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Introduction

Abstract: Diabetes mellitus is a degenerative disease closely associated with oxidative
stress, with a high prevalence in Indonesia reaching 19.5 million cases in 2021. Stevia
leaves and soursop leaves have an antioxidant composition with the ability to protect
humans from free radicals and prevent oxidation. Soursop leaves and stevia leaves are
one contain bioactive compounds with antioxidant and antihyperglycemic properties,
making them potential ingredients for functional beverages. This study aimed to
formulate a herbal tea combining soursop and stevia leaves and to evaluate its bioactive
content, product quality, toxicity, and antihyperglycemic effectiveness. Three
formulation ratios (75%:25%, 50%:50%, and 25%:75%) and brewing times of 3, 5, and 7
minutes were investigated. The evaluated parameters included total soluble solids,
color intensity, pH, total phenolic content, antioxidant activity, sensory characteristics,
and heavy metal contamination analyzed using ICP-OES. The best formulation was
obtained at a 25%:75% ratio with a brewing time of 7 minutes. The selected product
was further assessed for toxicity using the Brine Shrimp Lethality Test (BSLT) and for
antihyperglycemic activity in alloxan-induced male mice, with ethical approval No.
1306/KEPK/USU/2025. Data were analyzed using two-way ANOVA followed by
Tukey’s test (a = 0.05). The BSLT results showed an LCs, value of 562 ppm, indicating
low toxicity. In the antihyperglycemic test, a dose of 5.6 mg/kg body weight resulted
in the greatest reduction in blood glucose levels (46.15%). Overall, the herbal tea
combining soursop and stevia leaves was found to be safe and demonstrated potential
as a functional beverage for diabetes prevention.
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risks serious complications, requiring preventive
approaches via increased natural antioxidant intake

Modern lifestyle changes, especially unbalanced
diets, contribute to the rise of degenerative diseases
closely linked to oxidative stress. Oxidative stress plays
a key role in diabetes mellitus pathogenesis through cell
damage, chronic inflammation, and metabolic disorders
(Yuslianti, 2018); (Kurniasih, 2019)). Type 2 diabetes
mellitus is a degenerative disease with high prevalence,
including in Indonesia with about 19.5 million sufferers
in 2021 (IDF, 2021). Chronic hyperglycemia in diabetes
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(Terauchi, 2023).

Many natural ingredients from Indonesia have high
antioxidant content and contain various active
compounds. The use of these natural ingredients is very
important for improving public health at a lower cost
(Yahaya Gavamukulya, 2014). Herbal teas as natural-
based functional drinks are widely developed due to
ease of consumption and bioactive content. Soursop
leaves (Annona muricata) contain high-antioxidant
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flavonoids and polyphenols (Shibula, 2015). Stevia
leaves (Stevia rebaudiana Bertoni) act as non-caloric
natural sweeteners with antihyperglycemic activity by
enhancing insulin sensitivity and inhibiting glucose
metabolism. Stevia contains many phytochemicals that
are beneficial for lowering blood sugar levels.

The glycosides in stevia have high anti-
hyperglycemic activity and serve as a substitute for
sucrose in diabetic patients. The hypoglycemic effect is
achieved thru the reduction of glycogenolysis and
gluconeogenesis processes, and the absorption of
glucose in the duodenum (Jan, 2021); (Sulastri, 2022).
Combining antioxidant sources may yield better
synergistic effects than single ingredients (Lingga,
2014)(Lingga, 2014). However, studies on soursop-stevia
herbal tea formulations, especially effects of ratios and
brewing time on quality, safety, and antihyperglycemic
efficacy, remain limited. Based on that background, the
researcher is interested in creating a tea bag formulation
from soursop leaves and stevia leaves This is because
both leaves have high antioxidant activity and prevent
diabetes. Based on the above problem, the researcher is
interested in conducting a study titled "Development of
Antioxidant Functional Beverages from Soursop Leaves
(Annona Muricata) and Stevia Leaves (Stevia
Rebaudiana) in Diabetes Prevention.

Method

Materials: Main materials: soursop leaves (Annona
muricata L.) and stevia leaves (Stevia rebaudiana
Bertoni). Chemicals: ethanol, methanol, n-hexane, DPPH
reagent, Folin-Ciocalteu reagent, 0.5% Na-CMC,
distilled water, 0.9% NaCl, acetic acid, heavy metal
standards (As, Cd, Hg, Pb, Sn), pro-analysis grade.
Alloxan monohydrate and glibenclamide for
antihyperglycemic testing.

Stages of Research

The research was conducted Conducted June-
August 2025 at Food Chemical Analysis Laboratory,
Faculty of  Agriculture; Phytochemistry  and
Microbiology Laboratory, Faculty of Pharmacy,
Universitas Sumatera Utara; Helvetia Health Institute;
and Integrated Laboratory, Universitas Padjadjaran.
Experimental Design: Randomized Complete Block
Design (RCBD) with two factors. Factor 1: soursop-
stevia powder ratios (75:25, 50:50, 25:75). Factor 2:
brewing times (3, 5, 7 min). Three replicates, yielding 27
units.

Research Procedure

Preparation of Leaf Powder and Herbal Tea Bags
Soursop leaves and stevia leaves were washed clean, air-
dried, then oven-dried at 70°C for soursop leaves and

Volume 12, Issue 3, 430-437

55°C for stevia leaves. The dried leaves were then
ground and sieved to obtain fine powder. 2 g of the leaf
powder mixture was packed into tea bags according to
the treatment ratios. Brewing was performed using hot
water at 85°C for 3, 5, and 7 minutes.

Physicochemical and Bioactive Analysis

The resulting herbal tea bags were analyzed for
moisture content, total soluble solids, pH, color
intensity, total phenolic content, and antioxidant activity
using the DPPH method. Sensory evaluation was
conducted using the hedonic method. Heavy metal
contamination analysis (As, Cd, Hg, Pb, and Sn) was
performed using the ICP-OES method.

Determination of the Best Formula

The best formula was determined based on
physicochemical, bioactive, and sensory parameters
using the De Garmo method.

Toxicity Test (BSLT)

Acute toxicity testing was conducted using the
Brine Shrimp Lethality Test (BSLT) method. 48-hour-old
Artemia salina larvae were exposed to various
concentrations of the herbal tea extract. Mortality
observation was carried out after 24 hours, and the LCs,
value was determined using probit analysis.

Flowchart Stage of Research
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Figure 1. Flowchart for the Production of Fungtional
Beverages

Antihyperglycemic Activity Test
The test animals used were male mice weighing 20-
30 g and aged 2-3 months. Diabetes induction was
performed  using alloxan  monohydrate  via
intraperitoneal injection. The mice were divided into
431
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five groups: negative control (0.5% Na-CMC), positive
control (glibenclamide), and three treatment groups
administered herbal tea at doses of 2.8, 4.2, and 5.6
mg/20 g body weight. Blood glucose levels were
measured using a glucometer for seven consecutive
days.

DataAnalysis

The obtained data were analyzed using two-way
ANOVA followed by Tukey's post-hoc test at a
significance level of a = 0.05.

Result and Discussion

Qualitative Test of Bioactive Compounds

Phytochemical screening results showed that
ethanol extracts of soursop leaves and stevia leaves
contain bioactive compounds such as alkaloids,
flavonoids, tannins, saponins, and steroids, which have
potential as antioxidants and antidiabetics. These
findings align with previous studies reporting high
flavonoid and phenolic content in soursop and stevia
leaves as functional food ingredients (Rumiyanti, 2019);
(Jamal, 2024). The use of 70% ethanol maceration
method  effectively  extracts  polar-semi-polar
compounds while maintaining secondary metabolite
stability, supporting the potential of both materials for
antidiabetic functional beverage development.

Table 1. Results of Bioactive Component Testing from
Phytochemical Screening of Soursop and Stevia Leaves

Phytochemical Test Reagent Result
Alkaloid Mayer, Wagner, +
Dragendorff
Flavonoid Mg + HC1 +
Tannin FeCl; +
Saponin FeCl; +
Steroid H,O + HCl +

Raw Material Characteristics

Characteristics of soursop and stevia leaf powders
include moisture content, total phenol and flavonoid
content, and antioxidant activity as initial quality
indicators before herbal tea formulation. Moisture
content of both materials was below the maximum limit
of SNI 03-3836-2013, indicating material stability during
storage. Stevia leaves had higher total phenol and
flavonoid content compared to soursop leaves,
consistent with (Ali, 2022). Stevia contains many
phytochemicals that are beneficial for lowering blood
sugar levels. The glycosides in stevia have high anti-
hyperglycemic activity and serve as a substitute for
sucrose in diabetic patients. The hypoglycemic effect is
achieved thru the reduction of glycogenolysis and
gluconeogenesis processes, and the absorption of
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glucose in the duodenum (Jan, 2021); (Sulastri, 2022).
Conversely, soursop leaves showed higher antioxidant
activity, indicating its main contribution to the
antioxidant capacity of the herbal tea infusion,
consistent with (Kamaluddin, 2024).

Table 2. Raw Material Analysis Results

Analysis Soursop  Stevia Powder =
Powder + SD SD

Moisture Content (%) 6.98 +0.32 7.45+0.20

Ash Content (%) 480+0.18 5.90+0.10

Flavonoid Content

(mgQE/g) 1.307 £ 0.01 1.9697 £0.07

Phenol Content (mg

GAE/g) 41.6439 + 0.07 46.9008 + 0.04

Antioxidant Activity

(ppm) 54.4818 £ 0.01 40.3332 + 0.06

Note: Table values represent averages of 3 replicates +
standard deviation. Testing performed in 3 replicates.

1. Total Soluble Solids

Total soluble solids (TDS) reflect the amount of
dissolved compounds such as sugars, organic acids, and
phenolic compounds in the herbal tea infusion (Nicola,
2015); (Ismawati, 2017). Two-way ANOVA results
showed that soursop-stevia leaf ratios and brewing time
significantly affected TDS values (p < 0.05). The highest
TDS value was obtained at 25% soursop : 75% stevia
ratio (3.78 °Brix), while the lowest was at 75% : 25% ratio
(3.33 °Brix). The TDS increase with higher stevia
proportion is likely related to steviol glycoside content
that readily dissolves in hot water and contributes to
increased °Brix values, as reported by (Harto, 2016) and
(Nizori, 2023).

Table 3. Testing Data on the Combination of Soursop
Leaves and Stevia on Total Dissolved Solids with
Steeping Time
Soursop : Stevia

Brewing Time Average (Mean +

Ratio SD)
75% : 25% 3 minutes 3.242+0.01
75% : 25% 5 minutes 3.323 + (.08
75% :25% 7 minutes 3.42*+0.10
50% : 50% 3 minutes 3.45*+0.13
50% : 50% 5 minutes 3.550+0.32
50% :50% 7 minutes 3.50*+0.10
25% : 75% 3 minutes 3.73<+0.12
25% :75% 5 minutes 3.74¢ + 0.06
25% :75% 7 minutes 3.86¢ £ 0.05

Note: Different letter notations for the average results of 3 repetitions
indicate a significant difference at the 0.05 significance level.

2. Moisture Content

Moisture content is an important quality parameter
for herbal tea as it affects product stability and shelf life
(Fikriyah, 2021). One-way ANOVA results showed that
soursop-stevia leaf ratios significantly affected herbal
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tea bag moisture content (p < 0.05), with the lowest value
at 75% soursop : 25% stevia ratio (7.10%) and highest at
25% soursop : 75% stevia ratio (7.33%). The moisture
increase with higher soursop proportion is likely related
to thicker leaf tissue structure and higher water binding
capacity (Nasir, 2020). All treatments had moisture
content below the maximum SNI 01-3836-2000 limit
(8.00%), so the herbal tea bag product meets quality
standards and is suitable for storage, consistent with
(Siagian, 2020) and (Rahmayanti., 2022)

Table 4. Data on Testing the Combination of Soursop
Leaves and Stevia on Moisture Content
Soursop : Stevia Ratio Average (Mean * SD)

75% :25% 7.10 +0.02°
50% :50% 7.22 £0.03t
25% :75% 7.33 + 0.08¢

Note: Different letter notations for the average results of 3 repetitions
indicate a significant difference at the 0.05 significance level.

3.pH

pH value is an important parameter affecting
herbal tea product stability and safety (Latief, 2024);
(Desy, 2020). Two-way ANOVA analysis showed that
soursop-stevia leaf ratios, brewing time, and their
interaction had no significant effect on herbal tea
infusion pH (p > 0.05). All treatment pH values ranged
from 6.65-6.82, indicating slightly acidic to near-neutral
characteristics. This pH stability indicates that bioactive
compounds extracted from soursop and stevia leaves are
relatively resistant to brewing time variations and do not
produce significant acidic compounds, consistent with
findings from (Ibrahim, 2015) and (Safitri E.R., 2018).
This pH range remains within safe limits for herbal
beverage consumption (Hedyana, 2021), so soursop-
stevia combination has potential to produce functional
tea bags with good chemical stability without acidity
increase risk during brewing.

Table 5. Data on the Testing of Soursop Leaf and Stevia
Combination on pH with Soaking Duration
Average (Mean

Soursop : Stevia Ratio Brewing Time

+SD)
75% :25% 3 minutes 6.65 £0.07~
75% :25% 5 minutes 6.67 £0.19>
75% :25% 7 minutes 6.67 £0.07°
50% :50% 3 minutes 6.66 £ 0.05%
50% : 50% 5 minutes 6.89 £ 0.08¢
50% : 50% 7 minutes 6.77 £0.20f
25% :75% 3 minutes 6.80 +0.07¢
25% :75% 5 minutes 6.78 £0.19¢f
25% :75% 7 minutes 6.82 £0.04%
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in herbal tea infusions (Widiantoro, 2008). Two-way
ANOVA results showed that soursop-stevia leaf ratios
had a highly significant effect on color intensity (p <
0.05), while brewing time showed an increasing trend
without significant interaction effects. Herbal tea
infusion color intensity values ranged from 65.40-67.56°,
with the highest value obtained at 25% soursop : 75%
stevia ratio, indicating brighter and more vibrant color.
This color intensity increase is likely related to high
chromophore compound content, particularly flavonoid
glycosides and steviosides in stevia leaves, which
contribute to yellow to yellowish-red color formation
(Desy, 2020); (Fadilah, 2023). All color intensity values
remain within the dry tea color quality standards
according to SNI 01-3836-2013, so the soursop-stevia
combination has potential to produce herbal tea bags
with  stable and consumer-acceptable  visual
characteristics.

Table 6. Testing Data on the Effect of Soursop Leaf and
Stevia Ratio on Color Intensity with Steeping Duration
Soursop : Stevia Brewing Time Average (Mean *+

Ratio SD)
75%:25% 3 min 65.40 + 0.39
75%:25% 5 min 65.44 +0.18¢
50%:50% 3 min 65.64 + 0.35°
75%:25% 7 min 65.93 + 0.05°
25%:75% 3 min 66.50 + 0.25¢
50%:50% 5 min 66.74 £ 0.15°

66.74 + 0.15°
50%:50% 7 min 67.54 +0.18f
25%:75% 5 min 67.54 + 0.37"
25%:75% 7 min 67.56 + 0.32

4. Color Intensity
Color intensity serves as an important visual
indicator reflecting the purity level and strength of color

5. Total Phenol

Total phenol was determined to estimate the
antioxidant activity potential of herbal tea, as phenolic
compounds can donate hydrogen atoms to neutralize
free radicals (Miguel, 2017). Two-way ANOVA results
showed that soursop:stevia leaf ratios, brewing time,
and their interaction had highly significant effects (p <
0.01) on total phenol content. Total phenol values
increased with higher stevia proportions and longer
brewing times, ranging from 25.85-49.36 mg GAE/g,
with the highest value at 25% soursop : 75% stevia ratio
with 7 minutes brewing. This increase is likely due to
optimal extraction of phenolic compounds from stevia
and soursop leaves at higher stevia proportions and
longer water contact time.
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Table 7. Data on the Testing of Soursop Leaf and Stevia
Combination on Total Phenol with Steeping Duration
Soursop : Stevia Brewing Time Average (Mean * SD)
Ratio

75%:25% 3 min 25.852 + 0.60
75%:25% 5 min 30.83* +0.06
50%:50% 3 min 33.66¢ + 0.27
75%:25% 7 min 35.46¢ +0.12
25%:75% 3 min 36.89¢ + 0.53
50%:50% 5 min 37.46f+0.39
50%:50% 7 min 41.6%9 +0.91
25%:75% 5 min 44,344 +0.22
25%:75% 7 min 49.36' £ 0.22

6. Antioxidant Activity

Herbal tea infusion antioxidant activity was
determined based on DPPH ICg, values, where lower
ICso indicates higher antioxidant activity. Two-way
ANOVA showed soursop:stevia ratios, brewing time,
and their interaction had highly significant effects on
antioxidant activity (p < 0.01). ICs, values ranged from
42.33-68.74 ppm, with highest antioxidant activity at
25% soursop : 75% stevia ratio with 5 minutes brewing,
and lowest at 75% soursop : 25% stevia with 3 minutes
brewing.

Table 8. Data on the Testing of Soursop Leaf and Stevia
Combination on Antioxidant Activity with Steeping
Time

Soursop : Stevia

Brewing Time Average (Mean + SD)

Ratio

75% :25% 3 minutes 68.74» +1.13
75% :25% 5 minutes 56.259 + 4.89
75% :25% 7 minutes 50.53¢ + 0.32
50% : 50% 3 minutes 55.65f+ 0.54
50% : 50% 5 minutes 46.65¢ + 0.75
50% : 50% 7 minutes 43.73>+ 0.59
25% :75% 3 minutes 46.53¢ + 2.80
25% :75% 5 minutes 42.33 + 0.45
25% :75% 7 minutes 48.904 £ 0.16

7. Organoleptic Evaluation

Organoleptic evaluation is a common method for
assessing food product quality due to its accuracy
(Dahlan, 2024). Preference testing using scoring
technique was conducted by 100 panelists on three
samples based on color, aroma, viscosity, taste, and
overall acceptance parameters

8. Color

The longer the drying process is carried out, the
darker the color intensity of the tea becomes. This is
caused by the degradation of natural pigments, such as

chlorophyll, due to excessive heat exposure during
drying (Yamin, 2017). Two-way ANOVA showed
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soursop-stevia ratios significantly affected color
preference (p < 0.05), while brewing time and interaction
had no significant effect. Hedonic color scores ranged
4.67-5.00, with highest preference at 25% soursop : 75%
stevia ratio.

9. Aroma

Aroma is a sensory parameter evaluated using the
sense of smell (Dahlan, 2024); (Maharani, 2021) . Two-
way ANOV A showed ratios significantly affected aroma
preference (p < 0.05), while brewing time had no effect.
Hedonic aroma scores (neutral category 4.42-4.58) were
highest at 25% soursop : 75% stevia.

10.Taste

Taste is a sensation received through taste buds
influenced by smell interaction (Dilasari, 2022);
(Drummond, 2010). Two-way ANOVA showed no
significant effects on taste preference (p > 0.05). Higher
stevia proportions yielded sweeter, more balanced taste.

11. Overall Acceptance

Overall acceptance reflects panelist perception
integration of color, aroma, and taste. Ratios and
brewing time significantly affected acceptance (p <0.05).
Highest scores (4.55-4.80, neutral) at 25% soursop : 75%
stevia.

12. Heavy Metal Contamination

Heavy metal analysis used ICP-OES after acid
digestion. All metals (As, Cd, Hg, Pb, Sn) below SNI 01-
3836-2013 limits; Hg not detected.

Table 9. Heavy Metal Content in Herbal Tea from
Soursop Leaves and Stevia Based on Mixing Ratios

Metal 75% : 50% : 25% : SNI 01-
Type 25% 50% 75% 3836-
(mg/kg) (mg/kg) (mg/kg) 2013
Limit
. (mg/kg)
Arsenic 0.1352 0.1807 01652  Max. 40
(As)
Cadmium 0.01117 0.0547 01132 Max. 0.2
(Cd)
Mercury Max.
Hg) <0.0001  <0.0001  <0.0001 0.0378
Lead (Pb) 0.3227 0.4021 05360 Max. 2.0
Tin (Sn) 0.2479 0.3926 05405  Max. 40.

13. Toxicity Test Using the Brine Shrimp Lethality Test

(BSLT) Method
Toxicity Test This study uses 48-hour-old Artemia
salina Leach shrimp larvae as test animals. The selection
of this larval age is because the larvae have fully formed
digestive systems, making them sensitive to any
substance introduced (Wulandari, 2014). The principle
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of the Brine Shrimp Lethality Test (BSLT) is to evaluate
the toxic effects of an extract on Artemia shrimp larvae.
An extract is said to have a toxic effect if its LCs, value
is less than 100 ppm; conversely, if LCso = 100 ppm, the
extract is considered non-toxic.In general, there is an
increase in the percentage of larval mortality as the
concentration of the extract increases. The higher the
concentration, the higher the mortality rate of Artemia
salina Leach larvae, which means the toxicity of the
sample is greater (more toxic) (Muaja, 2013.)

Table 11. average glucose levels (mg
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Table 10. Toxicity test data

Concentration Test Dead %
(ppm) Larvae Larvae = Mortality
0 30 2 6.67%
20 30 4 13.33%
40 30 3 10.00%
60 30 4 13.33%
80 30 4 13.33%
100 30 11 36.67%

13. Antidiabetic Effectiveness Test

Tested on alloxan-induced male white mice (>200
mg/dL blood glucose). Treatments given for 7 days
showed significant glucose reduction, especially highest
dose (5.6 mg/20g BW) approaching normal levels.

dL) in each treatment group

Group T0 T1 Day 1 Day 3 Day 5 Day 7
K1 (Na-CMC) 13615.66° 210.5+3.54° 209.242.59¢ 206+1.92° 206+0.71¢ 206.1+0.55¢
K2 (Glibenclamide) 150.540.71¢ 223.5+0.71¢ 201+0.71° 190+1.58° 172.4+1.58¢ 115+0.71°
K3 (2.8 mg/20g) 124.5+0.712 202.5+0.712 201.6+1.58" 187+1.58° 180.4+1.58¢ 139+0.71°
K4 (4.2 mg/20g) 124.5+0.712 204.5+0.71% 199.6+1.58" 178+1.920 134.2+1.92° 124+0.71%
K5 (5.6 mg/20g) 157.5+0.71¢ 203.5+0.71¢ 200+0.71° 160+1.58: 120.2+1.58¢ 98+0.71»

Conclusion

The combination of soursop leaves and stevia
leaves affects the physical, chemical, sensory
characteristics, and biological activity of herbal tea. The
best treatment was obtained at 25% soursop : 75% stevia
ratio with seven minutes brewing time, which produced
the highest antioxidant activity, total phenol content,
color intensity, and panelist acceptance. The ratio of
leaves and steeping time shows that a 25% soursop leaf
to 75% stevia ratio with a seven-minute steeping time
yields optimal results in antioxidant activity, total
phenols, color intensity, and panelist acceptance. An
excessively long steeping time can decrease panelist
preference due to bitterness and overly intense color.
The interaction between the leaf ratio and steeping time
is significant for antioxidant activity, total phenols,
color, and aroma, but not significant for pH, total
dissolved solids, taste, and overall acceptance.

The characteristics of the raw materials, soursop
leaves and stevia, are stable and of good quality. The
infusion color tends to be yellowish-red with increasing
intensity as the proportion of stevia leaves and steeping
time increase. The aroma remains characteristic of
soursop leaves, while the sweetness is more pronounced
with a higher proportion of stevia, affecting the
panelists' acceptance of the herbal tea.

Heavy metal contamination analysis shows that the
levels of arsenic, cadmium, mercury, lead, and tin are
still far below the maximum threshold of SNI 01-3836-
2013, making herbal tea safe for consumption. The leaf
ratio does not significantly affect the heavy metal

content. The results of the Brine Shrimp Lethality Test
(BSLT) toxicity test showed an LCs, value of around 562
ppm, which means the extract has low toxicity and is
safe to use for antidiabetic testing.

The antidiabetic effectiveness test on mice showed that
herbal tea extract was able to significantly lower blood
glucose levels compared to the negative control, with a
more pronounced decrease at higher doses. The
combination of soursop leaves and stevia provides
optimal effects on glucose levels, infusion taste, and
panelist acceptance.
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