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The objective of this preliminary experiment was to test the hypothesis that coculturing
commercialised ragi tapai with S. cerevisiae might have improved the ethanol
production and reduce the accumulation of inhibitory concentration of reducing sugar
and this would enhance the amylolytic activity. Coculture of a commercialised ragi
tapai with S. cerevisiae using unhydrolysed raw starch in single step-fermentation
produced a high ethanol concentration. A 35.26 g/L of ethanol was produced when the
starch was inoculated with ragi tapai and cocultured it with S.cerevisiae 1 h later. This
was 48% higher than the yield obtained when the starch was inoculated with ragi tapai
only (23.79 g/L). The glucose concentration was maintained at low concentration in the
coculture medium compared to the medium with ragi tapai only. However, stachyose
concentration profile was higher in cocultured medium as compared to the one with ragi
tapai only. In conclusion, coculture ragi tapai with S. cerevisiae enhanced the ethanol
production and prevented the inhibitory effect of reducing sugars on amylase activity.
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single-step bioconversion.

1. Introduction

The use of bioethanol has several advantages. It is not only mitigate the air pollution
and reduce the green house gas emissions, but also can reduce imported oil and refined
gasoline thus creates the energy security and varied energy portfolio. Furthermore,
bioethanol industry will provide a range of economic especially in agriculture sector and
social benefits.

One of the alternative ways in producing bioethanol is by production from starchy
materials. Using cassava starch as substrate in bioethanol production will reduce cost of
the production of bioethanol since cassava plants are abundant, cheap and easily
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planted. Cassava based fuel ethanol is reported to be more energy efficient than
gasoline, diesel fuel and corn based fuel ethanol but less efficient than biodiesel (Du Dai
et al., 2005). Malaysia harvests about 400,000 ton per year cassava roots and most of it
is for starch production, only small quantity is processed into chips for animal and
negligible for direct human consumption (Onwueme, 2002).

For ethanol production, direct fermentation of starch using amylolytic yeasts offers an
alternative to the conventional multistage using commercial amylases for liquefaction
and saccharification followed by fermentation with yeast (Abuzeid and Reddy, 1986;
Verma et al., 2000; Knox et al, 2004). However, the amylolytic yeasts capable of
efficiently hydrolysis starch are very few (Knox et al, 2004). Ragi tapai or ragi tape
serve as an alternative for this setback. Ragi tapai is a dry-starter culture prepared from
a mixture of rice flour, spices and water or sugar cane juice/extract (Merican and Quee-
Lan, 2004). It is usually used to ferment cassava/ tapioca or glutinous rice into tapai or
tape, a popular Malaysian delicacy, normally consumed as desert. In Hesseltine et. al.
(1988) study, from 41 starter samples from seven Asian countries, in every sample of
the dry starter, at least one yeast and one Mucoraceous mold (Mucor, Rhizopus, and
Amylomyces) were present with one or two of bacteria of types of cocci were present.
Merican and Quee-Lan (2004) presented cell count of ragi from different origin and
showed that the fungal counts is 8 x 107 cell/g to 3 x 10° cell/g, yeast counts of 3x10° to
3x107 cell/g, and bacterial count of less than 10° cell/g. Although wide range of
organisms has been found in ragi, only a few genera were found present in the tapai or
tape. This indicated that most of the other organisms are contaminants. Merican and
Quee-Lan (2004) listed the yeasts and mucorale that were present in tapai which is the
shot listed from ragi tapai’s list.

In this study, bioconversion of unhydrolised raw cassava starch into bioethanol in a
single step process by coculture of commercial ragi tapai and Saccharomyces cerevisiae
was investigated. The amount of sugar alcohols, glucose and ethanol produced were
analysed.

2. Materials And Methods

2.1 Microorganisms and culture conditions

In this experiment, the cultures used were commercialised ragi tape obtained from
local market and industrial yeast, Saccharomyces cerevisiae. The culture medium
containing 0.1% (w/v) peptone and distilled water with no other nutrient was added.
The medium was autoclaved at 121°C for 15 minutes. The dry starter and yeasts, each
was then placed into the medium and incubated at 37°C at 200 rpm for 25-30 minutes
before inoculation.

2.2 Batch fermentation

Cassava or tapioca flour used in this experiment is from one brand and was obtained
from local market. Ten percent of cassava flour was mixed for 5 minutes in prewarmed
water (60°C) in a sterile jacketed fermenter. After 5 minutes, the temperature was raised
to 70°C and mix for 1 h. After that, the temperature was maintained at 30°C. The
fermenter was then inoculated with ragi tapai only, or ragi tapai and S. cerevisiae (for 0
h coculture), or ragi tapai first followed by S. cerevisiae 1 h later (for 1 h coculture).



Each (ragi tapai and S. cerevisiaei) contains 5% (w/w) of inoculation. The agitation was
maintained at 50 rpm.

2.3 Analytical method

Data were collected every 2 hours for the first 12 hours and every 6 hours onwards for
the next 60 hours (16 data collection for each batch). The concentration of ethanol,
glucose and oligosaccharides were determined by centrifuging at 5000 rpm for 30
minutes and the supernatant was analysed using SUPELCOGEL C-610H column on an
HPLC (WATERS) equipped with a refractive index detector. The column was eluted at
30°C with 0.1% H;PO, at 0.5 ml min™".

3. Results And Discussion

This preliminary experiment was to test the hypothesis that coculturing dry starter ragi
tapai with S. cerevisiae might have improved the ethanol production and reduced the
accumulation of inhibitory concentration of reducing sugar and this would result in an
enhancement of amylolytic activity. Ragi tapai was chosen based on its ability to
produce high glucose and ethanol yields direct from starch observed from previous
study (Azmi et al., 2008). Even though ragi tapai was mixed with several
microorganisms, at the end of fermentation only the presence of yeast and mold were
observed in the medium. However the type of mold is yet to identify. When co-culture
with S. cerevisiae, the dominant microorganisms was yeasts and no mold was observed
(figure 1).

Figure 1: (Left) Image of yeast at 42 h of fermentation from 1 h coculture medium with
no presence of mold. (Right) Image of mold captured firom 72 h of fermentation medium
with ragi tapai only.

From ethanol concentration profile as shown in figure 2, it shows that the maximum
ethanol concentration from ragi tapai inoculation only produced 23.79 g/L ethanol.
When simultaneously cocultured (at 0 h coculture), the ethanol production increased to
31.79 g/L at 10 h and the ethanol concentration was 27.41 g/L at 72 h. The ethanol lost
might be due to ethanol converted into organic acids. Among all three batches, the
highest ethanol concentration was obtained from coculture of ragi tapai with S.
cerevisiae inoculated 1 h later. From this coculture the maximum ethanol production



was 35.26 g/L. This was 48% higher than the yield obtained with monoculture of ragi
tapai (based on 23.79 g/L).

The most prominent type of reducing sugar observed from the HPLC result was
glucose. The highest glucose concentration (figure 3) obtained was 31 g/L as early as
30 h after inoculation with ragi tapai only. At this time 21 g/L. ethanol was produced.
When coculture with S. cerevisiae simultaneously or after 1 h, the glucose concentration
obtained was less than 6 g/L. and it was maintained at that low level. This shows that S.
cerevisiae utilised glucose immediately and produced ethanol before it can accumulate
and reduce the glucose concentration. Correspondingly this inhibits the fermentation
process by osmotic pressure on the cells (Bai et. al., 2008).
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Figure 2: Ethanol concentration.

Other sugar alcohols such as maltoheptaose, maltohexaose, maltopentaose,
maltotetraose, stachyose and isomaltotriose were also observed and analysed.
Maltoheptaose is an oligosaccharide with the highest sugar monomer whereas
isomaltotriose is the lowest sugar monomer. Out of these six sugar alcohols, only
stachyose was consistently produced during all three fermentations as shown in figure 3.
In the fermentation with ragi tapai without coculture with S. cerevisiae, the stachyose
concentration was the lowest. However, this concentration profile increased when
cocultured with S.cerevisiae. This phenomenon may be due to high cell number from
extra 5% (w/w) of S. cerevisiae. The yeast strain alone could have degraded starch into
stachyose. It might also due to low glucose concentration of coculture medium and this
enhanced the amylolitic activity and thus results in more stachyose production. There
was no maltoheptaose, maltohexaose, maltopentaose and maltotetraose observed from
the medium inoculated with ragi tapai only. On the other hand, maltopentaose was
produced after 54 h of fermentation at about 7 — 9 g/L in both cocultured medium with



no production of maltoheptaose and maltohexaose. Maltotetrasoe and isomaltotriose had
been produced inconsistently throughout the fermentation in the cocultured medium.
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Figure 3: Glucose and stachyose concentrations.

4. Conclusion

The production of ethanol directly from fermentation of starch can be carried out using
ragi tapai. This production can be enhanced by coculturing ragi tapai with S. cerevisiae
which gave rise to ethanol yield by 48% higher than that without coculture. The glucose
concentration was lower in the coculture and had prevented the inhibitory effect of
reducing sugars. Stachyose concentration profile shows that the process enhanced the
amylolytic activity to produce more sugar while maintaining the sugar concentration at
low level.

Simultaneous single step bioconversion from unhydrolised raw cassava starch into
ethanol will not only reduce the cost of enzyme that is used in liquefaction and
saccharification steps but it will also reduce the substrate inhibition especially on yeast
cells. The sugar that released from fermentation of starch would be consumed
immediately by yeast cells before it could accumulate and reduce sugar concentration,
and correspondingly inhibited the fermentation process by osmotic pressure on the cells.
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