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Abstract

The study was carried out to set up alcohol fermentation condition for uncooked brown rice. Response surface
methodology (RSM) was applied to optimize and monitor of the alcohol fermentation condition with uncooked
brown rice. The primary variables were conducted the reaction surface regression analysis for the particle
size of brown rice (20, 40, 60 mesh), the enzyme content (0.1, 0.3, 0.5%) and the agitating rate (0, 100, 200 rpm).
Their optimization was 35~42 mesh for the size of particle and 0.32~0.43% for enzyme content by SAS (Sta-
tistical Analysis System). The coefficient of determination (R?) in ingredients was admitted at the significant
level of 5~10% in all ingredients except for a reducing sugar. Predicted values at optimum alcohol fermentation
condition agreed with experimental values. During the fermentation, pH was decreased from 6.25 to 4.34, and
total acidity was increased from 0.15 to 0.2. The amino acidity was decreased from 1.88 to 0.92, reducing sugar
and total sugar contents were decreased 213 mg% and 1,077 mg%, respectively. Alcohol content was increased
to 10% after 48 hr fermentation.
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Table 1. Central composite design for the optimization of
alcohol fermentation brown rice

Experiment Particle size Enzyme content Agitation rate

number” (mesh) (%) (rpm)
1 20(-1) 0.1¢-1) 100(0)
2 20(-1) 0.3(0) 0(-1)
3 20(-1) 0.3(0) 200( 1)
4 20(-1) 05(1) 100(0)
5 40(0) 0.1(-1) 0(-1)
6 4000) 0.1¢-1) 2000 1)
7 40(0) 0.3(0) o(-1)
8 40(0) 0.3(0) 200(1)
9 60(1) 05(1) 100(0)
10 60(1) 0.3(0) 0(-1)
11 60(1) 0.3(0) 200( 1)
12 60(1) 05(1) o-1)
13 40(0) 0.3(0) 100¢ 0)
14 40(0) 0.3(0) 100(0)
15 40(0) 0.3(0) 100( 0)

YThe number of experimental conditions by fractional factorial
design.
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Table 2. Experimental data on pH, total acidity, amino acidity, reducing sugar, total sugar and alcohol content in alcohol
fermentation under different conditions based on central composition design for response surface analysis

Reducing sugar

Total sugar

Alcohol content

Exp. No.! pH Total acidity Amino acidity (mg%) (mg%) (%)
1 4.3220.00 0.20£0.00 0.37£0.03% 106.33£7.33% 3244.33£3.35 7.36+0.20
2 4.07£0.00 0.3710.00 0.50%£0.04 57.96x0.46 807.83+0.72 11.96+0.05
3 4.35+0.00 0.20£0.00 0.28£0.00 59.13+0.62 843.16+0.32 10.03+0.47
4 4.32+0.00 0.25£0.00 0.5610.04 58.23+0.20 719.50+0.27 10.46+0.40
5 4.17%0.00 0.38£0.00 0.46+0.00 64.56+0.24 2298.1619.44 8.46£0.40
6 4.35%0.00 0.30+0.00 0.32£0.00 63.06=1.04 1899.16 £6.76 8.66+0.40
7 4.20£0.00 0.37£0.00 0.76 £0.07 56.36+0.39 927.0+0.61 10.16+0.25
8 4.53%+0.00 0.26£0.00 0.44%0.01 90.23%+4.09 978.33£0.69 9.30+0.20
9 453%=0.00 0.32£0.00 0.72£0.05 93.10£0.73 898.50£0.13 9.30£0.10
10 4.27+0.00 0.36£0.00 0.81+0.08 71.66+0.57 71866+1.32 9.80+0.34
11 4.60+0.00 0.27£0.00 0.60%+0.11 84.36+0.02 947.16£0.50 9.03%0.05
12 4.38%0.00 0.37£0.00 0.95+0.09 73.93x0.49 563.83£2.08 9.20+0.50
13 4.40£0.00 0.2770.00 0.35£0.02 60.2610.35 644.50£0.88 9.86+0.11
14 4.48+0.00 0.26£0.00 0.41+0.03 7056+1.95 719.161£0.98 9.66%0.05
15 4.49£0.00 0.24%+0.00 0.04£0.07 69.73+2.01 839.50+1.03 9.73%0.11
_I"The number of experimental conditions by fractional factorial design.
“Values are meantSD (n=3).
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Fig. 1. Contour map for the effects on pH (top) and total
acidity (bottom) of particle size and enzyme content on the

alcohol fermentation of brown rice.
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Fig. 2. Contour map for the effects on amino acidity (top)
and reducing sugar (bottom) of particle size and enzyme
content on the alcohol fermentation of brown rice.
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Fig. 3. Contour map for the effects on total sugar (top) and
alcohol content (bottom) of particle size and enzyme content
on the alcohol fermentation of brown rice.
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Table_ 3. Predicted levels of alcohol fermentation conditions for the maximum responses of pH, total acidity, amino acidity,
reducing sugar, total sugar and alcohol content by the ridge analysis

Responses R Pro>F X" X5” X5 Maximum Morphology
pH 0.9656 0.0038 97.56 0.75 191.32 4.73 maxium

Total acidity 0.9433 0.0124 39.76 0.33 1.24 0.37 saddle point
Amino acidity 0.9162 0.0306 50.12 0.39 27.81 0.69 minimum

Reducing sugar 0.7273 0.3468 56.31 0.39 130.86 88.50 saddle point
Total sugar 0.9677 0.0032 36.23 0.10 86.10 25.09 saddle point
Alcohol content 0.8689 0.0825 29.53 0.38 24.83 11.13 saddle point

D~y .
X
2) .
Xo:
3) .
X3!

particle size (mesh).
enzyme content (%).
agitation rate (rpm).
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Table 4. Comparison of predicted value and observed value
on alcoho! fermentation of non-steamed brown rice

Fermentation time (hrs)

Responses Predicted value Observed value
pH 438 433%0.017
Total acidity 0.28 0.20£0.00
Amino acidity 0.53 0.51£0.00
Reducing sugar (mg%) 64.78 200.50+0.04
Total sugar (mg%) 567.08 1039.00=0.74
Alcohol content (%6) 10.21 10.15%£0.21

"Walues are mean®SD (n=3).

ol dFdEaze] ey 319

9} contour map g A8 A3}, 8 4A HrlekE 0.38% o] AF
& nl o] 9lzk=7]E 30.0~42.5 mesh ¥ ol 4 &E-3heko)
—’F At ol & A= Lee £(22)9
o] o} &%k glucoamylsaed] ¥E7} E&
gebe Baet frAbshd o, & Al g
ee 50| A A1gF 1%t} 4 2 0.38%
b §-p8le] ¥-52F FU R 2% &
dol 7hastdel. ©](23)8] Wu] B o o} F-
X}E-}—r Az A dFdefo] 148%2 £ A Ayrr
A ettt o2 qF Abe] G & 0](23)9] AT E F-F
P Aot AARSE FFF] AHgetd o, ¥ AH
Al AAATE AMEst] 44 Ayl s EER

o] 237l Wiz A€o

t
-

A T
ot

B ool 8 mr oo
o4

bl
=

N oopy o

_,_43°,Lml-ﬂ

H}r ofN e 2 2 )y g oy
ol 2 fr du oy X
o::og«ﬁoﬂ,

i"lﬁiﬁ
o |
ﬁn“w
oNT"

%?‘E}Ebﬂ EHFP
contour maps-2 superimposing(Fig. 4)3}°4 A GFHa
271 W E A Ssidch Az e & Jdubid o] Wis}
(Table 2)<= -4 Avl2) glztz7]of 4 & whoke}. 18
I GFUE | 7P S A A v A e AHb RS 73§
of Wb E2] At Eof g e EA LA st
2 A3 Fig. 49 7ol pH, 4}, otvlx4tE, 894, 39
Y dE ko] dAF= W= AaA §F 032~043%,
vl o} §]At =7 35~42 mesh 2 vhepyte}. ojaba] o]} b
2 A 52T g 2l e A S F13}] 93l o
9 HA2 Wl ol 24 &, *]E'ﬂl g B
A ghek 0.34%, 3 rl 9] YA=7] 40 mesh, ZHFEE 50 rpm
& gl ste] Ut RS o S 2 A pH 4.38, 241 0.28,
olm| Ak 053, U 64.78 mg%, 4 567.08 mg% 2 &
E ¢ 1021% 52 A SEch dr]l U AR FA
of #HH AEES AFA <} U2 AA AF e
Ay 2] sbel GEw-S galste] sl Al=AdE
ahodeth oluf o] 272 &4 A =) 0.34%, Al
Y 2F=7] 40 mesh, A2 50 rpm % EF 350% 5 7H
3}0:{ o] oFulFAlE-S slg Ao wra o] pH, ZAk o}
L‘:*PE ;}ﬂd— 1\—4 %az‘g}a}: FAEANS RSM7H
off o3 A5 a3} v Aot A Ao et &
=5 3 AA ] A=AE A5E 5 YUK Table 4).

o n2
o[N Iy [o

Table 5. Changes in the components of alcohol fermentation by non-steamed brown rice

Fermentation time (hrs)

Responses 0 12 24 36 48 60

pH 6.26+0.00" 496+1.87 482+0.02 4.38+0.00 4.33£0.01 4.3410.00
Total acidity 0.15%0.04 0.16£0.05 0.16+0.02 0.1940.01 0.20£0.00 0.20+0.00
Amino acidity 1.88+0.01 2.06£0.19 0.55+0.02 0.55+0.04 0.51%0.00 0.92£0.02
Reducing sugar (mg%) 2,020.207000 3,291.75+3.35 279.8+0.01 259.10£0.47 200.50%0.04 213.30+0.89
Total sugar (mg%) 21,481.25+3.18 32979.00%£456 141925+1.85 1,09050£0.70 1,039.00£0.74 1,077.75+095
Alcohol content (%) 0 0 390+0.14 7.20+0.00 10.15+0.21 9.90*0.42

"Walues are mean*SD (n=3).
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