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Project Title Pilot scale production of L-lactic acid from raw cassava pulp by

Rhizopus oryzae
Name of the Investigators Assistant Professor Nuttha Thongchul, Ph.D., Vasana Tolieng
Year June 2013
Abstract

This research studied the possibility of using cassava pulp to produce L-lactic acid by
filamentous fungus R. oryzae. Firstly, the optimal operating condition required in scale up calculation was
determined during lactic acid fermentation by glucose. The result showed that the best suited operating
condition was at 700 rpm and 0.5 vvm air. At this operating condition, the highest lactic acid yield and
productivity were accomplished. The other experiment performed in this research was to determine the
appropriate pretreatment process prior to the enzymatic hydrolysis of cassava pulp in order to achieve
high glucose recovery from cassava pulp. It was found that only steam pretreatment under high
temperature and pressure was sufficient for pretreating cassava pulp. Using steam pretreatment with the
addition of NaOH did not ease enzymatic hydrolysis of the pretreated pulp. More glucose was recovered
from the hydrolysis of steam pretreated cassava pulp. The highest glucose recovery yield achieved was 0.6
g glucose per g dry pulp when pretreated the cassava pulp with steam for 15 min followed by hydrolyzing
with cellulase (33.15 unit per g dry pulp) for 6 h and amylase (16.8 unit per g dry pulp) for 15 min. Pilot
scale pretreatment and hydrolysis of fresh cassava pulp were also carried out using the optimal conditions
obtained from the laboratory scale test. Later the cassava pulp hydrolysates prepared by different
techniques were used as the carbon source in lactic acid fermentation. The fermentation results were
compared with those using glucose and soluble starch as the carbon source. It was observed that the
hydrolysates obtained from steam pretreatment followed by enzymatic hydrolysis and the enzyme treated
hydrolysate gave the comparable lactic acid yield and productivity to glucose and soluble starch. In
addition, scale up calculation was performed for predicting the operating condition in the large scale
culture using the data obtained from glucose fermentation in the 5 L bioreactor. 4 criteria were used in the
calculation. Those included Reynolds’ number (Re), impeller tip speed (u,), power input per unit volume

(P/V), and mixing time (F/V).
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Aeration Agitation Impeller tip Total cell K,a
(vvm) (rpm) speed (m/s) biomass (g) )
0.5 100 0.02 24.23 1.24X10°
300 0.07 22.79 2.57X10°
500 0.11 39.00 3.03%X10°
700 0.15 32.43 4.01%10”
1.0 100 0.02 21.76 1.04X10°
300 0.07 28.53 4.98X10"
500 0.11 24.66 4.97%10"
700 0.15 24.73 4.01X10°

Remarks: impeller diameter = 7 cm; tank diameter = 17 cm; tank height =24 cm
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Aeration  Agitation Lactic acid yield Productivity Max. lac
(vvm) (rpm) (g/g gle) (g lac/L+h) conc.(g/L)
growth production growth production
0.5 100 0.26 0.53 0.42 1.40 33.29
300 0.11 0.60 0.22 0.94 33.12
500 0.26 0.57 0.38 0.99 35.49
700 0.08 0.62 0.15 2.09 37.83
1.0 100 0.13 0.56 0.22 1.10 34.27
300 0.23 0.63 0.37 1.57 36.07
500 0.27 0.56 0.23 0.95 33.29
700 0.20 0.56 0.25 0.78 33.26

Remarks: growth refers to growth phase; production refers to production phase
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Ethanol yield Productivity
Aeration  Agitation Max. eth
(g/g glc) (g eth/L-h)
(vvm) (rpm) conc.(g/L)
growth production growth production
0.5 100 0.45 0.21 0.39 0.41 10.03
300 0.24 0.27 0.54 0.26 14.31
500 0.15 0.08 0.19 0.11 8.33
700 0.31 0.14 0.63 0.46 12.34
1.0 100 0.39 0.07 0.36 0.13 10.31
300 0.03 0.09 0.31 0.23 7.90
500 0.23 0.09 0.09 0.21 4.50
700 0.07 0.00 0.10 0.00 3.87

Remarks: growth refers to growth phase; production refers to production phase
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Productivity lactic Productivity ethanol ~ Max lactic ~ Cell dry Ka
Y, lactic acid (%) Y, ethanol (%)
Carbon source acid (g/(L-h)) (g/(L-h)) acid conc. weight s
GM PM GM PM GM PM GM PM (g/L) (2)
Glucose 8.25 75.55 0.12 1.68 23.06 5.65 0.33 0.13 53.61 35.12 0.045
ECPHNP 6.70 41.57 0.08 0.66 30.22 18.68 0.35 0.49 26.57 57.26 0.033
ECPHSP 8.99 44.48 0.09 0.64 35.35 16.38 0.34 0.38 2541 58.09 0.049
ECPHSNP 2.18 12.56 0.02 0.16 46.14 21.32 0.34 0.27 7.63 64.42 0.041
HACPH 6.62 12.84 0.06 0.14 29.32 23.84 0.26 0.26 6.75 76.81 0.041
GS - 53.10 - 0.70 - 17.11 - 0.23 33.77 55.62 0.043
Remarks: GM Growth medium
PM Production medium
GS Gelatinized Starch
ECPHNP Enzyme-treated cassava pulp hydrolysate by non-pretreatment
ECPHSP Enzyme-treated cassava pulp hydrolysate by steam pretreatment
ECPHSNP Enzyme-treated cassava pulp hydrolysate by steam with NaOH-pretreatment

HACPHHC -treated cassava pulp hydrolysate
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90 ANg
Total
glucose conc | Recovery
Glucose
Tested conditions after ratio (g glc/g | Ref#
conc (g/L)
hydrolysis dry pulp)
(gL
Autoclave —> Cellulase —> Amylase 12.6 30.2 0.61 B2
Amylase —> Autoclave —> Cellulase 0.47 4.0 0.08 B3
Cellulase —> Amylase —> Autoclave 0.62 27.4 0.55 B4
Cellulase — Autoclave — Amylase 0.26 26.6 0.53 B5
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ans
Initial cassava Total glucose
Glucose conc Recovery ratio (g
pulp loading Source conc after Ref#
(g/L) glc/g dry pulp)

(% dry weight) hydrolysis (g/L)
5.0% Sanguan Wongse 0.26 26.6 0.53 B5
7.5% Sanguan Wongse 2.40 40.6 0.54 B7
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Initial cassava Total glucose
Glucose conc Recovery ratio
pulp loading Source conc after Ref#
(g/L) (g glc/g dry pulp)
(% dry weight) hydrolysis (g/L)
5.0% Sanguan Wongse 12.6 30.2 0.61 B2
Eiam Heng 1.69 34.0 0.68 B10
7.5% Sanguan Wongse 2.08 39.3 0.52 B6
Eiam Heng 2.23 50.3 0.67 B11
10.0% Sanguan Wongse 3.47 454 0.45 B8
Eiam Heng 3.74 58.5 0.59 B9
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- Improved lactic acid fermentation by immobilization of Rhizopus oryzae NRRL395 on fibrous

matrices: I. strain improvement. (Ratchadapiseksomphot Endowment Fund — Seed Money Phase I;

120,000 Baht; 2005-2006)
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Improved L-lactic acid production by Rhizopus oryzae by alteration of metabolic pathway using
promoter and/or inhibitor. (Ratchadapiseksomphot Endowment Fund — Seed Money Phase II;
120,000 Baht; 2007-2009)

L(+)-lactic acid fermentation from cassava pulp by Rhizopus oryzae. (Thailand Research Fund —
Seed Money; 480,000 Baht; 2007-2009)

Enhanced treatment of hemorrhage from open wounds by biodegradable copolymer wound
dressing device containing Thai medicinal plant extract. (Rapier-Behr Co., Ltd., Singapore;
1,811,200 Baht; 2008-2010)

Enhanced L(+)-lactic acid production by inhibition of alcohol dehydrogenase in Rhizopus oryzae.
(TRF-MAG Window II Co-funding; 200,000 Baht; 2008-2010)

Screening of Thai native bacteria that give high lactic acid production. (Musashino Chemical
Laboratory, Ltd., Japan; 1,985,000 Baht; 2009-2010)

Stopping hemorrhage by biodegradable copolymer wound dressing (prelim). (National Research
University Project of CHE and Ratchadapiseksomphot Endowment Fund (AMO071); 320,000
Baht; 2010-2011)

Facility use and experimental support regarding ethanol fermentation using a sugarcane molasses
material. (Iwata Chemical Co., Ltd., Japan; 750,000 Baht; 2010)

Pilot scale production of L-lactic acid from raw cassava pulp by Rhizopus oryzae. (National
Research Council of Thailand via Ratchadapiseksomphot Endowment Fund; 400,000 Baht; 2010-
2011)

Development of alternated technology for production of polylactic acid feedstock. (National
Research University Project of Commission on Higher Education and Ratchadapiseksomphot
Endowment Fund; 300,000 Baht; 2010-2011)

Technological development for biosuccinic acid production from renewable feedstocks available in
Sout East Asia. (PTT Chemical Public Company Limited; 400,000 Baht; 2011-2012)

Development of alternated technology for production of polylactic acid feedstock (Phase II).
(National Research University Project of Commission on Higher Education and
Ratchadapiseksomphot Endowment Fund; 300,000 Baht; 2011-2012)

Technological development for the pilot scale biosuccinic acid production from renewable
feedstocks available in South East Asia. (PTT Global Chemical Public Company Limited; 400,000
Baht; 2012-2013)
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Pilot-scale production of poly(B—hydroxybutyric acid) from sugarcane molasses by Bacillus
megaterium BA-019. (Mitr Phol Sugarcane Research Center and National Innovation Agency;
1,629,700 Baht; 2007-2008)

Production of single cell protein and product thereof by Hansenula polymorpha IBGE HP-5001
using glycerol containing wastes discharged from biodiesel manufacturing process. (PTT

Chemical Public Company Limited; 3,359,800 Baht; 2007-2009)
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Refereed Journal (* Corresponding author)

Thongchul N., Yang S.-T.*, Controlling biofilm growth and lactic acid production by Rhizopus
oryzae in a rotating fibrous bed bioreactor: effects of dissolved oxygen, rotational speed, and urea
concentration. Journal of the Chinese Institute of Chemical Engineers, 2006, 37 1-13. (U
ﬂ?aujmuw%uqq PWNAINI AN INOED)

Kulpreecha S.*, Boonruangthavorn A., Meksiriporn B., Thongchul N., Inexpensive fed-batch
cultivation for high poly(3-hydroxybutyrate) production by a new isolate of Bacillus megaterium.
Journal of Bioscience and Bioengineering, 2009, 107 240-245. (UTHN UasHa Jguagia
Souuazihaa $1ria LA ANV UIANTTUUHIFIA)

Boonkong W., Sangvanich P., Petsom A., Thongchul N.*, Comparison of ion exchanger and in-
house electrodialysis unit for recovery of L-lactic acid from fungal fermentation broth. Chemical
Engineering&Technology, 2009, 32 1542-1549. (NURANYUINGINUT 3w1asnsal
YHIIN1aY)

Thongchul N.*, Navankasattusas S., Yang S.-T., Production of lactic acid and ethanol by
Rhizopus oryzae integrated with cassava pulp hydrolysis. Bioprocess and Biosystems
Engineering, 2010, 33 407-416. (quwianndneamlumshanuissuesennsdiull ane o/
an7.)

Chotisubha-anandha N., Thitiprasert S., Tolieng V., Thongchul N.*, Improved oxygen transfer
and increased L-lactic acid production by morphology control of Rhizopus oryzae in a static bed
bioreactor. Bioprocess and Biosystems Engineering, 2011, 34 163-172. (nquuu?wmﬁwuﬁ
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Vallapa N., Wiarachai O., Thongchul N., Pan J., Tangpasuthadol V., Kiatkamjornwong S., Hoven
V.P.* Enhancing antibacterial activity of chitosan surface by heterogeneous quarternization.
Carbohydrate Polymers, 2011, 83 868-875.

Thitiprasert S., Sooksai S., Thongchul N.*, In vivo regulation of alcohol dehydrogenase and
lactate dehydrogenase in Rhizopus oryzae to improve L-lactic acid fermentation. Applied
Biochemistry and Biotechnology, 2011, 164 1305-1322.

Wiarachai O., Thongchul N., Kiatkamjornwong S., Hoven V.P.*  Surface-quarternized chitosan
particles as an alternative and effective organic antibacterial material. Colloids and Surfaces B:
Biointerfaces, 2012, 92 121-129.

Sriputtirat S., Boonkong W., Pengpreecha S., Petsom A., Thongchul N.*, Low molecular weight
poly(lactide-co-caprolactone) for tissue adhesion and tetracycline hydrocholoride controlled
release in wound management. Advances in Chemical Engineering and Science, 2012, 2 15-27.
Kommanee J., Tanasupawat S.*, Yukphan P., Thongchul N., Moonmangmee D., Yamada Y.,
Identification of Acetobacter strains isolated in Thailand based the phenotypic, chemotaxonomic,
and molecular characterizations. Science Asia, 2012, 38 44-53.

Phrueksawan P., Kulpreecha S., Sooksai S., Thongchul N.*, Direct fermentation of L(+)-lactic
acid from cassava pulp by solid state culture of Rhizopus oryzae. Bioprocess and Biosystems
Engineering, 2012 35 1429-1436.

Noppakundilograt S., Sonjaipanich K., Thongchul N., Kiatkamjornwong S.*, Syntheses,
characterization and antibacterial activity of chitosan grafted hydrogels and associated mica-
containing nanocomposite hydrogels. Journal of Applied Polymer Science, 2012 (in press).
Kanjanachumpol P., Kulpreecha S., Tolieng V., Thongchul N.*, Enhancing polyhydroxybutyrate
production from high cell density fed-batch fermentation of Bacillus megaterium BA-019.
Bioprocess and Biosystems Engineering, 2013 (in press).

Boonkong W., Petsom A.* Thongchul N., Rapidly stopping hemorrhage by enhancing blood
clotting at an opened wound using chitosan/polylactic acid/polycaprolactone wound dressing

device. Journal of Materials Science: Materials in Medicine, 2013 (in press).
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Book chapter/Review article

Thongchul, N. and Yang, S.-T., Controlling filamentous fungal morphology by immobilization on
a rotating fibrous matrix to enhance oxygen transfer and L(+)-lactic acid production by Rhizopus
oryzae. In ACS Symposium Series on Fermentation Process Development, volume 862, ed. B.C.
Saha. Oxford University Press, Cary, NC, 2003, pp. 36-51.

Thongchul N., Thitiprasert S., Morphological control in filamentous fungal fermentation. Thaksin

Journal, 2010, 13(2) 109-119.
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