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Tepache is a functional fermented beverage made from pineapple by-products. It is rich in prebiotics
and bioactive compounds. However, prolonged storage of the beverage can lead to further
proliferation of microorganisms, eventually resulting in an undesirable taste and changes in
nutritional composition. There is a need to extend the shelf life of the tepache without compromising
its organoleptic and nutritional properties. In this study, the effect of high-pressure processing (HPP)
on the physicochemical properties, microbial quality, and sensory characteristics of tepache was
investigated. Samples were treated at 300, 450, and 600 MPa for 6 min and stored at 4 °C for 14
days. Total plate count, pH, total soluble solids, color, DPPH scavenging activity, and sensory
evaluation were analyzed. HPP significantly reduced the microbial load, ranging from no viable
cells to 6.00 logio CFU/mL, with 600 MPa showing the highest efficacy. Tepache treated with HPP
exhibited higher pH, total soluble solids, and sensory scores, which increased with higher pressure.
The treatment maintained the color of the sample, but a slight decrease in b* was observed during
storage. The DPPH scavenging activity was improved by the high-pressure treatment, and lower
reduction was observed during storage compared to the control sample. The findings suggest that
HPP at higher pressure is a suitable option to improve both the shelf life and quality of fermented
beverages without compromising their antioxidative properties.

INTRODUCTION

flavour of the beverage. Biochemical changes may still occur
even under low-temperature storage due to the metabolic activity

Tepache is a popular traditional fermented beverage that
originated from Mexico. It is made using pineapple peels, brown
sugar, water, and some spices (optional) such as cinnamon and
pepper. The mixture then undergoes natural fermentation at room
temperature by native microorganisms originating from the
ingredients and environment for 1 to 4 days [1,2]. The liquid from
the fermented mixture is then filtered out and served as tepache.
The organoleptic properties of tepache are contributed by its
sweet taste, with low acidity, low ethanol, and the presence of
other volatile compounds [3]. The fermentation process increases
the level and bioavailability of bioactive compounds. The
beverage is also rich in probiotics, ranging from various
mesophilic aerobic bacteria, lactic acid bacteria, and yeasts [4,5].
Extending the shelf life of tepache presents several challenges.
Uncontrolled storage conditions may allow microbial
proliferation, which may adversely affect the composition and

of psychrotrophic microorganisms. Tepache contains between
1.72 - 52.72 g/L ethanol [3], and the alcohol level may increase
if fermentation continues during storage, raising concerns about
its halal compliance.

High-pressure processing (HPP) is a non-thermal
preservation technique often used to inactivate microorganisms
while preserving the nutritional content of food. HPP treatment
of fermented pomegranate juice at 600 MPa for 3 minutes
successfully inactivated the microorganisms while preserving the
physicochemical and bioactive compounds of the juice [6]. To
date, studies on storage stability and the effects of high-pressure
treatment on the quality of tepache are lacking. Therefore, this
study investigates how the different HPP pressure affects the
quality of tepache over 14-day storage at low temperatures.
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MATERIALS AND METHODS

Materials

Ripe pineapples (MD2 variety) at ripening index 5 and brown
sugar (MSM Prai Berhad, Malaysia) were purchased from local
stores. All chemicals, 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
and ascorbic acid (Sigma Aldrich, Gillingham, UK), and
methanol are reagent grade.

Preparation and fermentation of tepache

Tepache was prepared according to Gutiérrez-Sarmiento et al. [2]
with some modifications. Pineapples were washed and peeled.
The pineapple peels, with a thickness of 1.5 to 2 cm, and cores
were collected and washed under running tap water. The peels
and cores were cut to a 3 x 3 cm size. Brown sugar (200 g) was
dissolved in 1000 mL of distilled water. The peels and cores (350
g) were placed in a pre-sterilized plastic container, followed by
the addition of the sugar solution. The lid was loosely closed, and
the sample was fermented at 30 °C for 48 h. The fermentation
was stopped when white foams were spotted on the surface of the
tepache. The tepache juice was collected by straining out the
peels and cores. The juice was then strained one more time. The
tepache juice was packed in plastic bottles (150 mL).

High-pressure processing of tepache

The tepache was treated using a commercial-scale high-pressure
processing (HPP) machine (Hiperbaric Wave 6500/120, N.C.
Hiperbaric, S.A., Bargas, Spain) at 300, 450, and 600 MPa for 6
min, labeled as HP300, HP450, and HP600, respectively. The
untreated tepache is considered a control. The tepache was stored
for 14 days at 4 °C. The samples were analyzed right after the
HPP (Day 0) and on Day 14, while sensory evaluation was
performed on Day 0 samples.

Characterization of tepache

Total plate count (TPC) was used to determine the viable
microbial load in the tepache. Serial ten-fold dilutions were
prepared from 107! to 10-1? in buffered peptone water. An Aliquot
(0.1 mL) from each dilution was transferred onto the plate count
agar. Duplicate plates were prepared for each dilution. The plates
were incubated at 37 °C for 48 h. Colony forming units (CFU)
were counted with plates with 25 to 300 colonies were considered
for record [7]. The pH of the tepache was measured using a pH
meter, while the total soluble solids were determined using a
refractometer.

The colour of the tepache was measured using a chromameter.
Tepache (50 mL) was filled into a small transparent container
with a white background on the bottom. The L*, a* and b* values
were recorded. Chroma was calculated as follows [8]:

Chroma = (a**+b*?)!? [€))

2,2-Diphenyl-1-picrylhydrazyl — radical = (DPPH)  radical
scavenging activity was determined according to the method of
Oikeh et al. [9] with some modifications. DPPH (24 mg) was
dissolved in 100 mL of methanol to prepare a 0.1 mmol/L DPPH
solution. Tepache or standard (ascorbic acid) (0.1 mL) at varying
concentrations (5, 10, 15, 20, and 25 mg/mL) was added into a
test tube containing 0.9 mL methanolic DPPH solution. The
reaction mixture was kept in a dark room for 30 minutes, and the
absorbance was measured at 517 nm. The inhibition percentage
of DPPH was calculated using the following equation.

DPPH radical scavenging activity (%) = [A¢o— A1) / A¢] x 100 2)

Where Ay is the absorbance control (DPPH radical + methanol)
and A; is the absorbance of the sample or standard. Sensory
evaluation of tepache was performed by 30 untrained panelists
using a 1 — 9 hedonic scale for scoring color, aroma, sweetness,
sourness, aftertaste, and overall acceptability (1 as dislike
extremely, 5 as neither like nor dislike, and 9 as like extremely).
The fermentation was performed in two batches. All analyses
were conducted in triplicate for each batch. Statistical analysis
was performed using Minitab (ver. 22, Minitab Inc, Penn., USA).
The data was analysed using one-way ANOVA to determine
significant differences among treatment groups, and a t-test was
used to analyze the difference between storage durations. The
least significant differences were calculated using Tukey’s test at
a significant level (p < 0.05).

RESULT AND DISCUSSION

Table 1 shows the total plate count (TPC) of tepache following
high-pressure treatment (Day 0) and 14 days of low-temperature
storage. The untreated sample (control) had a high microbial
count, suggesting that the fermentation process enhanced the
probiotic content of tepache. The viable cell counts significantly
decreased following the HPP treatment. Treatment at 300 and
400 MPa did not fully inactivate microorganisms, however,
increasing pressure resulted in greater microbial inactivation,
with the sample treated at 450 MPa (HP450) recorded colony-
forming units of <10 x 10> CFU/mL. At 600 MPa, the microbe
was sufficiently inactivated to be below the detection limit.

Previous authors [10] reported a TPC count of <10 CFU/mL
in sea buckthorn juice treated at 500 MPa for 5 min. However,
storage of the tepache led to a significant increase in the
microbial count in all HPP-treated samples, while a slight
decrease was observed in the control sample. Similarly, Pereira
et al. [11] reported an increase in viable cell count after 42 days
of refrigerated storage of fermented cashew apple juice. The
increase in viable cell count in the HPP-treated tepache could be
due to the survival of acid- and pressure-resistant spores that may
have proliferated during the storage, while the slight decrease in
microbial count in the control sample could be due to the reduced
viability of acid-intolerant microorganisms.

Table 1. Total plate count of tepache treated at different high-pressure
levels measured on Day 0 and 14.

Samples Logio CFU/mL

Day 0 Day 14
Control 7.75 £ 0.59*A 7.53 £0.19*A
HP300 4.00 + 0.00°8 6.00 + 0.20°*
HP450 <2.00 £ 0.00°® 4.23 +£0.34°A
HP600 ND 3.24 4+ 0.34%

Note: ND: non-detected. Values with different lowercase within the same column indicate
significant differences across different samples (p < 0.05). Different uppercase letters within the
same row indicate significant differences across storage durations for the same sample at p <0.05.

Tepache is a highly acidic beverage. Table 2 shows that the
pH of Day 0 tepache ranged from 3.20 to 3.40, with the high-
pressure-treated samples showing a slight increase in pH after
the treatment. Nonetheless, no significant trend was observed
between the pressures tested. These results are consistent with
other studies that found pH values of 3.5 and 3.2 to 3.4 for
tepache after 48 and 72 hours of fermentation, respectively [2,
12]. The accumulation of organic acids via the metabolic
activities of microorganisms during fermentation could be the
reason for the low pH.
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Tepache was reported to contain 1.12-33.92 g/L lactic acid
and 1.12-10.3 g/L acetic acid [3]. A slight decrease in pH was
observed in all samples following storage of the tepache, with
values ranging from 3.16 to 3.26, with the control sample having
the lowest pH. The reduction in pH of the control and HPP-
treated samples could be due to the continued microbial activities
during the storage, leading to increased acidity. These findings
were supported by the increased viable cell count in the stored
samples. Lactobacillus casei is capable of producing acid even at
low temperatures, thus increasing the lactic acid content [11].
The sample treated at 600 MPa (HP600) showed a high reduction
in pH value. This could be partially due to the oxidation of
vitamin C. The degradation of ascorbic acid leads to the
formation of dehydro ascorbic acid which can be further
hydrolyzed to 2,3-diketo-l-gulonate or oxidized to other acids
such as L-threonic and oxalic acids [13].

Table 2. Changes in pH and total soluble solids of tepache following
high-pressure processing (Day 0) and low-temperature storage (Day 14).

Samples pH Total soluble solids (°Brix)

Day 0 Day 14 Day 0 Day 14
Control ~ 3.28 £0.02°*  3.16+0.01°® 15.8+0.61*  14.7+0.21%8
HP300 3.39£0.05*  3.22+0.01°8 154+ 1.06* 155+ 1.38%*
HP450 3.37+£0.03**  3.26+0.03%® 16.6 +£0.33% 154+ 1140
HP600 3.40 £0.05*  3.22 +0.02%8 15.9+0.50*  15.8+0.39**
Note: Values with different lowercase within the same column indicate significant differences
across different samples (p < 0.05). Different uppercase letters within the same row indicate
significant differences across storage durations for the same sample at p < 0.05.

Tepache commonly contains sucrose (0.73 -101.87 g/L),
glucose (1.28 - 21.78 g/L), and fructose (1.02 - 45.52 g/L) [3],
derived from brown sugar and pineapple by-products. The total
soluble solids (TSS) of tepache ranged from 15.4 to 16.6 °Brix.
High-pressure processing has no significant effect on the total
soluble solids (TSS) content of the tepache (Tab. 2). This finding
is consistent with Xia et al. [9], who demonstrated that the TSS
levels of sea buckthorn juice do not change after 5 minutes of
HPP at 500 MPa.

The TSS value slightly decreased during storage, with the
control sample having the lowest value, which could be due to
the continuous utilization of the sugars, particularly by
psychotropic microorganisms during the storage period, as
evidenced by a high viable cell count in the control sample. This
finding is consistent with the fermented cashew apple juice,
which exhibited a decrease in both monosaccharides and
disaccharides after 42 days of refrigerated storage. This was
linked to sugar fermentation by L. casei [11]. Furthermore, the
decrease in TSS, particularly in samples with low microbial
populations, could be attributed to acid-catalyzed sugar
breakdown, which results in the synthesis of different
intermediates that, in turn, induce a decrease in TSS.

The L* and a* values of the tepache were not significantly
altered by HPP. However, an increase in the b* value was
observed after HPP treatment (Day 0) (Fig. 1), indicating an
increase in the beverage's yellowness. This result is consistent
with the Chroma value, which improved with increasing HPP
pressure, with HP600 displaying the most vivid and intense color,
implying that HPP improves the color of the tepache. With the
exception of the control, a slight decrease in L*, b*, and Chroma
was observed after storage. This is consistent with the increase in
a*, which could be due to non-enzymatic browning events that
take place during storage. This finding could be explained by the
fact that the HPP-treated stored samples had higher total soluble
solids, which promote a greater degree of Maillard reactions. In
addition, the decrease in the beverage brightness could be
ascribed to the remaining polyphenol oxidase and peroxidase

enzymes that survived the HPP treatments. These enzymes are
associated with the degradation of phenolic compounds, leading
to an accumulation of brown polymers [13].

70.00

aA
aA ah

60.00

aA aB aA a
50.00
40.00

-

30.00
20.00
10.00
0.00

Control HP300 HP450 HP600

*

mDay0 mDayl4

20.00

18.00 "
16.00 A AN “ o o
14.00 @

12.00

% 1000
8.00
6.00
4.00
2.00
0.00

Control HP300 HP450 HP600

mDay0 mDayl14

1.80
1.60
aA
1.40 A

1.20
1.00
0.80
0.60 abe

bl

0.20

a*
(=]
B
o
:
s
£
h

0.00

Control HP300 HP450 HP600

mDay0 mDay14

18.00

aA
17.00
16.00 ” »
cA bB
@ 15.00 bA
£
S 14.00 8
=
© 13.00
12.00
11.00
10.00
Control HP300 HP450 HP600

mDay0 mDayl4

Fig. 1. Changes in color attributes of tepache following HPP treatment
and storage.

The tepache's antioxidant  activity remained
stable throughout HPP treatment (Day 0), with DPPH scavenging
activity ranging from 49.6 to 54.0%. The percentage of DDPH
inhibition was slightly reduced during storage. The control
sample had the lowest value, whereas antioxidant activity rose
with increasing HPP pressure, with the stored HP600 sample
exhibiting the highest value. The ascorbic acid equivalent (AAE)
of the tepache ranged from 145.1 to 156.1 pg/mL. The HPP-
treated samples showed a considerable improvement in AAE,
which improved with increasing treatment pressure. Vitamin C
breakdown during storage could account for the decrease in
antioxidant efficacy. Previous authors [14] reported that
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microorganisms can oxidize ascorbic acid to L-dehydroascorbic
acid, which is then converted to L-ketogluconate, which lacks
antioxidant properties and may explain the lower DPPH
scavenging activity in non-HPP-treated samples.

Table 3. DPPH radical scavenging activity and ascorbic acid equivalent
(AAE) of tepache following high-pressure processing (Day 0) and low-
temperature storage (Day 14).

Samples DPPH inhibition (%) Ascorbic acid equivalent (ug/mL)
Day 0 Day 14 Day 0 Day 14

Control ~ 51.6+1.6™ 49.£2.144 1527 +5.1% 145.1 + 6.7
HP300  52.8+1.9** 51.2+£2.0" 156.5+5.8% 151.5+ 6.3
HP450  52.4+23% 51.6+2.1% 1553 +7.0" 153.0 + 5.9
HP600  54.0 +2.2** 52.6+2.1**  160.3 +6.9* 156.1 + 6.6*

Note: Values with different lowercase within the same column indicate significant differences
across different samples (p < 0.05). Different uppercase letters within the same row indicate
significant differences across storage durations for the same sample at p < 0.05.

The sensory evaluation of the tepache was performed on
Day 0 of the samples. High-pressure treated samples scored
higher for sweetness, sourness, aftertaste, and overall
acceptability, whereas tepache treated at higher pressure (HP450
and HP600) had comparable scores (Fig. 2). The HPP-treated
samples were perceived to have a better balance of sweetness and
sourness, possibly due to lower acidity and higher total soluble
sugars than control samples. Higher results for aftertaste imply
that HPP treatment was able to reduce the undesirable aftertaste
of the beverage. Color scores for all samples, including the
control, ranged from 6.34+0.43 to 6.57+0.43, suggesting no
noticeable difference between treated and untreated samples. In
terms of aroma, all samples showed comparable scores, implying
that the HPP was able to retain the volatile compounds in the
beverage. The HP450 and HP600 had the highest overall
acceptability, scoring 6.80+0.28 and 6.93+0.28, respectively, due
to their balanced taste qualities.

——Control ——HP300 HP450 HP600
Color
7.00
6.007
Overall Acceptability Aroma
Aftertaste > Sweetness

Sourness

Fig. 2. Sensory attributes of tepache measured after high-pressure
processing.

CONCLUSION

The high-pressure treatment led to a significant reduction in the
microbial levels in the tepache while also improving the sensory
quality of the beverage. Tepache treated with HPP exhibited a
higher pH and total soluble solids, while maintaining color
during storage. Although HPP treatment is unable to inactivate
the microbial spores, the number of viable microorganisms is low
after 14 days of storage, particularly when treated at 600 MPa.
HPP treatment improved DPPH radical scavenging activity in
tepache, with treatment at 600 MPa yielding the greatest ascorbic
acid equivalent value. These findings support the use of HPP as
a non-thermal option for improving the quality and shelf life of
fermented  fruit  beverages  while preserving their
physicochemical and sensory properties.
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