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ARTICLE INFO ABSTRACT

Sugared snake fruit juices were fermented for 14 days with the Kombucha consortium containing yeasts and
acetic acid bacteria. Five Indonesian cultivars (Salak Doyong, Salak Madu, Salak Pondoh, Salak Segaran and Salak
Suwaru) of the fruit were studied. The physicochemical and sensory properties of the fermented products re-
vealed the snake fruit Kombucha from the Salak Suwaru cultivar as the most acceptable with color indices L* and
b* respectively 30.5 and 13.2; total sugar, 7.54%; total soluble solids, 11.3%; total acidity, 1.65%; pH, 3.15; and
sensory scores (out of 5) of 3.90 for color, 3.70 for taste and 3.80 for aroma. The fermentation enhanced an-
tioxidant activity of the snake fruit Kombucha, as assessed by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity, and consistent with increases in phenolics, tannins and flavonoids. Acetic acid was the major
organic acid of the fermented product that showed an enhanced antibacterial activity by inhibiting Gram-po-
sitive (Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria. Snake fruits can be used to develop
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functional food beverages and foods through the Kombucha fermentation.

1. Introduction

Snake fruit (Salacca zalacca (Gaerth.) Voss) is a tropical fruit widely
found in South East Asia. It is known by various names such as Salak
(Indonesia, Malaysia and Philippines), Rakam (Thailand), Sa Laka and
She Pi Guo Zong (China), Schlagenfrucht and Zalak (Germany), Sarakka
Yashi (Japan), Salaca (Span) andYingan (Myanmar) (Mohd Zaini et al.,
2013). It has a white firm pulp with a sweet, slight acidic and astringent
taste. Snake fruit is a good source of vitamins, minerals, dietary fiber,
and bioactive compounds with antioxidant activities (Aralas et al.,
2009; Suica-Bunghez et al., 2016). There are many snake fruit cultivars
or genotypes worldwide, and each cultivar has unique physical, che-
mical and sensory characteristics. The ripe fruit is mostly eaten fresh,
but it can also be processed into canned fruits, juices, dried fruits,
pickles, syrups, and fermented products. Some studies revealed the
suitability of sugared snake fruit juice for wine and vinegar fermenta-
tions, as it is a good medium for relevant microorganisms (Gunam et al.,
2009; Zubaidah et al., 2017). This favourable fermentability property of
the sugared snake fruit can be explored for other fermented products
with functional properties.

* Corresponding author.
E-mail addresses: elzoeba@yahoo.com, elok@ub.ac.id (E. Zubaidah).

https://doi.org/10.1016/j.bcab.2017.12.012

Kombucha (tea fungus) is a refreshing health-promoting beverage of
sugared tea infusion fermented by a symbiotic consortium of yeast
species and acetic acid bacteria. Various yeasts (e.g. Pichia, Candida,
Zygosaccharomyces, Brettanomyces, and Saccharomyces species) and
Acetobacter xylinum have been identified in Kombucha fermentation
(Jayabalan et al., 2014). The beverage possesses functional properties
such as antimicrobial, antioxidant, anticancer, and antidiabetic, and is
beneficial in treating gastric ulcer (Jayabalan et al., 2011; Aloulou
et al.,, 2012; Bhattacharya et al., 2013; Banerjee et al., 2011;
Chakravorty et al., 2016). Specifically, Kombucha is reported
(Sreeramalu et al., 2000; Jayabalan et al., 2014) to inhibit a broad
spectrum of Gram-positive (e.g. Staphylococcus aureus and Bacillus
cereus) and Gram-negative bacteria (e.g. Escherichia coli and Pseudo-
monas aeruginosa). Moreover, total phenolic compounds and radical
scavenging activities of Kombucha increase with fermentation time
(Jayabalan et al., 2014). In view of the functional properties of Kom-
bucha, substrates other than tea had been studied, including Jerusalem
artichoke, echinacea, mentha, eucalyptus, sour cherry, grape, orange,
and blackcurrant (Yavari et al., 2010, 2011; Jayabalan et al., 2014;
Gamboa-Goémez et al., 2016; Lobanova et al., 2016; Ayed et al., 2017).
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However, we are unaware of the fermentation of snake fruit juices with
the Kombucha consortium, and in view of the global availability of
snake fruits, a study along these lines would provide another product to
health-conscious consumers particularly in areas where snake fruits are
abundant. Therefore, using different cultivars of snake fruit to under-
stand cultivar effects, the objectives of this research were to:

(a) Investigate fermentation of snake fruit with the Kombucha con-
sortium.

(b) Evaluate physicochemical and sensory properties of the fermented
products.

(c) Assess antioxidant and antibacterial activities of the most promising
cultivar, with its bioactive compounds.

2. Materials and methods
2.1. Materials

Snake fruits of commercial maturity were obtained from plantations
in Malang, Jombang and Kediri, East Java, Indonesia, and were of
cultivars Salak Doyong, Salak Madu, Salak Pondoh, Salak Segaran,and
Salak Suwaru. Commercial Kombucha starter was purchased from a
local distributor, while cane sugar was bought from a local super-
market.

2.2. Snake fruit juice preparation and Kombucha fermentation

The snake fruits were peeled, washed, and cut into small sizes, from
which 400 g was mixed (1:1, w/w) with water, juiced (blended) and
filtered (cheese cloth). The snake fruit juices were sweetened (1:10, w/
v) with the cane sugar, pasterurized (Waterbath Memmert, Germany) at
65 °C for 30 min and cooled to room temperature before storing in a
sterile jar and refrigerating until used. The juices were sweetened or
sugared to provide additional sugars and facilitate fermentation as re-
ported elsewhere (Sreeramalu et al., 2000; Jayabalan et al., 2014). The
sugared juices were inoculated (1:10 w/w) with the Kombucha starter
and incubated for 14 days at room temperature. Samples of the fer-
menting broth were taken at days 0, 7 and 14 for analysis.

2.3. Media and chemicals

Culture media, nutrient agar (CM0003 Oxoid™) and potato dextrose
agar (CM0139 Oxoid™) were products of Thermo Fischer Scientific,
USA. Sodium hydroxide (Merck 106462, Germany), oxalic acid (Merck
100495, Germany), anthrone reagent (Merck 101468, Germany), sul-
phuric acid (Merck 100731, Germany), glucose (Merck 108337,
Germany), gallic acid (Sigma-Aldrich, Germany), Folin-Ciocalteau
phenol reagent (Sigma F9252, Sigma-Aldrich, Germany), tannic acid
(Sigma-Aldrich, Germany), quercetin (Sigma-Aldrich, Germany), so-
dium carbonate (Merck 1063950500, Germany), and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Sigma-Aldrich, Germany) used, were products
of the indicated suppliers, and were of an analytical grade, as well as
other minor reagents.

2.4. Physicochemical analysis

Color was measured by a color reader (Konica Minolta CR-10,
Japan) and pH by a pH meter (Hanna, Thermo Fischer Scientific, USA).
Total sugar was determined by the anthrone method (Islam et al., 2013)
with modifications, whereby 1 mL of the fermented or non-fermented
juices was transfered to a test tube and mixed with 5 mL of the anthrone
reagent (0.05 g anthrone in 50 mL of concentrated H,SO,4). The test
tube were held at 100 °C for 12 min and cooled before measuring the
absorbance at 630 nm in a spectrophotometer (Spectro 20D Plus, La-
bomed, USA) with a glucose solution as the standard. Total acidity was
measured according to Ranggana (1977), whereby 10 mL of the
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fermented or non-fermented juices was mixed with 100 mL of distilled
water and some drops of 1% phenolphthalein indicator, and then ti-
trated with 0.1 M NaOH.Total soluble solids of the samples were
measured by refractometry (Atago handheld refractometer N-1E,
Japan). One drop of sample was placed on the prism, closed the day-
light plate over the sample, then read through the focusable cushioned-
rubber eyepiece.

2.5. Microbiological analysis

Yeast and bacteria counts of the Kombucha samples were done
using the standard plate count procedure according to BAM-FDA pro-
tocol (Maturin and Peeler, 2001) that involved mixing 1 mL of the
samples with 9 mL of sterile 0.1% peptone water (10! dilution). Ali-
quots of the mixture and subsequent dilutions were further diluted with
the peptone water to have serial decimal dilutions from 102 to 108,
One milliliter of each dilution was transfered into duplicated petri
dishes, into which 15 mL of sterile nutrient agar (50 °C) containing
cycloheximide (4 g/L) to prevent yeast growths was poured, mixed
immediately and left to solidify before incubation at 37 °C for 24 h.,
after which the growths were counted. For yeast counts, the same
procedure was followed without the addition of cycloheximide, but
with the potato dextrose agar as the medium and the incubation was at
30 °C for 48 h.

2.6. Antioxidant and antibacterial activities

Antioxidant activity was measured in vitro by using the DPPH ra-
dical scavenging activity method (Hatano et al., 1988), whereby 1 mL
of 0.2 mM DPPH solution was mixed with 2 mL of the snake fruit
Kombucha. The mixture was incubated in a dark room for 30 min and
the absorbance was measured at 517 nm with the control being the
sample blank. Changes in the absorbance were measured, and anti-
oxidant activity was expressed as % DPPH radical scavenging ability.

Antibacterial activity assay against pathogenic bacteria
Staphylococcus aureus and Escherichia coli was conducted by using the
agar diffusion technique of Wolf and Gibbon (1996). One milliliter of
the indicator bacteria culture with 108 colony forming units (cfu) per
mL was transfered to a sterile petri dish, into which 10 mL of sterile
nutrient agar was poured, and upon solidification, six 8 mm-diameter
wells were made by a sterile perforator. An appropriate volume
(100 pL) of sterile snake fruit Kombucha was transferred into the well
and incubated at 37 °C for 24 h. The diameter of the inhibition zone was
measured with a micrometer.

2.7. Bioactive compounds analysis

Total phenolic content was determined with the Folin-Ciocalteu
reagent (Yang et al., 2007) using gallic acid as the standard. One mil-
liliter of the methanolic extract of the fermented or non-fermented
juices was placed into a test tube and vortexed (Nissin mixer N-20 M,
USA) for 15 s with 1.5 mL of the Folin-Ciocalteau reagent, and allowed
to stand at room temperature for 5 min, before adding 1.5 mL of 0.57 M
Na,CO3; and incubated for 90 min at room temperature. Absorbance
was measured at 750 nm using the spectrophotometer, with the same
mixture except the sample extract was replaced by methanol as the
blank. Total phenolic content was expressed as mg GAE (Gallic Acid
Equivalent)/L.

Tannin content was determined with the Vanilin-HCl method as
described by Price et al. (1978) with minor modifications, whereby
1 mL of the test juice was mixed with 5 mL of Vanillin/HCl mixture in a
test tube and held for 20 min at room temperature. The formed color
was determined at 500 nm wavelength. The tannic acid was used as the
standard, and tannin content was expressed as mg TAE (Tannic Acid
Equivalent)/L.

Total flavonoids were estimated according to the method of Nabavi
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et al. (2008), and this involved adding 0.4 mL of the test juice to 4 mL
of distilled water, before 0.3 mL of 0.72 M NaNO, was added. After
5min, 0.3 mL of 0.75M AICl; was added, after 6 min, 2 mL of 1 M
NaOH was added and the total volume was measured at 510 nm against
areagent blank. Quercetin was used as the standard, and total flavonoid
content was expressed as mg QE (Quercetin Equivalent)/L.

Organic acid composition of the Kombucha was analysed by using
HPLC (Jayabalan et al., 2007), and this involved centrifuging (Minispin
Eppendorf, Germany) 2 mL of the test juice at 12,000 rpm (9677 g) for
10 min and filtering through 0.45 um filter membrane. The filtrate was
injected to a column (MethaCarb H Plus 300 x 7.8 mm, Agilent, USA)
with a mobile phase of 0.005M H,SO, at a flow rate 0.6 mL/min. Se-
paration was conducted at 70 °C with running time of 25 min, and
detection was with a UV detector at 215 nm, while organic acids (acetic
acid, citric acid, malic acid, lactic acid, formic acid, propionic acid and
butiric acid) were the standards.

2.8. Sensory evaluation

Sensory evaluation of the snake fruit Kombucha was conducted by
using hedonic method (Stone and Sidel, 2004). A 5-point scoring was
used with 1 representing extremely dislike and 5 representing ex-
tremely like. Thirty untrained panelists participated in the sensory
evaluation, and had no previous or present taste or smell disorders.
Kombucha samples were labeled with three-digit codes and randomly
presented to avoid bias of order of presentation. The panelists scored for
color, aroma and taste of the 14-day fermented snake fruit Kombucha
from the five cultivars. The study was in accordance with the De-
claration of Helsinki (Anon, 2017).

2.9. Statistical analysis

All the analyses above were conducted at least in triplicate. Data
were analysed with the Analysis of Variance (ANOVA), and further
analysis was conducted with the Least Square Difference (LSD), and
both were at a 5% significant level (Granato et al., 2014). The Multiple
Attribute Analysis was used to determine the most promising snake fruit
cultivar Kombucha (Zeleny, 1982).

3. Results and discussion
3.1. Physicochemical characteristics of the snake fruit juice and Kombucha

Table 1 shows the chemical characteristics of the snake fruit juices
from the five cultivars. It can be observed that there were no cultivar
differences for pH and total acidity, but the Salak Suwaru cultivar had
the highest sugar and phenolic contents (Table 1).

Visually, there was a pellicle on top of the fermented products, as
reported by Sreeramulu et al. (2000) in common tea Kombucha, and
this is thought to be a thin layer of cellulose produced by Acetobacter
xylinum during the fermentation. The snake fruit Kombucha was
brownish yellow with color indices L* and b* of about 31 and 13 re-
spectively, and significantly (p > 0.05) independent of the cultivars
(Table 2). The brownish color resulted from enzymatic browning during

Table 1
Snake fruit juice characteristics.
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the snake fruit processing, when inherent polyphenoloxidase (PPO)
acted on the fruit's naturally occurring phenolic compounds. Mohd
Zaini et al. (2013) found membrane-bound PPO to be 90 times more
active than soluble PPO, but the activity can be, at least, halved upon
treatments at 60 °C for 20 min or more. With the snake fruit juices, the
pasteurization (65 °C for 30 min) would have substantially reduced the
PPO, and a much lower activity would be expected during the fer-
mentation, and the low pH (or high acidity) of the fermenting juices,
due to organic acids produced by the Kombucha consortium, would
have enhanced the PPO inactivation. Mohd Zaini et al. (2013) found
out that pH 3 fully inactivated snake fruit PPO, and the pH of the snake
fruit Kombucha ranged from 2.8 to 3.2 (Table 2).

The total sugar and soluble solids of the snake fruit Kombucha were
not significantly (p > 0.05) affected by the cultivars, and were gen-
erally about 7% and 10% respectively (Table 2). The total sugar content
was higher than those in tea Kombucha reported by previous re-
searchers such as Blanc (1996), Sievers et al. (1995), and Sreeramulu
et al. (2000). This result may be due to a higher initial total sugar of the
snake fruit juices in the present study, and possible differences in the
concentrations and microbial profiles of the Kombucha consortia used.
Sucrose facilitates Kombucha fermentations better than glucose and
fructose (Greenwalt et al., 2000). Yeasts in the Kombucha consortium
breakdown sucrose into glucose and fructose, and the former is more
utilized and metabolized to produce ethanol and carbon dioxide.

There were significant (p < 0.05) cultivar differences in the total
acidity and pH of the snake fruit Kombucha, with the Salak Suwaru
Kombucha having the highest total acidity (Table 2), despite the cor-
responding juice having nominally the lowest total acidity (Table 1).
This possibly indicated that the highest acid production occurred in the
Salak Suwaru product, and it might be connected with the Salak Suwaru
juice nominally having the highest total sugar prior (Table 1) to fer-
mentation. This is consistent with Blanc (1996), who directly related
metabolites present in Kombucha to the amount of sugar. However,
comparing the sugar levels (natural and added) in the fermented
(Table 2) and non-fermented (Table 1) products, the Kombucha fer-
mentation led to about the same (45-47%) metabolized sugar percen-
tages in the cultivars. Hence, although its highest total acidity ought to
be accompanied by lowest pH and sugar, the highest pH (significant)
and total sugar (nominal) measured with the Salak Suwaru Kombucha
could indicate the cultivar had inherent high acid production properties
that could make the cultivar a strong potential for developing appro-
priate Kombucha products.

3.1.1. Microbial and chemical changes during the Kombucha fermentation

As expected and irrespective of the snake fruit cultivars, there were
changes to the microbial and chemical characteristics of the juices
during the Kombucha fermentation (Fig. 1), as the yeasts and bacteria
metabolized the fermentable constituents of the juices. The yeast and
bacteria growth patterns were similar among the snake fruit cultivars,
with the counts increasing during the first seven days of fermentation,
before decreasing, which had been associated with acid shocks on the
microorganisms. This trend agrees with the studies of Sreeramulu et al.
(2000) on the Kombucha fermentation of sugared tea infusion. We
observed that the microbial growths led to decreases of the total sugar,

Cultivar Total acidity (%) pH Total sugar (%) Phenolic content(mg GAE/L)
Salak Doyong 0.43 = 0.03" 4.19 £ 0.11° 3.57 = 0.09° 250 + 7.05%
Salak Madu 0.33 + 0.06" 4.38 = 0.07% 3.68 + 0.07° 178 + 5.07%
Salak Pondoh 0.35 = 0.05% 4.05 +0.08 * 3.64 * 0.12% 229 +9.01*
Salak Segaran 0.52 = 0.07° 4.13 £ 0.07° 3.41 £ 0.11° 202 + 5.05
Salak Suwaru 0.31 + 0.04* 4.42 + 0.13* 4.11 + 0.08° 264 + 8.05°

* Values are means + standard deviations, and values in a column with the same letters are not significantly (p > 0.05) different. This applies to all tables, where they appear.
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Table 2
Physicochemical properties of the snake fruit Kombucha.

Cultivar Color Total sugar (%) Total soluble solid (%) Total Acidity (%) pH
L* b*
Salak Doyong 30.9 + 0.77° 13.7 + 0.22* 7.21 + 0.17° 10.6 + 0.77° 1.32 + 0.04° 2.76 + 0.07°
Salak Madu 31.6 + 0.53° 13.8 + 0.50° 7.19 + 0.35° 10.9 + 0.60° 0.92 + 0.03° 2.95 + 0.14%
Salak Pondoh 31.3 + 0.67° 13.3 + 0.58* 7.44 + 0.41° 10.8 + 0.25% 1.23 + 0.04° 2.85 + 0.11%°
Salak Segaran 30.5 + 0.937 13.7 + 0.49* 7.34 +0.12° 10.5 + 0.617 1.44 + 0.05° 2.82 + 0.06™
Salak Suwaru 30.8 + 0.307 13.2 £ 0.73° 7.54  0.46° 11.3 £ 0.76* 1.65 + 0.06° 3.15 + 0.10°
with concomitant increases in the total acidity, as the yeasts in the Table 3
Kombucha consortium symbiotically hydrolyzed sucrose to glucose and Preference scores of the snake fruit Kombucha.
fructose to produce ethanol, which the acetic acid bacteria subsequent -
. . . Cultivar Color Taste Aroma
transformed to acetic and other organic acids. Consequently, the total
acidity increased and the pH reduced, as widely reported for fermen- Salak Doyong 3.93 + 0.60% 3.60 + 1.50%° 3.53 + 1.02°
tations (Jayabalan et al., 2010; Veli¢anski et al., 2014; Gamboa-G6émez Salak Madu 3.53 + 0.51° 4.13 = 1.57¢ 3.83 = 0.91°
b b
et al., 2016; Chakravorty et al., 2016), but there are secondary effects of Salak Pondoh 3.50 + 0.80° 4.07 £1.48% 3.70 = 0.65
fermentation that manifest in changes in or enhancement of senso Salak Segaran 4172 1.01° 3:20 £ 1.13° 3072 0.717
- 8 y Salak Suwaru 3.90 + 1.12° 3.70 + 1.29% 3.80 + 0.83°
properties.
* Extremely like = 5 and Extremely dislike = 1.
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Fig. 1. Microbial growth and chemical changes during the Kombucha fermentation of the snake fruit cultivars. (A) Salak Doyong, (B) Salak Madu, (C) Salak Pondoh, (D) Salak Segaran, (E)
Salak Suwaru.#: Yeast count, [ll: Bacteria count, A: Total sugar, x: Total acidity.
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Table 4
Bioactivities and bioactive compounds of the Salak Suwarusnake fruit kombucha.

Bioactivities/Bioactive Fermentation day 0  Fermentation day 14

compounds

Antioxidant activity (% DPPH 10.17 + 0.56° 18.03 + 0.36"
scavenging activity)

Antibacterial activity against
(clear zone diameter, mm):

Staphylococcus aureus

Escherichia coli

Total phenolic content (mg
GAE/L)

Tannin content (mg TAE/L)

Flavonoid content (mg QE/L)

Total acidity (%)

21.60 * 0.53°
15.40 + 0.61°
623.00 + 9.71°

8.43 + 0.27%
6.91 = 0.19°
275.00 * 4.51°

365.42 *+ 10.47°
3041.46 + 134.44°
1.65 + 0.06"

321.90 * 4.54°
2307.14 * 102.50%
0.44 £ 0.05%

3.1.2. Sensory evaluation of the snake fruit Kombucha

Table 3 shows the sensory evaluation results of the snake fruit
Kombucha, indicating that the panelists generally liked the products in
all the assessed parameters. Preference scores for the color were not
significantly different among the cultivars, in accordance with the in-
strumental results shown in Table 2. However, the preference scores for
taste and aroma showed significant (p < 0.05) differences among the
cultivars, as inherent properties of the cultivars manifested, with the
Salak Segaran Kombucha being the least preferred based on the two
attributes.

3.1.3. Bioactivities and bioactive compounds of the Salak Suwaru snake
fruit Kombucha

The Multiple Attribute Analysis was applied to choose the most
promising cultivar by determining the ideal value on each parameter of
the Kombucha snake fruit characteristics. The best treatment selection
result shows that the Salak Suwaru Kombucha has the highest value
compared to the other cultivars. Further studies were, therefore, con-
ducted on the Salak Suwaru Kombucha to fully understand its potential
for the health-promoting beverage, and Table 4 shows the antioxidant
and antibacterial activities of this snake fruit Kombucha.

The in vitro DPPH scavenging ability of the Salak Suwaru Kombucha
slightly increased with fermentation to about 80%, a result that com-
pares with tea Kombucha (Chakravorty et al., 2016; Lobo et al., 2017).
The antioxidant activity demonstrated is thought to be due to the
various bioactive compounds (phenolics, tannins and flavonoids),
naturally present in the cultivar (Table 4), and DPPH radical scavenging
ability is mainly by electron transfers, and to a lesser extent by hy-
drogen donating abilities (Huang et al., 2015). The fermentation was
beneficial to the release of these bioactive compounds, possibly as their
complex forms were broken down into simpler forms, as reported by
various authors (Chu and Chen, 2006; Jayabalan et al., 2008;
Bhattacharya et al., 2013; Gamboa-Gémez et al., 2016; Bhattacharya
et al., 2016). Compared to tea Kombucha (Lobo et al., 2017), the
phenolic content of the sample is lower, but its flavonoid content is
higher.

Table 4 also shows that the snake fruit Kombucha inhibited Sta-
phylococcus aureus (Gram-positive bacteria) and Escherichia coli (Gram-
negative bacteria), with the former being more inhibited. This indicated
that natural bioactive compounds of the snake fruit possessed anti-
bacterial acitivity, which agrees with the observations of Chusnie and
Lamb (2011) and Daglia (2012), as phenolic compounds and flavonoids
are referred to as potent antimicrobial agents against pathogenic bac-
teria. Possibly, as the bioactivity was enhanced by the fermentation, the
inhibition was pronounced and enhanced by the presence of organic
acids produced by acetobacteria in the Kombucha consortium. Fig. 2
shows the organic acid profile of the Salak Suwaru Kombucha, and this
revealed acetic acid (retention time of 16.6 min) as the major organic
acid, in addition to others. The antimicrobial activity of tea Kombucha
is largely attributable to the presence of organic acids, particularly
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Fig. 2. HPLC chromatogram of the organic acids in the snake fruit Kombucha. (A) stan-
dard, (B) snake fruit Kombucha.

acetic acid, which can inhibit a number of Gram-positive and Gram-
negative microorganisms (Sreeramulu et al, 2000; Jayabalan et al.,
2014). The antimicrobial activity of weak organic acids, including
acetic acid, is multifactorial and includes the ability of the un-
dissociated acid to diffuse freely across lipid bilayers and liberate pro-
tons in the cytoplasm, lowering the cytoplasmic pH, the intercalation of
the undissociated acid into the lipid bilayers at low external pH and the
consequences of anion accumulation. Acidification of bacteria cyto-
plasms may prevent growths by inhibition of glycolysis, prevention of
active transport or interference with signal transductions (Lambert and
Stratford, 1999; Roe et al., 2002).

4. Conclusions

Sugared snake fruit juices from five Indonesian snake fruit cultivars
(Salak Doyong, Salak Madu, Salak Pondoh, Salak Segaran, and Salak
Suwaru) can potentially be used for fermented beverages with the
Kombucha consortium. The fermentation affected physicochemical and
sensory properties of the juices. With a focus on the most promising
cultivar, the Kombucha fermentation enhanced the antioxidant and
antibacterial activities of the resulting products, so also were the
bioactive compounds, with desirable overall properties of the fer-
mented beverage. Snake fruits, therefore, have the potential for func-
tional food development by fermentation with the Kombucha con-
sortium.
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