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Abstract Soursop (Annona muricata L.) is a tropical fruit with high market potential, thus it has been processed
into various products. This study aims to develop a low-alcohol fermented beverage from soursop using yeast. Two
types of yeast strains which are Saccharomyces cerevisiae RV002 and Saccharomyces bayanus FD-3 were
examined to select the more suitable strain for fermentation. Then further study was conducted to optimize the
fermentation parameters, including examining the ratio of soursop juice (SJ): sugar syrup (SS) (0.5:1, 1:1 and 1.5:1)
and total soluble solids (15, 17 and 19 °Brix) by One Factor at a Time (OFAT) method. Optimal conditions for
fermentation were obtained with these following parameters: 10° CFU/ml of S. bayanus FD-3 added, 48 hours of
fermentation at 15°C; SJ:SS ratio is 1:1, the total soluble solids is 17 °Brix, pH 4.5. The final product has 2.05 %v/v
alcohol content, 13.2 °Brix, 0.4% total titratable acidity, 16.98 mg/100 ml vitamin C, 142.66 mg GAE/100 ml in
terms of total phenolic content, and overall acceptability on 9-point hedonic scale was 7.82+0.33.
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1. Introduction

Soursop (Annona muricata L.) is a tropical fruit tree
belonging to the family Annonaceae, genus Annona [1],
widely grown in the tropical and subtropical regions of the
world, including the West Indies, North and South
America, Africa, the Pacific Islands and Southeast Asia
[2]. This fruit has short shelf life after being harvested (6

to 8 days) [3], thus it is mainly consumed as fresh fruit [4].

Post-harvest techniques should be applied to ultilize fully
the potential of this nutritious fruit.

Soursop is beneficial for consumer’s health due to
having rich nutritional value. The fruit pulp of soursop
contains a large content of carbohydrates, sugars (mainly
fructose, glucose, and sucrose) and fiber [5]. Soursop is
also an excellent source of essential vitamins and minerals
such as vitamin A, C, B1, B2, B5 and potassium. This
fruit also contains significant amounts of organic acids,

for example: citric acid, malic acid, and isocitric acid [6,7].

Therefore, soursop has been processed into various food
products such as juice, ice cream, jam [8], vinegar [9],
craft beer [10] and fermented juice (wine) [11].
Fermentation is commonly used in the beverage
industry through the activation of yeast, bacteria, or

microorganisms [12]. Specially, low-alcohol beverages
are increasing their preference among consumers and
expected to continue growing in the market, as this type of
drink can contribute to weight control and reduce risks
from standard alcoholic products [13]. Currently,
fermented beverages by Saccharomyces cerevisiae are
very common. This yeast strain has been successfully used
in the alcoholic fermentation of mango [14], papaya [15],
and dragon fruit [16] juices as well as soursop [17]. Up to
date, however, a small amount of research has been done
on the yeast strain Saccharomyces bayanus. This yeast
strain is the result of multiple hybridization events between
three purebred species, S. uvarum, S. cerevisiae and S.
eubayanus [18]. S. bayanus is considered to be well adapted
to stressful conditions such as low pH, high sugar
concentration, vitamin deficiency, and high ethanol content
[19]. Moreover, this strain can produce low ethanol content
and high volatile compounds during fermentation, making it
useful in wine production [20]. The application of yeast
strains and research on fermentation conditions for soursop
juice contributes to solving the problem of output for this
perishable fruit, diversifying beverages by creating new
nutritious products that are beneficial to health, while
increasing income for farmers.

The aim of this work is to select a suitable yeast strain
before selecting optimal fermentation parameters
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corresponding to the strain by varying soursop juice: sugar
syrup (SJ:SS) concentration, total soluble solids content
(TSS). More than that, it aims to develop low-alcohol
fermented soursop juice that has good sensorial quality
and is capable of retaining nutritional and bioactive
compounds in soursop.

2. Materials and Methods

2.1. Materials

Chemicals: Enzyme Pectinex Ultra SP-L was obtained
from Angel Yeast Co., Ltd (enzyme activity 60,000 U/qg).
Folin-Ciocalteu reagent (> 99.8), gallic acid (GA) (>
99.9%), 3,5-Dinitrosalicylic acid (> 98%) were supplied
by Merck (Darmstadt, Germany). All other chemicals
were analytical grade.

Starter culture: 2 yeast strains including Saccharomyces
cerevisiae RV002 (Angel Yeast, China) and
Saccharomyces bayanus FD-3 (Fermentis, France). Yeast
was activated with warm water at a temperature of about
30-40°C for 15 minutes before conducting the experiment.

Raw materials: Soursop fruits (Annona muricata L.)
were collected from Hau Giang, Vietnam with the
similarity in terms of maturity, weight and without any
defects or crushes. The evenly ripe fruits were transported
from the place of collection to the laboratory within 48
hours. After being transported to the laboratory, soursop
was washed, peeled, seeded and grounded. The grounded
pulp is then treated with pectinase 0.8% wi/v at 40°C for
60 minutes before filtering through a filter cloth to receive
pure soursop juice.

2.2. Processing of Fermented Fruit Juice

Fermented soursop fruit juice was produced by
alcoholic fermentation. Two yeast strains Saccharomyces
cerevisiae RV002 and Saccharomyces bayanus FD-3 were
assayed to perceive the more suitable strain for the
production of fermented soursop juice. To prepare for
alcoholic fermentation, soursop extracted juice was
adjusted to achieve 15°Brix with SJ:SS ratio of 1:1 and
pH 4.5, followed by pasteurization at 65°C for 15 minutes
to destroy all wild yeast. The inoculation rate was 10°
CFU/ml was added after activation of yeast.
Fermentation was conducted at 15°C for 48 hours.
Subsequently, centrifugation is conducted to separate the
yeast in the pellet and collect the supernatant for

pasteurization of the fermented juice at 75°C, 10 minutes.

Fermentation progress was monitored by measuring total
soluble solids (TSS), total titratable acid (TTA) and
yeast cell density every 8 hours. After 48 hours of
fermentation the ethanol content and sensory evaluation
of the product were also performed concurrently. The
suitable yeast strain chosen from this experiment was
further studied to optimize the conditions affecting
fermentation, including TSS and SJ:SS ratio.

The suitable fermentation parameters are evaluated by
One Factor at a Time (OFAT) method [21] in which one
tested factor in each experiment is changed while all the
other factors are kept constant. The factors investigated in

this experiment included TSS from 15, 17 and 19 °Brix
and ratio of SJ:SS examined at 0.5:1, 1:1 and 1.5:1.

The fermentation process is similarly presented as
above with the change of the one tested factor.
Fermentation process was monitored by the concentration
of total sugars, TSS, TTA, pH from the sample collected
every 8 hours. Ethanol content, sensory evaluation of the
product were examined after 48 hours. Each experiment
was conducted in triplicate.

2.3. Chemical Composition Analysis

2.3.1. Determination of Moisture, Ash, Protein, Fat,
Fiber, Carbohydrate Content

Moisture, ash, protein and fat determination were done
in accordance with the methods described by AOAC
(2010) [22].

Fiber content was determined using the Kirk and
Sawyer method [23].

Carbohydrate  concentration was determined by
difference according to the formula: % carbohydrate =
100 - %moisture — %ash - %protein - %fat - %fiber [24].

2.3.2. Total Titratable Acidity, pH and Total Soluble
Solids

The titratable acidity was carried out by a method
described by AOAC (2010). 20mL distilled water was
added into 5 mL of sample, then titrated with 0.1N NaOH
solution using 3-4 drops of phenolphthalein as the
indicator. The titration of each 25 mL solution was done
when the color changed to pink and persisted 30 seconds.

The pH value was measured by pH meter (Model SI
Analytics Lab Meter 845) and total soluble solids was
employed by the portable refractometer.

2.3.3. Reducing Sugars and Total Sugars

The amount of reducing sugars was quantified by Miller's
method [25]. The reaction mixture contained 0.5 mL sample
(diluted by distilled water) and 3 mL of DNS. The solution
was then boiled (at 100°C for 5 minutes) before getting
cooled down in an icy water bath for 10 minutes. The
absorbance of the solution was measured by a UV-vis
spectrophotometer (Model Apel PD-3000UV) at 540 nm.
Glucose (0.1-1.0 g/L) was used in the standard curve.

The total sugars were determined by getting the juice
sample hydrolyzed by HCI 2% (at 100°C for 45 minutes)
and then neutralization by NaOH 10% before conducting
Miller’s method.

2.3.4. Total Phenolic Content

Total phenolic content was measured by the Folin-
Ciocalteu method [26] with a modification. 0.2 mL of
diluted soursop juice was accurately transferred to a test
tube which contained 1 mL of Folin-Ciocalteu’s phenol
reagent. The mixture was vortexed and incubated for 3 mins
before 0.8 mL of 7.5% (w/v) Na2CO3 was added, followed
by an hour reaction at room temperature in darkness. The
absorbance of the solution was evaluated at the wavelength
of 765 nm.The standard curve was obtained by using gallic
acid in a range of 25 mg/L to 125 mg/L.
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2.3.5. Vitamin C

Vitamin C concentration was obtained by the iodine
titration method [27]. Starch indicator solution was
prepared by mixing 1 g of starch with 200 mL of boiling
water then left for cool. lodine solution 0.01N was
prepared by dissolving 5.00 g Kl and 0.268 g KIO3 in 200
mL of distilled water before adding 30 mL of 3M H2S04,

and finally filling the volume by distilled water to 500 mL.

The iodine solution was standardized by titrating against 5
mL of 1% ascorbic acid solution using 3-4 drops of 1%
starch indicator solution. 5 mL juice sample was
conducted in the same way. The concentration of ascorbic
acid in the samples was determined as follows:

Ascorbic acid :% x 1000 (mg/100mL)

where V1 is titre (mL) from the titration of the sample
solution, V2 is that of standard ascorbic acid solution.

2.3.6. Alcohol Concentration

Alcoholic volatile compounds in samples were
separated by distillation. Ethanol content measurement
was then carried out using an ebulliometer (Dujardin-
Salleron, France). Ebulliometer is based on the principle
that the boiling point of an alcoholic mixture is depressed
compared to the boiling point of water due to the alcohol
content in the alcoholic mixture [28]. 50 mL of condensed
liquid was filled in the ebulliometer chamber and boiled
until a steady temperature. The boiling point of the
distilled water obtained was used to compare with the
ebulliometer disc provided with the device.

2.3.7. Determination of Total Yeast Cell Viability
Count by Hemocytometer

The total yeast cell count was determined usinga
hemocytometer counting chamber [29]. The cell culture
was diluted in phosphate buffered saline (PBS)to the
desired concentration and positioned in a counting
chamber. Each experimental stage involved at least six
repeats. The viability of yeast cells was evaluated using
the methylene blue staining method [29]. After
suspending cells in PBS, a 100 mL sample was combined
with 100 mL of methylene blue and incubated at room
temperature for 5 minutes. Viable cells were colorless,
whereas dead cells were blue. An Olympus BX 51
microscope was used for this microscopy analysis.

2.3.8. Sensory Evaluation

The sensory analysis was carried out using untrained
panelists. The fermented juice was assessed by 50
panelists of both sexes aged 18 to 28. 10 mL samples were
presented in transparent glasses with a capacity of 25 mL.
The evaluation sessions occurred between 9 and 10 a.m.,
at room temperature (30 - 32°C) and under white light.
The samples were rated for overall acceptance using the 9-
point hedonic scale [16]. Extreme dislike = 1; very much
dislike = 2; moderately dislike = 3; slightly dislike = 4;
neither like nor dislike = 5; slightly like = 6; moderately
like = 7; very much like = 8; and extremely like = 9.

2.3.9. Statistical Analysis

The experiment results were expressed mean+SD (n=3).

One-way ANOVA with a level of significance at 5%

performed by MS Excel was used in statistical analysis.

3. Results and Discussion

3.1. Nutritional Characteristics of Soursop
Juice

Table 1 presents the result of the nutritional and
chemical compositions of soursop juice. Soursop
contained 80.29% water, 0.78% ash, 1.71% protein; 0.18%
fat; 3.12% fiber, and 17.04% carbohydrates, These results
were in good agreement with the research of Bakr et al.
(2020) [30] and De Oliveria et al. (2016) [31].

The total soluble solids were measured as 14.4+0.09
°Brix, total titratable acidity corresponded to 0.54+0.02%
and the pH value was 3.58+0.1. The obtained value of
total soluble solids and pH value were similar to that in
the study of Zaina et al. (2024) [32], which showed that
TSS in soursop was found to be 15.00+0.00 °Brix, and pH
index was 3.67+0.26.

Comparing these results with those obtained by Ho et al.
(2013) [33], it was observed that the total sugar content of
the investigated soursop juice was similar while reducing
sugar content was slightly different. The content of total
sugars was determined to be 11.8+0.87 g/100g, and
7.4+0.67 g/100g in terms of reducing sugars.

Table 1. Nutritional composition of soursop

Parameter Results

Moisture content (%) 80.29+0.36

Ash (%) 0.78+0.05

Protein (%) 1.71+0.02

Fiber (%) 3.12+0.14

Fat (%) 0.18+0.02

Carbohydrate (%) 17.04+0.38

Vitamin C (mg/100g) 43.04+0.61

Total titratable acidity (TTA)(%) 0.54+0.02
Reducing sugar (g/100g) 7.4+0.67

Total sugar (g/100g) 11.8+0.87

Total soluble solids (TSS) (°Brix) 14.4+0.09
pH 3.58+0.1

Total phenolic content (mg GAE/100g) 173.42+11.56

The vitamin C content of soursop juice was 43.04+0.61
mg/100g, which was slightly lower than that in the study
performed by Okigbo and Obire (2008) [12] (46.2+0.0
mg/100 mL). When being compared with pineapple which
is a fruit rich in vitamin C (51 mg/100 mL), it indicates
that soursop contains nearly the same amount of vitamin C.

Soursop's phenolic compounds function as antioxidants,
deactivating free radicals that pose health concerns and
lowering the probability of developing certain diseases.
This fruit contains a relatively high amount of
polyphenols (173.42+11.56 mg GAE/100g).

3.2. Effect of Inoculation Different Yeast
Strains on the Process of Soursop Juice
Fermentation

Figure 1 shows the results of the proximate analysis
carried out on the soursop juice every 8 hours during 48
hours of fermentation. Figure 1(A) shows the decrease in
TSS content during the fermentation process. During the
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fermentation period from 0-24 hours corresponding to the
lag phase of the yeast, the TSS content decreased
insignificantly, whereas the yeast strain S. cerevisiae
RV002 decreased from 15.0+0.0 to 14.47+0.09 g/100mL
and the S. bayanus FD-3 decreased to 14.33+0.09
0/100mL. However, there was no statistical difference

between these two yeast strains in this fermentation period.

From 24 to 48 hours, the yeast switched to log phase,
causing the TSS to decrease significantly. Between them,
the S. bayanus strain decreased the most to 11.33+0.09
0/100mL and the S. cerevisiae strain decreased more slowly
to 12.13+0.09 g/100mL that was statistically different.

The fermentation process gradually increased TTA
content, which had a decisive influence on the aroma and
flavor of the fermented product. The initial TTA content
of the fruit juice was 0.16+0.0039% and gradually
increased to a value of approximately 0.3£0.0032% after
48 hours of fermentation, making no statistical difference
between two yeast strains.

Regarding the factor of total viable yeast cells, Figure
1(C) shows that in the first 16 hours, the S. bayanus strain
had a much greater increase in cell density than the other
samples, proving that this strain was well adapted to the
fermented soursop juice environment. From 24 to 48
hours, the log phase of both yeast strains occurred. After
48 hours, the cell density of the S. bayanus strain reached
1.88x10° CFU/ml that was higher than that of the S.
cerevisiae RV002 strain after 48 hours (1.5x10" CFU/ml).
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Figure 1. Changes in some physico-chemical quality parameters of
fermented soursop juice using 2 different types of yeast strains during 48
hours (A) Total soluble solids, (B) Total titratable acidity, (C) The viable
yeast cells, (D) Ethanol content and sensory value of 48 hours fermented
soursop juice

Ethanol content accumulated in these two yeast
preparations during the same 48-hour fermentation period
was demonstrated in Figure 1(D). S. cerevisiae RV002
had the ability to accumulate 2.0£0.09% v/v ethanol,
while that of S. bayanus FD-3 was not significantly
different (1.8+0.11% v/v ethanol) after 48 hours of
fermentation.

From the sensory evaluation results in Figure 1(D), it
shows that the S. bayanus sample had an overall
acceptability of 7.78+0.37, which was significantly higher
than the S. cerevisiae sample (6.98+0.28).

Through the above analysis, it can be seen that both of
these yeast strains had the ability to be used to ferment
soursop to create a good scent, harmonious taste and
satisfactory alcohol content of the product. However, the
soursop juice product fermented from strain S. bayanus
has the similar ability to accumulate ethanol yet remains
higher overall acceptability.

3.3. Effect of Soursop Juice : Sugar Syrup
Ratio on the Process of Soursop Juice
Fermentation



282 Journal of Food and Nutrition Research

In particular, at the SJ:SS ratio of 1.5:1, the soluble
solids content decreased fastest. In particular, at the SJ:SS
ratio of 1.5:1, the soluble solids content decreased most
rapidly from 15 to 10.5+0.1 g/100mL after 48 hours of
fermentation and was at its lowest point at the dilution
ratio of 0.5:1 (11.9£0.1 g/100mL).

From Figure 2, we can see that when increasing the
juice ratio, the fermentation speed was faster. In the
sample with SJ:SS ratio of 0.5:1, the total sugar content
decreased to 114.95+0.65 g/L, reaching the highest value
compared to the other 2 dilution ratios when fermenting
with yeast strains. S. bayanus. The total sugar content
decreased to at least a ratio of 1.5:1, at 102.89+1.04.
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Figure 2. Changes in some physico-chemical quality parameters of
fermented soursop juice using S. bayanus FD-3 during 48 hours while
applying different SJ:SS ratio. (A) Total soluble solids, (B) Total sugar
content (g/L), (C) Ph, (D) Ethanol content and sensory value

The pH index tended to decrease gradually except for
the first 8 hours when the pH increased slightly. After 48
hours of fermentation, the ratio SJ:SS at 0.5:1 and 1.5:1
gave a pH value of 4.53+0.035, unchanged from the
original, while with the ratio 1:1 the pH value was slightly
decreased to 4.43+0.035.

From the result, it shows that the SJ:SS ratio of 1:1 was
appropriate for the fermentation of soursop juice with S.
bayanus strain FD-3.

3.4. Effect of Total Soluble Solids (TSS) on
the Process of Soursop Juice
Fermentation

Sugar is a source of substrate for yeast to carry out the
fermentation process to create alcohol, so the high or low
level of ethanol produced will depend on the sugar content
used in the fermented fruit juice, thus it directly affects the
growth of yeast and the flavor of the product.

According to the results from Figure 3(A), after 48
hours of fermentation, the S. bayanus strain consumed
4°Brix, with no difference when adding different levels of
TSS. The pH value tended to decrease, at TSS content 17
and 19 °Brix, the pH was dropped to approximately 4.22,
not showing a statistically significant difference. However,
in Figure 3(C), pH decreased faster in the 15 °Brix sample.
After 48 hours of fermentation, the pH was 4.18+0.008.
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Figure 3. Changes in some physico-chemical quality parameters of
fermented soursop juice using S. bayanus FD-3 during 48 hours while
applying different total soluble solids. (A) Total soluble solids, (B) Total
sugar content (g/L), (C) pH, (D) Ethanol content and sensory value.

Similarly, there was no differential change in total sugar
content when adjusting TSS. Samples 17 and 15 °Brix had
lower total sugar content compared to 19 °Brix sample,
giving a moderately sweet taste. Therefore, the sensory
scores reached 7.81+0.13 and 7.46+0.15, respectively, with
the higher favorability of the 17 °Brix sample.

It can be concluded that the sample of total soluble solids
of 17 °Brix was the appropriate total soluble solids for the
fermentation of soursop juice with S. bayanus FD-3.

3.5. Physico-chemical Characteristics of
Soursop Juice After Fermentation

According to the results from Table 2. The pH of
soursop juice decreased significantly (p< 0.05) from 4.5 to
4.1310.04 after the fermentation process. The drop in pH
was caused by the generation of small quantities of acids
during fermentation. Therefore, an increase in TTA was
also observed to 0.4+0.02%.

TSS, total sugar and reducing sugar concentration
decreased significantly (p<0.05) after fermentation.
The ethanol content increased significantly to 2.05+0.12.
This demonstrates the successful conversion of soursop
juice to fermented one using S. bayanus FD-3.

Alcoholic fermentation has been reported to increase
the metabolism of phenolic compounds so that a decrease
in phenolic content occurs. This may increase antioxidant
activity according to some of other studies including Ho et
al. (2019) [33] and Pérez-Gregorio et al. (2011) [34].

Table 2. Physico-chemical characteristics of soursop juice after
fermentation

Parameter Value
Vitamin C (mg/100ml) 16.98+0.67
Total titratable acidity (TTA) (%) 0.4+0.02
Reducing sugar (g/100ml) 4.77+0.43
Total sugar (g/100ml) 12.62+0.89
Total soluble solid (°Brix) 13.2+0.17

pH 4.13+0.04

Total phenolic content (mg GAE/100ml) 142.66+4.99
Ethanol (%) 2.05+0.12
Overall acceptability 7.82+0.33

4. Conclusion

Fermented soursop juice by S. bayanus FD-3 from the
soursop materials (with TSS of 14.4 °Brix, pH 3.58, 43.04
mg/100g vitamin C, TTA of 0.54% and total phenolic
content of 173.42 mg GAE/100g) was successfully
produced. Between two examined yeast strains, S.
bayanus FD-3 has a better impact on sugar consumption
and alcohol production during the fermentation process
accompanying a higher overall acceptability of 7.78+0.37.
The suitable conditions for fermentation were established
as SJ:SS ratio of 1:1 and TSS of 17 °Brix; pH 4.5; 10°
CFU/mI yeast inoculation rate and 48-hour fermentation
time at 15°C. Under these suitable fermentation conditions,
the final product achieved 2.05 %v/v alcohol content with
remaining sugar content of 13.2 °Brix, TTA of 0.4%,
vitamin C concentration of 16.98 mg/100ml and total
phenolic content of 142.66 mg GAE/100 ml. The sensory
quality of the fermented juice was approved based on the
results of the hedonic test with a score of 7.82/9.00.
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