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Alcohol Fermentation of Uncooked Ground Rice with
Ultrasonication Process

You Jin Lee and Sung Tae Kang*

Department of Food Science and Technology, Seoul National University of Science and Technology

Abstract This study was performed to evaluate the effects on saccharification and alcohol fermentation, according to the
size of the ground rice (12, 20, 35 mesh) and ultra sonication process (15, 30, 60, 120 min). After saccharification of the
ground rice samples for 3 h at 60°C, sugar content was observed to be high in the order of cooked ground rice (CGR) >
ultrasonicated ground rice (UGR)> ground rice (GR), in all sizes of ground rice. Further, higher sugar content was
obtained by increasing the time of ultrasonication process. Almost 90% saccharification of CGR (11.5°Bx) could be
reached up to 10.2°Bx by ultrasonicating 35 mesh ground rice for 120 min. After alcohol fermentation on the 35 mesh
saccharified-UGR for 4 days at 25°C, 16.7% alcohol concentration could be obtained, as high as of CGR (17.2%). After
4 days of alcohol fermentation, UGR showed a lower pH and a higher acidity (pH 4.06-4.17, 0.99-1.1%) than CGR (pH

4.27, 0.75%).

Keywords: ground rice, cooked rice, saccharification, alcohol fermentation, ultrasonication
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8 244)(1,800 sp/g, Hyosowon Co., Ltd., Seoul, Korea) %
glucoamylase(400 AG/g, Spirizyme plus FG Novozyme, Bags-
vaerd, Denmark)S Ztz} & 9ujo] thdl W& (w/w)2 ARE-3}
At} Spirizyme plus FG= Aspergillus niger 514 &8t 1,4-
alpha-D-glucan-glucohydrolase®] glucoamylase®|t}. ©] T4 1,4
4 16-alpha A-S 7FREista, was 8 A€ FF9
Falol] ARE-E = Gholth #HF 2L pH 4.2-4.6, 60-63°C
olm, AkgwRe Q8o thale] 0.03-0.13% (ww)elth. ERE %%
4 Az E&HawNedT4, Cheongyang, Korea)s AME-3193t).
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Wu) S 7j3To] Almlsted 3AZE A & 1AZHE & wr)E

g oS BEAE ARESIO] undersizeE 715 S 2 12 mesh(1,400
pm), 20 mesh(850 um), 35 mesh(500 um)7} H == E 3t
12 meshd| S £33} 20 meshES 533K &= E30E 12

B3 35 meshE B8] &= EAVE 20
mesh, 35 meshE 5335 H2u|E To} 35meshd] #Yoz FF
ZF ) (ground rice, GRAIEES A|Z 3IARTH5). 2 £38d
A 2SR (Master-M, Atago Co., Ltd., Tokyo, Japan)E
ARR-ELe] 40 kHZzoA 15, 30, 60, 12087 &3 Ag|sl] ¥=
2} %2594 2] Al S (ultrasonicated ground rice, UGR)E #| Z3}3)
oh T3 BEA 22uAE] AlEF(UGR)FES HludT+E 938t
o 7} meshdH 2 Ax® FF5A E4V|(GR) 500gS 2L H]A
HIL121°ColA 1587 7SR AE st F5Ar A5 2
RO 7 719F5Al A& (cooked ground rice, CGR)YE A| %315 Th.

mesh, 20 meshs

HE

]l

7t mesh ¥ F5AF ZHU(GR), T4 ZeIAE AEa
- =

(UGR), 7FF=#} A &(CGR) 500 g 150% 7F¢ & EFHa A
(F22A 38.1 g8 glucoamylase 0.3 )= H713F & 60°ColA 6
A7F B9t GBA7|HA ZE A (Master-M, Atago Co., Ltd.,
Tokyo, Japanyg AMg-3t] Fars 43It zhzhe] sl
g AXER S5g A WS F 25°ClA 4Y ot ¢Eg T
& AATHFig. 1). ZHr)
259 pH, A=, S99 F

£ 35 mesh?] B & 218314
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S alcohol hydrometerZ Z73Fd Gay-

A 15CE BAste] bel%la(13), pHE
pH meter(Thermo Orion, 420A, Beverly, MA, USA)Z =743}
o b= pH S84 42 sUgH 459 10mLel| phenol-
phthalein Z|A12F 4= &S 7} § 0.1N NaOH &0 = m&
Aol 7] AH7A HA3IL, HAol| AHg 0.1 N NaOH £
o] 9KmL)S lactic acid%)® 3HF3IATH14). v el &2 (%)
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(3 h)

(1 h)

(12, 20 35 mesh): ground rice (GR)

Ultrasonicetion (15, 30, 60 120 min)
. ultrasonicated zround rice (UGR)
or Cook (121%, 15 min 1 shm)

. cocked ground rice (OGR)

Saccharification |+~ Complex enzyme (60T, 3 h)

Fermentsiion |+ Yeast (25T, 4 days)

I‘_I

Fig. 1 Schematic diagram of the brewing process of ground rice
(GR), cooked ground rice (CGR), and ultrasonicated ground
rice (UGR).
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Table 1. Comparison of sugar contents between CGR and UGR
during saccharification*

Table 2. Comparison of alcohol production* between CGR and
UGR

Sugar (°Bx)

Size of  Ultrasonication Saccharification time (h)

Alcohol (%, v/v)

Fermentation time (days)

Size of  Ultrasonication

ground rice  time (min) ground rice  time (min)
0 1 2 3 4 5 6 0 1 2 3 4
0" 19 20 21 23 26 29 30 0" 0 33 70 80 85
152 19 20 22 24 26 30 32 159 0 34 73 90 102
307 20 21 23 26 28 3.1 34 309 0 36 88 105 130
12 mesh 60 23 26 30 41 44 47 52 12 mesh 60" 0 43 96 129 134
1209 26 29 34 43 48 52 60 1209 0 52 105 135 138
Cooked® 2.0 30 49 59 72 81 89 Cooked® 0 68 119 138 147
0 20 20 22 32 40 45 50 0 0 33 70 89 102
15 20 20 23 37 48 52 55 15 0 35 76 102 110
30 20 20 23 41 52 55 58 30 0 38 88 117 134
20 mesh 60 38 42 48 62 67 70 74 20 mesh 60 0 52 121 133 143
120 42 49 58 74 78 83 86 120 0 65 131 142 157
Cooked 2.8 42 56 80 89 9.1 95 Cooked 0 76 142 157 161
0 20 23 28 40 45 48 52 0 0 38 72 128 147
15 20 24 31 50 54 57 60 15 0 41 118 142 153
30 25 30 40 65 70 73 75 30 0 55 132 149 163
35 mesh 60 30 36 45 75 85 90 95 35 mesh 60 0 59 137 152 165
120 43 50 67 89 98 100 102 120 0 72 139 153 167
Cooked 3.0 52 7.0 10.1 11.0 112 115 Cooked 0 83 139 162 172

*Saccharification was carried out with complex enzyme for 3 h at
60°C

Yground rice

Iultrasonication for 15 minutes

Jultrasonication for 30 minutes

“ultrasonication for 60 minutes

Syltrasonication for 120 minutes

9cooking condition: 121°C, 1 atm, 15 min

oA &sgith. 2E&uxE] A|R(UGR)Y A¢ 239 A= 3
EE 48 7RI 1208 39 2538 AS 12, 20, 35
mesh A&2] 7% 247t 6.0, 8.6, 102°Bx2] &HS Uehlo] F
ZAF B2 0(GR)SF BlaLste] 200, 172, 196%2] F=7F S713¢
Ath E3] 20mesh ¥ 35meshe] 7S 1208 =9+ e}
Ao 2N 71EAF A E(CGR)Y] BE 9.5Bx, 11.5Bxe] ¢k
90%°l 2% =2 G387t 7kl

7t mesh ' FFA &4 U] (GR), #54F Z25TAE] A8

(UGR), 752 A|E(CGR) ZZtel] thst] & 4A19t glucoamy-
laseS 33;}?_ EAREAE F7FSEAL 60°CoNA 3AIZE B3t F3)

AR F BRE HEe] 25°ColA 49 B9 33 8 4FEE 5
ALESSHE T8t S2E TS ZABIATHTable 2).

12 mesh(1,400 ym)2 3¢t Muje] A9 I3FE T 44 &
= 7}%}54 AB(CGRyE 7P =2 &3t FF(14.7%)S et

Hov), B2 BAUIGRE 7P R 85%F ehiRic
252} BASIGRY) HIsle] 54 2892 ARZUGR
T e

FE d3g FEo] FrketY 1583 1208 X9 A¢ 47

102%2} 13.8%= YERHATE 20 mesh} 35 mesh® 223 A&

o ASE e TS EO%"iOU% 35 mesh®] #3|u] Al59]

73% 250 AAZHE 15800A 120802 SV A}
2 49 T 153%°14 16.7%i &51E o] SRS

*Alcohol fermentation was carried out for 4 days at 25°C
Dground rice

Dultrasonication for 15 minutes

Syltrasonication for 30 minutes

‘ultrasonication for 60 minutes

Sultrasonication for 120 minutes

9¢cooking condition: 121°C, 1 atm, 15 min

A 289 #gld] FAIRe] 12 mesholl A 35 mesh® E21)
o A7} HolAFE HF dIg FEFo] T Leeot
Park(5)S 223 AE A RS T2 YRS AR &
& WFE FYPII 12, 20, 35meshe] A|Fol thste] zZhzt
13.35, 14.8, 14.0% (vv)2] &FLL ksl BHA 852 A7)7}
G A mXe TS FHrE] APy B Ayl A4

o m=x QgRyue] A7)t ZolASEE 85, 102, 147%E
d3E Pl F/IFE AT & Ak EF 257 AelE

Z3le] zkzb 138, 157, 16.7%= *ﬁ*PoM 134, 148, 14.1%=
Aokel Lee9t Park(5)e] AS-RHU o 2 dHFoE 4785 A
b QUi oA AR ARA 25T AEE ] 2
A% —‘der Sl e A7zt w43, & HAEHE, 8=
9 388 e, 2RV J= ZAE B oks Handk Kim(18)2]
AFE g3 Ao AlEHTh

O

YDE W5 F 28T MMV WE pH, S, Obo|xEl
ma, Bl grzol Wt

35 mesh®] WS ARS8l a9t APAZES Eejsto] Al

22 Axs 49 B UL WES FASUA pH, F2, of
vl 2, BAT PP WSE BESA,

3 1-
35 mesh 54 E%HJHE] AEFHUGR)S ¢2E BE F
pHe] Hsl= Table 33 2t} ZE Al8A @8 0YA p 5.5-
5994 W& 194 pH 3.94.17F F43] 7243 F 2
4.06-42771A 254 F7FFATHp<0.05). ©] A= HF24 A}
&3 g0 whgolx] 43S g 1247 pH 5.06-5.1401] A
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Table 3. Changes in pH during alcohol fermentation* by ultrasonication"”
Fermentation pH
time Ultrasonication time (min) cod®
(days) 0 159 309 0" 207 Cooked
0 5.824 5.80" 5,768 5.49% 5.65% 5.85%
1 407" 3.98% 3.95% 3.93¢ 3.96° 3.93¢
2 3.95%8¢ 3.928¢ 3.9448¢ 3.95%8¢ 3.9448¢ 4.06"
3 4,048 4.015 3.988% 4,048 4,065 4.16"
4 4.10°0® 4,08 4,06 4.148¢ 4,17 42740
*Alcohol fermentation was carried out for 4 days at 25°C
DABCDDifferent letters in the same row indicate that the values are significantly different (p<0.05).
2abednyifferent letters in the same column indicate that the values are significantly different (p<0.05).
Jground rice
“ultrasonication for 15 minutes
ultrasonication for 30 minutes
yltrasonication for 60 minutes
Dultrasonication for 120 minutes
9cooking condition: 121°C, 1 atm, 15 min
Table 4. Changes in total acidity during alcohol fermentation* by ultrasonication””
T
Fermentation Acidity (%)
time Ultrasonication time (min) ke
(days) ) 159 309 0" 20 Cooked
0 0.14 0.14% 0.16%¢ 0.18" 0.16% 0.23%
1 0.56% 0.68"¢ 0.774 0.53™ 0.37" 0.49™
2 1.005¢ 1.05"° 1.06%° 1.025 0.92¢ 0.65™
3 1.058° 1.11% 1.12% 1.07% 0.96° 0.72%
4 1.10% 1.12% 1.114 1.10% 0.99" 0.75%
*Alcohol fermentation was carried out for 4 days at 25°C
DABCDEFDyifferent letters in the same row indicate that the values are significantly different (p<0.05).
Dabedenyifferent letters in the same column indicate that the values are significantly different (p<0.05).
Yground rice
Sultrasonication for 15 minutes
ultrasonication for 30 minutes
Oyltrasonication for 60 minutes
Dultrasonication for 120 minutes
9cooking condition: 121°C, 1 atm, 15 min
g 1Y A3 & pH 3.82-3.957FA ol & &ks] F7FekG 7tste] s AT ol AETh22).
Th= Park 5(19)¢] A2} dAsl= A4S BT olg 7SR AIR(CGR)S AMIEe tE AlgE Hlste =g
W LGIE AIIY T AARto] SN AEKHeRE A Al PR om Ig 4459 TR AR AEE 0.75%E
Halel FAE B GRsl 2SN 08 f740 44T O ARdl wajl A% e e naFct. olsh gl 24
o] Z7hElo] pHrt A5¥l e ARHETH0) Azl wa) Ak ARl phrk o S, B4 gl o

TS #HE 0E 49 FoA 223 E] AIEH(UGR)9 pH
4.08-4.172A 71FEA A|E(CGR)Q] pH(pH 427)ET} W&
FE HojFo] AAo] mEA J3PE AL g & U
1583} 3082 223 HYE 58 W53 AFE ¢=
e F F5A B0 (GR)9F - AR pH W3HpH 4.10)
HojFo] AR 2 G FA= LAUTHP<0.05).
35 mesh 754 2292 AIE(UGR)S T34+ €38
Z2te] W= Table 494 7l dRbEozm g9 A
A, Aabg @ 22kg To] Zg3te] fr)ate] A
T7} ZolxE Ao=m dEA ATH2L).
AEoA Brg 0dA Fate] FHFE 0.1-02%01A4 g
6-1L1%7HA] X &EH o2 Z71gt & s F7hshe A
FS 1ot Fab gio] 297 N&Hor ZUg e B et
g 194 pH7E 543 gAS o pHrF Y o F43]
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o FoA &I AEUGR)E =l folZ el Afel
(@=0.057F WA JehIA FoA BAnlel] dist 25 X7t
S FREIAIE G AoE RIF

35 mesh FFA 2 3AF AEF(UGR)S FFA
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Table 5. Changes in amino nitrogen contents during alcohol fermentation* by ultrasonication"?

Amino nitrogen (%)

Fermentation time Ultrasonication time (min)
(days) Cooked®
0¥ 159 30” 60° 120"
0 0.0234¢ 0.017¢ 0.0188< 0.0195¢<¢ 0.0205¢ 0.0242°
1 0.0185¢¢ 0.0224¢ 0.014" 0.016°P¢ 0.0201B4 0.009%¢
2 0.034"¢ 0.038"¢ 0.029< 0.030¢ 0.034" 0.017°
3 0.046%° 0.0444° 0.032¢ 0.034<® 0.0395° 0.025"°
4 0.059% 0.053% 0.053¢ 0.0545¢ 0.056" 0.033™
*Alcohol fermentation was carried out for 4 days at 25°C
DABCDEDyifferent letters in the same row indicate that the values are significantly different (p<0.05).
Dabedenyifferent letters in the same column indicate that the values are significantly different (p<0.05).
Jground rice
“ultrasonication for 15 minutes
ultrasonication for 30 minutes
yltrasonication for 60 minutes
Dultrasonication for 120 minutes
9cooking condition: 121°C, 1 atm, 15 min
Table 6. Changes in reducing sugar contents during alcohol fermentation* by ultrasonication”?
Fermentation Reducing sugar (mg/mL)
time Ultrasonication time (min) ke
(days) ) 159 309 0" 20 Cooked
0 6.38" 6.67% 6.91" 7.24% 9.14% 27374
1 2.78% 3.15% 3.98 4,64 5218 18.79"°
2 1.92%F¢ 2.11% 2.40 3.29% 3.88%¢ 9.37
3 1.79% 1.79% 1.80% 1.84% 1.86™ 2,51
4 1.77% 1.78PE 1.80™ 1.828¢ 1.84% 1.98%
*Alcohol fermentation was carried out for 4 days at 25°C
DABCDEFDyifferent letters in the same row indicate that the values are significantly different (p<0.05).
Dabedenyifferent letters in the same column indicate that the values are significantly different (p<0.05).
Yground rice
Sultrasonication for 15 minutes
ultrasonication for 30 minutes
Oyltrasonication for 60 minutes
Dultrasonication for 120 minutes
9cooking condition: 121°C, 1 atm, 15 min
SRR EEE TR e Foln, A0UE, oA A7 % A A0l Be =
Smesh FEA 2832 ARZUGR] T4 2mg ¥ o] B Ao svieEct. gE td JuE o8 £EHY %
8 5 399 shFo] WHEk= Table 634 2l 43E HIE 9 g IEAT B oSl W3 23 A2 F A T4 A
715 ARCGRE 27 BUY el 2737 mgmlE 7b A A7t Da Ao ArHt,

37
=R 158A 120802 223 XA ST u}
2} 6.67mg/mLAA 9.14 mgmLE %7] Y3 ko] Z7)ety (=] ok
o} kA F35AF E9(GRY7E 638 mg/mLE 71 W s

HolFglon ol Qe 2 Meld oA W ARe $24 Wplg ol89 P95 % g
e/} ok $UYS) PPl Fold AR FRE Han 3 HIRL 27112, 20, I mesh) 48

SR ARES 25v= wdst AR A AR WA 2K, 30, 60, 1208 EE]dte] AR

Z17F 1.589 umolA 0441 pmZ Eo]E3, ¥FHA 0] 1528] 5 3L e = s 7k s ﬂﬂ
7kt e HIgEHA e Fvhe gadte] HEH SUHE 7R A 3N BT A BE AlROIA 7SR A1‘:;L(CGR)>
Tl ®agh v itk BE AR5 HEA o] A ulet 25748 AR(UGR)> 732 #4H(GR)®] 22 2 3%
UV@““% FAELR o] gEo] STt Frafo] A} FHAste] B £ BTt} wfuiu]e] =7]el T 7IkEA A E(CGR)

T A BE AEE9 182mg/mL FEog AT 7t 7HE B2 BRE RAFen Ak EA0(GR= M
(p<0.05). v grE L}E‘ﬂﬂﬁii} L3 B3 240(GR)l Hlsted =
olfe] AFERE HEE dedt F5A WeE 229 3 38 AEUGRYT 2 358 UERINY 253 XA
BAIZRS gEjste] XEsta 93l B ¢43E wEE FYsie] vt 7ro] AFE Frt 7 35 meshe] #4AWE 1208 B2t
A2 BFel] ZHE AW 16.7%Y EFLAAlo] I3 253 AeEn 71t Al E(CGR, 11.5°Bx)9] 2F 90%¢
251 A7 3AS 53 43 das A Fo B Pl 102°Bx= B3}t 7hsatainh T3t FstE 35 mesh

SRR

25 HAsE] ¢
253 A
A zstaL %fi‘r-‘l} &
= 60°Co
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gk 16.7%%] &g Aito] 75t e T 49F
o] 7=k 22 E] Al (UGR)Y pHE 7H4SAE A1 E(CGR)
o} Blwate] W& pHE e ES 239xE] AlEe] 4F
EE 0.99-1.1%2A 71 AIS(CGR)E) AH= 0.75%01 H]5}e]
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