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Abstract Instant noodle manufacturing waste was used
as feedstock to convert it into two products, bioethanol and
biodiesel. The raw material was pretreated to separate it
into two potential feedstocks, starch residues and palm oil,
for conversion to bioethanol and biodiesel, respectively.
For the production of bioethanol, starch residues were
converted into glucose by a-amylase and glucoamylase. To
investigate the saccharification process of the pretreated
starch residues, the optimal pretreatment conditions were
determined. The bioethanol conversion reached 98.5 % of
the theoretical maximum by Saccharomyces cerevisiae
K35 fermentation after saccharification under optimized
pretreatment conditions. Moreover, palm oil, isolated from
the instant noodle waste, was converted into valuable
biodiesel by use of immobilized lipase (Novozym 435).
The effects of four categories of alcohol, oil-to-methanol
ratio, reaction time, lipase concentration and water content
on the conversion process were investigated. The maxi-
mum biodiesel conversion was 95.4 %.
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Introduction

Ever increasing global economic activities have led to a
worldwide increase in oil consumption. According to some
reports by international agencies, there will be a 53 %
increase in energy demand by the year 2030 [1]. Hence, the
inevitable shortage of the world’s traditional energy sup-
plies has generated huge interest in alternative energy
sources. In addition, the rising cost and reserves depletion
of fossil fuels are and will be serious problems to humanity,
making the discovery of new energy resources an extre-
mely urgent mission [2, 3].

Considering the cost of conversion processes, waste
biomass can be used to obtain alternative feedstock for
biofuels. With the increasing demand for sustainable fuels
and feedstock, waste biomass from industrial food manu-
facturing and daily life has become an obviously better
choice as a source for alternative feedstock than waste
biomass from agriculture and most lignocelluloses for
biofuel conversion, because it is can provide a high yield of
biofuel without any compromise to food supplies and other
natural sources [4]. Apparently, using food waste as a raw
material for bioenergy conversion has a higher value than
using it as animal feed. In addition, food manufacturing
waste is more attractive than wastes from other sources
because of its low cost and constant consumption [5]. So
far, starch and oil, which are common components of food,
are the most attractive feedstock, widely used for conver-
sion into bioenergy [6].

Noodle is one of most popular daily food, worldwide.
The instant noodle manufacturing industry, one of the most
important industries, depends completely on the supply of
starch. Instant noodle manufacturing waste has been rarely
used as a feedback source for bioenergy conversion.
Moreover, there have been reports on the use of one food
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product for conversion into multiple bioenergy products.
During the instant noodle manufacturing process, a huge
quantity of residue stream is drained as a naturally
abundant substrate of fermentation sugar with constant
components. Although instant noodle waste has been
recognized as being harmful as animal feed because of
the adsorptive palm oil on the residual fragments, it can
be a potential feedstock for the more valuable production
of biodiesel. In addition, the Korean instant noodle
production capacity has been ranked in the top ten
worldwide in past decades. According to the statistics of
Food Circulation Almanac of Korea (2011), around 3
billion packages of instant noodle were consumed in
Korea in 2011, and more than 2,106 tons of instant
noodle residues were treated as waste during the man-
ufacturing process; these figures suggest that instant
noodle manufacturing residue can be a sustainable
resource for biofuel conversion [7]. In this study, we
chose instant noodle, a very popular fast food for all age
groups, which comprises the largest proportion of the
food market in Korea, as a raw material for bioenergy
conversion based on the results of industrial and eco-
nomic feasibility [8, 9].

This study investigated the use of instant noodle (food
waste) for bioethanol and biodiesel production, and deter-
mined the optimal saccharification conditions of starch and
biodiesel conversion by lipase.

Materials and methods
Materials

The raw material evaluated in this study was instant noodle
from a commercial company.

In the bioethanol conversion study, the commercial
enzyme in powder form was obtained from Sigma (St.
Louis. MO, USA). Two kinds of enzyme used, i.e., o-
amylase from Aspergillus oryzae and glucoamylase from
Aspergillus niger, had activities of 30 U/mg and 30-60 U/
mg, respectively. The activity units of the enzymes were
provided by the manufacturer. For a-amylase, 1 U corre-
sponds to the amount of enzyme which liberates 1 pmol
maltose per minute at pH 6.0 and 25 °C. For glucoamylase,
1 U will liberate 1.0 mg of glucose from starch in 3 min at
pH 4.5 at 55 °C. S. cerevisiae K35 was used for ethanol
production [10].

In the biodiesel conversion study, another commercial
lipase, Novozym 435 (Candida antarctica lipase B
immobilized on acrylic resin), was used, which was from
the Novozymes company (in Netherlands). All other
chemicals used in this study were of reagent grade.
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Fig. 1 Schematic diagram of biodiesel and bioethanol production
from instant noodle

Pretreatment of instant noodle

Figure 1 shows the schematic diagram of bioethanol and
biodiesel production from instant noodle. Physical and
chemical pretreatments isolated the substrate, starch and
palm oil for two target conversions, from instant noodle
waste. To obtain starch and palm oil from instant noodle,
instant noodle residue (100 g) was boiled in distilled water
(1 1), cooled to room temperature within 20 min, and then
washed using hexane (500 ml). After filtration, starch resi-
due (solid phase) and hexane solution (clean liquid phase)
were obtained. For bioethanol production, starch residue was
dried in the oven to remove moisture and ground to powder
by a homogenizer. Then, it was used for saccharification as
described below. For biodiesel production, the hexane
solution was evaporated (above 100 °C, 30 min), and the
palm oil was employed as substrate for conversion.

Bioethanol production
Enzymatic saccharification of starch residue

From basic experiments, the optimization for enzymatic
saccharification was evaluated under the following condi-
tions: 250 ml flask, 200 rpm, sodium acetate buffer (pH 5),
temperature 37 °C, reaction time (3—24 h), dried starch res-
idue (5-35 %, w/v), a-amylase (75-2,400 U/ml), glucoam-
ylase (0.6-60.0 U/ml) and loading time of glucoamylase
(0-12 h). Reaction mixtures were adjusted to pH 1.5 with
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2 M HCI to stop the reaction and stored at 4 °C for sub-
sequent high-performance liquid chromatography analysis
(HPLC) [11].

Fermentation

The seed culturing of S. cerevisiae K35 was carried out in a
250-ml flask containing 100 ml YM medium at 30 °C and
200 rpm for 24 h. The seed medium was composed of 3 g/l
yeast extract and 3 g/l malt extract. The culture broth was
centrifuged at 12,000 rpm for 10 min [12, 13]. The cell
pellet was washed using saline and suspended in 5 ml of
saline. This suspension (5 %, v/v) was then inoculated into
the main culture. The main culture, which was obtained
from the broth of enzyme saccharification of instant noodle
waste, was centrifuged to obtain the supernatant liquor for
ethanol fermentation. The composition of the main med-
ium was as follows: 5 g/l yeast extract, 1 g/l K;HPOy, 1 g/1
MgSO,, 5 g/l peptone and diluted glucose solution from
the instant noodle waste saccharification. The main culture
for ethanol production was performed in a 250 ml flask
containing 100 ml medium at 30 °C and 200 rpm for 72 h.
Cell growth was monitored by measuring the optical den-
sity (OD) of the samples at 600 nm with a UV-Vis spec-
trophotometer (UVmini-1240, Shimadzu, Japan) [14].

HPLC analysis

The concentrations of sugar, ethanol and by-products were
analyzed by HPLC (Shimadzu, Japan) with a refraction
index detector using an Aminex HPX-87H column
(300 mm x 7.8 mm, Bio-Rad, USA). The temperature of
the column was set to 50 °C, and the injection volume was
20 pL at a flow rate of 0.8 ml/min. The mobile phase was
5 uM sulfuric acid [14]. The ethanol yield was calculated
as a percentage of a maximum theoretical ethanol yield of
0.51 g ethanol per gram of glucose, which is a typical
calculation method used in previous researches [15].

Biodiesel production
Enzymatic biodiesel conversion

Biodiesel was produced in a 100-ml flask, and stirred
steadily at 300 rpm [16-18]. The reactants included 3 ml
feedstock, i.e., palm oil isolated from instant noodle waste
residue, methanol and catalysts. The optimized conditions
for biodiesel conversion by immobilized lipase were
determined in a stepwise manner, during which the effects
of multiple alcohols (methanol, ethanol, butanol or iso-
propyl alcohol), methanol-to-oil molar ratios (0.3-45),
methanol loading method (all loading at initial or 3-step
loading at 0, 4 and 16 h reaction), lipase concentration

(2.5-35 %, w/v) and distilled water concentration (0—4 %,
v/v) were evaluated. The compositions of the products
were analyzed using a gas chromatograph (GC) [17].

GC analysis

Biodiesel was analyzed using the GC M600D (Younglin
Co. Ltd., Korea) with an HP-innowax 1909IN-133 column
(30 m x 25 pum, Agilent, USA). The column temperature
was raised from 140 to 245 °C at a rate of 5 °C/min, and
then maintained at 245 °C for 10 min. The injector and
detector temperatures were set to 250 °C [19]. Biodiesel
conversion is based on weight determination. Conversion
yield is calculated by the following equation:

2A _AEI % CEI X VEI

AE] m
x 100%

Biodiesel conversion (%) =

YA: area of all peaks in result

Agr: area of methyl heptadecanoate

Cgr: concentration of methyl heptadecanoate (mg/ml)
Ver: volume of methyl heptadecanoate (ml)

m: sample weight (mg)

Results and discussion
Effect of pretreatment

Depending on the instant noodle composition, the surface
of the instant noodle residue absorbs fried palm oil during
the manufacturing process. Therefore, the instant noodle
residue contains both starch and fried palm oil, which
represent at least two kinds of potential bioenergy sub-
strates. Therefore, this experiment has two objectives: to
convert the pretreated starch to bioethanol by enzymatic
hydrolysis and yeast fermentation, and to convert the palm
oil to biodiesel by transesterification. Pretreatment of
instant noodle successfully separates it into two kinds of
feedstocks for production of two kinds of bioenergies,
respectively. The starch residue used for ethanol conver-
sion was purified. The average yield of starch residue from
instant noodle waste (100 g) was 83.3 g. In addition, 5 ml
palm oil was isolated from 100 g of instant noodle waste.

Many studies indicated that modification of substrate
properties before hydrolysis can efficiently increase the
saccharification reaction [20]. In this study, pretreatment
increased saccharification by 18.7 % by removing the
hydrophobic composition, i.e., oil, as a result, the enzyme
ability increased in the hydrolysis reaction. Due to boiling
pretreatment, the physicochemical properties of starch
were modified and improved in gelatinization. Size
reduction increased the accessibility of enzyme in the
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hydrolysis reaction [21]. Furthermore, physical treatment
(drying and grinding) can increase the surface area of
residual starch granules (in case of decreased crystallinity)
to increase the contact between enzymes and substrate and
consequently, enhance the saccharification efficacy [4].
Accordingly, it is important to pretreat instant noodle for
high saccharification efficiency.

Meanwhile, the oil isolated from instant noodle was
used as the substrate for biodiesel conversion. Therefore,
instant noodle waste has been utilized completely.

Starch hydrolysis and bioethanol production

Since saccharification is a prerequisite for fermentation of
starch to produce ethanol, optimization of this step has
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Fig. 2 Effects of o-amylase concentration (a), glucoamylase con-
centration (b), glucoamylase loading time (c¢) and substrate concen-
tration (d) on enzymatic saccharification of starch residue.
a 75-2,400 U/ml o-Amylase; 6 U/ml glucoamylase; 30 % (w/v)
starch; 12 h; 37 °C; 200 rpm. b 300 U/ml o-Amylase; 0.6-60 U/ml
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necessarily been investigated individually for fermentation
at high glucose concentration. Therefore, separate hydro-
lysis and fermentation (SHF) process was selected in this
study. The optimal saccharification conditions of starch
residue by a-amylase and glucoamylase were investigated
in a stepwise manner.

The optimal saccharification conditions are shown in
Fig. 2. The glucose yield increased from 37.3 to 48.4 %
(w/w) with increasing o-amylase concentration (75-300 U/
ml) (Fig. 2a). Higher concentrations of a-amylase (over
300 U/ml) did not enhance saccharification significantly,
which means that the saccharification by a-amylase was
saturated at the enzyme concentration of 300 U/ml. Similar
results were obtained for glucoamylase (Fig. 2b). With
increasing glucoamylase concentration (0.6-60.0 U/ml),
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the glucose yield continued to increase. A significant
increase in glucose yield (69.4 %, w/w) was obtained at
glucoamylase concentration of 12 U/ml. As shown in
Fig. 2a, b, the optimal concentrations of o-amylase and
glucoamylase were 300 and 12 U/ml, respectively. In
addition, the effect of the glucoamylase on saccharification
efficacy was much stronger than o-amylase, even though
glucoamylase concentration was much lower than o-amy-
lase concentration.

The hydrolysis effect of each enzyme was investigated
with two enzymes loading in a stepwise manner. Figure 2c
shows the results of saccharification when glucoamylase
was loaded at 0, 3, 6, 9 and 12 h after a-amylase loading,
respectively. The saccharification rate increased after glu-
coamylase loading. The initial 3 h reaction rates after
glucoamylase loading were 14.5, 37.8, 26.5 and 20.1 g/l h
when glucoamylase was loaded at O, 3, 6, and 9 h later,
respectively. In addition, the most efficient hydrolysis was
achieved at glucose concentration of 182.1 g/l when glu-
coamylase was loaded 3 h after a-amylase loading. These
two analysis results showed that saccharification was
improved when glucoamylase was loaded 3 h after o-
amylase loading. This improvement may be due to the
different functions and reaction orders of a-amylase and
glucoamylase in starch digestion kinetics. First, a-amylase
breaks down starch polymers into soluble dextrin by
hydrolyzing o-1,4 bonds; then, it is hydrolyzed by gluco-
amylase and converted into glucose [5]. Therefore, the
hydrolysis by a-amylase prepares the substrate for gluco-
amylase. Because of these chain reactions that increase the
substrate for the glucoamylase, glucoamylase loading after
a-amylase loading can increase the glucose yield.

In addition to the enzymes, substrate concentration was
another critical factor of starch residue saccharification.
Figure 2d shows the effect of substrate concentration on
saccharification. The curves show similar trends. The ini-
tial glucose concentration was almost 0, it increased until
6 h, and it maintained around the maximum until 9 or 12 h.
There was almost no insoluble substance after enzymatic
hydrolysis at substrate concentrations under 5 % (W/v).
And when the substrate concentration was above 35 %
(w/v), the viscosity of the mixture of substrate and buffer
was too high to make the mixture fluid. Therefore, the
proper range, 5-35 % (w/v), of substrate concentration was
investigated. Figure 2d shows that the substrate concen-
tration increased from 5 to 25 % (w/v) regularly, but
sharply decreased from 25 to 35 % (w/v). This result
indicated that 25 % (w/v) was the saturation substrate
concentration for this enzymatic hydrolysis reaction. When
the substrate concentration was over 25 % (w/v), the low
fluidity of the reaction system obstructed the activities of
the enzymes and substrate in the reaction. The decreased
accessibility of enzymes was probably one of the most

important inhibition factors here. Moreover, the low solu-
bility of the substrate was probably another negative
influence of this hydrolysis reaction. Considering the sub-
sequent process, fermentation, high saccharification was
required in the hydrolysis process. Figure 2d also indicates
that the glucose concentration remained between 150 and
200 g/1, when the substrate concentration and reaction time
were over 20 % (w/v) and 9 h, respectively. The highest
glucose concentration was obtained with 25 % (w/v) sub-
strate. The hydrolysis reaction finished within 9 h, unaf-
fected by the increasing substrate concentration.

In conclusion, both a-amylase and glucoamylase were
used for the saccharification of the starch residue, and the
optimal conditions were: 300 U/ml o-amylase, 12 U/ml
glucoamylase, 25 % (w/v) instant noodle starch residue at
37 °C, and 9 h reaction time. The results also indicated that
the rate of saccharification by the two enzymes increased
when glucoamylase was added to the reaction 3 h after the
a-amylase loading.

After saccharification, ethanol was produced by S. ce-
revisiae K35. The starch residue was fermented within
24 h at 30 °C, 250 rpm, with an initial glucose concen-
tration around 84 g/l under the optimum saccharification
conditions. The result of the fermentation is shown in
Fig. 3. Many researches showed that ethanol fermentation
using microorganism can be influenced by impure substrate
[10, 22]. They also indicated that initial fermentation per-
formance can be improved by an additional process of
fermentable sugar purification. Cell growth was slower in
the initial 6 h compared to its growth with reagent level
pure glucose as a carbon source (not shown in this paper
but in [22]), probably because of the negative influence of
the impure substrate, which was crude glucose, extracted
and degraded from biomass without purification. The cell
grew and ethanol production sharply increased within the
next 6 h, but a noticeable increase in ethanol production
was not observed after 12 h due to complete glucose
consumption. The maximum concentration of ethanol was
obtained after 24 h (approximately 41.3 g/l), and the eth-
anol conversion reached 98.5 % after 24 h of fermentation.

By-product level is one of the important factors affect-
ing the production of target products in the bioindustry, due
to its influence on microorganism metabolism. Therefore, it
is necessary to investigate the performance of by-products
conversion to understand and control fermentation process.
In this study, glycerol and acetate were the main by-pro-
ducts of the ethanol fermentation process, which are
common by-products of S. cerevisiae K35 in aerobic con-
dition ethanol fermentation [23, 24]. By-product conver-
sion performance is demonstrated in Fig. 3. The
concentrations of glycerol and acetate increased from 0 to
3.4 g/l and 3.5 g/, respectively, within the initial 9 h of
fermentation. After then, the glycerol concentration was
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maintained at approximately 3.1 g/l. The acetate concen-
tration was increased with the same trend as the ethanol
concentration in the following 9 h, and then finally main-
tained at approximately 6.9 g/l.

Biodiesel production

Palm oil isolated from instant noodle was employed as a
feedstock for biodiesel production. The most significant
factors for biodiesel production by lipase were investigated
in a stepwise manner, i.e., alcohol effect, ratio of alcohol-
to-oil, alcohol loading method, lipase and water concen-
tration [25-27].

The results of biodiesel production by use of lipase are
shown in Fig. 4. The performances of four kinds of alco-
hols are shown in Fig. 4a. The highest conversion was
85.7 % when methanol was employed. Some researches
mentioned that fatty alcohols with the carbon lengths above
three could completely dissolve in vegetable oils, which is
an advantage in biodiesel conversion [28]. But, our result
indicates that the shortest chain alcohol has the highest
performance in enzymatic conversion of used palm oil
isolated from instant noodle wastes. The accessibility of

@ Springer

4

o
9 12 15 18 21
Reaction time (h)

lipase, alcohol and substrate oil is an important factor in
biodiesel conversion. It is reasonable hypothesize that
methanol as the smallest molecular alcohol in this study,
advantaged to increase accessibility of lipase, alcohol and
substrate oil. The boiling temperature of methanol is
64.5-64.7 °C, which is the lowest one of these four kinds
of alcohol. This low boiling temperature can be a physical
performance advantage of downstream separation process
in industrial application.

Figure 4b represents the effect of methanol-to-oil molar
ratio on biodiesel production. The conversion increased
rapidly at a molar ratio <6, and dropped after reaching the
molar ratio of 12. The maximum conversion (88.8 %) was
obtained at a methanol-to-oil molar ratio of 9, which was

Fig. 4 Effects of alcohol (a), Methanol-to-oil molar ratio (b), »
Methanol 3-step loading and reaction time (c¢), lipase concentration
(d), and water content (e). a 6 Alcohol-to-oil molar ratio; 48 h; 20 %
(w/v) lipase; 3 % (v/v) water; 40 °C. b 1-18 Methanol-to-oil molar
ratio; 48 h; 20 % (w/v) lipase; 3 % (v/v) water; 40 °C. ¢ 9 Methanol-
to-oil molar ratio; 72 h; 20 % (w/v) lipase; 3 % (v/v) water; 40 °C.
d 9 Methanol-to-oil molar ratio; 36 h; 2.5-35 % (w/v) lipase; 3 % (v/
v) water; 40 °C. e 9 Methanol-to-oil molar ratio; 36 h; 15 % (w/v)
lipase; 0.5-4 % (v/v) water; 40 °C
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much higher than the stoichiometric amount of methanol
(methanol-to-oil ratio 3:1) required for complete conver-
sion. Talukder et al. [29] research claimed that Novozym
435 was deactivated because of its low solubility of
methanol in refined oil. On the contrary, the molar ratio of
methanol-to-oil in this study is reasonably over 3, for the
adequately higher stoichiometric amount of methanol. This
is probably due to half of the stoichiometric amount of
methanol being completely dissolved in palm oil [30]. In
addition, the overdose of methanol could have enhanced
the solubility of the by-product glycerol of biodiesel con-
version to reduce the product inhibition and viscosity of
this reaction system. However, the conversion decreased
when the ratio was over 12, indicating that excessive
amounts of methanol (over loading) would be a barrier to
enzyme and substrate contact.

The traditional method of methanol loading is to add the
total amount at initiation. Recent research showed that
conversion could be increased by adding methanol in three
steps to the reaction, i.e., 1/3 of the stoichiometric amount
at each time—at initiation, 4 and 16 h [29]. The result in
Fig. 4c shows that three successive additions of 1/3 of
methanol dosage resulted in conversion of above 85.1 and
88.7 % after 36 and 48 h, respectively. Figure 4c also
shows three plateaus in the biodiesel conversion curve, i.e.,
at 3-6 h, 12-15 h and after 24 h, respectively. The con-
version increased rapidly after each methanol loading,
which means that methanol loading in steps decreased the
inhibition of the enzyme reaction. Therefore, this enzy-
matic biodiesel conversion process was optimized in a
stepwise manner. According to a reference survey and
fundamental experiments, biodiesel conversion by Nov-
ozym 435 took approximately 48 h [25, 28-33]. In a pre-
vious study, 48 h has been used as reaction time condition
in the investigation of the two factors, which are the effect
of the alcohol categories and methanol-to-oil ratio. Fig-
ure 4c also represents the biodiesel conversion in 72 h at
3 h intervals. Considering the reaction cost and produc-
tivity, the optimal reaction time was 36 h, which was
employed in the subsequent investigation.

The biodiesel conversion increased with the increase in
lipase concentration up to 15 % (w/v), after which it
remained at almost the same concentration of 30 % (w/v)
(Fig. 4d). The highest conversion (88.0 %) was reached
within 36 h. The results indicated that the conversion reac-
tion was saturated when lipase concentration reached 15 %
(w/v). Figure 4e shows the effect of the water concentration.
The optimum biodiesel conversion was 95.4 % when water
content was 2.0 % (v/v). The influence of water was signif-
icant when its concentration was greater than 0.5 % (v/v),
and inhibitory effect of water on the conversion appeared
when its concentration was over 2 % (v/v). Since both water
and methanol act as hydroxyl donors and react with the acyl-
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enzyme complex, hydrolysis decreased at a lower water
activity, while methanolysis was favored [31]. Appropriate
methanol and water loadings can increase the diffusion and
decrease the inhibition of the by-product glycerol, which was
adsorbed onto Novozym 435. In addition, the highest bio-
diesel conversion of 95.4 % was achieved in 12 h, a shorter
reaction time (36 h) than the average optimum reaction time
(48 h) in current studies [16].

The palm oil isolated from instant noodle residue was the
feedstock for biodiesel production. The optimum conversion
conditions of immobilized lipase (Novozym 435) were as
follows: methanol-to-oil molar ratio of 9; three optimal
methanol loading times at 0, 4, and 16 h; enzyme concen-
tration of 15 % (w/v); water concentration of 2 % (w/v);
reaction temperature of 40 °C; and reaction time of 36 h.

Generally, chemical conversion of biodiesel is more
efficient and easier to control than enzymatic one [32, 33].
However, an immobilized lipase is environmentally
friendly, and its reuse can decrease the process cost. More-
over, the negative effect of carotenoids, the common com-
ponents of used palm oil, on the activity of Novozym 435 was
difficult to avoid [25].To optimize the enzymatic biodiesel
production, the avoidance of enzyme inhibition, decrease of
reaction time and lowering of cost should be investigated in
future works. Meanwhile, the choice of the catalyst also
depends on the components of the feedstock oil. Although
some lipases, like Novozym 435, catalyze both the esterifi-
cation of free fatty acids and the transesterification of tri-
glycerides, where both reactions produce biodiesel, a
pretreatment to enhance the effect of esterification cannot be
avoid before alkali catalysis. An acid catalyst is more
effective than an alkali one when the free fatty acid content of
feedstock oil is >0.5 % (w/w) [34-36].

Conclusions

This study successfully established a conversion process for
instant noodle waste as an economical and environmentally
friendly source to produce two kinds of biofuels—bioethanol
and biodiesel—after pretreatment. The conversion condi-
tions were optimized to yield high conversions. In this study,
instant noodle waste was completely isolated as starch resi-
due and palm oil by a pretreatment process and converted to
bioethanol and biodiesel at conversion 98.5 and 95.4 %,
respectively. The high yield of instant noodle manufacturing
would support the industrial-scale use of instant noodle
waste as an attractive substrate of bioenergy.
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