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Diabetes mellitus is a chronic disease resulting from insulin resistance which is now a growing concern. Tea fromCamellia sinensis
is a beverage consisting of many health benefits, one of which is its antidiabetic properties due to the presence of polyphenols. In
this study, tea products made from bark extracts of Cinnamomum zeylanicum (cinnamon) and leaves of Artocarpus heterophyllus
(Jak) were evaluated for their antidiabetic effects by testing for the polyphenol content, antioxidant content, and alpha-amylase
inhibition activity.(e product made from tea and Jak yielded the highest polyphenol content of 53.58± 0.12 gallic acid equivalent
(GAE) mg/100 g of the raw material, while cinnamon tea yielded a polyphenol content of 22.69± 0.45GAE mg/100 g. (e half-
maximum inhibitory concentration (IC50) value of 5.3915mg/L was obtained for the Jak brew and 5.4935mg/L for cinnamon ice
tea demonstrating that cinnamon has better antioxidant capacity. (e percentage inhibition of alpha-amylase showed
31.03± 0.29% at a concentration of 4 µg/mL of Jak tea and 13.27± 0.32% at a concentration of 17.5 µg/mL of cinnamon brew. (e
maximum yield of cinnamon polyphenols of 35.30± 1.10GAE mg/100 g of the raw material was obtained under an extraction
temperature of 75°C, extraction time of 30 minutes, and extraction ratio of 1 : 8 (cinnamon : water). (is study suggests that
cinnamon bark extracts and Jak leaves’ brew can be potentially useful for the control of diabetes mellitus, and the optimal
conditions can be used as an indicator for scaled-up industrial production.

1. Introduction

Diabetes mellitus is a growing concern around the globe
according to Weatherspoon [1]. Diabetes mellitus (DM) is
a chronic disease caused by deficiency in the production of
insulin by the pancreas or due to the ineffectiveness of
insulin produced. (e deficiency in the production of
insulin can be both inherited and acquired. (is will result
in increased concentrations of glucose in the blood
stream, which can cause harm to the body, in particular,
the blood vessels and nerves [2]. While discoveries of
medicines and drugs for the treatment of this condition
are on the forefront, there is also another growing trend
for treatment using natural ingredients that possess an-
tidiabetic properties. Camellia sinensis (tea), Cinnamo-
mum zeylanicum (cinnamon), and Artocarpus
heterophyllus (Jak) are three such ingredients having
antidiabetic properties [3]. Cinnamomum zeylanicum is
indigenous to Sri Lanka and southern parts of India and is

known as true cinnamon or “Ceylon cinnamon.”
According to the study done by Khan and others [3], an
unidentified factor that they isolated from cinnamon
found to have been involved in the alleviation of the signs
and symptoms of diabetes and related diseases to insulin
resistance. Studies have been done to show that admin-
istration of cinnamon powder highly contributes to the
reduction of fasting blood glucose level and that the re-
duction is dose dependent [4, 5]. Artocarpus heterophyllus
(family Moraceae), commonly known as Jak, is a tropical
plant native to South and Southeast Asia [6].

Polyphenols present in these natural ingredients con-
tribute towards the control of diabetes by elevating the
activation of insulin reception [7]. In this study that was
performed at a leading tea company in Sri Lanka, two tea
products made from a combination of tea, cinnamon, and
Jak were studied for their antidiabetic properties by eval-
uating the total polyphenolic content, DPPH scavenging
activity, and alpha-amylase inhibition assay.
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2. Materials and Methods

2.1. Material Collection. Tea leaves were obtained from a
leading tea company in Sri Lanka, while cinnamon bark and
Jak leaves were obtained from a reputed herb supplier lo-
cated at Matale, Sri Lanka. All chemicals used for chemical
testing were of analytical grade with highest purity available
(>99.5%).

2.2. Preparationof theExtract. (e cinnamon bark was dried
using a hot air oven at 60°C for 6 hours and was ground
using a heavy grinder to obtain cinnamon powder. (en, the
cinnamon powder was soaked in water for a period of 24
hours in different ratios (1 : 5, 1 : 8, and 1 :10) and was
extracted at temperatures of 65, 75, and 85°C and extraction
times of 30, 60, and 90minutes. Following the extraction, the
mixture was centrifuged at 6000 rpm for 10 minutes to
obtain the filtrate.(e polyphenol content of the filtrates was
obtained using the ISO 14502-1 Folin–Ciocalteu method [8],
and the filtrate that showed the highest polyphenol content
was chosen to be used in the development of tea. (is filtrate
was stored at 4°C until usage.

(e Jak leaves were brewed in 200ml hot water (100°C)
for 5 minutes, and then the brew was filtered to obtain the
Jak brew. (e brew was freshly prepared for each experi-
mental analysis.

2.3. Determination of the Total Polyphenol Content. (e total
polyphenol content of the two developed products was
determined according to the ISO 14502-1 method
(Folin–Ciocalteu method for tea). In brief, 1.0mL of the
diluted sample extract was transferred in duplicate to sep-
arate tubes containing 5.0mL of a 1/10 dilution of
Folin–Ciocalteu’s reagent in water. (en, 4.0mL of sodium
carbonate solution (7.5% w/v) was added. (e tubes were
then allowed to stand at room temperature for 60min before

absorbance at 765 nm was measured against water [8]. (e
total polyphenolic contents were calculated on the basis of
the standard calibration curve of gallic acid and expressed as
gallic acid equivalent (GAE), in milligrams per 100 gram of
the sample.

2.4. Determination of Free Radical Scavenging Activity.
Free radical scavenging activity of the extract was deter-
mined by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free-
radical scavenging assay method as described by Brand-
Williams et al. [9]. (e inhibition percentage was obtained
by using the following equation:

(I%) �
Acontrol − Asample ∗ 100

Acontrol
. (1)

A curve of percent inhibition or scavenging effect against
sample concentrations was plotted, and the concentration of
the sample required for 50% inhibition (IC50) was deter-
mined.(e value for each of the test sample was presented as
the inhibition curve at 50% or IC50.

2.5. Determination of Alpha-Amylase Inhibition Assay.
(e reducing sugar (maltose equivalent) was quantified to
determine the alpha-amylase inhibition assay. (e dini-
trosalicylic acid (DNS) method described by Miller [10] was
adopted with modifications to obtain the maltose equivalent.
A blank was prepared without plant extracts and a control
without the amylase enzyme, replaced by equal quantities of
buffer (0.02M sodium phosphate buffer (pH 6.9) at 20°C).
(e absorbance was measured at 540 nm using a spectro-
photometer. (e reducing sugar released from starch was
estimated as maltose equivalent from a standard graph. (e
antidiabetic activity was determined through the inhibition
of α-amylase which was expressed as a percentage of in-
hibition and calculated by the following equation:

% inhibition �
[(maltose in the control) − (maltose in the sample) − maltose in the blank] ∗ 100

maltose in the control
. (2)

2.6. Statistical Analysis. All tests were carried out in trip-
licates. (e data obtained were analysed using Minitab 17
statistical software, and the differences were considered
statistically significant when p< 0.05.

3. Results and Discussion

3.1. Optimization of Extraction Conditions of Cinnamon.
As identified by Gulcin and others [11], extraction time and
temperature are critical as these conditions affect the total
polyphenol content in the final extract. (e results of the
polyphenol content of cinnamon extracted in different ratios
in water are given (see Table 1).

It can be seen that the highest TPC is found in the ratio
1 : 8; hence, this ratio was identified as the optimum ratio for
the development of the product. However, since the TPC

content also differs based on temperature and time condi-
tions, this extraction was carried under different time and
temperature conditions to obtain the optimum conditions.
(e best time-temperature combination for extraction based
on the total polyphenol content of the extract was 75°C and
30 minutes as shown in Figure 1 (see Table 2).

3.2. Determination of the Total Polyphenol Content. TPC of
the products was calculated as GAE, mg per 100 gram of the
raw material, used by using the Folin–Ciocalteu reagent, and
was given (see Table 3). As illustrated by Kim et al. [12],
polyphenols are responsible for insulin-potentiating action.
According to the results obtained by Wijewardhana et al.
[13], methanolic cinnamon extracted in the ratio of 1 :10 had
a total polyphenolic content of 18.94mg GAE per 100 g of
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the dry weight. However, the hot water extraction performed
in this research for the same ratio of cinnamon and water
yielded a higher polyphenol content of 19.96mg GAE per
100 g of the dry weight. (is difference may be due to the

difference in media of extraction and can be explained by the
research finding of Mngeni [14], who said that the highest
extraction of polyphenols was that of the aqueous extraction
compared to other solvents. (e research findings by

Table 1: Total polyphenol content of cinnamon extracted in different ratios of water.

Cinnamon : water ratio (w/v) TPC (mg per 100 g of the raw material as GAE)
1 : 5 7.50± 0.06
1 : 8 20.40± 0.30
1 :10 19.81± 0.39
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Figure 1: Plot of the total polyphenol content in mg per 100 g of the raw material as gallic acid equivalent, recorded over different
temperature and time combinations. (e error bars represent the standard deviation of triplicated measurements in four separate sample
runs (n� 144).

Table 2: Total polyphenol content under different time-temperature conditions.

Temperature (°C) Time (h) TPC (mg per 100 g of the raw material as GAE)
65 0.5 22.31± 0.47
65 1 15.84± 0.49
65 1.5 27.63± 0.62
75 0.5 35.30± 1.10
75 1 34.93± 0.40
75 1.5 26.63± 0.15
85 0.5 23.66± 0.26
85 1 21.85± 0.32
85 1.5 25.71± 4.99
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Wijewardhana et al. and Mngeni [13, 14] are on par with the
current polyphenol content of cinnamon tea which is
22.69± 0.45mg per 100 g of the raw material.

Meanwhile, the comparison of the TPC of Jak tea was not
feasible due to the limited literature on this subject. How-
ever, the results obtained for 200ml Jak tea by the
Folin–Ciocalteu method presented a mean value of

53.58± 0.12mg per 100 g of the raw material as represented
in Table 3.

3.3. Determination of Free Radical Scavenging Activity.
(e prepared extracts of Jak and cinnamon were evaluated
using the DPPH test in order to investigate their radical

Table 3: Total polyphenolic content, IC50 value, and alpha-amylase inhibition assay of Jak tea and cinnamon tea.

Sample TPC (mg GAE/100 g) IC50 value (mg/L) α-Amylase inhibition (%)
Jak tea 53.58± 0.12 5.3915 31.03± 0.29
Cinnamon tea 22.69± 0.45 5.4935 13.27± 0.32
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Figure 2: Plot of inhibition percentage with respect to concentration (mg/L) of triplicated measurements in two separate sample runs of the
Artocarpus heterophyllus extract.
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Figure 3: Plot of inhibition percentage with respect to concentration (mg/L) of triplicated measurements in two separate sample runs of
Cinnamomum zeylanicum ice tea.
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scavenging activity. (e obtained IC50 values are illustrated
in Table 3. (e maximum absorbance of DPPH is seen at
515–517 nm. (e disappearance of DPPH is measured
spectrophotometrically at 517 nm in the presence of anti-
oxidants. (e IC50 value which is the concentration of the
antioxidant where 50% inhibition occurs can then be cal-
culated using the absorbance values.

(e concentration of the studied plant extracts required
to scavenge 50% of the DPPH radicals (IC50) of the Arto-
carpus heterophyllus extract was 5.4935mg/L (see Figure 2),
and for Cinnamomum zeylanicum ice tea, it was 5.3915mg/L
(see Figure 3).

A research study in Nepal expressed the IC50 value of
Artocarpus heterophyllus leaves as 10.69 µg/ml which is al-
most double the IC50 value obtained in this research which
utilized Sri Lankan Jak leaves [15]. (is may be due to the
difference in the location of the species, varietal differences,
and growing conditions such as climate, light intensity, soil
type, and agronomic practices.

(e smaller the IC50 values, the higher the antioxidant
activity. (e classification by Feghhi-Najafabadi et al. [16]
states that IC50< 50 µg/mL is considered a very powerful
antioxidant, IC50 50–100 µg/mL as a strong antioxidant,
IC50 100–150 µg/mL as intermediate antioxidants, and IC50
151–200 µg/mL as weak antioxidants. Based on these criteria,
the results obtained in this study from the samples analysed
can be classified as powerful antioxidants.

3.4. Determination of Alpha-Amylase Inhibition Assay.
Alpha-amylase is responsible for the digestion of dietary
starch to maltase that in turn is digested into glucose by
intestinal alpha-glucosidase. Inhibition of these two enzymes
will delay carbohydrate digestion thus lowering the post-
prandial blood glucose level. In this research, the objective
was to investigate the inhibition percentage of alpha-amylase
of the developed product by the DNS method. In this re-
search, the extract or the brew that results when the tea bag is
brewed produced an inhibition percentage of 31.03± 0.29 for
a concentration of 4 µg/mL for Jak tea, and a concentration
of 17.5 µg/mL resulted in an inhibition percentage of
13.27± 0.32 for cinnamon tea (see Table 3).

4. Conclusions

(e product developed using Artocarpus heterophyllus
showed highest TPC, radical scavenging activity, and alpha-
amylase inhibition activity in comparison to the product
developed using Cinnamomum zeylanicum. (erefore, both
products have the possibility of acting as antioxidants and
potential antidiabetic products. However, a thorough and
full-fledged in vivo study is needed to explore the role of
these extracts and also their bioactive compounds to de-
termine their antidiabetic and antioxidant activities.
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