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ABSTRACT

East Kalimantan are able to produce dragon fruit throughout year, while, East Java are only in raining season. This fruit
will be produced abundantly when the peak season comes and often becomes waste. To reduce this cellulosic waste
from traditional market, we attempt to convert the dragon fruit waste become bioethanol. In this study, the ability of co-
cultures (A. niger and S. cerevisiae) and mono-culture (only S. cerevisiae) to produce bioethanol was evaluated. The
red dragon fruit waste was treated with simultaneously saccharification and fermentation by using Aspergillus niger and
Saccharomyces cerevisiae showed the highest concentration of alcohol was 48.0% after 3 weeks incubation.
Subsequently, the use only S. cerevisiae to produce bioethanol was found to be able to produce 64.5% alcohol
concentration after 2 weeks incubation. The highest concentration of alcohol was showed when the concentration of S.
cerevisiae was 0.67%. These observations confirm that mono-culture has higher alcohol concentration compared to co-
cultures treatment.
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1. INTRODUCTION competition between fuel and food. Alternatively, to
avoid the competition in ethanol production, second

Cultivation of dragon fruit has introduced in  generation of biomass is being developed such as

Indonesia since 1997 and developed fast in 2000. The
main cultivated areas are Sumatra, Java, Kalimantan, and
Sulawesi [1]. East Kalimantan is one of the productive
area on dragon fruit cultivating because can flowering
and fruiting throughout the year with area 1500 Ha and
yield productivity is 22-28 ton/Ha/year [2]. The good
grade of dragon fruit can be stored for 7 days at room
temperature, unless it stores at cold storage. Low-grade
fruit is often found on traditional market due to ripen and
rotten which is not consumed by human and generally
discharged as a waste. To make value-added product in
feasible way, the fruit waste is using as feedstock for
bioethanol production [3].

Ethanol is a suitable biofuel to substitute fossil fuel or
to be additive to gasoline [4,5]. Ethanol is widely
produced from starchy biomass or sucrose such as
sugarcane, corn, and potato [6]. However, it triggers

lignocellulosic biomass [7,8]. Fruit waste is inexpensive
lignocellulosic biomass and promising feedstock for
ethanol production because they are available
abundantly; particularly in tropical country where the
fruits are produced throughout the year. Fruit wastes
(mostly seeds and peels) are generated from conversion
of the food processing. However, low-grade fruit is also
can be consider as a fruit waste.

Red-flesh dragon fruit contains 401 g/kg of glucose,
89.6 g/kg of oligosaccharides, and 0.32 g/kg of fructose
[9]. According to Brunerova et al. [10] that dragon fruit
waste biomass was 36.94% and C:N ratio observed was
21.15. Hence, it shows that dragon fruit has proper
condition to decompose of compost component. These
chemical components of dragon fruit are suitable for
ethanol production.
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Pre-treatment of fruit waste for bioethanol production
is needed to get success of gaining bioethanol,
particularly for fruit containing high cellulose. There are
several methods that can be used to degrade cellulose into
sugars such enzyme, acid or alkaline, autoclaving,
microwave heating and ultra sonication [11,12].
Recently, scientist has much attention to combine fungus
which has enzyme to hydrolyze cellulose into sugar such
as Aspergilus niger or Trichoderma reesei and
Saccharomyces cerevisiae [13,14]. Moreover, study of
simultaneous saccharification and fermentation using A.
niger and S. cerevisiae has been reported [14-17]; the
results showed that using co-coltures increased several
fold of ethanol yield compared to mono-culture.

Here, we study the red dragon fruit wastes for
bioethanol production. The aim of this study was to
examine the ability co-cultures (A. niger and S.
cerevisiae) and mono-culture (only S. cerevisiae) to
produce bioethanol. In this study, we also evaluated the
effect of concentration of S. cerevisiae in bioethanol
production.

2. MATERIALS AND METHOD

2.1. Raw Materials and Microorganisms

Low-grade and ripen red dragon fruit are used in this
study. These fruits were bought from one of traditional
markets in Balikpapan, East Kalimantan. The raw
materials were manually cleaned and immediately
prepared for determining water content and for substrate
preparations.

The fungus of A. niger was a kind gift from Dr. Bodhi
Darma from Mulawarman University. The fungus was
maintained on potato dextrose agar (PDA, Himedia,
India) slants and sub-cultured on petri dish containing
PDA at room temperature (28-30°C) for 7 days.
Meanwhile, S. cerevisiae was used commercial baker’s
yeast with brand Fermipan (Lesaffere, France and
imported by PT. Sangra Ratu Boga). It was bought from
traditional market.

2.2. Inocula Preparation

The A. niger inoculum was prepared using potato
dextrose broth (PDB) as described by Sarungu et al. [18].
The medium contained 400 g of potato, 15 g of dextrose
(Himedia, India), and 1000 ml of water. The potato was
cut into pieces (2 cm x 2 cm), added water, cooked to a
boil and allowed for 1 hour with the small flame, and then
filtered the broth and added dextrose. The medium was
sterilized for 15 min at 121°C. After cooling, the PDB
medium was inoculated with three plugs of A. niger (1
cm x 1 cm) from 1-week-old culture grown on PDA and
incubated at room temperature for 10 days. Subsequently,
the cultures were blended using juice blender before used
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the blender was sprayed with 70% ethanol and wiped
with clean tissues.

The S. cerevisiae (yeast) inoculum was prepared in
1000-ml beaker glass. Forty grams of sugar were placed
into beaker glass and added 400 ml of distilled water,
covered with aluminium foil, and sterilized using
autoclave for 15 min at 121°C. After cooling, added 20 g
of yeast and incubated for 8 hours at room temperature
(26 £ 2 °C). The inoculum was used for all the carried out
experiment.

2.3. Substrate Preparation

The low-grade red dragon fruits were cut into small
pieces and take around two grams for determining water
content. The samples were dried in an oven at 105°C for
24 hours and then weighted to a constant mass.

For making substrate on bioethanol production, small
pieces of dragon fruits were added into 1000-ml
graduated cylinder glass which contained 500 ml distilled
water until reached the gauge sign on the glass (1:1).
Afterward, blended the fruits until becoming pulp with
using juice blender. Then, the pulp was added 240 ml into
500-ml Erlenmeyer flask, supplemented with 0.18 g of
urea, and 0.11 g of nitrogen, phosphorus, and potassium
(NPK). All the flasks were closely tightened with
aluminium foil and set into autoclave at 121°C for 15
min. Theses substrates were used for next experiment.

2.4. Bioethanol Production

The Erlenmeyer flasks containing substrates were
aseptically added with 30 ml (10% v/v) of A. niger and
30 ml (10% v/v) of S. cerevisiae. All the flasks were
incubated in the static condition at room temperature for
28 days. The alcohol concentration produced was
observed every 7 days.

In this study, the production of bioethanol from red
dragon fruit wastes without addition of A. niger was
evaluated. To 500-ml Erlenmeyer flask was added 270
ml of fruit pulp, 0.18 g of urea, 0.11 g of NPK, and was
sterilized. After cooling, the substrates were added with
30 ml (10% v/v) of S. cerevisiae and fermented statically
at room temperature for 28 days. Every 7 days were
analysis for alcohol concentration.

2.5. Effect of S. cerevisiae on Bioethanol
Production

Concentration of S. cerevisiae plays important role in
the production of bioethanol. To optimize the
concentration of S. cerevisiae, fermentation was carried
out at room temperature with varying concentration from
10 ml (3.33% v/v) to 60 ml (20.00% v/v) and incubated
for 14 days.
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All the experiments in this study were performed in
triplicate.

2.6. Analytical Procedures

The cultures from each Erlenmeyer flask was poured
into 500-ml distillation flask. Distillation apparatus was
used and set the heating mantle plate (98-11-B Magnetic
Stirring Electric Sleeve) temperature at 70-78 °C. The
distillation process was carried out for 2 hours.

Bioethanol concentration was determined by using a
standard curve of density against percentage ethanol.
Density of each ethanol solution prepared was calculated
by weight of each mass of ethanol solution in 10-ml
Pycnometer divided with its volume.

3. RESULTS AND DISCUSSION

Fruit waste is good feedstock for bioethanol
production because it is not consume and cheap. The
dragon fruit waste was used in this study contained water
88,4% and 90.2% for pericarp and flesh, respectively. We
used whole dragon fruit waste to produce bioethanol.

Figure 1 showed that treatment dragon fruit wastes
using co-culture A. niger and S. cerevisiae in the liquid
medium revealed highest concentration after incubation
for 3 weeks (48.0%). This method referred to as
simultaneous saccharification and fermentation, where
the breakdown of complex sugars into simple sugars and
followed by the conversion of simple sugars into ethanol
in one container. However, when the only S. cerevisiae
was added in the medium to ferment dragon fruit waste,
the concentration of bioethanol was higher gained
compared to co-culture A. niger and S. cerevisiae. Two
weeks incubation by using only S. cerevisiae produced
64.5% of bioethanol. The results gained in this study was
contradicted with research was done by Ohta et al. [16]
where they found using mycelium-containing culture was
higher in bioethanol concentration compared to
mycelium-free culture. It seems that in our study
containing culture of A. niger inhibited performance of S.
cerevisiae. The similar results we have found when
mango fruit wastes was treated with A. niger and S.
cerevisiae [18]. This is probably because the
concentration of S. cerevisiae used in this study was too
low (0.50% v/v). Abouzied and Reddy [15] have reported
that the concentration of S. cerevisiae used during
simultaneous saccharification and fermentation was 5%
v/v. Furthermore, they found that increasing the level of
S. cerevisiae (12% wi/v) used greatly decreases the
fermentation time. Therefore, further research in the
current study is needed to understand the effect
mycelium-containing co-culture of A. niger and S.
cerevisiae in bioethanol production.
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Figure 1 Comparison of bioethanol concentration
produced after fermented for four weeks by co-culture (A.
niger and S. cerevisiae) and mono-culture (S. cerevisiae)
using red dragon fruit waste as substrate

Table 1. Effect of concentration of S. cerevisiae to
concentration of bioethanol produced after fermented
for 14 days.

Volume of culture S. cerevisiae Bioethanol
of S. cereviceae concentration concentration
added (mL) (% v/V) (% v/v)

10 0.17 393 +157
20 0.33 513 +53
30 0.50 56.0 + 11.4
40 0.67 60.2 £ 23.0
50 0.83 46.7 + 11.6
60 1.00 54.8 +18.2

Most studies use simultaneous saccharification and
fermentation method conducted in the mycelium-free
culture using extracellular enzymes produced by A. niger
to hydrolyse complex sugars [17;7;14].

Next, the optimum concentration of S. cerevisiae to
produce bioethanol in the liquid culture was 0,67% and
concentration of the bioethanol produced was 60.2%.
However, the concentration of S. cerevisiae used in
current study was low compared to Abouzied and Reddy
[15].

The heating mantle that we used in study was difficult
to maintain on desired temperature (78 °C). The heating
mantle temperature fluctuated from 70 to 78 °C. We
suggest it may affect the vyield concentration of
bioethanol.

4. CONCLUSION

Mono-culture using S. cerevisiae to produce
bioethanol showed higher in concentration (64.5%)
compared to co-culture A. niger and S. cerevisiae
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(48.0%). The optimum concentration of S. cerevisiae was
0.67%. From this study dragon fruit wastes could be
potential feedstock to produce bioethanol.
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