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Pouteria lucuma, known as 1ékima in Vietnamese, originating from South
America. Lucuma is widely cultivated in Vietnam due to its high
nutritional value. Thank to its natural sweet taste, lucuma pulp has been
investigated for its potential in various food products such as coffee,
cookies, and ice cream. This study aims to identify the optimal
fermentation conditions for producing lucuma wine using Sac ST9, which
was isolated from lucuma pulp. The investigated parameters included the
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initial total soluble solids (15, 20, and 25 °Brix), pH values (3.5, 4.5, and
5.5) and yeast inoculation densities (10°, 10°, and 10®° CFU/mL).
Additionally, a 5 L fermentation trial was conducted, and the
microbiological and sensory characteristics of the final product were
evaluated. The results indicate that the optimal fermentation conditions
for Pouteria lucuma wine are 25 °Brix, pH 4.5, and 10" CFU/mL yeast
concentration. The 5 L Pouteria lucuma wine trial was fermented for 10
days under these optimal conditions, yielded a product with an ethanol
content of 12.50% (v/v) and received very favorable sensory quality for
clarity and color, aroma, and taste. Furthermore, the microbiological
parameters of the product met QCVN 6-3:2010/BYT, issued by the
Ministry of Health.
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Pouteria lucuma thuong duoc biét dén vai tén tieng Viét la 1ékima 1a loai
ciy trong c6 ngudn gbc tir Nam My. Lékima duoc trong kha phd bién &
Viét Nam véi gia tri dinh dudng cao. Nho vao vi ngot tu nhién, thit qua
1ékima dwoc nghién ctru d& b sung tao ra cac san pham nhu cafe, banh
quy, kem. Nghién ciru nay nham khao st cac diéu kién tdi uu dé san xuat
rugu vang 1ékima str dung chiung ndm men Saccharomyces cerevisiae ST9
dugc phan 1ap tir thit qua 18kima. Cac diéu kién khao st bao gom ham
luong chét tan ban dau (15, 20, va 25 °Brix), gia tri pH (3,5, 4,5, va 5,5), va
ty 16 nAm men bd sung (10°, 10°, va 10® CFU/mL). Bén canh do, thir
nghiém 1én men 5 L va cac chi tiéu vi sinh vat va cam quan caa san pham
ciing dugc thuc hién. Két qua cho thay cac didu kién ti vu 1én men ruou
vang lékima 1a 25 °Brix, pH 4,5 va mat s nAm men bé sung 10" CFU/mL.
Thu nghiém 1én men 5 L trong thoi gian 10 ngay cho ra san phém c6 ham
luong ethanol 1a 12,50% v/v va duge danh gia cam quan rat tot vé do trong
va mau sac mui, va vi. Ngoai ra, cac chi tiéu vi sinh vat cua san pham ciing
dat yéu cau theo quy dinh QCVN 6-3:2010/BYT cua B Y té.
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1. Introduction

Pouteria lucuma commonly known as lucuma, sapotille mamey, or sapote Mamey, is a
prominent fruit tree species within the genus Pouteria, belonging to the family Sapotaceae and
order Ericales. This species is indigenous to the Andean region of South America, with native
populations found in Peru, Ecuador, and Chile [1] — [3]. The first documented European
encounter with P. lucuma occurred in Ecuador in 1531 [1]. Its historical significance is further
underscored by archaeological evidence, including its depiction on pottery unearthed from burial
sites of indigenous coastal Peruvian communities [1].

The internal composition of lucuma is mainly characterized by its high content of
carbohydrates, protein, carotenoids, and other bioactive compounds [4] — [7]. Compared to fruits
like avocado, passion fruit, coconut, and banana, lucuma has less water but more protein [1], [8],
[9]. Notably, it is reported that lucuma contains various sugars, such as glucose, fructose, sucrose,
and inositol, as well as organic acids including tartaric, ascorbic, succinic, malic, gallic, and citric
acid [2], [3]. According to Bels¢ak-Cvitanovi¢ [10], the highest polyphenol content is found in
chocolates supplemented with lucuma and carrot.

Lucuma can be eaten fresh, though some people find the raw fruit less appealing because of
its unusual aftertaste and lack of crispness compared to other fruits. Once peeled and deseeded, it
can be enjoyed directly as a sweet. Despite its sweet flavor, lucuma pulp might not appeal to
some people due to its odd aftertaste. The fruit pulp can also be dried into powder, which is then
used as a food additive in various processed foods [11], [12]. It is a good ingredient for making
ice cream, yogurt, coffee, cookies, brownies, and bakery products [13] — [16]. To diversify
lucuma-based products, therefore, this study explores the fermentation of lucuma wine using
Saccharomyces cerevisiae ST9 isolated from lucuma pulp [17].

2. Materials and methods
2.1. Materials

The fully ripened lucuma fruits with vibrant yellow skin were collected at a local farm in Ke
Sach, Soc Trang. The fruits were peeled and deseeded to obtain the flesh. Thereafter, the flesh
was pureed by a juicer (Philips HR1811, Netherlands) to facilitate the release of cell sap and
increase the surface area for yeast-substrate interaction, optimizing the fermentation process.
During pureeing, an equal volume of water was added to the fruit flesh to aid the pureeing
process. Subsequently, the remaining water was added to achieve a final fruit-to-water dilution
ratio of 1:2. To enhance the yield of lucuma juice, 0.3% (v/v) pectinase enzyme and 0.3% (v/v)
amylase enzyme were added, and the mixture was then incubated for 2 hours at 50 °C before the
fermentation process. The lucuma juice was then filtered for further experiments.

Saccharomyces cerevisiae ST9 (Sac ST9), a strain isolated from lucuma and known for its high
fermentation ability [17], was prepared for microbiological media. A single colony was added to
100 mL YPD broth which was sterilized at 121 °C for 15 min. The culture was then shaken at 150
rpm on a shaker at room temperature (28 = 2 °C) until it reached an appropriate rate of cell density,
and Sac ST9 was added to the prepared lucuma juice for the fermentation process.

2.2. Methods
2.2.1. General procedure

The pretreated lucuma juice was adjusted to the appropriate pH and total soluble solids (TSS).
The sample mixtures were supplemented with 120 mg/L NaHSO; and stabilized for 2 h.
Thereafter, Sac ST9 was inoculated, and the fermentation was conducted at room temperature (28
+ 2 °C) for 10 days. After fermentation, the product was filtered, sterilized, and bottled in 250
mL glass bottles for further analysis.
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2.2.2. Determination of initial sugar for lucuma fermentation

The pretreated lucuma juice was adjusted to pH 4.5 with the total soluble solids (TSS) of 15,
20, and 25°Brix, respectively. The fermentation process was carried out as described in the
general procedure. The experiment was performed in triplicate.

2.2.3. Determination of pH value for lucuma fermentation

The pretreated lucuma juice was adjusted to pH levels of 3.5, 4.5, and 5.5, along with the
optimal TSS determined in section 2.2.1. The fermentation process was carried out as described
in the general procedure. The experiment was performed in triplicate.

2.2.4. Determination of yeast concentration for lucuma fermentation

The pretreated lucuma juice was adjusted to the optimal TSS determined in section 2.2.1 with
the pH value selected from section 2.2.2. The sample mixtures were subsequently supplemented
with Sac ST9 at a density of 10%, 10’, and 10° CFU/mL, respectively. The fermentation process was
carried out as described in the general procedure. The experiment was performed in triplicate.

2.2.5. Trial fermentation in the 5-liter batch of the lucuma wine

The 5-liter scale of pretreated lucuma juice was adjusted to the optimal TSS as determined in
section 2.2.1, with the pH value selected from section 2.2.2. The mixture was then supplemented
with 120 mg/L NaHSO; and stabilized for 2 h. Subsequently, Sac ST9 at the cell density selected
in section 2.2.3 was inoculated into the sample. The fermentation was carried out at room
temperature (28 + 2°C) for 10 days. Afterwards, the product was filtered, sterilized, and
preserved at 4°C up to 3 weeks. Lucuma wine was then analyzed for the microbiological criteria
and sensory evaluations. The experiment was performed in triplicate.

2.2.6. Physicochemical analyses

The pH value was measured using a digital pH meter (Hanna, America). The TSS, expressed
in °Brix, was measured using a manual Atago refractometer (0-33 °Brix, France). Ethanol
content (% v/v) at 20 °C was determined using the distillation method. The total acid content (%)
was determined by titration with 0.1 N NaOH, total sugar content (%) and reducing sugar (%)
were determined by the dinitrosalicylic acid (DNS) assay [18], and vitamin C content (mg/%)
was determined by the indophenol method [19].

2.2.7. Microbiological and sensory analyses

The microbiological parameters were conducted by the Center of Analytical Services and
Experimentation of Ho Chi Minh City — CASE Cantho. Lucuma wine was analyzed for
microbiological criteria, including total yeast and mold (CFU/mL), Coliforms (CFU/mL), and E.
coli CFU/mL), all in accordance with International Organization for Standardization guidelines
[20]. Sensory evaluation of wine in terms of clarity and color, aroma, taste, and overall
confidence was done according to Vietnam National Standard TCVN 3217:79 [21].

2.2.8. Statistical analyses

The data was analyzed using one-way ANOVA by Minitab 17 (Minitab LLC., USA) and
graphed in Excel 2016 (Microsoft Inc., USA).

3. Results and discussion
3.1. Physicochemical characteristics of lucuma

In any product manufacturing process, raw materials are a crucial factor that influences
production and determines the final product's quality. Therefore, analyzing the chemical
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composition of raw materials is an essential first step to evaluate both the quality of the raw
material itself and the quality of the finished product. In this study, lucuma shows a low sugar
concentration (15.82%), total acid content (0.15%), and water content (62.55%) (Table 1). Thus,
additional sugar and water are needed to promote efficient fermentation.

Table 1. Physicochemical characteristics of lucuma

Constituent Approximate value
Moisture (%) 62.55
TSS (°Brix) 13.00
Total acid content (%) 0.15
Total sugar content (%) 15.82
Reducing sugar (%) 13.41
pH 5.20
Vitamin C (mg%) 0.20

Note: The values in this table were the mean values of triplication.

3.2. The initial sugar for lucuma fermentation using Sac ST9

Sugars are the primary substrate for producing ethanol, lactic acid, and carbon dioxide during
fermentation. It can be seen that the initial TSS is a vital factor that affects both the fermentation
process and the quality of the resulting wine. In the fruit winemaking, the low TSS levels won't
adequately support the yeast's nutritional needs, leading to slow fermentation and failure to reach
desired product specifications. Conversely, if the initial sugar is too high, yeast growth will be
suppressed, resulting in the fermentation process deviating from expectations. The optimal initial
sugar level for wine fermentation depends on the starting fruit juice. Typically, the initial sugar
content used in Saccharomyces cerevisiae fermentation ranges from 20% to 24% [22]-[24].
Following the previous study on lucuma wine [17], the total soluble solids (TSS) for lucuma
fermentation in this study are 15, 20, and 25 °Brix, respectively.

Table 2. The effects of °Brix on lucuma wine

The initial Results after fermentation Sensory quality
TSS TSS Ethanol content  The total Residual Clarity Taste  Aroma
(°Brix)  (“Brix) (% viv) acid (g/L)  sugar (%) and color
15 6.33° 10.73° 4.04° 0.85° 450°  3.10° 2.60°
20 5.00° 12.60° 3.86° 0.65° 430°  3.10° 2.80°
25 14.30° 12.53? 4.36% 10.89° 4.80° 4.90° 4.30%

Note: The values in this table were the mean values of triplication observed after 10-day fermentation.
The values in a group with the same superscripted letters were not significantly different at the 95%
confidence level (p < 0.05).

In this study, the experimental results demonstrate a clear relationship between TSS and
fermentation outcomes. The result shows that significant differences are observed across all three
TSS treatments (p < 0.05). After 7 days of fermentation, the alcohol content in the 15 °Brix and
20 °Brix treatments is 8.53% v/v (Figure 1A), with no significant difference at the 95%
confidence level. However, both are significantly higher than the 25 °Brix treatment with 7.80%
v/v in the 7-day fermentation (Figure 1A). Remarkably, by the 10-day fermentation, the 25 °Brix
treatment produces a maximum alcohol concentration of 12.53% v/v, which is not statistically
different from the 12.60% obtained with the 20 °Brix treatment (Table 2 and Figure 1A). The
TSS of 25 °Brix has the highest total acid content (4.36 g/L) and residual sugar content (10.89%)
compared to 15 and 20 °Brix (Table 2). Besides, a noticeable improvement in aroma and taste is
observed when increasing the TSS from 20 to 25 °Brix (Table 2). Particularly, at the TSS of
25 °Brix treatment, lucuma wine yields the best sensory scores across all attributes, including
clarity and color (4.80), aroma (4.90), and taste (4.30).
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Figure 1. The effects of the initial sugar (A), pH value (B), and yeast concentration (C)
on the ethanol content of lucuma fermentation

These findings align with observations from studies on other fruit wines, such as sapodilla [25],
Burmese grape [26], and soursop [27]. The basic principle is that yeast uses sugar in the
fermentation medium for growth and ethanol production, indicating a direct relationship between
sugar consumed and ethanol produced, up to a certain point. However, very high sugar levels can
cause incomplete fermentation by yeast and create osmotic pressure, which negatively impacts
yeast’s growth. This osmotic stress can prevent further increases in ethanol production, even
when sugar is abundant. Therefore, based on both alcohol yield and sensory qualities, an initial
soluble solids level of 25 °Brix is identified as the most suitable for further research.

3.3. The initial pH value for canistel fermentation using Sac ST9

The results indicate that Sac ST9 exhibited robust growth across all three juice pH treatments,
including 3.5, 4.5, and 5.5. At the beginning of the process, the alcohol is produced slowly over 3
days of fermentation (Figure 1B). Subsequently, yeast adaptation to the fermentation
environment led to a gradual increase in alcohol production. Notably, the highest alcohol content
is found in lucuma wine produced from the pH 4.5 treatment, reaching 12.10% v/v after 10 days
of fermentation, statistically significant compared to the other treatments (Table 3, Figure 1B).

Table 3. The effects of pH value on the lucuma fermentation ability of Sac ST9

The initial Results after fermentation Sensory quality
pH value TSS Ethanol content The total Residual Clarity Taste Aroma
(°Brix) (% viv) acid (g/L)  sugar (%) and color
35 13.00° 9.57° 5.56° 9.34° 3.90° 360° 3.70°
45 13.00% 12.10° 3.68° 9.712 4.60° 4.60° 4.60°
5.5 12.83° 10.40° 3.80° 8.37" 370"  240° 2.70°

Note: The values in this table were the mean values of triplication observed after 10-day fermentation. The values
in a group with the same superscripted letters were not significantly different at the 95% confidence level (p < 0.05).

On the other hand, sensory evaluations consistently show improvements as the initial pH of the
canistel juice increased from 3.5 to 4.5 (Table 3). However, these scores began to decline when the
pH increased further from 4.5 to 5.5. For clarity and color, specifically, the 3.5 and 5.5 pH treatments
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have similar sensory scores of 3.90 and 3.70, respectively. Meanwhile, the pH 4.5 treatment results in
a significantly higher score of 4.60, as shown in Table 3. Even though the results show no statistically
significant differences in residual total soluble solids or residual sugar content across the various pH
treatments, the pH 4.5 treatment consistently yields the highest alcohol content after 10 days of
fermentation (Table 3). A similar trend is observed in the studies of cashew apple wine [28], soursop
wine [27]. Therefore, pH 4.5 was selected for further experimentation.

3.4. Yeast concentration for lucuma fermentation using Sac ST9

A larger yeast biomass directly correlates with increased substrate consumption, which in turn
leads to a proportional enhancement in the products of yeast growth and metabolism. Therefore,
raising the yeast inoculation density from 10° CFU/mL to 10’ CFU/mL significantly enhances the
product's alcohol content at 3, 7, and 10 days of the fermentation process (Figure 1C).
Nevertheless, further increasing the inoculation density from 10’ to 10° CFU/mL results in a
negligible change in alcohol production, increasing 0.03% v/v. Statistical analysis (Table 4)
reveals a significant difference (p < 0.05) in alcohol content between the 10° CFU/mL treatment
(9.20% alcohol) and the 10’ CFU/mL treatment (12.37% alcohol). In contrast, no significant
difference is observed between the 10° CFU/mL (12.37% alcohol) and 10° CFU/mL (12.40%
alcohol) treatments. The sample treated with 10” CFU/mL exhibited total soluble solids (TSS) of
12.00, total acidity of 3.22 g/L, and residual sugar of 10.54%. These values were not significantly
different from those observed in the 10° CFU/mL treatment (p < 0.05). As of the results, 10’
CFU/mL yeast inoculation density is one of the optimal conditions for lucuma wine.

Table 4. The effects of yeast concentration on the lucuma fermentation ability of Sac ST9

Yeast Results after fermentation Sensory quality
concentration TSS Ethanol content The total  Residual Clarity  Taste Aroma
(CFU/mL) (°Brix) (% viv) acid (g/L) sugar (%) and color
10° 14.17° 9.20° 2.94° 12.22° 3.10°  360° 3.30°
10’ 12.00° 12.37° 3.22° 10.54° 460  4.40°  4.60°
10° 12.00° 12.40° 3.30° 10.55° 450° 430" 4.30°

Note: The values in this table were the mean values of triplication observed after 10-day fermentation. The values
in a group with the same superscripted letters were not significantly different at the 95% confidence level (p < 0.05).

3.5. Quality of lucuma wine

Table 5. Quality evaluation of lucuma wine
Vietnam National Standard

Criteria QCVN 6-3:2010/BYT [29] Method Results
Colifoms (CFU/mL) 0 1SO 4832:2006 < 1.00
E.coli (CFU/mL) 0 I1ISO 16649-2:2001 < 1.00
Total yeast and mold (CFU/mL) 100 1ISO 215227 2:2008 <1.00
pH value - - 3.65
TSS (°Brix) - - 12.00
The total acid (g/L) - - 3.36
Ethanol content (% v/v) - - 12.50
The total sugar (%) - - 10.62

The fermentation of fruit wine was tested using a 5-liter volume. The juice was adjusted to pH
4.5 and 25 °Brix, and surveyed with a density of Sac ST9 at 10’ CFU/mL for 10 days at room
temperature. From the above experiments, Sac ST9 produced an ethanol content of 12.50% (v/v)
in lucuma wine with a TSS, total acid, and pH value of 12.00 °Brix, 3.36 g¢g/L, and 3.65,
respectively (Table 5). The sensory properties were evaluated according to the criteria of TCVN
3217:79 [21]. The wine was assessed as good in clarity and color, aroma, and taste, reaching
4.42, 4.85, and 4.85 points, respectively.
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Sensory evaluation results show that the wine
had no strange, cloudy smell, and the color and
odor were specific to the product (Figure 2).
Compared to the TCVN 3217:79 [21] the sensory
quality assessment of left-sided wine received a
good rating.

The microbiological criteria of the final product
were analyzed by the Center of Analytical Services
and Experimentation of Ho Chi Minh City — CASE
Cantho, and the values meet the Vietnam National : ;
Standard QCVN 6-3:2010/BYT [29] (Table 5). Figure 2. Lucuma wine

4. Conclusion

This study aimed to study the optimal fermentation process of the Sac ST9 strain isolated
from lucuma pulp. The results showed that the Sac ST9 strain was able to ferment lucuma pulp
into wine at room temperature with an initial pH of 4.5, 25 °Brix, and yeast density of 10’
CFU/mL. Preliminary 5 liters of fermentation for 10 days produced an ethanol content of 12.50%
(v/v). The chemical and microbiological criteria of the final product were met to the Vietham
National Standard QCVN 6-3:2010/BYT [29].
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