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ABSTRACT

Objective: The combination of two or more plants in a product can improve the nature of the activity of the compounds contained and reduce toxicity.
This study was aimed to make water extracts from the combination of Coccinia grandis (L.) Voigt and Averrhoa bilimbi L. with antidiabetic properties.

Methods: The water extracts were made by decocting the combination of powdered Coccinia grandis (L.) Voigt leaves and Averrhoa bilimbi L. fruits at various
mass ratios (1:0, 1:3, 1:1, 3:1, and 0:1) and various amounts of powdered samples (1-5 g). The process was done in 100 ml of boiling water for 5 min.

Results: The results showed that the highest total flavonoid content and total phenolic content of 135.1+0.18 mg quercetin equivalent/g dry matter
and 48.5+3.09 mg gallic acid equivalent/g dry matter respectively, were found in the sample with a combination ratio of 1:3 (1 g). The antioxidant
activity test using the 2,2-diphenyl-1-picrylhydrazyl method showed that the sample with a combination ratio of 3:1 had the lowest value of
IC,, (4.447+0.446 mg/ml), which indicated the strongest radical scavenging activity, while the highest inhibition of a-amylase activity in the sample
with a combination ratio of 1:1 amounted to 1.086+0.264 mg/ml.

Conclusion: In general, all combinations of Coccinia grandis (L.) Voigt leaves and Averrhoa bilimbi L. fruits had the potential as antidiabetic health

beverages.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a disease caused by an increase
in blood glucose levels due to insufficient insulin production in the
pancreas or because the body cells experience insulin resistance. The
risk of death of individuals with T2DM is twice as that of individuals
who do not suffer from T2DM [1]. In 2014, there were 422 million
people worldwide experiencing T2DM, and this amount is expected
to increase in 2045 by 629 million people [2]. To date, the treatment
of patients with T2DM has been very challenging. The administration
of insulin and drugs such as sulfonylurea, metformin, and meglitinide
apparently still has side effects such as hypoglycemia, fever, nausea,
vomiting, diarrhea, and decreased appetite [3].

Treatment with medicines sourced from plant ingredients, often called
herbal medicines, has become an alternative in reducing the side effects
of using conventional medicines. Herbal medicines are proven to have
antidiabetic activity and therapeutic properties in traditional treatment
systems. In addition, herbs are easy to find, easy to process, and have no
side effects [4]. Coccinia grandis (L.) Voigt is a plant that has long been
used as an antidiabetic. The flavonoids and phenolics contained in the
Coccinia grandis (L.) Voigt plant show the ability to inhibit the activity
of a-amylase and o-glucosidase enzymes, regenerate {3 cells in the
pancreas, and have been shown to reduce blood glucose levels in diabetic
rats [5-7]. Recently, there have been many studies on combinations of
plants that have the same properties to be used as healthy beverages
because they are more practical and more economical, for example, a
combination of Limonium algarvense and Camellia sinensis L. [8] and a
combination of C. sinensis black tea and Averrhoa bilimbi L. [9]. These
combinations were proven to increase the activity of individual plants.

Averrhoa bilimbi L. is a plant that has traditionally been used to treat
several diseases such as sore throat, eye pain, toothache, scabies, fever,

hyperdipsia, and diabetes mellitus [10]. The phytochemical content
in Averrhoa bilimbi L. includes flavonoids, steroids, triterpenoids,
glycosides, proteins, fats, and vitamins A, B, and C [9]. In streptozotocin-
induced rats, Averrhoa bilimbi L. extract showed significant results in
reducing blood glucose levels [11].

Based on the literature search, to date, the combination of Coccinia
grandis (L.) Voigt leaves and Averrhoa bilimbi L. fruits as an antidiabetic
health beverage has never been reported. This research was conducted
to make water extracts from the combination of Coccinia grandis (L.)
Voigt leaves and Averrhoa bilimbi L. fruits at various mass ratios and
various sample masses. The resulted extracts were then tested for
antidiabetic activities in vitro.

MATERIALS AND METHODS

Materials

Coccinia grandis (L.) Voigt leaves and Averrhoa bilimbi L. fruits were
harvested from North Kuta, Bali, Indonesia, in February 2019. The
leaves and fruits were identified in Pharmacognosy Laboratory,
Pharmaceutical Biology Department, Faculty of Pharmacy, Universitas
Gadjah Mada, Indonesia. Ethanol (96%), methanol, aluminum chloride,
potassium acetate, and phosphate buffer pH 7.4 were purchased from
Merck. Quercetin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), a-amylase,
potassium iodate, starch, gallic acid, Folin-Ciocalteu reagent, sodium
dihydrogen phosphate, and disodium hydrogen phosphate were
purchased from Sigma Aldrich. Acarbose (Glucobay) was purchased
from PT. Bayer Indonesia.

Preparation of combined healthy beverages

Coccinia grandis (L.) Voigt leaves and Averrhoa bilimbi L. fruits were
washed and drained for 24 h at room temperature. The leaves and fruits
were cut into small pieces and then dried using an oven at 50°C for
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Table 1: Total flavonoid content of healthy beverages at various mass ratios and amount of powdered plant samples

Samples Ratio Total flavonoid content (mg QE/g d.m.)

1g 2g 3g 4g 5g
CG 1:0 134.91+2.63F 115.56+2.601k 117.33+2.231k 108.40+7.72h0 91.66+3.22¢"
CG+AB 3:1 93.28+3.05¢f" 98.46+10.4"%" 93.56+4.73f" 87.45+1.64%fn 88.04+0.70%fh
CG+AB 1:1 98.00+9.16f" 74.09%2.74bcde 61.47+5.21 %" 99.46+3.90f%h 82.68+2.05%f
CG+AB 1:3 135.14+0.18* 75.18+3.22bcde 90.64+0.38¢" 57.11+0.60 ® 50.50+0.48°
AB 0:1 123.42+5.13* 67.21+2.132b 79.04+2.98¢def 103.32+2.27%" 86.19+0.12f3%f

Total flavonoid content values were represented in the mean+standard error of the mean (n=3). Different letters indicate significant difference based on Tukey test
(p<0.05). CG: Coccinia grandis L. Voigt, AB: Averrhoa bilimbi L. QE: Quercetin equivalent, d.m.: Dry matter

3 days. Samples of dried leaves and fruits were crushed with a blender
(Philips) then sifted to powder. The preparation of water extracts was
carried out at a variety of mass ratios (1:0, 3:1, 1:1, 1:3, and 0:1) and
various sample masses (1-5 g). The powder sample was decocted with
100 ml of hot water at 100°C for 5 min then filtered and allowed to
stand until room temperature.

The determination of total flavonoid content (TFC)

The TFC of water extracts was determined using the aluminum chloride
colorimetric method [12]. A total of 0.50 ml of sample was mixed with
1.5ml 0f95% ethanol, followed by the addition of 0.10 ml of 10% aluminum
chloride, 0.10 ml of 1 M potassium acetate, and 2.8 ml of distilled water.
The resulting mixture was incubated at 27°C for 30 min. The absorbance
was measured using a ultraviolet (UV)-visible spectrometer (Thermo
Scientific Genesys 10S UV-Vis) at 415 nm. The flavonoid content was
calculated using standard calibration of quercetin solution in the range
of 0-25 pg (y=0.0092x+0.003, R?=0.9979). The results are expressed as
quercetin equivalent micrograms (QE)/g dry matter.

The determination of total phenolic content (TPC)

The TPC test was carried out using the method of Bi et al. [13] using
Folin-Ciocalteu as a reagent and gallic acid as a standard. A total of
10 pl of the sample was diluted with 90 pl of distilled water, added
with 200 pl of Folin-Ciocalteu solution and 800 pl of 700 nM Na,CO,.
The mixture was then incubated for 30 min at room temperature
before spectrophotometric analysis. After incubation (30 min, room
temperature), the absorbance of the solution was measured at a
wavelength of 765 nm. Determination of total phenolic was based on the
linear regression equation obtained from the standard calibration curve
of gallic acid at the concentration of 0-100 ppm (y=0.0087x+0.0509,
R?=0.9453). The result of the total phenolic calculation is expressed as
gallic acid equivalent (GAE) /g dry matter.

The determination of DPPH antioxidant activity

Antioxidant activity test was performed based on Attanayake et al. [12]
using the DPPH solution. The sample (20 pl) was diluted with 480 pl
of distilled water and added with 2.0 ml of DPPH solution in 0.004%
ethanol. The mixture was shaken strongly, then allowed to stand at
room temperature for 30 min. Ethanol was used as a blank sample.
The absorbance of the sample was measured at a wavelength of
517 nm using a UV-visible spectrometer. The percentage of inhibition
(%inhibition) can be calculated using the formula below:

A -A
% Inhibition = CA = x 100

Where A_represents the absorbance of the control and A_ represents
the absorbance of the sample. The antioxidant activity is expressed as
the IC, value (mg/ml) obtained from the plot of % inhibition against
sample concentration. All tests were carried out in triplicate. The
results were expressed as the meanzstandard error of the mean (SEM)
of the inhibition concentration (IC,).

The determination of a-amylase inhibitory activity
The determination of a-amylase inhibitory activity was carried out
in vitro by the iodine-starch test using the method of Neagu et al. [14].

A total of 30 pl of the sample was mixed with 50 pl (400 pl/ml) of starch
in phosphate buffer (0.25 M; pH 7.0). After 30 min being incubated at
37°C, 10 pl a-amylase (50 pg/ml in phosphate buffer) was added to
the mixture, then followed by adding 10 pl of 0.25 M phosphate buffer.
Afterward, 50 pl of 0.01 N iodine solution and 1300 pl of distilled water
were added to the mixture. Absorbance measurement using a UV-visible
spectrometer was performed at a wavelength of 660 nm. All tests were
carried out in triplicate. Similar to the DPPH antioxidant activity, the
a-amylase inhibitory activity was also expressed as the mean+SEM of
the inhibition concentration (IC,).

Data analysis

All research data are expressed as the mean+SEM, and all experiments
were carried out in triplicate. Significant differences were assessed by
the normality test, followed by the analysis of variance (ANOVA) test.
If there were significant differences when the value of p<0.05, the test
was followed by the Tukey test. The statistical analysis was performed
using SPSS v.24 statistical analysis (IBM).

RESULTS AND DISCUSSION

TFC

Flavonoids are secondary metabolites of plants that function as
antioxidants to ward off free radicals [15]. The addition of AlCI,
solution in the experiment was intended to form a complex compound
that causes a shift in the wavelength toward the visible. It was marked
by a change in the color of the sample from light yellow to a brighter
yellow [16]. The intensity of the color formed was then measured using
a UV-visible spectrometer at a wavelength of 415 nm.

Table 1 shows the results of TFC of water extracts at various
combination ratios and total sample masses. Among all combinations,
the sample that had the highest total flavonoid was CG+AB with a ratio
of 1:3 (135.14+0.18 mg QE/g d.m.). In general, the addition of AB in
the combination samples could increase the TFC. Flavonoid is thermally
stable with time and temperature so that during high temperature in
the decoction process, it did not cause unfavorable degradation and
contributed well to CG [17]. The results of the analysis using ANOVA
(p<0.05) showed significantly different values for each sample. The
results of further tests using the Tukey test showed that each sample
had a significant difference in total flavonoids.

The TFCvaluesin thisstudy varied. The higher the total mass of powdered
samples, the lower the total flavonoid they had. When extracting 1 g of
sample powder using 100 ml of water, it was found that the flavonoid
compound which escaped from the sample was completely absorbed
by water. This happens because of the balance between the substances
that come out and the amount of water added. When the mass of the
powdered sample increased and the water used to extract it remained,
reabsorption of flavonoid substances occurred. The pharmacokinetic
activity of flavonoids is closely related to its functional groups so that it
arises from other chemical components present in the extract, resulting
in total flavonoid instability at each concentration [16]. The choice
of solvent greatly influenced the flavonoid content in the samples.
Solvents such as methanol and ethanol have been more widely used
for the extraction of phenolics and flavonoids from plants compared to
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Table 2: Total phenolic content of healthy beverages at various mass ratios and amount of powdered plant samples

Samples Ratio Total phenolic content (mg GAE/g d.m.)

1g 2g 3g 48 58
CG 1:0 41.52+3.68¢ 24.89+1.708" 17.36+0.14¢2bcde 13.45+0.31% 13.13+1.142
CG+AB 3:1 27.49+0.15M 15.78+0.4920< 16.84+(.23bcde 14.29+0.95%¢ 15.66+1.65%
CG+AB 1:1 28.12+0.97Y 33.28+0.20) 24.68+0.46f" 22.04+1.06°fN 22.04+0.1 6%t
CG+AB 1:3 48.48+3.09% 21.37+2,35¢defehi 17.60+0.23abedef 15.11+0.04 ¢ 15.08+0.03%<4
AB 0:1 24.75+1.86%" 27.08+0.14" 17.74+0.88ebcdef 23.19+0.25¢kN 20.42+0.89bcdefsh

Total phenolic content values were represented in the mean+standard error of the mean (n=3). Different letters indicate a significant difference based on Tukey test
(p<0.05). CG: Coccinia grandis L. Voigt, AB: Averrhoa bilimbi L., GAE: Gallic acid equivalent, d.m.: Dry matter

Table 3: Antioxidant and inhibition of a-amylase activity values
of healthy beverages at various mass ratios

Samples Ratio Antioxidant activity, Inhibition of a-amylase,
IC,, (mg/ml) IC,, (mg/ml)
CG 1:0 8.04+0.03° 0.40+0.03?
CG+AB 3:1 4.45+0.45° 2.73+0.30°
CG+AB 1:1 6.18+0.66% 1.09+0.26*
CG+AB 1:3 7.60+0.79° 1.50£0.372
AB 0:1 4.00£0.08° 0.52+0.257
Acarbose* - - 3.86+0.07°

IC,, values were represented in the meantstandard error of the mean

(n=3). Different letters indicate a significant difference based on Tukey test
(p<0.05). CG: Coccinia grandis L. Voigt, AB: Averrhoa bilimbi L., IC,: Inhibitory
concentration

water [18]. In line with the research conducted by Do et al. [19], the
total flavonoids, phenolic, and antioxidant activity of the extract of
Limnophila aromatica were higher when pure acetone and pure ethanol
were used than when methanol and water were. However, the use of
water is very effective because it can be consumed directly by people.
Overall, the results obtained in this study indicate that the combination
of the CG and AB contains total flavonoids that can be used as a healthy
beverage to prevent oxidative stress and complications of diabetes.
The previous studies have reported that the combination of Terminalia
catappa L. and Colocasia esculenta L. at a ratio of 1:1 had a TFC of
27.69+0.30 mg QE/g, demonstrating potential as a natural antioxidant
and good antimicrobial [20].

TPC

Phenolic is a group of bioactive compounds that are found in plants and
have free radical scavenging activity [21]. The determination of TPC in
the sample was done using a Folin-Ciocalteu solution and added with
sodium carbonate so that it changes color from yellow to blue. The blue
discoloration is caused by the formation of phenolic ions in the sample
solution. Phenolate ions are only present in base solutions, whereas
Folin-Ciocalteu reagents and products produced are unstable under
alkaline conditions [22]. The blue color formed is more concentrated,
which is equivalent to the concentration of phenolic ions formed. This
means that the greater the concentration of phenolic compounds, the
more phenolic ions that reduce hetropoly acid so that the resulting blue
color becomes more concentrated [23].

The results of the TPC test are shown in Table 2. The TPC of CG+AB
(1 g) with a ratio of 1:3 was higher than that of individual extracts (CG
and AB). The increase was caused by an increase in AB mass, which
contributed to the addition of phenolic amounts in CG+AB. In addition,
the stability of phenolic compounds in CG+AB (1:3) also caused an
increase in total phenolic levels. Phenolic compounds are less degraded
at high temperatures or long extraction times [17]. Increased extraction
temperatures can increase the solubility of phenolic compounds and
increase the rate of mass transfer [18]. Maizura et al. reported that
the combination of Polygonum minus and Zingiber officinale had a TPC
of 132.0 mg GAE/g extract, which shows the potential as significant
free radical scavengers [21]. Similar to total flavonoids, total phenolic
levels in this study also declined with increasing mass of plant powder

samples. The mechanism of phenolic readsorption back to the plant
matrix is one thing responsible for this phenomenon. Statistical analysis
using ANOVA (p<0.05) showed significantly different values for each
sample. The results of further tests using the Tukey test showed that
each sample had a total phenolic difference.

DPPH antioxidant activity

The antioxidant can delay or inhibit cell damage from free radicals that
exist in biological systems or that are produced in various metabolic
processes. In addition, antioxidants play a central role in health care to
prevent various chronic diseases as well as premature aging [24]. The
results of the antioxidant activity assay showed that all extracts have the
ability to inhibit DPPH free radicals (Table 3). The ability of the extracts
to scavenge DPPH free radicals was characterized by fading the purple-
colored solution [25]. This color fading decreased the absorbance value
of visible light on UV-visible spectrometers. The lower the absorbance
value means, the higher the antioxidant activity possessed.

Table 3 shows that the CG+AB with a ratio of 3:1, 1:1, and 1:3 had
antioxidantactivity (IC, ) 0f4.45+0.45,6.18+0.66,and 7.60+0.79 mg/ml,
respectively. These IC_ values are smaller (stronger antioxidantactivity)
compared to individual CG samples, which are 8.04+0.03 mg/ml. This
indicates that the addition of AB to CG can increase antioxidant activity,
with the best combination being at a ratio of 3:1. Statistical analysis
using ANOVA (p<0.05) showed significantly different values for each
sample. The results of further tests using the Tukey test showed that
some samples had differences in antioxidant activity.

The antioxidant potential of plant extracts is influenced by phenolic
and flavonoid compounds. Indeed, phenolic can directly reduce
oxidative stress [26]. It has been reported that phenolic and flavonoid
compounds have a high scavenging ability associated with the hydroxyl
groups present in these compounds [27]. Antioxidant activity is used to
prevent chronic diseases by protecting organisms from the production
of reactive oxygen species. Thus, it is important to replace synthetic
antioxidants with natural antioxidants because of its lower toxicity and
side effects [28]. Nedamani et al. showed that the combination of green
tea (C. sinensis), rosemary (Rosmarinus officinalis), and oak fruit (Quercus
branti) extracts had better activity than butylated hydroxytoluene. It
was also reported that there was a direct relationship between total
phenolic and antioxidant activity of combined extracts [29].

a-Amylase inhibitory activity

Inhibiting the activity of enzymes that hydrolyze carbohydrates such
as a-amylase is an efficient way to reduce postprandial blood glucose
levels [30]. Inhibition of these enzymes is very important in overcoming
hyperglycemia associated with T2DM [31]. Inhibition of a-amylase
contributes to improving the symptoms of T2DM and delays glucose
absorption due to the slow digestion of starch [32]. Drugs such as
acarbose, miglitol, and voglibose have the ability to inhibit the activity
of the a-amylase enzyme. However, the side effects produced by these
synthetic drugs are very disturbing [33].

The results of this study indicate that all extracts have the ability

to inhibit the performance of the «-amylase enzyme, as shown
in Table 3. The inhibition of a-amylase activity of CG extract
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was greater (IC,=0.40+0.03 mg/ml) than that of AB extract
(IC,,=0.524+0.253 mg/ml). Meanwhile, CG+AB extracts with ratios
of 3:1, 1:1, and 1:3 had IC,, values of 2.73+0.30, 1.09+0.26, and
1.50£0.37 mg/ml, respectively. Among all these combinations, the
sample that had the highest a-amylase enzyme inhibitory activity was
CG+AB (1:1) with an IC, value of 1.09+0.26 mg/ml. The flavonoid and
phenolic contents found in CG and AB have the potential to inhibit the
activity of the a-amylase enzyme in diabetic rats [34,35]. Flavonoid and
phenolic compounds present in the CG and AB also act as antioxidants
in protecting pancreatic cells from oxidation damage and are able to
regenerate damaged beta cells of the pancreas so that they can function
properly [5,11]. In addition to flavonoids, these compounds play a
role in improving glucose tolerance, stimulating glucose uptake in
peripheral tissues, and regulating the activity of enzymes involved in
carbohydrate metabolism [36]. The results of the analysis using ANOVA
(p<0.05) showed significantly different values for each sample, which
then were confirmed by the Tukey test.

This study used acarbose as a positive control with an IC,, value of
3.86+0.07 mg/ml. This shows that the combination samples had better
a-amylase inhibitory activity compared to positive control and could
be used as innovative healthy beverages for the treatment of T2DM.
Contrary to research by Rodrigues et al., health drinks combined with
sealavender and green tea did not show an a-amylase inhibitory activity
but had a better a-glucosidase enzyme inhibiting activity compared to
acarbose [8].

CONCLUSION

In this study, the combination of Coccinia grandis (L.) Voigt leaves and
Averrhoa bilimbi L. fruit showed good properties as healthy beverages.
The combination samples showed higher total flavonoid and total
phenolic values compared to individual samples. Antioxidant activity
and a-amylase inhibition tests showed that the combination samples
have excellent potential as antidiabetic healthy beverages. This research
can be used as a basis for further research in the framework of the
exploration of plants that have efficacy as antidiabetic. Further testing
on animals is highly recommended to understand the mechanism of the
action of these water extracts.
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