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Abstract. Ambonese arrack is one of the traditional fermented beverage product in Maluku, Indonesia. The microbiological research of
this beverage that is processed using coconut sap as raw material has never been done before. The research aimed to analyze the microbial succession and chemical characteristics during fermentation of Ambonese arrack. The sample of coconut sap was taken from traditional producer in Mahia village, Ambon. The dominant microbes in the fermentation of Ambonese arrack were Pichia polymorpha and
Kloeckera javanica. The highest numbers of these two microbes was obtained after 15 hours fermentation (9.6 log Cfu/mL and 9.9
Cfu/mL, respectively). The sugar content decreased from 593.3 mg/L to 474.3 mg/L, whereas ethanol content increased from 0.0018 g/L
to 0.0100 g/L. The pH value decreased from 4.70 to 3.10. The research has isolated indigenous microbes in Ambonese arrack fermentation which was considered as novelty. The bacteria that play a role in fermentation can be used as a starter in the fermentation of various
beverage products, especially Ambonese arrack. The results of this research can improve the quality of this fermentation product in the
future.
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INTRODUCTION
Processing alcoholic beverages by fermentation is
a tradition that has been going on for a long time in
various parts of the world (Ohimain, 2016). Some
regions in eastern Indonesia, such as Manado, Makassar and Maluku often consume this type of drink. One
of the beverage product that is very popular in Maluku community is Ambonese arrack (locally named
sopi). Besides being used as a drink to increase spirit
for work, this drink is also used in various traditional
ceremonies, so that it is considered as a symbol of
friendship in the life of Maluku people (Gunawan,
2019). In other regions, people believe that the drink
act to "strengthen of blood" and as an aphrodisiac
(Chaves-Lopez et al., 2014)
Ambonese arrack is product of distillation of palm
sap which has been fermented for more than a day.
The palm sap (locally named sageru) is the sweet,
oysterwhite coloured sap collected from the immature
palm spadix (inflorescence) (Sudha et al., 2019). It is
a rich source of simple sugars, such as sucrose, glucose, fructose and maltose (Law et al., 2011), The
saps used in processing Ambonese arrack are from
coconut (Cocos nucifera L), sugar palm (Arenga pinnata Merr) or koli (Borassus sundaicus Becc). The
Maluku people more often use coconut sap to make

Ambonese arrack because coconut plants grow a lot
in this area. Ambonese arrack processing using koli
sap only by the people of Southwest Maluku (Sahusilawane et al., 2015). Besides being used to make Ambonese arrack, it could also be used as a yeast starter
for bread making (Olowonibi, 2017). The palm sap
that has been fermented can be distilled to produce
Ambonese Arrack. If it is not distilled, the palm sap
will produce sagero vinegar
The fermentation process of alcoholic beverages
involves microbes (Escalante et al., 2008). Coconut
sap used as a raw material contains yeast and bacteria.
The composition of these microbes is largely determined by environmental conditions. Generally the
dominant yeast in palm sap is Saccharomyces (Chandrasekhar et al., 2012), but in different places it is
dominated by other species (Kalaiyarasi et al., 2013).
Microbial composition is greatly influences the chemical characteristics which include sugar content, ethanol content, and acidity during palm sap fermentation.
Ambonese arrack processing is still carried out on a
household scale and it is not controlled. The equipment used in processing is also not aseptic, so it is
possible to have microbial contaminants involved
during fermentation. Contaminant microbes can reduce the quality of arrack flavour (Belda et al., 2017).
This study aimed to analyze microbial succession and
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changes of chemical characteristics during the fermentation of Ambonese arrack. The dominant isolates
that play a role in the fermentation of Ambonese arrack can be used as a starter in the processing of various fermented beverages.
METHODS
Ambonese arrack Sampling
A total of 5 L coconut (Cocos nucifera L) sap was
taken from Mahia Village, Ambon City, then put in a
cooler box and brought to the laboratory. The sap
allowed to ferment for 21 hours. Analysis was done
every 3 hours. At the end of fermentation, the sap
which has undergone fermentation was distilled using
a traditional distilator into Ambonese arrack and then
ethanol content was measured using a Gas Chromatography-Mass Spectrophotometer (GC-MS). Microbiological analysis and chemical characteristics were
carried out at Basic Chemistry Laboratory Pattimura
University, while microbial identification in Ambonese arrack fermentation was carried out at the Mirobiology Laboratory of Bandung Institute of Technology
Isolation and Identification Microbes in Ambonese
arrack Fermentation
A total of 1 mL of sample was diluted serially using 0.85% saline solution. A total of 100 µL of the
diluted sample was inoculated on Nutrient Agar (NA)
for total bacterial count and Potato Dextrose Agar
(PDA) containing 0.05 mg chloramphenicol for total
yeast count, respectively, using the spread plate technique with a sterile L-shape glass rod then incubated
at 37 ° C for 24 hours (Gberikon et al., 2016). All
colonies were purified on the same medium until pure
colonies that considered as isolates were obtained.
The colonies that had different macroscopic characteristics were observed for microscopic characteristics
and biochemical tests.
Analysis of Chemical Characteristics
Measurement of ethanol content was carried out
by the redox titration method (Asakai & Hioki, 2011).
A total of 10 mL dichromic acid solution (0.01 M
K2Cr2O3 in 5M H2SO4) was put into a 250 mL Erlenmeyer flask. Sample that has been diluted 10 times
was pipetted into small vial tube and placed hanging
in Erlenmeyer flask. The Erlenmeyer flask was closed
and incubated for 18 hours at room temperature. After

incubation, the liquid sample in a small vial tube was
removed. A total of 100 mL distilled water and 1 mL
of potassium iodide (KI) 1.2M were added to the Erlenmeyer flask and then shaken until it turned brown.
This solution was titrated with 0.03M sodium thiosulfate (Na2S2O3) until the color of the solution turned
yellow, then 1 mL of 1% starch solution was added,
so that the color of the solution turned dark blue. The
solution was titrated using sodium thiosulfate until the
solution turned clear light blue. Ethanol content (g/L)
was calculated by the formula: Ethanol (g/L) = [Vol
(B-S)/1000] x [(mol thiosulfate x Mr.ethanol x dilution)/4. Vol. B was the volume of Na2S2O4 used in
the blank titration, whereas vol. S was the volume of
Na2S2O4 used in the sample titration.
For sugar content measurement. A total 2 mL of
sample was added by 1.6 Somogyi I solution and 0.4
Somogyi II solution then it was put into a water bath
for 10 minutes. The solution was then cooled in ice
for 5 minutes then added with 2 mL of Nelson solution and 4 mL of distilled water. The solution was
measured for its absorbance at a wavelength of 520
nm (Barlianti et al., 2015). The measurement of pH
was using a pH meter (CT-6022, Shenzhen Kedida
Electronic, China).
RESULTS AND DISCUSSION
Microbes in Ambonese Arrack Fermentation
The traditional Ambonese arrack is a mixed culture fermentation beverage product. In the mixed
culture, some yeasts and bacteria interact to convert
the coconut sap into tuak (fermented sap) and then it
was distilled into Ambonese arrack. Generally, the
fermentation of Ambonese arrack took place for no
more than one day. A total of 8 selected isolates (5
bacterial isolates and 3 yeasts isolates) with different
characteristics were isolated and identified during
Ambonese arrack fermentation. The five bacterial
isolates were identified as Bacillus firmus, B. cereus,
B. laterosporus, B. brevis and Serratia odorifera,
while 3 yeasts isolates were identified as Pichia polymorpha, Kloeckera javanica, and Nadsonia elongata
(Figure 1).
All bacteria isolates were rod shapes and motile.
These isolates were also Gram positive and spore
forming, except IS-03 isolate. All isolates were capable of hydrolyzing casein and gelatin. These isolates
were also produce catalase enzyme. All isolates did
not produce H2S, except IS-04 isolate (Table 1).
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Figure 1. Microbes in Ambonese arrack fermentation. P. polymorpha (a), B. firmus (b), B. cereus (c), N. elongata (d), S. odorifera (e), K. javanica (f), B. laterosporus (g),B. brevis (h). Magnification 400x for yeast and
1000x for bacteria.
Table 1. Identification of bacteria isolates during Ambonese arrack fermentation
Isolates
Characteristics
IS-01
IS-02
IS-03
IS-04
Irregular,
Cicular, ser- Irregular, fila- Irregular,unMacroscopic
lobate, opaque
rate,opaque
mentous
du(colony)
late,opaque
Cell shape
Rod
Rod
Rod
Rod
Gram Staining
+
+
+
Spore forming
+
+
+
Motility
+
+
+
+
Starch hydrolysis
+
Fat hydrolysis
+
Casein hydrolysis
+
+
+
+
Gelatin hydrolysis
+
+
+
+
Glucose hydrolysis
+
+
+
+
Sucrose hydrolysis
+
+
+
+
Lactose hydrolysis
+
+
H2S production
+
Indole production
+
+
Urease production
+
+
Catalase production
+
+
+
+
Methyl red test
+
+
+
+
Voges-Proskauer test
+
+
+
TSI test
+
+
+
+
Simmon’s citrate test
+
+
Nitrate reduction
+
+
+
Result
B.laterosporus
B. brevis
S.odorifera
B.cereus
All yeast isolates have circular shaped colonies
and sexually reproduced using ascospores. The IS-06
and IS-08 isolates reproduce by multipolar budding,
while the IS-07 isolate by bipolar budding. All

IS-05
Irregular,
entire,
opaque
Rod
+
+
+
+
+
+
+
+
+
+
+
B. firmus

isolates were capable of hydrolyzing glucose, sucrose,
mannose, and fructose. Xylose and arabinose were
only hydrolyzed by IS-06 isolate (Table 2).
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Table 2. Identification of yeast isolates during Ambonese arrack fermentation
Isolates
Characteristics
IS-06
IS-07
IS-08
Circular, undulate,
Circular, entire,
Circular, serrate, opaque,
Macroscopic (Colony)
opaque, unpigmented
opaque, unpigmented
cream
Cell shape
Cylindrical
Ovale
Ovale,cylindricalelongated
Budding type
Multipolar
Bipolar
Multipolar
Spore production
Ascospore
Ascospore
Ascospore
Glucose hydrolysis
+
+
+
Sucrose hydrolysis
+
+
+
Lactose hydrolysis
+
+
Galactose hydrolysis
+
Maltose hydrolysis
+
+
Mannose hydrolysis
+
+
+
Fructose hydrolysis
+
+
+
Xylose hydrolysis
+
Arabinose hydrolysis
+
Inositol hydrolysis
+
Sorbitol hydrolysis
+
Result
P. polymorpha
K. javanica
N. elongata
Bacteria and yeasts found during Ambonese arrack
fermentation had occurred succession (Figure 2).
Succession was a change in the composition of microbes as the increase of fermentation time. The most
dominant microbes in the fermentation of Ambonese
arrack were yeasts, P. polymorpha and K. javanica.
Both of these microbes play a role from the beginning
of fermentation (0 hour) to the end of fermentation
(21 hours). The highest numbers of these two microbes were 9.6 log Cfu/mL and 9.9 Cfu/mL, respec-

tively at 15 hours of fermentation. Pichia and Kloeckera are microbes normally found in toddy fermentation, a type of palm wine from Sri Lanka that uses
coconut sap as a raw material (Kalaiyarasi et al.,
2013). Coconut sap contains sucrose and trace amount
of reducing sugars including glucose, fructose, maltose and raffinose (Law et al., 2011). Pichia plays a
role to ferment sucrose followed by the fermentation
of fructose and others reducing sugar by Kloeckera
(Kalaiyarasi et al., 2013).

Figure 2. Succession of microbes during Ambonese arrack fermentation
Microbial Succession in Ambonese Arrack Fermentation
The patterns of microbial succession in traditionally fermented beverages are very diverse. This was
influenced by geographical conditions. Diverse geographical locations contribute to the diverse compositions and changes of microbes during fermentation

(Zhu et al., 2018). Pichia polymorpha and Kloeckera
javanica were found to be dominant at the beginning
to the end of Ambonese arrack fermentation because
these two microbes were able to produce ethanol by
utilizing the sugar contained in the sap (Chandrasena
et al., 2006). Kloeckera was a yeast that inhabit the
highlands and it was very tolerant at low temperatures
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(Albertin et al., 2016). This characteristic causes
Kloeckera to dominate Ambonese arrack fermentation
that usually carried out by the people who live on the
mountains of Ambon Island.
Bacillus was also found at the beginning of Ambonese arrack fermentation. This genus was dominated
by Bacillus cereus and B. firmus. The characteristics
of these two bacteria are gram-positive, facultative
anaerobes, and spore forming. B. cereus and B. firmus
were usually found in soil and cause food poisoning
(Nair & Raja, 2018). Bacillus is the predominant bacteria genus in coconut sap fermentation (Law et al.,
2011). If they form spores, these bacteria can survive
for a long time in alcoholic beverage products (Kim et
al., 2014). B. cereus and B. firmus were often found in
toddy fermentation (Vengadaramana et al., 2016).
Both of these microbes play a role in producing acidic
compounds by utilizing the sugar contained in the
sap.
The presence of B. cereus and B. firmus were only
at the beginning of fermentation because they were
intolerant of decreasing pH. The pH value had
reached 4.3 at 6 hours of fermentation. The minimum
pH value for growth of B. cereus was 4.9 (Okanlawon
et al., 2010). The decrease of pH also greatly inhibits
B. firmus as alkalophilic bacteria (Roosdiana et al.,
2013). Thus, acidity in the medium limits the growth
of these microbes at a later stage of fermentation.
Several types of Bacillus have the enzyme cysteine
desulfurase which can break down the cysteine into
hydrogen sulfide (Albrecht et al., 2011). Hydrogen
sulfide (H2S) was a compound that reduces the sensory quality of traditionally fermented beverages (Bekker et al., 2016).
Another bacterium found in Ambonese arrack
fermentation was Serratia odorifera. This bacterium
is pathogenic and often found in the sap fermentation
(Chandrasekhar et al., 2012). The presence of Bacillus
and Serratia were only at the beginning of fermentation, so they were considered as contaminant bacteria.
Serratia is a rod-shaped, aerobic bacterium that has
proteolytic activity and often found in food. This bacteria population usually increases in the initial stages
of wine fermentation. Serratia can produce acidic
compounds (Sabri et al., 2011). The growth of this
bacterium was more adaptive to acidic conditions
than other bacteria. It was a characteristic that cause
Serratia to able to survive until the 12 hour during the
traditional fermentation of Ambonese arrack. The
processing of this traditional beverage must also be
carried out aseptically to reduce the amount of contaminant bacteria in the fermentation process.

Chemical Characteristics of Ambonese Arrack
Fermentation
Generally, the growth of all microbes decreased
after 12 hours in Ambonese arrack fermentation. This
decrease was due to nutrition in the sap, especially the
diminishing sugars. Reducing sugars content decreased from of 593.3 mg/L at 0 hours to 474.3 mg/L
at 21 hours (Figure 3a). The decreasing of reducing
sugars during the fermentation of Ambonese arrack
also decreased the microbial growth. Decreasing of
reducing sugars because it was used by yeast and
bacteria, especially Bacillus (Kleijn et al., 2010).
The decreasing of the numbers of microbes was
also caused by the accumulation of alcohol and acid
content because fermentation took place in batch culture. The ethanol content during fermentation was
increasing from 0.0018 g/L at the beginning to 0.0100
g/L at 21 hours of fermentation (Figure 3b). Traditional fermentation involving many microbes, not
only ethanol producer, so that ethanol production was
rather low (Nwaiwu & Itumoh, 2017). At the beginning of fermentation, the increase of ethanol content
took place rather slowly because the sugar contained
in the sap was also utilized by bacteria to produce
organic acid compounds. This increase was sharp
after 9 hours of fermentation synchronize with the
increasing growth of P. polymorpha and K. javanica.
At the end stages, ethanol content tended not to increase due to the lower pH of the fermentation medium and the growth of ethanol producer microbes that
had decreased. A low pH value can inhibit the enzyme activity in yeast to produce ethanol (Le & Le,
2014). The decrease of the numbers of microbes due
to high alcohol content was toxic which inhibits cell
growth and damages the microbial cell wall
(Danmadami et al., 2017). After distilation using traditional destilator, the ethanol content of Ambonese
arrack was 28.93 %.
The pH value was a significantly decreased from
4.70 at the beginning to 3.10 at 21 hours of fermentation because the accumulation of acids compounds
(Figure 3c). The acidic compounds were produced by
acid-producing bacteria which cause a decrease in pH
in the initial stage. In the middle to late stages, the
decrease of pH was caused by yeast metabolism
which has increased after 12 hours of fermentation.
Traditional fermentation involves many microbes
capable of producing organic acid compounds
(Danmadami et al., 2017). After distilation using traditional destilator, the pH of Ambonese arrack was
3.38. The pH value causes this product has a rather
sour taste.
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(a)
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(c)
Figure 3. The changes of sugar (a) and ethanol contents (b) and pH value (c) during Ambonese arrack fermentation
This research has identified microbes in Ambonese
arrack fermentation that have never been done before.
These microbes, especially yeast, can be used as a
starter in the processing of various fermented beverages. Ambonese arrack fermentation also involves a
numbers of microbial contaminants, so that the processing of this fermented beverage must be done
aseptically to obtain high sensory quality. Microbes
found in Ambonese arrack can enrich the knowledge
of food microbiology in Indonesia.
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