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Abstract

Polyphenols and flavonoid compounds are known to have antioxidant activity and can
reduce blood glucose levels. Zingiber officinale var. Rubrum is one of the plants with high
polyphenol content. This study aimed to extract phenolic and flavonoid compounds from
this plant with various solvents primarily natural deep eutectic solvents (NADES), namely
70% ethanol, NADESI [citric acid: sucrose (1:1)], NADES2 [sucrose: glucose: fructose
(1:1:1)], NADES3 [choline chloride: glycerol (1:2)], and NADES4 [glycerol: urea (1:1)].
The phenolic and flavonoid levels were determined using spectrophotometer, the
antioxidant activity was measured using DPPH and Ferric Reducing Antioxidant Power
(FRAP) methods, while the antidiabetic activity was evaluated using enzymatic assay of o
-amylase and o-glucosidase enzymes. The findings indicated that all NADES
outperformed 70% ethanol in extracting phenols, with NADES1 showing the highest
phenolic content. Meanwhile, the highest flavonoid content was observed in extracts with
70% ethanol and NADESI. The results of antioxidant activity analysis using DPPH
revealed that extracts with 70% ethanol, NADES1, and NADES4 exhibited considerable
strength (ICsop: 45-49 pg/mL), with the average values of the three solvents being not
significantly different. From the results of the FRAP assay, NADES3 demonstrated the
highest strength Antioxidants Activity Index (AAI: 29.24+3.08 mmol/g), whereas 70%
ethanol showed the lowest strength (AAI: 22.76+5.23 mmol/g). The average AAI values
for all solvents indicated no significant differences. Among the solvents, NADESI
exhibited very strong inhibitory activity against a-amylase (19.62+0.20 pg/mL), while for
a-glucosidase, NADES1 was stronger (ICso: 57.36+£6.08 pg/mL) than other solvents. In
conclusion, NADES can be a promising tool for extracting secondary metabolites from
Zingiber officinale var. Rubrum as it shows both antioxidant and antidiabetic activities.

1. Introduction
Diabetes

mellitus

Active compounds in the polyphenol group in plants
have antioxidant activity (Ghasemzadeh et al., 2016;
Munadi, 2018; Supu ef al., 2018; Tiwari and Rao, 2002)

(DM), whose worldwide

prevalence is expected to increase from 1.2% to 4.4%
worldwide by 2030, is a fat and protein metabolic
disorder caused by abnormalities in insulin secretion
and/or action as well as a metabolic disease characterized
by hyperglycemia (Teixeira et al., 2000). Hyperglycemia
produces free radicals, particularly reactive oxygen
species (ROS) which lead to oxidative damage.
Therefore, antioxidant compounds that also control
blood glucose and prevent diabetes complications are
absolutely essential (Bonnefont-Rousselot et al., 2000).

*Corresponding author.
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and can reduce blood glucose levels (Ridwan et al.,
2012) by inhibiting the o-amylase and a-glucosidase
enzymes as carbohydrate catabolism so that glucose
absorption does not occur.

Red ginger (Zingiber officinale var. Rubrum) is
among the plants with high polyphenols. Several studies
have examined the polyphenol content, antioxidant
activity, and ability of this plant to inhibit the alpha-
amylase enzyme. This rhizome contains about 493
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mg/100 g of flavonoids and 1077 mg/100 g of phenols in
powdered samples (Ghasemzadeh et al., 2016), has
strong to very strong antioxidant activity with ICsg
values of 10.35-42.5 pg/mL (Munadi, 2018; Supu ef al.,
2018), and exhibits stronger DPPH antioxidant activity
than other varieties (Fajrin ef al., 2019; Wiendarlina and
Sukaesih, 2019). Measurements using CUPRAC and
DPPH methods reveal that extracts from several solvent
fractions have an antioxidant capacity of 2143+0.9 pmol/
g and 4256+3 pmol/g, respectively (Pratoko et al.,
2018). Dried capsules of red ginger are able to reduce
fasting blood sugar levels in T2DM patients and have a-
amylase inhibitory activity of 3.14mg/mL (Almasdy et
al., 2013; Arman et al., 2016; Putra et al., 2020).
Furthermore, the functional drink formula containing this
rhizome has a-glucosidase inhibitory activity at a
concentration of 873.2 pg/mL (Safitri ef al., 2016).

Efforts to discover safe solvents to extract bioactive
compounds are extremely important, taking into account
not only their polarity levels (Firdayani and Winarni
Agustini, 2015) but also their safety for health. The
polarity of a solvent can be increased by adding a certain
amount of water. In terms of toxicity, ethanol is
considered the safest among existing organic solvents.
Dewi et al. (2022) reported that ethanol mixed with
water can extract the highest levels of phenolic
compounds in cocoa shells compared to other organic
solvents. Another study by Widarta and Arnata (2017)
also showed that 70% ethanol is able to extract avocado
leaves with the highest antioxidant activity. Meanwhile,
alternative solvents that are also safe for health and the
environment are the Natural Deep Eutectic Solvents
(NADES).

NADES is a mixture of two or more compounds that
have a lower melting point than one of the components
(Abbott et al., 2004; Hayyan et al., 2010). DES can be
classified as derivatives of organic acids, choline
chloride, alcohols, and mixtures of other sugars (Espino
et al., 2016). This solvent is easy to synthesise because
the salt components and the hydrogen bond donor (HBD)
or complexing agent can be effortlessly mixed and
converted into NADES without the need for further
purification (Jhong et al., 2009; Singh et al., 2012).
Additionally, this solvent has the ability to extract
phenolic and flavonoid compounds (Dai et al., 2013;
Dheyab et al., 2021). To the best of the authors’
knowledge, no studies have been carried out on the
extraction of bioactive compounds using this solvent for
red ginger. Therefore, this study aims to determine the
phenolic and flavonoid levels, antioxidant activity
(DPPH and FRAP), and antidiabetic activity (inhibition
of a-amylase and a-glucosidase enzymes) of Zingiber
officinale var. Rubrum extracts with various NADESs
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and 70% ethanol solvent.

2. Materials and methods
2.1 Research methods

The tools and materials used in this study were:
analytical scales, glassware, hot plate, magnetic stirrer,
thermometer, water bath, UV-Vis spectrophotometer,
centrifuge, a set of evaporation tools, 1,1-Diphenyl-2-
picrylhydrazyl or DPPH (Merck), methanol, 70%
ethanol, raw vitamin C, acetate buffer (pH 3.6), 2,4,6-
tripyridyl-striazine or TPTZ (Sigma), FeCl;.6H20,
potassium persulfate, 10% aluminum chloride, potassium
acetate, a-amylase enzyme, NADES (citric acid, sucrose,
choline chloride, glycerol and wurea) (Sigma),
FeS0O,4.7H,0, DNS reagent, acarbose, phosphate buffer
(pH 6.8), sodium hydroxide (Merck), gallic acid,
quercetin, Folin-Ciocalteu’s phenol reagent, Na,CO;
(Merck), sodium nitrite, aluminum nitrate, P-Nitrophenyl
-a-D-glucopyranoside or PNPG (Sigma), a-glucosidase
enzyme (Sigma), and Zingiber officinale var. Rubrum
rhizomes.

2.2 Zingiber officinale var. Rubrum extraction

The sample was extracted as described previously by
Alam et al. (2014). Approximately, 4 g of sample
powder was mixed with 40 mL of 70% ethanol in a
closed flask, then macerated for 24 hrs and repeated
twice. The macerated mixture was concentrated into a
thick extract. Meanwhile, bioactive compounds were
extracted with NADES following the methods adopted
from previous studies (Choi et al., 2011; Dheyab et al.,
2021; Mansinhos et al., 2021), by mixing 1 mL of each
NADES (NADESI, NADES2, NADES3 and NADES4)
with 20+0.1 mg of each powdered sample in a glass
container. The sample mixture was stirred at 60-70°C
using a hot plate and magnetic stirrer for 60 mins. After
the sample was cooled and centrifuged, the supernatant
was taken for further experiments.

2.3 Total phenolic content

The total phenolic content of the extract was tested
using the method by Taga et al (1984) with slight
modifications. A total of 0.5 mL of Folin-Ciocalteu’s
phenol reagent and 7.5 mL of distilled water were added
to 0.2 mL of the sample and shaken then left for 10 mins.
After that, 1.5 mL of 20% sodium carbonate solution
was added to the solution and let sit for 10 mins. Then,
10 mL of distilled water was added to the mixture and
diluted 10 times. The absorption was measured at 760
nm. The standard curve for the total phenol equivalent of
gallic acid was also prepared using Folin-Ciocalteu’s
phenol reagent.
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2.4 Total flavonoid content

The flavonoid content of the sample was determined
using a method by Abu Bakar ef al. (2020) with slight
modifications. Quercetin was used as a standard. A total
of 0.3 mL of 5% sodium nitrite was added to 0.5 mL of
the sample and left for 5 mins. Then, 0.6 mL of 10%
aluminum nitrate was added to the solution and let sit for
5 mins. Next, 2 mL of 1M sodium hydroxide was added
to the mixture and diluted 10 times. The absorption was
read at a wavelength of 510 nm. Quercetin standard
curve was created for a concentration range of 0.5-100

2.5 Antioxidant activity test using 1,1-diphenyl-2-
picrylhydrazyl assay

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging assay with a 96-well microplate was carried
out using the method employed in previous studies
(Zhang et al., 2006; Endrini, 2011). The 1.5x10* M
solution of DPPH in methanol was added to each extract
with 70% ethanol and NADES solvents at various
concentrations (31, 25, 62,5, 125, 250 and 500 ppm) then
the reaction mixture was shaken vigorously. The amount
of the remaining DPPH was determined at 490 nm. The
radical scavenging activity was measured by the
following equation:

[Abs control — Abs extract]
(Abs control)

Radical scavenging activity (36) = ¥ 100

The antioxidant activity of plant extracts is partially
expressed as ICsy, which is defined as the concentration
(in ppm) of the extract required to inhibit the formation
of DPPH radicals by 50%.

2.6 Antioxidant activity test using ferric reducing
antioxidant power assay

The FRAP assay used the method by Abu Bakar et
al. (2009). FRAP reagent was prepared by mixing 300
mM of acetate buffer solution (pH 3.6), 10 mM of 2,4,6-
tripyridyl-striazine (TPTZ), and 20 mM of FeCl;.6H20
in a ratio of 10:1:1, then heated to 37°C in a water bath.
A total of 100 pl of extract sample and 300 pL of
distilled water were added to the cuvette. After adding
the sample mixture to the FRAP reagent, a second
reading at 593 nm was taken after 4 mins. The change in
absorbance after 4 mins from the initial blank reading
was compared to the FeSO, standard curve, from which
the FRAP value of the sample was determined. To
determine the concentration of antioxidants in the
sample, the absorbance of the standard solution was
plotted against its concentration to create a standard
curve and compare the sample’s absorbance to this
curve.

https://doi.org/10.26656/11.2017.8(S5).1

2.7 o-amylase inhibitory activity assay

The a-amylase inhibitory activity assay followed the
method from previous studies (Nair ef al., 2013; Ali et
al., 2020). The mixture containing 200 pL of sodium
phosphate buffer (pH 5.9), 200 puL of a-amylase enzyme,
and 70% ethanol extract in the concentration range of 20
-100 pg/mL was incubated for 10 mins at room
temperature, then 200 g/mL was added to the solution.
The reaction was stopped by adding 400 pL of DNS
reagent and boiling for 5 mins. After cooling, the
mixture was diluted with water, and the absorbance was
measured at 540 nm. Acarbose was used to control the
inhibition calculated using the following formula:

[Abs control — Abs extract]

Inhibition (%) = (Abs control)

x 100

The ICso value was determined from a plot of
percentage inhibition versus log inhibitor concentration
and calculated by non-linear regression analysis of the
mean inhibition value.

2.8 a-glucosidase inhibitory activity assay

The o-glucosidase inhibitory activity assay was
performed using a method modified from that proposed
by Nair et al. (2013). First, a-glucosidase enzyme was
dissolved in 100 mM of phosphate buffer (pH 6.8) for
use as an enzyme extract. Meanwhile, PNPG was used as
a substrate. Zingiber officinale var. Rubrum extracts
were made in varying concentrations of 10-100 g/mlL.
Each of these extracts was mixed with phosphate buffer
(pH 6.8) at 30°C for 5 mins. After that, 3 mL of 50 mM
sodium hydroxide was added to the mixture, then the
absorbance was read at 540 nm. Percent inhibition was
calculated using the formula below:

[Abs control — Abs extract]

(Abs control) x 100

Inhibition (%) =

The ICsy value was determined from a plot of
percentage inhibition versus log inhibitor concentration
and calculated by non-linear regression analysis of the
mean inhibition value. Acarbose was used as a reference
a-glucosidase inhibitor.

2.8 Data analysis

The data obtained were analyzed using Analysis of
Variance  (One-way = ANOVA) with  post-hoc
Tukey Honestly Significant Difference (HSD) for
comparison.

3. Results and discussion
3.1 Total phenolic and flavonoid contents

As seen in Figure 1 and Table 1, all NADESs can
extract more phenolics (35.32+0.7 to 69.6+1.2 mg GAE/
g), whereas 70% ethanol can extract more flavonoid
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compounds (105.1+0.01 mg GAE/g). The average levels
of phenols and flavonoids in the five solvents were
significantly different, with the flavonoids in 70%
ethanol and NADES1 having the highest levels.
Meanwhile, those in NADES2, NADES3, and NADES4
were not significantly different.

120
105.13

100

80 69.60 69.60

50 56.43
40 32.83 35.32
0
83 6.04
0

70% Ethanol NADES1 NADES2 NADES3 NADES4

Content

N

m Phenolic (MgGAE/g) Flavonoid (mgQE/g)

Figure 1. Phenolic and flavonoid contents in various solvents.

Table 1. Total phenolic and flavonoid contents of Zingiber
officinale var. Rubrum.

Samples Phenolic (mg GAE/g) Flavonoid (mg QE/g)
Ethanol 70% 32.8+0.01° 105.1+0.01°
NADES 1 69.603+1.198° 7.305+0.65°
NADES 2 40.397+0.991° 6.638+0.11°
NADES 3 35.317+0.727¢ 5.829+0.26°
NADES 4 56.429+0.952° 6.043+0.31°

Values are presented as meantSD. Values with different
superscript within the same column are statistically
significantly different (p<0.05) based on the ANOVA test.

The extraction of phenolic compounds from natural
materials with NADES is a solid-liquid extraction
process. As mentioned previously, NADES is a mixture
of two or more components, making it capable of
forming a liquid mixture with a melting point far below
that of its individual constituents due to hydrogen
bonding interactions between the hydroxyl groups on its
components, which is also assisted by water. The heating
process during the preparation of NADES helps the
formation of more hydrogen bonds (Datu ef al., 2019). In
addition, the solubility of phenols and flavonoids in
NADES is also possible due to hydrogen bonds formed
between the compounds and NADES, as demonstrated in
quercetin with xylitol-choline chloride-water (1:2:3) (Dai
et al., 2013). Furthermore, Oscar Zannou (2022) also
found that various NADESs can extract more phenols in
blackberry fruit than ethanol, with the phenolic levels
ranging from 1.20+0.17 to 9.35+0.39 mg GAE/g.

Among the variety of NADES used in this study, the
highest phenolic compound was obtained from the acidic
NADESI (citric acid and sucrose in a ratio of 1:1). The
citric acid in this NADES acts as HBA, whereas the
sucrose acts as HBD. This finding confirms a previous
study by Datu et al. (2019) which found that acidic
NADES (lactic acid-sucrose) can extract 573,443 mg

https://doi.org/10.26656/11.2017.8(S5).1

GAE/g of phenols. Meanwhile, as a group of sugar
derivatives, NADES2 is not much different from
NADESI, with the pH value of NADES2 (pH 1.5) being
higher than NADESI1 (pH 2.8).

In NADES4, glycerol acts as a hydrogen bond
acceptor (HBA) and urea acts as a hydrogen bond donor
(HBD), resulting in a covalent hydrogen bond interaction
with the phenols. Phenols are also soluble in choline
chloride and glycerol-based NADES3 (1:2) because of
the mass transfer from solid to liquid due to the same
polarity between NADES and phenolic compounds (Lu
and Liu, 2022). The same NADES used in the study of
Dheyab et al. (2022) also extracted more phenols than
other compounds in the Fucalyptus camaldulensis
(eucalyptus) plant. Similarly, in another study by
Razborsek et al. (2020), five types of DES with choline
chloride as the basic ingredient were all able to extract
more phenols from Chokeberry (4ronia melanocarpa).

The ability of 70% ethanol to extract compounds
depends on its polarity, and the addition of 30% water
can increase the polarity of ethanol. The results of this
study revealed the highest total flavonoid content in
Zingiber officinale var. Rubrum extract with 70%
ethanol (105.1+0.01 mg GAE/g). This is in line with the
finding of a study by Suhendra et al. (2019) that 70%
ethanol can extract the highest amount of flavonoids
(90.91+0.78 mg GAE/g) from Imperata cylindrica (L)
Beauv extract among other ethanol solvents with varying
concentrations of 40% to 90%. Flavonoids contain
glycoside compounds that are more easily soluble in
water (Arifin and Ibrahim, 2018).

3.2 Antioxidant activity

Antioxidants are essential chemicals in suppressing
oxidative stress which plays a key role in the
development of degenerative diseases such as diabetes
mellitus. In this regard, antioxidants act as free radical
inhibitors to help cell repair. In this study, the testing of
the antioxidant activity of Zingiber officinale var.
Rubrum extracts with 70% ethanol and four types of
NADES adopted the DPPH radical method with a 96-
well microplate which is more common and easier to do
(Kusumadewi ef al., 2022). The mechanism of this test is
as follows: antioxidant reacts with DPPH to form stable
diphenyl picryl hydrazine, and the antioxidant effect is
comparable to the loss of the purple color (Biswas et al.,
2022). The uptake is measured as the radical scavenging
activity (Pokorny et al., 2001; Putkaradze et al., 2021),
and the inhibitory activity is expressed in ICsy, where
ICso <50 ug/L is considered very strong, 50-100 ug/mL
is strong, 100-150 pg/mL is moderate, and 151-200 pg/
mL is weak (Zuhra et al., 2008; Santoso et al., 2022).
Testing antioxidant activity using the FRAP method is

© 2024 The Authors. Published by Rynnye Lyan Resources
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determining antioxidants based on the ability of
antioxidant compounds to reduce Fe’" ions to Fe®',
where the antioxidant activity is analogous to the
reducing ability of these compounds (Maryam et al.,
2016). The antioxidant activity is expressed by the AAI
(Antioxidant Activity Index) value; the greater the AAI
value, the stronger the activity. The results of this test
can be seen in Figure 2 and Table 2.

Table 2. Results of antioxidant activity test with different
methods (DPPH and FRAP).

Antioxidant Activity
Samples
(DPPH) ICsy (ng/mL) (FRAP) AAI (mmol/g)
Et-OH 45.07+0.28" 22.76+5.23"
NADES 1 49.14+4.01° 27.01+4.41°
NADES 2 132.46+0.11° 27.124+4.20°
NADES 3 182.61+4.9° 29.2443.08"
NADES 4 47.26+0.3* 25.97+14.69°
Ascorbic Acid 7.93+4.4¢ 53.2242.56°

Values are presented as meantSD. Values with different
superscript within the same column are statistically
significantly different (p<0.05) based on the ANOVA test.
Pearson Correlation of phenols with DPPH is moderate and
negative (r =-0.519).

Pearson Correlation of flavonoids with DPPH is moderate and
negative (r =-0.416).

Pearson Correlation of flavonoids with FRAP is very weak
and negative (-0.275), while that of phenols with FRAP is
very weak and positive (r = 0.041).

Among the four NADESs, the ICsy values of
NADESI and NADES4 were categorized as very strong
(ICsp: 47.26+0.3 to 49.14+4.01 pg/mL) and were not
significantly different (p<0.05) compared to the other
two NADESs. The antioxidant power of NADES1 and
NADES4 is closely related to their higher phenolic
content than the other NADESs. Furthermore, the
Pearson correlation of phenols with DPPH shows a
moderate and negative relationship (r = -0.519), meaning
that the higher the phenolic content, the smaller the ICs
value and the stronger the antioxidant activity. Phenols
capture DPPH radicals so that they are oxidized to
produce a more stable radical form. Radical scavenging
activity is determined by the amount of hydroxy (OH)
bonded to the aromatic ring of the benzoyl or cinnamic
acid molecule. The methoxy group bonded to positions 3
and 5 of the aromatic ring can increase the radical
scavenging activity of phenolic acid compounds
(Nenadis et al., 2003). This finding supports those of
previous studies (Abu Bakar et al., 2015; Wardani et al.,
2020; Kartini et al., 2023) that there is a relationship
between phenolic content and antioxidant activity. The
extract with 70% ethanol has far greater flavonoid
content than the other extracts. Flavonoid captures DPPH
radicals so that they are oxidized to produce more stable
radicals with low reactivity. In addition, flavonoids
donate hydrogen radicals (He) from their aromatic rings
to reduce toxic free radicals and produce flavonoid
radicals whose resonance is stabilized, thus making them
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Figure 2. (a). Percentage of inhibition, (b) Box plot of ICs, (c) Box plot of AAI of different solvents.
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non-toxic (Amié¢ et al.,, 2003). Pearson correlation of
flavonoids with DPPH has a moderate and negative
relationship (r = -0.416), which means that the higher the
flavonoid content, the smaller the ICsy and the stronger
the antioxidant activity.

The FRAP method was applied in this study to
evaluate the potential of Zingiber officinale var. Rubrum
extracts with NADES to act as a reducing agent. The
highest potential for reducing Fe’* to Fe** is found in
extract with NADES3 (29.2443.08 mmol/g). Meanwhile,
the lowest potential is observed in extract with 70%
ethanol (22.76+£5.23 mmol/g), indicating the lowest
ability to transfer electrons. Although all solvents show
no significant differences, the extracts of Zingiber
officinale var. Rubrum with NADES and 70% ethanol
exhibit the ability to transfer electrons. This is in line
with a study by Juri¢ ef al. (2021) which found that there
is no significant difference in all peppermint extracts
with sugar-based choline chloride NADES. Pearson
correlation of phenols with FRAP is very weak and
positive, with AAI (r = 0.041). This means that the
greater the phenolic content, the greater the AAI value
but the strength is very weak. On the other hand, the

Percentage of a-amylase inhibition
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a-amylase inhibition

90
80
70
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40
30
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0

70% NADES1 NADES2 NADES3 NADES4 Acarbose

(c) Ethanol

Pearson correlation of flavonoids with FRAP is very
weak and negative, with AAI (r = -0.275), meaning that
the greater the flavonoid content, the smaller the AAI
value and the strength is also very weak.

3.3 Inhibitory activity of a-amylase and o-glucosidase
enzymes

The a-amylase and a-glucosidase enzymes are key
enzymes in carbohydrate digestion; a-amylase breaks
down starch into dextrin and is further hydrolysed into
glucose by the a-glucosidase enzyme. Inhibition of these
enzymes will delay glucose absorption in the intestine to
reduce postprandial blood glucose levels. Phenolic
compounds and flavonoids in plants which have
hydroxyl (OH) functional groups exhibit an inhibitory
effect on the a-amylase enzyme through hydroxylation
and substitution bonds in the P ring whose principle is
similar to that of acarbose (Feng et al., 2011; Pawestri et
al., 2021). The results of the analysis of a-amylase and a
-glucosidase inhibitory activities in Zingiber officinale
var. Rubrum extracted with various solvents can be seen
in Figure 3 and Table 3.

Percentage of a-glucosidase inhibition
90

80
70
60

40
30 7

20

10
0 20 40 60 80
—8— 70% Ethanol NADES 1 NADES 2

100
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a-glucosidase inhibition
140
120 '|'
100
80 |
60 % T
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NADES1 NADES2Z NADES3 NADES4 Acarbose

(d)

Figure 3. (a) Percentages of a-amylase inhibition, (b) percentages of a-glycosidase inhibition, (c) box plots of a-amylase

inhibition, (d) box plots of a-glucosidase inhibition.

https://doi.org/10.26656/11.2017.8(S5).1

© 2024 The Authors. Published by Rynnye Lyan Resources



Kartini et al. / Food Research 8 (Suppl. 5) (2024) 1 - 10 7

Table 3 displays the antioxidant activities of o-
amylase and a-glucosidase inhibitions. The inhibitory
activity of the a-amylase enzyme in all solvents except
NADES4 has ICsy value varying from strong to very
strong (ICsp: 21.29+0.30 to 80.8+0.81 ug/mL). The
Pearson correlation of phenolic content with a-amylase
inhibition is very weak and positive (r = 0.090), while
that of flavonoid content with a-amylase is moderate and
negative (-0.468). As for the a-glucosidase enzyme, the
inhibitory activity in various solvents falls into the strong
category (ICsp: 60.29+0.37 to 97.35+0.74 pg/mL),
except for NADES1 which shows very strong activity
(ICsg: 57.36+6.08 pg/mL) and has the highest phenolic
and flavonoid content among all solvents. The Pearson
correlation of phenols with the a-glucosidase enzyme is
weak and negative (r = -0.271), which means that the
greater the phenolic content, the smaller the ICs value.
Meanwhile, the Pearson correlation of total flavonoids
with the a-glucosidase enzyme is negative and moderate
(r = -0.487). Overall, flavonoids contribute strongly to
the inhibition of the a-amylase and oa-glucosidase
enzymes in Zingiber officinale var Rubrum extracts; the
higher the flavonoid content, the smaller the ICs, value.
A similar study by Xia et al. (2023) on a-glucosidase
inhibition in the flavonoid group Astilbin also found a-
glucosidase inhibitory activity in  Engelhardia
roxburghiana Wall. and Smilax glabra Roxb extracts
with choline chloride: lactic acid NADES (ICsy: 0.64 g/
L). Flavonoids act as non-competitive inhibitors of
enzymes, whereas substrates can bind enzymes
simultaneously on different bond sides so that the
enzyme cannot be active. On the other hand, competitive

Table 3. Antidiabetic activity of Zingiber officinale var.
Rubrum in different solvents.

Antidiabetic Activity

Samples  a-amylase Inhibition a-glucosidase Inhibition

1Cs (ng/mL) 1Cs (ng/mL)
Et-OH 21.29+0.30° 60.29+0.37°
NADES 1 19.78+0.41° 57.36+6.08"
NADES 2 39.39+0.59" 97.35+0.74°
NADES 3 45.57+0.10° 80,25 + 33
NADES 4 80.8+0.81¢ 92.85+0.22°
Acarbose 2.53+0.18° 49.94+15.3%

Values are presented as mean+SD. Values with different
superscript within the same column are statistically
significantly different (p<<0.05) based on the ANOVA test.
Pearson Correlation of phenols with a-amylase is very weak
and positive (r = 0.090).

Pearson Correlation of flavonoids with a-amylase is moderate
and negative (r = -0.468).

Pearson Correlation of phenols with a-glucosidase (r = -
0.271).

Pearson Correlation of flavonoids with a-glucosidase (r = -
0.487).

https://doi.org/10.26656/11.2017.8(S5).1

inhibition of enzymes by mimicking substrates and
binding to the active site of the enzyme can cause the
enzyme to experience reduced activity, or even make it
carry out no activity at all (Abu Bakar ef al., 2018).

4. Conclusion

From the results of this study, it can be concluded
that NADES is able to extract Zingiber officinale var.
Rubrum with higher phenols than flavonoids, while 70%
ethanol can extract higher flavonoids than NADES.
Thus, NADES can be a great tool for the extraction of
secondary metabolites in Zingiber officinale var. Rubrum
which have antioxidant and antidiabetic activities.
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