which starch is being broken down
and absorbed may be beneficial to manage insulin resistance in diabetic patients (UDDIN
et al., 2014). Various extracts showed a dose-dependent increase in their inhibition towards
a-glucosidase.
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Table 4. a-Amylase and a-Glycosidase inhibitory effects of coconut testa and bean seed coats'.

Samples a-Amylase IC50 (ug/mL) a-Glucosidase IC50 (ug/mL)
RKB 120.5+15.4d 19.915. 7c

RB 612.3+113.0a 29.9+1.4b

TCO 532.8+68.0b 4.8+1.4d

BEP 573.6+68.1a,b 32.0+9.5b

BB 319.3+36.0c 14.9x4.2¢
Acarbose 115.9+11.0d 43.4+3.7a

'Values represent meantstandard deviation of triplicate analysis. Mean values in the same column with different
superscript letters are significantly different (p<0.05); RKB, red kidney bean seed coat, RB, red bean seed coat, TCO, testa
of coconut, BEP, black-eyed pea seed coat, BB, black bean seed coat.

As shown in Table 4, the IC, values of the test extracts in relation a-glucosidase inhibition
were ranged from 4.84 to 32.03 ug/mL, with the IC, value of acarbose being significantly
(p<0.05) higher than those of RB, BB, RKB and BEP. However, IC, values of BB and RKB
were not significantly (p>0.05) different in the similar way between the IC, values of RB
and BEP. Since IC, value of TCO was observed to be significantly lower than those of any
other extract, it could be considered as potential alpha-glucosidase inhibitor for the
management of diabetes. In fact, its inhibitory potential was even stronger than those of
some other legumes reported previously by YAO et al. (2013).

4. CONCLUSIONS

In this study, polyphenolic contents, antioxidative properties, and a -amylase and a-
glucosidase inhibitory potentials of TCO and selected bean seed coats were compared.
Among the different extracts studied, TCO and RKB exhibited better antioxidant
properties. This may be partly due to their high phenolic content; thus helping to scavenge
free radicals and preventing oxidative damage in biological systems. TCO displayed a
mild a-amylase inhibition but a strong a-glucosidase inhibition, which is a key
characteristic feature of an effective anti-diabetic agent. Hence, TCO could possibly serve
as a base material for preparation of food formulation suitable for diabetic patients.

ACKNOWLEDGEMENTS

The authors acknowledge partial funding from a research grant (FRGS/2/2013/5G01/UPM/02/5) awarded by Ministry
of Higher Education Malaysia.

REFERENCES
Ain Najwa M.N., Shuhaimi M., Marikkar ].M.N., Yazid A.M.M. and Arbakariya A. 2016. Defatted coconut residue crude
polysaccharides as potential prebiotics on proliferation and acidifying activity of probiotics in in wvitro. J. Food Sci.

Technol. In press.

Ademiluyi A.O. and Oboh G. 2013. Soybean phenolic-rich extracts inhibit key-enzymes linked to type 2 diabetes (a-
amylase and a-glucosidase) and hypertension (angiotensin i converting enzyme) in vitro. Exp. Toxicol. Pathol. 65:305.

Appaiah P., Sunil L., Kumar P.K.P. and Krishna A.G.G. 2014. Composition of coconut testa, coconut kernel and its oil. J.
Am. Oil Chem. Soc. 91:917.

Ital. J. Food Sci., vol. 29, 2017 - 751



Benzie LF. and Szeto Y.T. 1999. Total antioxidant capacity of teas by the ferric reducing/antioxidant power assay. J.
Agric. Food Chem. 47:633.

Bernfeld P. 1955. Amylases: alpha and beta. Methods Enzymol. 1:149.
Blois M. 1958. Antioxidant determinations by the use of a stable free radical. Nature 181:1199.

Boateng J., Verghese M., Walker L.T. and Ogutu S. 2008. Effect of processing on antioxidant contents in selected dry
beans (Phaseolus spp. L.). LWT - Food Sci. Technol., 41:1541.

Debmandal M. and Mandal S. 2011. Coconut (cocos nucifera 1. :arecacea) :In health promotion and disease prevention.
Asian Pac. J. Trop. Med. 1:241.

Garcia-Lafuente A., Moro C., Manchén N., Gonzalo-Ruiz A., Villares A., Guillamén, Rostagno M. and Mateo-Vivaracho
L. 2014. In vitro anti-inflammatory activity of phenolic rich extracts from white and red common beans. Food Chem.
161:216.

Huang W., Zhang H., Liu W. and Li C. 2012. Survey of antioxidant capacity and phenolic composition of blueberry,
blackberry, and strawberry in Nanjing. J. Zhejiang Univ. Sci. B 13:94.

Irondi A.E., Oboh G., Akindahunsi A.A., Boligon A.A. and Athayde IM. 2014. Phenolic composition and inhibitory
activity of Magnifera indica and Mucuna urens seeds extracts against key enzymes linked to the pathology and
complications of type 2 diabetes. Asian Pac. J. Trop. Med. 4:903.

Kanatt S.R., Arjun K. and Sharma A. 2011. Antioxidant and antimicrobial activity of legume hulls. Food Res. Int. 44:3182.

Layer P., Carlson G.L. and DiMagno E.P. 1985. Partially purified white bean amylase inhibitor reduces starch digestion
in vitro and inactivates intraduodenal amylase in humans. Gastroenterol., 88:1895.

Marathe S.A., Rajalakshmi V., Jamdar S.N. and Sharma A. 2011. Comparative study on antioxidant activity of different
varieties of commonly consumed legumes in India. Food Chem. Toxicol. 49:2005.

Marikkar J.M.N. and Madhrapperuma W.S. 2012. Ch. 9. Coconut. In:"Tropical and Subtropical Fruits:Postharvest
Physiology, Processing and Packaging”, Muhammed Siddiq (Ed.). p. 159. John-Wiley Publishing Co., Ames, Iowa, USA.

Matsui T., Ueda T., Oki T., Sugita K., Terahara N. and Matsumoto K. 2001. a-glucosidase inhibitory action of natural
acylated anthocyanins, 1. Survey of natural pigments with potent inhibitory activity. J. Agric. Food Chem. 49:1952.

Mojica L., Meyer A., Berhow M.A., Gonzélez E. and Mejia D. 2015. Bean cultivars (Phaseolus vulgaris L .) have similar
high antioxidant capacity, in vitro inhibition of a -amylase and «a -glucosidase while diverse phenolic composition and
concentration. Food Res. Int. 69:38.

Raihana A.R., Marikkar J.M.N., Ismail A., Musthafa S. 2015. A review on food values of selected fruits’ seeds. Intel. J.
Food Prop. 18:2380.

Re R., Pellegrini N., Pannala A., Yang M. and Rice-Evans C. 1999. Antioxidant activity applying an improved ABTS
radical. Free Radic. Biol. Med. 26:1231.

Salil G., Nevin K.G. and Rajamohan T. 2011. Arginin rich coconut kernel protein modulates diabetes in alloxan treated
rats. Chem. Biol. Interact. 189:107.

Seneviratne K.N., Hapuarach C.D. and Ekanayake S. 2009. Comparison of the phenolic-dependent antioxidant properties
of coconut oil extracted under cold and hot conditions. Food Chem. 114:1444.

Siddhuraju P. and Becker K. 2007. The antioxidant and free radical scavenging activities of processed cowpea (Vigna
unguiculata (1.) walp.) seed extracts. Food Chem. 101:10.

Singleton V.L., Orthofer R. and Lamuela-Raventos R.M. 1999. Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-ciocalteu reagent. Methods Enzymol. 299:152.

Tanko A.S., Marikkar N., Salleh A., Azlan A. and Jivan M. 2016. Evaluation of brans of different rice varieties for their
antioxidative and antihyperglycemic potentials. J. Food Biochem. 41:¢12295.

Trinidad T.P., Valdez D.H., Loyola A.S., Mallillin A.C., Askali F.C., Castillo ].C. and Masa D.B. 2003. Glycaemic index of
different coconut (Cocos nucifera) — flour products in normal and diabetic subjects, Brit. J. of Nutri. 90:551.

Ital. J. Food Sci., vol. 29, 2017 - 752



Uddin R., Saha M.R., Subhan N., Hossain H., Jahan [.A., Akter R. and Alam A. 2014. HPLC-analysis of polyphenolic
compounds in Gardenia jasminoides and determination of antioxidant activity by using free radical scavenging assays.
Adv. Pharm. Bull. 4:273.

Wu X., Beecher G.R., Holden J.M., Haytowitz D.B., Gebhardt S.E., and Prior R.L. 2004. Lipophilic and hydrophilic
antioxidant capacities of common foods in the United States. ]. Agric. Food Chem. 52:4026.

Xu B.J., Yuan S.H., and Chang S.K. 2007. Comparative analyses of phenolic composition, antioxidant capacity, and color
of cool season legumes and other selected food legumes. J. Food Sci. 72:167.

Yao Y., Yang X., Tian J., Liu C., Cheng X. and Ren G. 2013. Antioxidant and antidiabetic activities of black mung bean
(Vigna radiata 1.). J. Agric. Food Chem. 61:8104.

Zhao Y., Du S., Wang H. and Cai M. 2014. In vitro antioxidant activity of extracts from common legumes. Food Chem.
152:462.

Zhishen J., Mengcheng T. and Jianming W. 1999. The determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chem. 64:555.

Zou Y.P. and Chang S.K.C. 2014. Antioxidant and anti-proliferative properties of extract and fractions from small red
bean (Phaseolus vulgaris L.). J. Food Nutri. 1:1.

Paper Received June 24, 2017 Accepted July 24, 2017

Ital. J. Food Sci., vol. 29, 2017 - 753



