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Separation and Purification Process of Ethanol from Fermentation Broth of Rice Noodle

Wastewater

Abstract

Characteristic of rice noodle wastewater is white color and has sediments. It has COD value more
than standard of industrial factory. Sulfuric acid concentration ranged from 0-1% (v/v) was tested. The
optimum concentration was 0.75% (v/v). Under these conditions, the highest reducing sugar was obtained
20.56 g/L. Optimization of batch culture conditions showed the optimum conditions for ethanol
production in 250 mL Erlenmeyer flask are as follows: initial pH, 5.0; agitation speed, 150 rpm and
temperature, 30°C. The ethanol yield (Y, ) produced under these conditions was 0.059, 0.066 and 0.068
g/g, respectively.

Scale up of bioreactor (9 L) for hydrolyzed rice noodle wastewater by sulfuric acid 0.75% v/v
with Saccharomyces cerevisiae, agitation speed at 250 rpm and room temperature found that yeast

consumed the sugar until zero at 24 hr and it produced the maximum ethanol 0.12% (1.2 g/L).

The purification of fermentation broth by distillation at 120°C, distillation time 3 hr and 2 cycle

of distillation resulted purity of ethanol up 0.092% to 21.299%.

Keywords: Rice noodle wastewater Hydrolysis Fermentation Ethanol Distillation
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WoAI1MsHEAeNIvea (rate of ethanol fermentation) g

TANUNUABIONIUOA (ethanol tolerance

a

NUDUNAUAN (thermotolerance)

q U U

[
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= v o & Y 9 .
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15197 2 aunIdnnaaeniuea

suaiizey

Clostridium themohydrosulfuricum Extreme thermophile

Clostridium thermocellum Thermophilic, hydrolyses cellulose

Thermoanarebacter ethanolicus Ferments xylose and starch

Zymomonas mobilis The wild-type ferments only glucose, fructose
and sucrose, but with high productivity

dae

Candida pseudotropicalis, C. tropicalis Ferments xylose

Candida species Ferments xylose and cellobiose

Kluyveromyces lactis Ferments lactose in dairy wastes

Kluyveromyces marxianus Hydrolyses inulin (polyfructosan)

Pachysolen tannophilus Ferments xylose

Pichia stipitis Ferments xylose

Saccharomyces cerevisiae Most strains ferment only glucose, sucrose,
fructose, maltose and maltotriose

S. cerevisiae var. distaticus Hydrolyses starch

Schwanniomyces alluvius Hydrolyses starch

suduly

Monilia species Hydrolyses cellulose and xylan

Mucor species Ferment xylose and arabinose

3 : Waites et al. (2001)
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ATP
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NAD  NADH+H / l
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d' an 9 1
31U 4 3amsasraeniuealagriu Emden — Meyerhof — Panas pathway
13 : Paturau (1969)
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Ethanol yield

Substrate Dry matter (%) Lignin (%) Carbohydrates (L kg-1 of dry
(%) biomass)
Barley 88.7 2.90 67.10 0.41
Barley straw 81.0 9.00 70.00 0.31
Corn 86.2 0.60 73.70 0.46
Corn stover 78.5 18.69 58.29 0.29
Oat 59.1 4.00 65.50 0.41
Oat straw 90.1 13.75 59.10 0.26
Rice 88.6 87.50 0.48
Rice straw 88.0 7.13 49.33 0.28
Sorghum 89.0 1.40 71.60 0.44
Sorghum straw 88.0 15.00 61.00 0.27
Wheat 89.1 35.85 0.40
Wheat straw 90.1 16.00 54.00 0.29
Sugarcane 26.0 67.00 0.50
Bagasse 71.0 14.50 67.15 0.28

13 : Kim and Dale (2004)
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C,H,,0 » 2C,H.OH +2CO, +26.0 uAaos (1)
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nn: Wang et al. (1979)
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nan: Asenjo and Merchuk (1995)
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Volumetric ethanol productivity (Q,, g/L h) 0.023 0.025 0.028 0.027
Ethanol yield (Y, g/g) 0.054 0058  0.066  0.065
Cell yield (Y, , g/g) 0.121 0137  0.182  0.170
Ethanol yield based on biomass (Y in g P/g X) 0.449 0.426 0.364 0.381
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Temperature (°C)

Parameters

30 35 40
Initial substrate concentration (g/L) 21.24 22.65 22.89
Fermentation time (h) 48 48 48
Substrate consumed (%) 96.65 95.10 94.30
Maximum ethanol concentration (g/L) 1.45 1.40 1.25
Maximum cell concentration (g/L) 3.76 3.44 3.60
Volumetric ethanol productivity (Q,, g/L h) 0.030 0.029 0.026
Ethanol yield (Y, g/g) 0.068 0.062 0.054
Cell yield (Y, g/8) 0.177 0.152 0.157
Ethanol yield based on biomass (Y, in g P/g X) 0.386 0.401 0.347

S, substrate (glucose); P, product (ethanol); X, cell mass.
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Hydrolysis of Rice Noodle Wastewater for Ethanol Production

aniing wiud 1ndu’ way gnin gnaw’

Chanika Saenge Chooklin' and Supasit Chooklin®

UNARED
19 UASa T AR AN AN EAT T INITHARLENIUBARINEN T ITUNA U8
Saccharomyces cerevisiae Tuneuusniflunislalasladaiedesaaeutaflurianadwiumn
faansadanasndindusesay 0-1  (Jsuimssaliname) wudn naadasasniduiuienas 0.75
(FNmsfialsnamg) %mmfmmam‘fﬁm@?‘ﬁqeﬁiﬁ@mm 2056 ninsedns dumeusientflung
NAAONUBALLLING WUF &nsfimanzaslunnavsinazilsznaudiag pH 5.0, §73In13n91 150
sUsRUT LaTanUMAN 30°C Tuantnyaun 250 Hadans azinalfneseniues (Y, ) Wil

0.059, 0.066 kA% 0.068 NFUABNTN ATNANAL

ABSTRACT

The potential of bioethanol production from fermented rice noodle effluent by
Saccharomyces cerevisiae is presented in this study. The first step on production was
hydrolysis with sulfuric acid to break down the starch to fermentable sugars. Sulfuric acid
concentration ranged from 0-1% (v/v) was tested. The optimum concentration was 0.75%
(v/v). Under these conditions, the highest reducing sugar was obtained 20.56 g/L. The next
step was bioethanol fermentation in batch mode. Optimization of batch culture conditions
showed the optimum conditions for ethanol production in 250 mL Erlenmeyer flask are as
follows: initial pH, 5.0; agitation speed, 150 rpm and temperature, 30°C. The ethanol yield
(Y,.) produced under these conditions was 0.059, 0.066 and 0.068 g/g, respectively.

P/S)

Key words: hydrolysis, rice noodle fermented, wastewater, ethanol

*Corresponding author, e-mail address: anne_1357@hotmail.com
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Table 1 Fermented rice noodle wastewater characteristics

F18N15IATIEN FEvadau wuae sunu
BOD 5-Day BOD Test mg/L 440
COD Photometric Method mg/L 1,135
TN Photometric Method mg/L 600
TS Dried at 180°C mg/L 1,581
pH pH meter - 3.76
Reducing sugar Colorimetric method g/L 0.60
Starch lodine method g/L 5.99

NSLASENL TR AALTNAY

v a o

gas Saccharomyces cerevisiae lHananntiuiae nanddansuaznalulagug

dsznalne aneWugazgnifivetuu Yeast Peptone Dextrose Agar (YPDA) 71 4 e3A @@l
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sulphuric acid method (Dubois, 1956)
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), conversion yield of substrate to product (Y ), ba¥ maximum

(cellular yield coefficient (Y, e

x/s

productivity (R,)) ATH&NNT (1) — (3)

Y, = Ethanol/AS (1)
R,, = Ethanol/time (2)
Y,e = AX/AS (3)
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Figure 1 Effect of acid concentration on reducing sugar
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Figure 2 The tine course of cell growth and ethanol production from fermented rice
noodle wastewater by S. cerevisiae at 37°C and 150 rpm.

M: Reducing sugar; €:dry cell; A: ethanol concentration
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Table 2 Effect of the initial pH on kinetic parameter of ethanol production

pH

Parameters 4 5 6
Initial substrate concentration (g/L) 20.943 20.892 20.892
Fermentation time (h) 48 48 48
Substrate consumed (%) 96.91 97.07 97.05
Maximum ethanol concentration (g/L) 1.20 1.24 1.22
Maximum cell concentration (g/L) 3.450 3.650 3.630
Volumetric ethanol productivity (Q,, g/L h) 0.025 0.026 0.025
Ethanol yield (Y, 9/g) 0.057 0.059 0.058
Cell yield (Y, 9/g) 0.164 0.175 0.174
Ethanol yield based on biomass (Y, in g P/g X) 0.348 0.340 0.336

P/X

S, substrate (glucose); P, product (ethanol); X, cell mass.
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Table 3 Effect of the agitation rate on kinetic parameter of ethanol production

Agitation rate (rpm)

Parameters 0 100 150 250
Initial substrate concentration (g/L) 20.285 20.695 20.248 20.026
Fermentation time (h) 48 48 48 48
Substrate consumed (%) 93.30 93.64 96.95 96.94
Maximum ethanol concentration (g/L) 1.10 1.21 1.34 1.30
Maximum cell concentration (g/L) 2.450 2.840 3.680 3.410
Volumetric ethanol productivity (Q,, g/L h) 0.023 0.025 0.028 0.027
Ethanol yield (Y, 9/9) 0.054 0.058 0.066 0.065
Cell yield (Y, 9/9) 0.121 0.137 0.182 0.170
Ethanol yield based on biomass (Y, in g P/g X) 0.449 0.426 0.364 0.381

S, substrate (glucose); P, product (ethanol); X, cell mass.
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Table 4 Effect of the temperature on kinetic parameter of ethanol production

Temperature (°C)

Parameters 30 35 40
Initial substrate concentration (g/L) 21.24 22.65 22.89
Fermentation time (h) 48 48 48
Substrate consumed (%) 96.65 95.10 94.30
Maximum ethanol concentration (g/L) 1.45 1.40 1.25
Maximum cell concentration (g/L) 3.76 3.44 3.60
Volumetric ethanol productivity (Q,, g/L h) 0.030 0.029 0.026
Ethanol yield (Y, 9/g) 0.068 0.062 0.054
Cell yield (Y, 9/g) 0.177 0.152 0.157
Ethanol yield based on biomass (Y, in g P/g X) 0.386 0.401 0.347

S, substrate (glucose); P, product (ethanol); X, cell mass.
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