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Fermented fruit juices have become a popular beverage around the
world due to its low alcoholic concentration and benefits. Besides, the
natural flavour and bioactive compounds of fruits are not significantly
changed after fermentation. Hence, the study on fermented beverages
from fruit juices as ciders is increasing a great interest in many food
industries. This study aims to optimize the conditions for the
fermentation process of guava juice by using Saccharomyces
cerevisiae HG1.3, including soluble solids concentration, pH value,
yeast concentration, fermentation time, and the supplemented
pectinase concentration. In order to evaluate the product, the
physicochemical, sensory, and microbiological criteria were also
investigated. The results show that the recovery efficiency of the
product is highest (86.7%) by the addition of 0.3% enzyme pectinase.
The optimal fermentation conditions include 72 hours of incubation
time, 1% w/v yeast concentration, pH 4.6 and 16 °Brix. The product
has an ethanol content of 5.00% v/v, a good sensory score (4.3
points), and the microbiological criteria meet Ministry of Health
standards QCVN 6 - 3:2010/BYT.
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Enzyme pectinase

N4m men
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Ngay nay nudc udng trai cdy 1én men cang duoc wa chudng do co
chira ham luong thap alcohol va van giir duoc huwong tu nhién cua
tréi cay, vi vay viéc nghién ctu ché bién cac loai nuéc udng tur trai
cdy 1én men ngady cang dwoc quan tdm nhiéu hon. Nghién ctu nay
nhdm muc dich khao sat cac diéu kién thich hop trong 1én men nudéc
bi str dung nim men Saccharomyces cerevisiae HG1.3. Cac diéu kién
duogc khao sat bao gdm ham luong chét tan ban dau, gia tri pH, ty 18
nim men, thoi gian 18n men, va ty 1 bé sung enzyme pectinase. Bén
canh do, cac chi tiéu vé hoa ly, vi sinh vat va cam quan san pham sau
khi 1én men ciing duoc thuc hién. Két qua cho thay véi ty 1 0,3%
enzyme pectinase ban dau cho hiéu suét thu hoi dich qua 1a 86,7%.
Thoi gian 1én men thich hop 1a 72 gio véi 1% ty 18 ndm men, dich
trai duoc diéu chinh vé 16 °Brix, pH 4,6. San pham sau 1én men c6
ham luong ethanol 1 5,0% v/v va cam quan rat dac trung vé mili, vi
cua nguyén liéu trai 6i. Ngoai ra, cac chi tiéu vi sinh vat cua san
pham ciing dat yéu cau theo quy dinh QCVN 6 - 3:2010/BYT ciia Bo
Y te.
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1. Introduction

Fermented fruit juices have become a common beverage as per the preferences of consumers
around the globe. Partial fermentation of musts from fruits by using yeasts creates a reduced-
alcohol wine or fermented beverage, which contains ethanol from 1.2 to 6.5% v/v and the natural
flavor of the original juice [1], [2]. In Vietnam, fermented beverages from varieties of tropical
fruits have been studied and commercially introduced such as fermented fruit juices from
Selenicereus undatus [3], Limonia acidissima [4], and Docynia indica [5].

With pleasant flavor and taste, guava (Psidium guajava L.) is a potentially valuable resource
for the production of fermented fruit beverages. Guava, which belongs to the Myrtaceae family,
is a major fruit crop in tropical and subtropical regions such as Mexico, Central and South
America, Europe, Africa, and Asia [6]. In Vietnam, guava has been cultivated as a meadow
orchard or an intercrop among other plantation crops [7]. Considered one of the important crops
in Vietnam, the guava fruit growing areas in 2021 increased up to 23,100 hectares [8]. Guavas,
mangos, and mangosteens (export code: HS080450) have been exported to the EU up to 350,000
tons, which was worth more than 600 million USD during the first half of 2021 [9]. Guava fruit
has a berry form, thick mesocarp, and many small hard seeds [10]. It is a rich source of essential
nutrients such as calcium, phosphorous, potassium, and vitamins (A, B C) [11]. The vitamins (A,
and B) of guava enhance antivirus and anticancer activity [12]. Parts of the guava tree have been
used in traditional medicine, including buds, young leaves, fruits, root skin, and stem [10].

In general, species of guava are rich in nutrients and health benefits. From fresh guava fruits,
secondary guava processed products help not only to exploit the food values of this crop but also
to increase the farmer's income. In Vietnam, guava juice fermented with Saccharomyces
cerevisiae STH has a good taste and quality [13]. Yeast strains have a critical impact on
fermented juice profile in terms of end-product performance and sensory perception [14], [15].
Thus, to diversify fermented beverages from guava fruits, the main objective of this research is to
optimize the fermentation conditions of guava cider by using Saccharomyces cerevisiae HG1.3.

2. Materials and Methods
2.1. Materials

Guava fruits were purchased from local markets of Phong Dien district, Can Tho city. The
fruits were stored at a cold temperature for freshness and pre-treated according to Le [16].
Particularly, the guava fruits were washed under tap water and removed then the pedicels and
seeds after draining with distilled water. Thereafter, the guava flesh was pressed by a juicer
(Philips HR1811, Netherlands), and the physicochemical parameters were measured including
pH value (pH meter, Hanna, America), the soluble solids (°Brix, ATAGO, 0 — 33 °Brix, France),
the total sugars content by using acid dinitrosalicylic (DNS). Besides, the moisture content of
guava fruits was determined by a hot air convection drying oven (Memmert, German). These
analytical data were used for further experimental optimization.

Saccharomyces cerevisiae HG1.3 [14] was enriched by culturing in YPD liquid (10 g/L yeast
extract, 20 g/L peptone, 20 g/L D - glucose). Enzyme pectinase was purchased from Angel Yeast
(Vietnam). Acid citric, CaCQO3, NaHSQOs, ethanol, peptone, and D-glucose were purchased from
Xilong, China; dinitrosalicylic (DNS) reagent was purchased from Merk, German; and sucrose
was provided by Bien Hoa Sugar CO. LTD, Vietnam.

2.2. Methods

The guava cider fermentation procedure is as follows: primary treatment of fresh guava fruits,
juice pressing, pectinase supplement, optimization of fermentation conditions, and product
evaluation (Figure 1).
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2.2.1. Effects of the supplemented pectinase on guava juice yield

Guava juice was supplemented with enzyme pectinase at the concentration of 0.1; 0.2; 0.3;
and 0.4%, respectively, and incubated for 2 hours at 50 °C. The juice was filtered, and the yield
was calculated. The sample had no enzyme pectinase treated as a control. The highest yield
sample was selected for further experiments.

2.2.2. Effects of the soluble solids and pH values on guava cider fermentation

The °Brix and pH values are two essential factors for yeast growth converting sugar into
ethanol [6], [17]. The pre-treated guava juice (section 2.2.1) was diluted into the water with a
ratio of 1:1. Subsequently, the samples were adjusted to 14; 16; and 18 °Brix, pH 3.8; 4.2; 4.6;
and 5.0, respectively, and incubated at room temperature (28-30 °C) for 72 hours.

2.2.3. Effects of yeast concentrations and incubation times on guava cider fermentation

The selected pH and °Brix in section 2.2.2 were used to determine yeast concentration and
incubation time in this experiment. NaHSO3; was added into the adjusted guava juice and left off
in 2 hours. Then, the samples were inoculated with Sac HG1.3 (0.5, 1.0, and 1.5% of
concentration, respectively) and incubated at room temperature for 48, 72, and 96 hours,
respectively.

2.2.4. Evaluation of the quality of guava cider

Guava cider was analyzed ethanol content, soluble solids content, pH value, total sugars
content, and sensory evaluation in the criteria of clarity and color, aroma, taste, and overall
confidence according to Vietnam National Standard 3217:79. The microbiological parameters
including microaerophile, the content of yeast and mold, and Escherichia coli were conducted by
National Agro-Forestry Fisheries Quality Assurance Department - Branch 6, Vietnam.

2.2.5. Statistical analyses

The analyzed data were graphed in Excel 2016 (Microsoft Inc., USA). Statgraphics Centurion
version XIX-X64 (Statpoint Technologies Inc., USA) was performed for data analysis. The
results are the average of triplicate + SD.

_Guava J

v

Wash and press |

v
Add pectinase |

’

Filter |

v
[ Dilute (1 water:1 juice) |

Sugar, CaCO3 v

Adyust "Brix, pH |

NaHSO3 v
[ Left off in 2 hours l

Yeast L
T

v
| Filter |

v

' Guava Cider

Figure 1. Flowchart of fermented guava juice procedure
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3. Results and Discussion
3.1. Physicochemical characteristics of guava

The freshly purchased white guava fruits from local markets underwent pretreatment for
subsequent experiments (Figure 2). It has a high moisture content of 90.73 + 0.11% and pH of
4.36, creating a favorable environment for yeast growth. A previous study in India indicated that
fresh guava contains 84.90% moisture content, pH 4.1, and 10.6% total sugars, acceptable for
beverage fermentation [18]. However, the soluble solids content (8 °Brix) and total sugars
(7.26%) of guava fruits in this study are quite low, therefore, the addition of sucrose is required to
provide nutrition for yeast as well as the fermentation process [1].

Figure 2. Guava (Psidium guajava L.)
3.2. Effects of pectinase-assisted processing on guava juice extract

To increase the juicing efficiency, the fresh guava juice was pretreated with pectinase at 50 °C
for 2 hours. Pectinase belongs to the polysaccharides family, a group of enzymes that breaks
down pectin assisting to remove color, tannin, and soluble substrates, leading to the increase in
juice yield [19]. Enzyme pectinase is extensively used in the food industry, particularly in fruit
juice extraction and clarification [15], [19], [20].

The results show that the control treatment (without pectinase supplement) has a juice
extraction efficiency of 62.60%, lower than that of pectinase treatments. In detail, the highest
juice extraction efficiency is at 0.3% pectinase treatment induced 86.70 % juice extract, not
significantly different compared to the 0.4% pectinase treatment (85.97%). According to
Akesowan and Choonhahirun, 2013, the optimal pectinase of 869.36 ppm was added to obtain
85.10% guava juice in more than 2 hours [21]. Ideally, 0.3% pectinase addition is selected to
enhance the extraction efficiency from guava fruits in this study. Due to the ability of pectinase to
increase the clarity, stability, and quality of fruit juice extraction, it is an important step to
incubate the fruit juices with pectinase for the fermentation process [19], [22].

3.3. Effects of soluble solids content and acidity conditions on sensory parameters of the
fermented juice

In order to achieve the greatest quality of fermented juice, the initial soluble solids
concentration and acidity were optimized for guava cider production. The effects of °Brix and pH
value on the sensory parameters of the guava cider are shown in Table 1, with significant
differences among sample groups at <5 % of statistics.

Guava cider, fermented at the initial conditions of 16 °Brix and pH 4.6, has the highest clarity
and color point of 4.40, while 14 and 18 °Brix treatments are lesser evaluation scores for the
products at 3.70, and 4.30, respectively. Moreover, the treatments at 16 °Brix, pH 4.6 produced
guava cider with aroma and taste at 4.10 and 4.20 points, respectively. Meanwhile, 14 °Brix and
pH 4.6 treatment resulted in clarity (3.7 points), aroma (2.9 points), and taste (2.9 points), lower
than that of. The product differences among optimized conditions indicated that 16 °Brix is the
greatest initial soluble solids content for yeast growth in this experiment. Additionally, the guava
juice did not significantly change the natural taste, and the product has a mild taste with a low
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ethanol concentration, an acceptable cider sample. These results might be explained by suitable
conditions for the yeast to convert sucrose to ethanol during the fermentation process. Without
optimized conditions, the high sugar concentration inhibits the yeast’s fermentation ability due to
high osmosis and physiological imbalance; while lower one leads to insufficient substrates for the
yeast growth [19]. Regarding acidity condition, S. cerevisiae prefers a pH range from 4 to 6 [17].
Therefore, the pH of 4.6 along with 16 °Brix are selected for the fermentation of guava cider by
Sac HG1.3 in this study.

Table 1. Effects of °Brix and pH levels on the sensory parameters

The initial The initial Sensory parameters
°Brix pH Colour and clarity Aroma Taste
14 3.8 3.90° 2.90° 2.80%
14 4.2 3.70%¢ 2.90° 2.702
14 4.6 3.70%¢ 2.90° 2.90%
14 5.0 3.50° 2.80? 2.702
16 3.8 3.90° 3.50° 3.00%
16 4.2 4.200%f 3.00? 3.20%
16 4.6 4.40 4.10° 4.20¢
16 5.0 4.00¢e 2.90° 3.10%¢
18 3.8 3.60% 3.00? 2.702
18 4.2 4.200%f 2.702 2.90®
18 4.6 4.30°f 3.80° 3.70¢
18 5.0 3.60% 3.50° 3.50¢
F—Ratio 2.50 4.55 4.36
V—Value 0.0264 0.0004 0.0006

Note: Different letters within the column demonstrate the statistically significant difference at 5%
3.4. Effects of yeast concentrations and times on physicochemical characteristics of fermented juice

Yeast is a crucial factor in the fermentation process that decides the quality of alcoholic
beverages such as fruit ciders, herb cider, wine, and so on. Guava juice was adjusted to pH 4.6,
and 16 °Brix to survey the yeast concentration and fermentation time for guava cider making, the
results are shown in Table 2.

At 72 hours of incubation time, the 1% yeast concentration produced 5.00% v/v ethanol, 10
°Brix, and pH 3.97 in the final product, lower than compared to three-leaf wine fermentation in
the previous study (12°Brix, and pH 3.51), because of the different fermentation conditions [14].
The residual soluble solids create a mild sweetness for guava cider products. In addition, pH 3.97
is a typical acidity for fermented cider that meets the food safety demand.

Table 2. Effects of the yeast concentrations and incubation time on physicochemical contents of fermented juice

Fermentation Yeast concentration - Parameters
time (hr) (%) Res@ual solgble pH Ethanol Total sugars
solids (°Brix) (%Vviv) (%)
48 0.5 11.67¢ 427 1.002 8.56'
48 1.0 10.33¢ 4.06" 3.00P 7.86"
48 15 10.00¢ 3.91¢ 4.17¢ 7.249
72 0.5 10.33¢ 4.03¢ 3.00P 6.82f
72 1.0 10.00¢ 3.97f 5.00¢ 6.13¢
72 15 9.00° 3.76° 6.33° 5.57¢
96 0.5 9.00° 3.94¢ 5.17¢ 4.72°
96 1.0 7.67° 3.78° 6.33¢ 3.77°
96 15 6.002 3.652 8.00f 3.41°
F—Ratio 525 29.80 4.87 3.26
V—Value 0.0056 0.0000 0.0077 0.0354

Note: Different letters within the column demonstrate the statistically significant difference at 5%
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Different yeast concentrations and incubation times were studied for optimal conditions at
room temperature. The juice products resulting from these treatments had diverse ethanol
contents as the following: 17% v/v (48 hr, 1.5% yeast inoculum level), 5.00% v/v (72 hr, 1%
yeast inoculum level), and 5.17% v/v (96 hr, 0.5% yeast inoculum level). The inoculated samples
with 1% yeast and 72 hr of fermentation produced the most palatable fruit juice due to its great
clarity and flavor. Sac HG1.3, a thermotolerant yeast (up to 37 °C), was able to produce 9.9% v/v
of ethanol content in threeleaf wine at 35 °C [14]. In this study, Sac HG1.3 was able to ferment
guava juice at room temperature which produces cider containing twice lower- ethanol content. S.
cerevisiae is one of the typical yeasts used in apple cider fermentation. In Europe and North
America, this yeast fermented pressed juice from apples at 15-25 °C, however, 25 °C is an ideal
temperature [22]. These findings show that room temperature is the appropriate temperature for
low ethanol juice products.

Guava fruit juice was slowly fermented for 72 hours because of its round shape, the cell
surface display is rather slow which can affect nutrients absorption time and sugar transformation
during the fermentation process [14]. At the condition of 72 hr and 1% yeast inoculum level,
ethanol content was produced at 5% v/v, similarly to wood apple ciders (5:6% v/v) [4].
Furthermore, the soluble solids and total sugars were 10 °Brix and 6.13%, respectively,
producing a specific sweetness, pleasant aroma, and acceptable beverage. In conclusion, Sac
HG1.3 is a potential yeast strain for the production of guava cider with a low ethanol level of 5%
vlv, fermented at room temperature for 72 hrs.

3.5. Effects of yeast concentration and incubation time on the sensory features of guava cider

The different conditions of yeast inoculum level and incubation time were also investigated by
the sensory evaluation of the fermented products such as colors and clarity, aroma, and taste
according to TCVN 3215 — 79 standards [23] (Table 3).

Table 3. Effects of yeast concentrations and time on sensory parameters

Sensory parameters

Fermentation time (hr)  Yeast concentration (%o)

Colors and clarity Aroma Taste

48 0.5 3.500¢ 3.30% 2.90%
48 1.0 3.30% 2.90° 2.90%
48 15 3.30% 3.10% 3.20b¢
72 0,5 3.40% 3.10% 3.00%
72 1.0 4.60¢ 4.10¢ 4,304
72 1.5 4.10% 4.00% 4.20¢
96 0.5 3.20° 2.90° 3.60°¢
96 1.0 3.90%¢ 3.50%¢ 3.50°¢
96 15 3.80%¢ 3.50%¢ 2.702

F—Ratio 8.80 4.57 2.59

V—Value 0.0000 0.0022 0.0425

Notes: Different letters within the column demonstrate the statistically significant difference at 5%

Correspondingly, treatments 0.5%; 1%; 1.5% of yeast inoculum level in 48 hours resulted in
no significant changes in product quality, the statistically significant difference is at 5%. The
products have low ethanol content and no difference among treatments. At 96 hours, the
fermented juice has typical color, clarity, light alcoholic content, mild sweetness, sustainable
taste, and naturally fresh guava aroma. Among sample groups, 1% yeast inoculum treatment
produced a product with the highest points of color and clarity, aroma, and taste of 4.6, 4.1, and
4.3 points, respectively. These results repeatedly demonstrated that Sac HG1.3 is an acceptable
yeast strain for guava cider production at the controlled conditions of room temperature, 1%
yeast, and 72 hrs incubation time with the initial soluble solids and pH value is 16 °Brix and 4.6,
respectively.
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3.6. Sensory evaluation of guava cider

The optimal conditions for the fermented guava cider process are 16 °Brix, pH 4.6, 1% yeast
concentration, and 72 hours of fermentation time at room temperature. The products were finally
evaluated for physicochemical characteristics expressed by the pH values, residual soluble solids
(°Brix), ethanol content, and total sugars. The fermented guava juice contains 5.00% v/v ethanol
content, similar to that of wood apple cider (5: 6% v/v ethanol content) [4], fermented pitaya
juice (3.19% v/v ethanol content) [3], Docynia indica cider (5.2% v/v alcoholic content) [5]. The
total sugars, soluble solids, and pH values were 6.05+0.02%, 10 °Brix, and 3.95, respectively.

The Vietnamese standard methods (TCVN 3215 - 1979) were applied for the sensory analysis
of guava cider. As of the results, guava cider has typical characteristics of color (4.29 points),
aroma (4.43 points), and taste (4.29 points) of the fresh guava fruits (Figure 3).

Figure 3. Guava cider with 5.00% v/v ethanol content

After fermentation, the fruit juice was distilled into glass bottles and pasteurized at 75 °C for
10 minutes, then left for cold preservation. The product quality was assessed for the presence of
unexpected microorganisms by using Vietnamese standards for alcoholic beverages (QCVN 6 —
3:2010/BYT) [24]. The microorganism concentration of guava cider was reported in table 4.
There are passive results for E.coli, implicating that guava juice is safe to consume. Additionally,
the total aerobic microorganisms, and the total yeast and mold content are all <1. These results
demonstrate the assurance of the product’s quality since it is preventable from pathogenic and
spoilage microorganisms.

Table 4. Microbiological criteria of guava cider

Criteria Methods QCVN 6—3:2010/BYT Results*
Escherichia.coli (MPN/mL) ISO 16649-2:2001 Absence None
Total microaerophile (CFU/mL) 1ISO 4833-1:2003 103 <1
Total yeast va mold (CFU/mL) ISO 21527-2:2008 102 <1

(*) The results were analyzed by National Agro-Forestry Fisheries Quality Assurance Department -
Branch 6, Vietnam.

In general, guava juice was fermented at room temperature by Sac HG1.3 to produce 5% v/v
ethanol and pH 3.95 in the final product meets food safety requirements as per the absence of
harmful microorganisms.

4. Conclusion

This study has achieved the objective of optimal conditions for alcoholic beverages fermented
from fresh guava fruits at room temperature. The optimal conditions of guava cider production
include 1% yeast inoculum level, 16 °Brix, pH 4.6, and 72 hours of incubation time at room
temperature. Besides, the experimental results indicated that Sac HG1.3 is well-adapted, effective
fermentation, and a suitable yeast strain for the production of fermented fruit juices from guava.
These findings, thus, provided valuable information for the exploitation and application of natural
yeast strains in fermentation techniques, which helps to create a yeast profile for the fruit
processing industry.
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