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Abstract 

 

Article Info 

This study investigates the potential of Tacca leontopetaloides starch as an alternative 
raw material for bioethanol production. Ragi tapai was used as the saccharification and 
fermentation agent and different origin of ragi tapai was evaluated for the highest 
glucose production. Ragi tapai from Sabah (RTSab) produced significantly higher 
glucose as compared to other origins of ragi tapai and was then used in the rest of the 
study. Fermentation of ragi tapai with T. leontopetaloides starch was compared with the 
fermentation of ragi tapai - Saccharomyces cerivisiae co-culture. Glucose and ethanol 
concentrations were measured by spectrophotometric method. It was found that ragi 
tapai alone is more efficient in producing bioethanol as the concentration was the 
highest (17.4% v/v) with productivity reaching 4.5 g/l/h in comparison to only 3.7 g/l/h 
for co-culture fermentation. Glucose concentration also varied at higher level 
throughout the fermentation and peaked at 84.28 g/L. This study concludes that T. 
leontopetaloides starch is a potential raw material for bioethanol and use of ragi tapai 
is effective in producing bioethanol.   
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1.0 Introduction  

The demand for alternative energy is constantly 
increasing due to environmental concerns and the 
depletion of fossil fuels. Bioethanol is considered as 
one of the most promising substitutes as it can be 
produced through fermentation and produces lower 
carbon dioxide emissions when combusted. From 2016 
to 2022, the market for bioethanol fuel has grown 
dramatically, with a compound annual growth rate 
(CAGR) of 7.6% (Sharma et al., 2020). As of 2021, 
almost 27.3 million gallons of bioethanol are produced 
worldwide with the United States and Brazil being the 
main producers utilising corn and sugarcane, 
respectively as the raw materials (Renewable Fuel 
Association, 2022). However, the use of these stocks 
created many issues such as competition for land and 
water for food and agricultural complications such as 
drought (Aruwajoye et al., 2020; Ho et al., 2014). The 
use of agricultural biomass waste or other 
lignocellulosic materials as a substrate to produce 

bioethanol on the other hand has numerous challenges 
(Verma & Kumar, 2021). It includes the energy-
intensive pretreatment steps to reduce the cellulose 
crystallinity and the removal of the lignin component 
before the sugar can be used in the fermentation (Madu 
et al., 2019). Therefore, the use of non-staple starchy 
materials as the raw materials is a more promising 
alternative.   

Tacca leontopetaloides also known as Polynesian 
arrowroot is a wild plant known to have grown in the 
Pacific Island nations from species of flowering plants 
in the yam family, Dioscoreaceae (Ukpabi et al., 
2009). The total carbohydrate content in T. 
leontopetaloides is 89.4% which is composed of 
66.65% starch containing 22.7% amylose and 43.88% 
amylopectin (Utama et al., 2018). The characteristic of 
the T. leontopetaloides is that it looks like a potato and 
has hard tuber. In Malaysia, this plant is native and can 
be found in the East Coast of Peninsular. It is not being 
exploited nor harvested as food source by Malaysian 
locals, but it is consumed in Indonesia as substitute of 
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rice and the flour used in cake or pastry (Utama et al., 
2018).  

Ragi is a fermentation starter, normally in the form 
of dry circular shape biscuit and used in the making of 
tapai; which is defined as fermented glutinous rice or 
cassava. During fermentation, the cooked glutinous 
rice or cassava soften and is partially liquefied and has 
a sweet-sour taste. Tapai also have small amount of 
alcohol (Mohamed & Yusof, 2021). It is due to the 
existence of yeast species in ragi tapai (Law et al., 
2011). Ragi tapai also have amylolytic bacteria and 
molds such as Amylomyces rouxii, Endomycopsis, 
burtonii, Candida utilis, Candida pelliculosa, 
Rhizopus oryzae, Mucor sp., Lactobacillus plantarum 
and Bacillus licheniformis (Gandjar, 2003; Law et al., 
2011; Roslan et al., 2018). 

The objective of this study is to investigate the 
capability of producing bioethanol from T. 
leontopetaloides using local ragi tapai. Four different 
sources of ragi tapai were evaluated for glucose 
production in this study. Ragi was used as 
saccharification agent to convert the T. 
leontopetaloides starch into glucose and eventually 
produced bioethanol.  Then, the ragi tapai producing 
the highest glucose concentration was further tested for 
bioethanol production in the second part of this study. 
In this part, Saccharomyces cerevisiae was added as it 
is widely used in alcoholic beverage production 
(Parapouli et al., 2020).  

2.0 Methodology 

2.1 Materials 

The T. leotopelatoids tubers were collected from 
Mersing, Johor. To extract the starch from the tubers, 
the tubers were peeled, and tuber fleshes were washed 
thoroughly to remove the layer of wax that found to be 
poisonous (Ubwa et al., 2011). The fleshes were grated, 
mixed with water and put in cloth to remove the solid 
fibres with the starch milk. The starch milk was let to 
precipitate for several hours. Then the clear upper layer 
water was removed leaving the sediment of starch. The 
wet starch then dried under the sun and grinded into 
powder. The ragi tapai starter was bought from 
different local markets in Johor, Kelantan, Perlis, and 
Sabah. Chemical used in this study were peptone 
(Merck), yeast extract (Merck), 3,5-Dinitrosalicylic 
acid solution and potassium dichromate (R&M). 

2.2  Methods 

2.2.1 Selection of Ragi Tapai 

30 ml of 5% (w/v) T. leontopetaloides starch slurry 
was prepared in 100 ml shake flask. The temperature 
was raised to 70 °C for an hour. After obtaining the 
starch slurry with the appearance of translucent and 
gel-like consistency, the starch slurry was allowed to 
cool at room temperature until 37 °C to 40 °C. The ragi 
tapai culture suspension was prepared by dissolving 3 
g of ragi tapai powder in 30 ml of 10% (w/v) liquid 
peptone and incubated in the incubator shaker (Infors 
Ecotron, Switzerland) for 30 mins at 37 °C and 200 
rpm (Azmi et al., 2010). Then, 3 ml of ragi tapai culture 
suspension was pipetted into the starch slurry. All 
flasks were then kept in the incubator shaker at fixed 
condition of 30 °C and 50 rpm. Samples were taken to 
determine the glucose concentration from each flask 
after 20, 40, and 60 minutes of incubation. The highest 
glucose concentration obtained from all the four types 
of ragi tapai was selected for further experimental 
parameters. All experiments were done in triplicates. 

2.2.2 Bioethanol fermentation 

For the bioethanol fermentation, 3% (w/v) starch 
solution was prepared for 150 ml following the same 
method described in section 2.2.1.  Then, the starch 
solution was inoculated with 15 ml ragi tapai culture 
suspension (preparation method described in 2.2.1) 
which equal to 10% of the working volume.  The flask 
was then placed in the incubator shaker, shaken at 75 
rpm and the temperature was maintained at 37 °C.  

The same experiment was repeated with co-
culturing the starch solution with ragi tapai and S. 
cerevisiae simultaneously. S. cerevisiae culture was 
prepared similarly to ragi tapai culture suspension. The 
inoculum for co-culture fermentation comprised of 7.5 
ml ragi tapai suspension and S. cerevisiae culture 
respectively, making a total of 15 ml. The fermentation 
was done in triplicates. Samples were taken every two 
hours during the day only and once a day after 48 hours 
and up to 72 hours. 

2.2.3 Glucose quantification 

For the glucose quantification method, 2 ml of 
samples was taken from the flask and centrifuged 
(Eppendorf 5415 R, Germany) at 10,000 rpm for 5 
mins. The supernatant was then diluted with distilled 
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water at ratio 1:2. Next, 3,5-Dinitrosalicylic acid 
(DNSA) reagent was added into the mixture at 1:1 ratio 
and vortexed thoroughly. The mixture was boiled for 5 
mins and let to cool before diluted with distilled water 
and measured using spectrophotometer (HACH 
DR2700, Germany) at wavelength 540 nm. The optical 
density (OD) values were compared with the glucose 
standard curve for glucose concentration produced. 

2.2.4 Biomass concentration 

2 ml of the sample was taken from the shaken flasks 
by using a pipette and put in centrifuge tube. 
Supernatant and cell were separated by centrifugation 
at 10,000 rpm for 15 mins. After supernatant removal, 
cell was dried in the oven with the temperature of 60 
°C until constant weight was achieved 24 hours. The 
cell dry weight or biomass concentration was 
calculated. 

2.2.5 Bioethanol quantification 

For the ethanol quantification method, 2 ml of the 
fermentation broth was taken from the flask and 
centrifuged at 10,000 rpm for 15 minutes. 0.2 ml of 
from the supernatant was taken and mixed with 5 ml of 
potassium dichromate solution. The mixture was 
heated up to 60 °C for 20 mins and let to cool before 
diluted with distilled water to final volume of 10 ml. 
The mixture then was measured using 
spectrophotometer (HACH DR2700, Germany) at 
wavelength 600 nm. The OD values obtained were 
compared with the ethanol standard curve for ethanol 
concentration produced. 

3.0  Results and discussion 

3.1 Microscopic Observation of Ragi Tapai  

The ragi tapai culture suspensions for different 
origins were observed under microscope and shown in 
Fig. 1. The shape of the cells for all tapai from Perlis, 
Johor, and Kelantan appeared as sphere shape similar 
to shape observed in ragi and tuak by Kofli and Dayaon 
(2010). Meanwhile, ragi tapai from Sabah shown in 
Fig. 1 (d) had a rod shape. Based on the oval shape of 
Fig. 1 (a-c), these bacteria could be Enterococcus 
faecium or Saccharomyces cerevisiae which usually 
found in ragi tapai, while the rod shape could be 
Lactobacillus plantarum or Bacillus licheniformis that 
have been found in several types of starter culture and 
fermented foods (Roslan et al., 2018; Sujaya et al., 
2010; Thanh et al., 2008).  

3.2 Selection of Ragi Tapai 

In the next part of the study, ragi tapai culture 
suspension was inoculated in the starch solution. 
Samples were taken after 20, 40, and 60 mins. It was 
expected that glucose would be produced, as ragi tapai 
contains a lot of amylolytic bacteria and moulds. Fig. 2 
compares the concentration of glucose produced at 
time 20, 40, and 60 mins of fermentation for all origins 
of ragi tapai. From this figure, it shows that all types of 
ragi tapai produced glucose indicating that the T. 
leontopetaloides starch was digestible by the ragi tapai 
microorganisms.  Ragi tapai from Sabah produced the 
highest glucose concentration at 31.51 g/l after 60 mins 
while ragi tapai from Johor produced the lowest 
amount of glucose at only 4.14 g/l. Both ragi tapai from 
Kelantan and Perlis produced slightly higher glucose 
than that ragi tapai from Johor. From these preliminary 
results, ragi tapai from Sabah was selected to be used 
for the next part of this study. 

Fig.  1: Ragi tapai microorganisms observed under 
microscope (100 x magnifications) for ragi tapai from  

(a) Perlis (b) Johor (c) Kelantan (d) Sabah 
 

 
Fig.  2: Glucose concentration produced by different origin 

of ragi tapai 
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3.3 Bioethanol fermentation 

In the second part of this study, T. leontopetaloides 
starch underwent simultaneous saccharification and 
fermentation (SSF) with ragi tapai or co-cultured the 
ragi tapai with S. cerevisiae in the production of 
bioethanol. As ragi tapai contains mixed culture of 
amylolytic microorganisms and yeast (Gandjar, 2003; 
Law et al., 2011; Roslan et al., 2018), ragi tapai was 
able to saccharify T. leontopetaloids starch into 
glucose and then simultaneously fermenting it into 
bioethanol. As shown in Fig. 3, at the early stage of 
fermentation, the biomass concentrations were higher 
for both fermentations and dropped gradually to a 
varying value of below 10 g/L. The high biomass 
concentration at the beginning could be contributed by 
the powder contained in the ragi tapai suspension. 
Comparing both fermentations, fermentation of only 
ragi tapai has higher biomass concentration than co-
culture fermentation.  

The fermentation of ragi tapai also yielded higher 
glucose concentrations, with the highest concentration 
reaching 84.28 g/L. After 12 hours, the glucose 
concentrations fluctuated between 62.51 g/L and 79.24 
g/L. The glucose concentrations obtained in this study 
was close to the concentrations obtained by Azmi et al. 
(2010) for their fermentation of ragi tapai with cassava 
starch. Furthermore, significant amounts of glucose 
remained in the broth, suggesting that the fermentation 
rate was low.  

The same trend was also observed for the ragi tapai 
and S. cerevisiae co-culture fermentation (Fig. 4). 
However, the glucose concentrations obtained were 
significantly lower. The low glucose concentration 
might be due to the co-culture itself. For co-culture 
fermentation, the volume of inoculum added in to start 
the fermentation was 7.5 ml for ragi tapai and S. 
cerevisiae, respectively to make the total volume of 
inoculum equal to 10% of the working volume. This 
differed from the fermentation using only ragi tapai, as 
the entire 10% inoculum volume (15 ml) consisted 
entirely of ragi tapai culture. As S. cerevisiae is non-
amylolytic yeast  (Jamai et al., 2007); glucose 
production was solely dependent on the ragi tapai 
culture. Since the volume of ragi tapai was reduced by 
half in co-culture fermentation, the production of 
amylase by the amylolytic microorganisms might be 
lower, thus reducing glucose production. Furthermore, 
as glucose is required for cell growth, maintenance 
and/or ethanol formation the glucose produced was  
rapidly consumed by both ragi tapai microorganisms 

and the added S. cerevisiae (Diong et al., 2016; Pervez 
et al., 2014). This might explain the lower glucose 
concentration in the broth. However, from 30 hours 
onwards, the glucose concentrations showed an 
increasing trend reaching almost 60 g/L by the end of 
fermentation. This suggested that glucose was not 
being consumed and continued to be produced. The 
increasing trend of glucose concentration in the last 24 
hour for both fermentations might yield from the 
enzymatic activity of amylase secreted from the 
amylolytic molds such as Aspergillus and Rhizopus 
groups in the ragi tapai (Diong et al., 2016; Wu et al., 
2015). 

As for the bioethanol production, ragi tapai 
fermentation produced higher bioethanol, peaking at 
17.4% (v/v) concentration at 26 hours. After that, 
bioethanol concentration dropped to 5.97% (v/v) and 
the concentration fluctuated between 4.96% and 6.76% 
(v/v) until the end of the fermentation. These values are 
comparable with ethanol concentration obtained by J.R 
Hernandez et al. (2011) for their fermentation with 
corn starch. However, the bioethanol concentration 
was slightly lower for the co-culture fermentation as 

 
Fig.  3: Biomass, glucose and bioethanol profile for T. 

leontopetaloides starch fermentation with ragi tapai 

 
Fig.  4: Biomass, glucose and bioethanol profile for 

fermentation of T. leontopetaloides starch with ragi tapai 
and S. cerevisiae co-culture 
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compared to the fermentation with only ragi tapai. The 
highest bioethanol production was 11.4% (v/v) with 
yield equivalent of YP/S = 1.12% of ethanol 
produced/gram of glucose consumed and then it 
dropped and varied between 4.05% and 6.6% (v/v) 
until the end of the fermentation. The lower bioethanol 
production could be resulted from the lower biomass 
and glucose produced. This trend was also observed by 
Ediviani et al. (2014) that found the bioethanol 
produced was higher for fermentation with ragi tapai 
only. Furthermore, the reduction of ethanol 
concentration after 26 hours might be due to 
conversion of ethanol to other by-products as 
suggested by Azmi et al. (2010). In addition, the 
ethanol loss also could be due to evaporation as the 
fermentation was conducted at 37 °C, which is 
significant for ethanol concentration higher than 6% 
(Abdel-Banat et al. 2010). 

4.0 Conclusions 

In this study, T. leontopetaloides starch was 
fermented with different origin of ragi tapai. Ragi tapai 
originated from Sabah showed the highest glucose and 
bioethanol concentration was 84.28 g/L and 17.4% 
(v/v), respectively. However, co-culturing the starch 
with ragi tapai and S. cerevisiae demonstrated a 
reduction in both glucose and bioethanol production. 
Based on the findings in this study, it shows that local 
non-food source, T. leontopetaloides starch, can be 
used as an alternative starch in the production of 
bioethanol. As bioethanol is currently produced using 
corn, T. leontopetaloides can be grown and used in 
bioethanol production, thus eliminating the food 
competition issue with corn.  

Furthermore, this study also showed that the 
simultaneous saccharification and fermentation of T. 
leontopetaloides starch with ragi tapai could reduce the 
use of enzymes thus reducing the cost of bioethanol 
fermentation. For future work, investigation on the 
effect of starch concentration, temperature and 
inoculum size can be conducted with industrial grade 
yeast or other ethanol-producing microorganisms to 
increase the yield of bioethanol production.  
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