NSEANFIAINTTUANEANST
UNINY1a LT L nl
| Engineering Journal
Chiang Mai University

Eng.J.CMU.[2021] 28 [1], 93-109

ASNNUSZANSATWNTZUIUNITULNEININUINIAIND DY
Increasing Efficiency of Sugar Cane Molasses

Fermentation

Uadnil 2999594 wae Fswand Lnuseiasgaed

Pawarat Wongsawan* and Jeerapat Ngaoprasertwong
MATYPIMNTIUGANNIT AMLIAINTTUAIANS IWIINTAININGFY
auunNg WwaUnaL nsumnEuAS 10330
Department of Industrial Engineering, Faculty of Engineering,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330, Thailand
"E-mail: Pawarat.wong@gmail.com, Tel.: +6699-194-9465

UNANED
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Fermentation) ifin1sifnansazatenininanaidili 2 Tuneu feeqdunsid Saccharomyces cerevisiae \ite
Wulszansamnisninadin1nuinaandes lage dumatiaAn1500nLkUUN1TMAABY (Design of Experiment)
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ABSTRACT

This research studied about the factors that related to the Fed-Batch Fermentation process. It cover
the process of adding the molasses solution into 2 steps with Saccharomyces cerevisiae microorganisms to
enhance the fermentation of molasses from sugar cane. This can process by the design of experiment
technique. According to the producing white spirit process from sugar cane molasses in the industrial level,
it needs to provide the high fermentation efficiency which using the raw materials wisely and consider to
the smell and taste as important. Currently, the case study factory has received molasses with
concentrations in the range of 48-53% w/w from multiple sources with different internal components and
fermented at an average sugar concentration of 20.99%w/v and an average fermentation efficiency of
79.96%. Based on the previous studies combine with the fish bone diagram and 4M1E principles, it can
analyze the root causes of problems affecting the fermentation efficiency of sugar cane molasses by those
who have experience and expertise in the fermentation of molasses. It was found that there were three
factors affecting the fermentation efficiency of sugar cane molasses: sugar cane molasses concentration
(% w/w), fermentation sugar concentration (% w/v) and temperature inside the tank (°C). The designing
experiments using the Response Surface Design method in Box-Behnken Design to determine the optimum
state of the three factors. The results showed that the fermentation efficiency of molasses from sugar cane
increased, it was found that the concentration of sugar cane molasses at 50% w/ w, the fermentation sugar
concentration of 16%w/v and the temperature inside the fermentation tank 33°C resulted. The efficiency of
fermentation of molasses from sugar cane increased was 85.74%.

Keywords: Response Surface Design; Box-Behnken Design; Fed-Batch Fermentation; Sugar cane molasses
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43191 Usznaudienszuiunsviin (Fermentation) [4] mﬂ%aﬂamwﬁna’nmmfﬂmamﬂﬁama?{ﬂmmas
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3, 33nnsmaasansvdndnIntAaaInda
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dui wTiinesiaua ANTI0RS

7 Snudedad Starter A >10 x 10°

8 svezmMsAsde Starter B 18 dalug

9 $uiedan Starter B >50 x 10°

10 aududuansazaremntmatuseuit 1 14 %w/v

11 svezmMsALTuRouT 2 veansmin Fluadl 18

12 Anudsaulunisnaumin 100 rpm

ﬂ']i']\iﬁ 3 W’]ﬁ']ilLm@%ﬁfﬁ@ﬁaLﬂi']3WﬂUﬂ53UQUﬂW§Wﬁﬂﬂ'}ﬂ1§']mqa
Wsfnesidein1slnsey
syuzaIMsiiuiied Brix Acid Total Reducing Yeast Count | Aldehyde Alcoholic strength
(°Brix) b (%w/v) Sugar (%w/v) (Cells/ml) (mg/dm?) (at 20 °C) (%v/v)

Haluadl 0 / / / /
fouku Step Il / / /
LAY Step || / /
Haluail a8 / / / /
Falusdl 72 / / / / / /

4. nan1sAszvidaya

4.1 HAN1SNAABINITABNUUUNISNAGBIUUUT BND -

LusiuLA (Box-Behnken Design)
21AN1T8DNLUUNITNAABIATULUINIGANT

panLUUTOND-LUsiuAN 115U 3 Jade Yrunasa

A1519715N9a09Aga A g lUSWASY Minitab Aanfu

197199 4 Han1SAURUSTANSAINANTHINAININUINIAIIND DY

MIFUNTNARBIIVIA 15 NSNARRY Lagynd1visvun

2 A59 UNANANULTNYUUDILDANDERANS BT ENT AINS

(%v/v) InAwInidgnsaunisi 1 aglaAdseavznm

NINAABIFINNTIT 4

n1sndndininiiniaangsedmiunnnismnassiag

NAGNSINAITNAABINLNEININUIAIa9ND 08 boKa

B Sugar Cane Alcoholic
A v C Molasses strength
AY Volume
Std Run Pt WY | ounnd Total (at 20 °C) Efficiency
Blocks | idudu y T mash
Order | Order | Type e | anglu | Reducing | Weight 0 (%v/v) (%)
(N " o ml
9 Al | dwdn Sugar (9 Fermenter
nINUIANA .
E (%w/w) 72 hr
2 1 2 1 53 16 33 53.48 448.77 1500 8.75 84.39
25 2 2 1 51 20 30 51.42 583.43 1500 10.85 83.72
22 3 2 1 49 18 36 49.17 549.11 1500 9.55 81.88
17 a 2 1 53 16 33 53.48 44a8.77 1500 8.85 85.36
7 5 2 1 49 18 36 49.17 549.11 1500 9.60 82.31
5 6 2 1 a9 18 30 49.17 549.11 1500 9.75 83.59
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M15199 4 (58) Han1SANWINUSEANSNINNNSMINE1NINUINIaIINDBY

B Sugar Cane Alcoholic
A A C Molasses strength
std | Run | Pt PO ity | smas | Total volume | 20%0) Efficiency
Blocks |  dudu . T mash
Order | Order | Type iena | aelu | Reducing | Weight (%v/V) (%)
mﬂ?:mﬁ ﬁ%ﬁ Aol Sugar () ) Fermenter
U (%w/w) 72 hr

20 7 2 1 a9 18 30 49.17 549.11 1500 9.75 83.59
8 8 2 1 53 18 36 53.48 504.87 1500 9.45 81.02
16 9 2 1 a9 16 33 49.17 488.10 1500 8.80 84.88
18 10 2 1 a9 20 33 49.17 610.13 1500 10.60 81.79
14 11 0 1 51 18 33 51.42 525.09 1500 9.85 84.45
12 12 2 1 51 20 36 51.42 583.43 1500 10.65 82.18
28 13 0 1 51 18 33 51.42 525.09 1500 9.85 84.45
3 14 2 1 a9 20 33 49.17 610.13 1500 10.60 81.79
10 15 2 1 51 20 30 51.42 583.43 1500 10.85 83.72
27 16 2 1 51 20 36 51.42 583.43 1500 10.65 82.18
1 17 2 1 49 16 33 49.17 488.10 1500 8.75 84.39
24 18 2 1 51 16 30 51.42 466.74 1500 8.65 83.43
9 19 2 1 51 16 30 51.42 466.74 1500 8.60 82.95
21 20 2 1 53 18 30 53.48 504.87 1500 9.65 82.73
23 21 2 1 53 18 36 53.48 504.87 1500 9.45 81.02
13 22 0 1 51 18 33 51.42 525.09 1500 9.85 84.45
15 23 0 1 51 18 33 51.42 525.09 1500 9.85 84.45
29 24 0 1 51 18 33 51.42 525.09 1500 9.80 84.02
6 25 2 1 53 18 30 53.48 504.87 1500 9.60 82.30
19 26 2 1 53 20 33 53.48 560.96 1500 10.80 83.33
a4 27 2 1 53 20 33 53.48 560.96 1500 10.75 82.95
26 28 2 1 51 16 36 51.42 466.74 1500 8.70 83.91
30 29 0 1 51 18 33 51.42 525.09 1500 9.85 84.45
11 30 2 1 51 16 36 51.42 466.74 1500 8.75 84.40

ndoyalunsed 4 aziildinnismaaes (Run
Order) 11 4 fienUszAnsnmwnsuiindrnintniaain
Sovsniianiie 85.36% luvairiinismaaosd 8 uag 21
faszansamnsnindinintihmasiifigainfude

81.02%

100

4.2 AN5ATIVEIUANMUNYINDVDIUUUINADINSEDA
(Model adequacy checking)
msﬁﬁagawamamaaqmwﬁﬂa'wmmfﬂma
1noeglUILATIZYINaABITIN1IATIRA@BUANULNEINE
YoeuUUTIemad AT ezl ey duadeosled
Buldnsiageuie n1sIATIzRdIuanAIe (Residual

Analysis) pelUsinsu Minitab memaé’agﬂﬁ a



NINTIFABUAMIULNEINDVDILUUTI1ADISAD A
Usenoudae 3 auufigiu Gl

. auuﬁgmﬁl 1 AE@IUANAN9ENITWANLIILUU
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Response Surface Regression: Efficiency versus A, B, C
Analysis of Variance

Source DF  AdjSS AdjMS F-Value P-Value

Model 9 317124 35236 815 0000
Linear 3 123309 41103 9.50 0.000
A 1 00784 0.0784 0.18 0.675
8 1 90752 90752 2099 0,000
C 1 3a773 34773 7.35 0.013
Square 3 156279 52093 12.05 0.000
ATA 1 58138 58138 1344 0.002
B*B 1 01045 0.1045 0.24 0.628
GC 1 103879 103879 24,02 0.000
2-WayInteraction 3 37536 12512 289 0,061
A'B 1 0.6160 0.6160 142 0.247
ATC 1 0.0000 0.0000 0.00 1.000
B*C 1 3375 31375 7.26 0.014

Error 20 86489 04324

Lack-of-Fit 3 74120 24707 33.96 0.000
Pure Error 17 1.2369  0.0728

Total 29 403613
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1.186C” - 0.626BC )

Toed Y Ao UseAvisawnsusinaniniinaa ()

A fe Pnudiuduvesnintima Gew/w)
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102

g eflenduuseaninaninisindula R iy
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Main Effects Plot for Efficiency of Fermentation
Fitted Means
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Interaction Plot for Efficiency of Fermentation
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AUARU FIMTWA 5

A157197 5 N1SANLINERSIEINUIMaTasandnla
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K S N

Total reducing
sugar (as Invert %W/ W 49.17 | 51.42 | 53.48

Sugar)

Unfermentable
sugar (as Invert %W/ w 6.81 6.15 7.70

Sugar)

Fermentable
%W/ W 42.36 45.27 45.78
Sugar

Fermentable
Sugar : Total - 0.8615 | 0.8804 | 0.8560

Reducing Sugar
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9n3U7 10 ansaasUAseAuRmunzandiga
voaudaytadefiavdmarinliuszavsamnisnding
nninadieuniian fie 85.291% fea1Aauii
wolaveinanau (Composite Desirability, D) 117U

98.42% NAMUIDIU 95% AIASIN 6

P19°99 6 Aloulouazansvanrauiigauedusiay
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Anduges | mdouly | fifl
oy e | 15997u 9 Usu
AsalAnw | winzau | 19ase
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e . o | wwA | 2021 16.00 16
Jmnanlavgin
gaumngiinelu
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4.4 megeuiaduduna

thwarfeululazannefimnzauiignueusiay
Hadesemaadt 6 amihnanaaeduseduviosufoRnms
’3‘1/|EHﬂ’]ﬁm§WWNSU5UG]SUﬂWiW§JwﬂﬁJQEUﬁI 3 AUAY
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2 wardesginnsfiweslunszuaunisundannsnsdi
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Fapn39it 7

9NAN5T 7 wansvaasvsndInIniniaen
Souloduduna nuiiAeieveausyansnmnisin
dnnuinnaainsoudildde 85.74% waraNdoya
Tunns197t 8 wanensAwasRsIdILiAaiaunsa
wifnlalunindanafitmeasai oduduna ae
fidndmsdau FS - TRS Ao 0.8791 defiAlndlAesiv
mntanasedud 0 iwveasaiiemaieuluuas

aneiivugaunan

A1 7 NaNIINAABINITANMUIEENE A NNTUNAININIRNaN DR DB LT UNaNE

B C Sugar Cane Molasses
A v - Volume | Alcoholic strength
Run . ANULVNUY RRNZEAEY Efficiency
AN v . Total Reducing | Weight mash (at 20 °C) (%v/v)
Order o dmadils | angluds (%)
UDININUING . . Sugar (%w/w) (9 (mU) Fermenter 72 hr
nUN nun

1 50 16 33 50.62 474.12 1500 8.80 84.88
2 50 16 33 50.62 474.12 1500 8.90 85.84
3 50 16 33 50.62 474.12 1500 8.90 85.84
4 50 16 33 50.62 474.12 1500 8.95 86.32
5 50 16 33 50.62 474.12 1500 8.90 85.84

M15199 8 NISANLIUIRIIAIUENANaNALNTaudnlsvaININIANanthuYi N snasaiiat uduNa

51003 el ﬂ’]ﬂﬁ’]@ﬂa’\]’lﬂé’ﬂﬂ
Total reducing sugar (as Invert Sugar) Yow/wW 50.62
Unfermentable sugar (as Invert Sugar) %W/ W 6.12
Fermentable Sugar %ow/w 44.50
Fermentable Sugar : Total Reducing Sugar - 0.8791
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Awed sarud uduresnint 1m1a (Total Reducing
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dauluguedlssnunsal AnwrUszuius ovaz 80
Tunszvaumsnin Tnedmnaansnsnsidnininia
(Alan3usiednsfienudatueanesed 70%v/A) gauiy
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Aadensnsindnininmanges
WAROT Tssnunsalne mMsnaaesiiteuly
U w.A. 2562 wavanmzivanzay
aududumesnintima (Total Reducing Sugar) (%w/w) 50.73 50.62
mnududuthmasuiinin Gwa) 20.99 16.00
arududuhmafindoaeieannnsuin Gewa) 2.79 2.11
aaduduneanesedvesdrdindu (GvA) 10.87 8.89
Uszansnmmsvinanntihaaandes (9) 79.96 85.74
Sasmsldmnina (kg/\ at alcohol 70 %v/v) 2.70 252
sumuniniinaildlunisudn (bath/L at alcohol 70 %v/A) 13.51 12.60
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