KOREAN J. FOOD SCI. TECHNOL. Vol. 40, No. S, pp. 551~557 (2008)

Mlels ZR0 ME HS

25Ol

KOREAN JOURNAL OF
SrRAZ UK

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

A - 2 - o] 5F - Qs
AFAEATH DB BT

Physicochemical and Sensory Characterization of a Korean Traditional Rice
Wine Prepared from Different Ingredients

Hye-Ryun Kim, Sung-Jin Jo, Seung-Joo Lee, and Byung-Hak Ahn*

Traditional Food Research Division, Korea Food Research Institute

Abstract In order to investigate the effect of different ingredients on the quality of Korean rice wines, 30% of rice were
substituted by malt, corn, potato, soybean, glutinous millet, unpolished rice, glutinous rice, or non-glutinous rice, when rice
wines were prepared. Physicochemical and sensory characteristics of the rice wines from the varying ingredients were
evaluated. Sample rice wines were analyzed for ethanol, pH, total acid, amino acid, soluble solid, coloring degree, UV
absorbance, reducing sugar, organic acids, and free sugars. After fermentation for 16 days, the ethanol contents ranged from
13.28 to 16.23%, while the total acid levels were within the range of 0.27 to 0.32%. The amino acid contents in eight samples
ranged from 0.18 to 0.36%, while the soluble solid contents were within the range of 8.35 to 11.1°Bx. Among the eight
samples tested, rice wine prepared with malt showed the highest level of coloring degree, UV absorbance, and reducing sugar
levels, while rice wine prepared with potato showed the lowest value. Organic acid contents of rice wines prepared with
soybean, glutinous rice, and non-glutinous rice showed the highest levels of succinic acid followed by acetic acid, citric acid,
malic acid, and pyroglutamic acid. Free sugar contents of all rice wines showed the higher levels of glucose followed by
fructose and maltose. Rice wines prepared with unpolished rice and corn showed the same highest overall sensory preference.
By descriptive analysis, the overall mean sensory intensities of samples prepared with glutinous rice and non-glutinous rice,
showed similar levels of ‘sweetness’, ‘fruitiness’, and ‘freshness of aroma’, while those samples prepared with soybean,
glutinous millet, and potato showed stronger intensities of ‘nuruk’, ‘grain aroma’, and ‘yellowness’. Rice wine prepared with

corn showed middle ranges in all sensory attributes tested.
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Hwsle] M2 o2 FE H7HEAA ZRIske 9, 4714 &
o] 5t A3 #AFA A AolE RASIAT
Mz ey

=

95 W2e Fd Qth(Cheolwonnonghyup, Cheolwon, Gang-
won-do, Korea), 22 x]e}4tF A HHA (shinlimnonghyup, Wonju,
Gangwon-do, Korea), @P]= =4 P (National Agricultural Coop-
erative Federation, Seoul, Korea), XZ& 3ly 715 LutA
(National Agricultural Cooperative Federation, Seoul, Korea), &
& A= WHH™ A F7HE(Kirinnonghyup, Inje, Gangwon-do,
Korea), ZHAR= 747 1H-(Kirinnonghyup), $55< SSF5F7H
(Kirinnonghyup), Wol= A71E7H 212 100%(Buannonghyup,
Sangseo, Buan, Jeollabuk-do, Korea)s AM&-3}3, ERE Sac-
charomyces cerevisiae(Fermivin No.7013, Inra, Narbonne, Servian,
France)& AH&3lA o™ J=W|(SP 60)= (5)F4H Yongin,
Kyunggi-do, Korea)2 2578 WdFH Fe|2 F51o} ARE-3F3aAL
TE52 (F)=<(Seongnam, Kyunggi-do, Korea)2] 7l 5+5(SP

1000y AH&-3FATH

WE(E50.02%, Y=1] SP60 0.77%, £1.08%)S 25°ColA] 1
A7 sl 2 el 19 S (=T SP60 12.76%, & 20.57
%)3ked 25°CoA] 197F g3 & ok IdEF@ 25.13%, v
SP1000 0.23%, & 40.21%) 3t 2t @5 A & 49 30
%wwyg 98 VISV, SR, AR 2Ea AT
2 100°CR Q) BN 33lsle Hrkeida 2z, dn|, 3t
A g3 WAL 100°ColA 4087 FAkEl] ke £ 3
20°CellA] 1697 wasly A5F5 A=z

=

=

Py

L e AlEE 045 um syringe filter(Xpertek, Rivonia,
Republic of South Africa)® ¢33} GC(Hewlett Packard
6890N, Palo Alto, CA, USA)Z #43}4 T} Columne DB-
ALC2(30m lengthx 0.53 mm idx2pum film thickness: ] & W
Scientific, Folsom, CA, USA)YE AF-3}43L oven 70°C isothermal,
inlet 200°C, detector FID 250°C Z2] 3l carrier gas® heliumS
AMEsI e EFEEE FE9) peak areaZ i E TFHAE A
st 7tzte] daEFES At nAE + 7 SH2 A
e NEES I 349(0.85% NaC)ez 107 34yl ula}
8443k % potato dextrose agar(Difco, Detroit, MI, USA)8]=] ]|
B mate] 25°CellA 72217k vk & AR i FE At
ATt TEE hand refractometer(Atago Pocket Pal-1, Tokyo,
Japan)Z 2743}0] °BxZ HAISFAUIL pHE pH meter(Orion Model
EA 940, Boston, MA, USA)E ©]&3ld SH3Hom F4k2 Al
E 10mLel phenolphthalein A|A|F 23988 71sl] B & &
Ao R HAS 0N NaOH §9o2 @548 Yehd
w7kx]19] AA mLFZE succinic acidZ2 YERNIT o] qke A
F 10mLE # 3 phenolphthalein A|A]F 2-391-2-8 7}5le] £3}
T =4 formalin €9 5mLS 7F5le] 29 opn|ike ®
F WAL R BT 0N NaOH £9 02 T
Ebd w747 AAZ S mLTE glycine®E UERAATH(5). 24T

e

R

EE AEE 40milH FEEE S5, FHwAe T
(mm)x100)] &J&f, ALHFF= ARE 254 34 5ke] 280 nmoll
A FEEE S5, F8E/A9 T (mm) x 10 x 3|4 H)<o|
oz AHESFATH(16). %= A& (Hunter Lab Color Quest 11,
Richmond, VA, USA)E ©]&-3}c] Hunter scale®] ©J3] L(HX%),
a(BAE), bEAZ)FeZ el 3992 dinitrosalicylic
acid method®| wWaFUV/VIS spectrophotometer(diod-array) HP
8453(Hewlett PackardyS ©]-8-3t>d 550 nmel|A] F4=E Aot
3 %FEZF glucose(Sigma, St. Louis, MO, USAYE TEHZE A
Z3te] ZERFEFATHIT).

/2 - 714 24

G A8 1mLE Bio-Rex 5 resin(100-200 mesh chloride
form, Bio-Rad, Hercules, CA, USA)l &75<} s S3A1AH
< 92 5 045um syringe filter® <33} Aminex HPX-
87C(300 mm x 7.8 mm, Bio-rad) columng AM&3IRIL o8N &
4% 0.6mL/min, column oven =% 60°C, injection volume
10 pL, refractive index detectorS ARE-3}o] EA3IATH1S). 714k
2 NFoA ZFe AAT F 20% sulfiric acid 2mLol 2|3 A2
H AR FHF5 10mLE o]83t U2 F 045um syringe filter
Z o373 Aminex HPX-87H(300 mm x 7.8 mm, Bio-rad) col-
umnS ARSI e H o]FAF EE4E 0.6 mL/min, column oven
£ 35°C, injection volume 10 pL, UV 210 nmol|A F41&}ich
(19). 71715 HPLC(Jasco UV-975 UV/VIS detector, Tokyo, Japan)
E AH-3HTH

B2Ab- 715 2 & SAXE|

BAL-7]5% B4 93 AR d=AFATd 24374
WA 5, A eHe® T 11He] Fosidla 71 HEE &
H BAPISE B4 AYo] e AFYeRE o|FoH) Vs
A2 R F oFgt AeFe] A, 3 U T 71w o
3 98 HHReRE Hrtsld 7P Foh 9, 7P S 19 A
ABIAEE BAREA 298 Lee 5(20)9 WS H=d}]
HEgste] AAEIGATE F 63 AA dd FHE HAAEA
AL 82 vt 2ol o] FolAth 1. BARe] a3t )
g 7F B 2. A AR 29 3 54 ZEitk= AlA, HA4E
folok vl 74 3. ¥t 54 ZEitk= AA], A E §oist v
I 4, AlES] BAREAY 2|ig=d] Oisk AR, dd 7+ B9 5,
matching tests &3 BAFSA ol A= 9o, ARl E Id
gelz 2% 6. ¥ 49e 9 AgEet Aol thal WS
A2 Abgo) Aleles @ ¥ 44 £U2 Sol AR B}
o|Folftt. BAREA A =E¥ Rt &ole Table |
5 2tk B AgelE A7t Al A2 USER FEd gl
FERo] A(1821°C)0 & AA =Y er AAE AlEE= Williams'
latin square ol ©J8] |MHsIEo] £AFe] eAE Haslslel
T ARE 77he] Rt BalE BAAGA olRolA AA}
o Welg Axsom sk 2 A=l vl 33 WEow 7
7P} olfolgn HAwk of Hw(l: s R, 5 BE, 9 o
9E JEHE AHESlel BARY shlnh RAHEY Fse 24
&4 (analysis of variance)®} F/J% E2(principal component
analysis)S A A] S} 3L, Statistical Analysis Syatems(SAS, Cary,
NC, USA) for Windows 7.29} Unscrambler 9.1(Camo, Norway)
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Table 1. Sensory attributes, definitions, and physical standards
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Attribute Code Written definition Physical standards
Lightness Lightness Intensity of yellow color in the rice wine No physical standards
Yellowness Yellow Intensity of yellow color in the rice wine No physical standards
Redness Red Intensity of yellow color in the rice wine No physical standards
Alcohol Alcohol Alcohol 25% (w/v) Ethanol
Nuruk Nuruk Yeasty, moldy Nuruk 10 g/100 mL DW
Fruity Fruit Ripe fruit aroma similar to pears Crushed pear 15 g/100 mL DW
Sweet aroma Sweet Caramel, sweet Starch syrup 15 g/ 150 mL DW
Sour Sour Sour taste Tartaric acid 0.25% (w/v)
Astringent Astringent Mouth feel of dryness Aluminum sulfate 0.1% (W/v)
Bitter Bitter Bitter taste Anhydride caffeine 0.1% (w/v)
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Fig. 1. Changes in pH of traditional rice wines made from
different ingredients during fermentation time. O, Malt; H,
corn; A\, potato; %, soybean; *, glutinous millet; 4, unpolished rice;
+, glutinous rice; —, non-glutinous rice
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Fig. 2. Changes in *Bx degrees of traditional rice wines made
from different ingredients during fermentation time. O, Malt; Hll
, corn; A, potato; X, soybean; *, glutinous millet; 4, unpolished
rice; +, glutinous rice; —, non-glutinous rice
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Fig. 3. Changes in microbial cell counts of traditional rice wines
made from different ingredients during fermentation time. O,
Malt; WM, corn; A, potato; X, soybean; *, glutinous millet; 4,
unpolished rice; +, glutinous rice; —, non-glutinous rice
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Fig. 4. Changes in alcohol contents of traditional rice wines
made from different ingredients during fermentation time. O,
Malt; M, corn; A, potato; x, soybean; *, glutinous millet; 4,
unpolished rice; +, glutinous rice; —, non-glutinous rice
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S Uepon g 3ol 13.9+:0712 7P B fao]
128£09% 11 tFo® yeiskon g 597k Aasitrh 2
o] o= o7t FUISIAY A dA FEE fAE HETE
Ao s WMoyt 1110012 7P =93 A7t 83540352
71 9A YElgt &8 S5 99 A3 6.65x10-1.72x10°
CFUMLFF2 2 Seo 5(23)9] Hiet L3N en &5 o
3 27 428x10° CFUMLE 713 A4 Jehga o)
24x10° CFUmMLE 7Hg A2 Fo2 JrlspA veigton da
2UAIRE &R e gad] AFele] BdE FEAIHYANE T
, Mol wao] 144-1.55x10° CFUmLE 7P Yok &n|7z}
2.69x10° CFUmMLE 7F¢ &8 &% 2 Yepith 438 3%
& TdFe Bl FF 207245%Z 95 w2 zol7t £0.38%
Z sy 2a 5¢0] FHA dAnrt 14.31+0.13%2 7
A, 25571 1128+1.11%2 7FF YAl YeRY £3.03% o] S
How wE 12¢ Wols AL tFEe] $o] ds T
AES el HBo] 1689+039%= 7 =A A
13.68+041%=2 7P 9A Jeldtt. Wols o] §3g &2 wE 12
d 15.03£0.68%004 LE FFEAE 164 16.23+£0.09%= S7F
oy BE &o] wa FTREAIFES UM e RE ¢ o]
ol Wste & I e £ERY Hadde] gd e
o Uk

A7ME FF 2 dEFo TETE T BAEIE Table
2.4 YERAATE. 3L Share wlolol o] 162%= 71
EQI Fol 1328+0.11%Z 7 W%kew pHe= AL 4.14+
0.048 7P Wgka Wolr} 457+0.28 7P =4 Vel &
ke ®Wolzk 032+0.01%=2 7 A A27F 027+£0.01%= 7+
2 S Yelgou & Aol HolX] ke Lee 5249 2

o} GAFEIAAL obr) AR Wolr) 036+ 0.028 7P E=A 7+
271 0.18+0.012 7 9A Uehdth ges Wolr} 11.1+0.14
2 7 Fol ¥R Tl /P BeS Ui AL
8.35+049% I FrFo] /P B ZoF Uity AR,
255, B BT dolg HUke Sl 7P =AU
Bt RS HEeh oA 7P WA vehy 8] e 5
2 ZolE FElo] & & AUk AMEoA WEE BE &4
9001’de Hod WA YEREAINE Wolvlo] 74444172 71 ofF
Al vehgar Wil E A= wolgto] 92643272 7 7
VeSS UmA] &2 BT ulelyX 3E Hlow e
gk wWolrt 33.46£2912 7Hg EA Jehd AN gao] s
¥ AFTE NEstart & v Holo] ARgo] vEE F & A
o7 ABET Loz T3t 227} 2585+0.94, 24.99+2.092
yepon o] 10.98+0.672 7 WAl ekttt

F714 % citric acide A3} w&o] 1.97+0.02, 1.96+0.25
mg/mLE 7P EA e, S50 27 1.80 mg/mLE 1
theo g Uelgton wWok= 0.09+0.06 mgmLE 7FE @A ek
L 208 o]4ke] xpolE HATE Malic acide citric acidgHFo] 7}
7 G@oke wolr} 0.83+0.53 mgmL, 7P EohE wgo] 0.83+
0.16 mg/mLE $L3H Vet F(soybean)o] 0.18 mg/mLE 7}
e S B o, succinic acide HWA&©] 3.20+0.57 mg/
mLZ 7P %3 T3 R0 3mgmlE 1 TR e
on ZFA7} 1244005 mgmLE 7P e kS BAth Acetic
acidE= %7} 3.78+1.88 mgmLE 7F¢ A YEly Loz
w2o] 297+0.5 mg/mL S HYom Fo] 0.76+0.19 mg/mL
2 7K 9 Jeht 98d wE zpolrt Z2W pyroglutamic
acide BE €94 0.03-0.05 mgmLE 7|#e & eyt A

Table 2. Chemical contents of traditional rice wines made from different ingredients

Ingredients Alcohol(%) pH Total acid" Amino acid? °Bx
Malt 16.23+0.09° 4.57+0.02 0.32+0.01 0.36+0.02 11.1+0.14
Corn 15.09+0.29 4.24+0.05 0.32+0.01 0.19+0.03 9.25+0.42
Potato 13.65+0.42 4.14+0.04 0.29+0.03 0.18+0.01 8.35+0.49
Soybean 13.28+0.11 4.54+0.06 0.29+0.01 0.19+0.01 9.00+0.07
Glutinous millet 15.76+0.16 4.43+0.06 0.27+0.01 0.21+0.03 9.85+0.21
Unpolished rice 15.96+0.28 4.25+0.06 0.30+0.01 0.21+0.03 9.90+0.35
Glutinous rice 16.20+0.33 4.23+0.01 0.30+0.02 0.25+0.01 10.15+0.07
Non-glutinous rice 15.89+0.45 4.25+0.02 0.30+0.02 0.27+0.01 10.10+0.13

Dog, total acid contents described as succinic acid
2%, amino acid contents described as glycine
IMean+SD of 3 replications

Table 3. Coloring degree, uv absorbance, reducing sugar and color values of traditional rice wines made from different ingredients

Ingredients Coloring degree” UV absorbance®  Reducing sugar” Lightness Redness Yellowness
Malt 5.95+2.419 29.76+3.75 3.30+0.26 74.44+1.70 9.26+3.27 33.46+2.91
Corn 2.69+0.30 13.78+0.51 1.65+0.03 93.29+0.11 -2.69+0.35 16.77+0.54
Potato 0.47+0.11 12.53+0.83 1.56+0.09 94.12+0.44 -1.99+0.10 12.58+0.84
Soybean 1.04£0.19 16.00+0.48 2.57+0.01 91.07+0.10 -3.31+0.17 25.85+0.94
Glutinous millet 0.70+0.00 15.76+0.09 1.70+£0.05 90.79+0.63 -3.20+0.16 24.99+2.09
Unpolished rice 0.90+0.30 16.21+1.24 1.79+£0.01 92.25+0.28 -2.67+0.08 16.00+0.75
Glutinous rice 0.89+0.01 16.68+1.91 1.84+0.07 93.70+0.59 -2.38+0.05 10.98+0.67
Non-glutinous rice 0.78+0.11 18.76+0.98 1.80+0.09 93.93+0.82 -2.24+0.14 11.17+£0.74

DAbsorbance at 430 nm
YAbsorbance at 280 nm
dmg/mL

“Mean+SD of 3 replications
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Table 4. Organic acid and free sugar contents of traditional rice wines made from different ingredients (mg/mL)
Ingredients Citric acid Malic acid ~ Succinic acid ~ Acetic acid Pyrog(l;(tfmm Fructose Glucose Maltose
Malt 0.09+0.06"  0.83+0.53 2.25+1.19 247117 0.04+0.02 0.86+0.05 9.13+0.37 0.17+0.02
Corn 1.80+0.04 0.36+0.02 1.50+0.17 1.06+0.35 0.03+0.00 0.34+0.06 3.78+0.96 0.15+0.02
Potato 1.80+0.12 0.26+0.07 1.24+0.05 1.04+0.13 0.05+0.00 0.20+0.05 2.65+0.93 0.18+0.02
Soybean 1.40+0.08 0.18+0.00 3.04+1.47 0.76+0.19 0.03+0.00 0.42+0.12 2.65+1.11 0.46+0.10
Glutinous millet 1.01+0.60 0.47+0.02 1.38+1.42 3.78+1.88 0.03+0.00 0.36+0.05 5.13+0.57 0.14+0.01
Unpolished rice 1.59+0.19 0.50+0.05 2.09+0.44 2.14+0.28 0.03+0.01 0.35+0.05 4.34£0.15 0.11+0.08
Glutinous rice 1.97+0.02 0.20+0.02 3.01+0.16 2.80+0.21 0.04+0.00 0.25+0.04 4.03£1.05 0.17+0.02
Non-glutinous rice 1.96+0.25 0.83+0.16 3.20+0.57 2.97+0.50 0.05+0.02 0.14+0.11 3.26£1.07 0.19+0.03

"Mean=SD of 3 replications

T2 e &4 glucose’t 7Y B IS eI Wolrt
9.13+0.37 mg/mLE 7F§ =kom 7} Fol 2.65 mg/mLE 7}
7 AL fructose HESH Wolrt 0.86+0.05 mg/mlLE 7 =2 g
2 BATZ ZA7F 0204£0.05 mgmLE 7P 2o S B
o1 maltoses FOZ Fo| 046£0.1 mgmLE 7P =4 g
WAl Wgo] 0.19+0.03 mgmLE L theo® JERten vmz
A= 0.11-0.18 mg/mLE ALl AE=H ATk

HEER UIE MSUSFO| AsH SN

713% 4 A= Table 591 7ol wWof AJo] 3.7x195%
71 A YeRd feFel 2peols ®Bolow Wyt b v
o] 4] ¢ YRt A & & YT 3} gk T3 {oF
A Zol7t YA 7P W AFE AATHp<0.05). AR 7]
== dne} BAREA A dubdo = 7k BEAo] kA &
I FH AR S B S5 6,022 7P B4 e
ol U O 2 o 3K(sweet aroma), ZY F(fruit aroma), 33 S
(fresh aroma)°] =2 545 YePH & (glutinous rice) +5
S(muruk aroma), 773+ FF(grain aroma)®] ¥ EXOFZ Yehdt
22 AR Ve Eve e 7128 W) o
3lsbd EAE v|wd A3 73t B4 Yyehd S |
w7} A7 &9 o)At 0.19-02140.03%2 LVrER} wak
0.27+0.01%XEtk 0.07% A JEFRL F714 A acetic acid &
o] ST 1.06£0.35 mg/mild] W] WL 2.97+0.50 mg/
mLE =4 YERer fdolA fiuctose Tl A
0.14+0.11 mg/mLIE] W13 S559F @rl= 034, 0.35+0.05 mg/

Table 5. Preference test” for traditional rice wines made from

different ingredients (N=11)
Ingredients Color  Aroma Taste acg;ggﬁi ty
Malt 3.7 1.8° 1.7¢ 1.74
Corn 6.1° 6.3 5.4 5.9
Potato 5.8 5.0° 43* 4.5
Soybean 6.2 5.0° 3.8 4.4°
Glutinous millet 6.4° 5.7 4.8 5.3
Unpolished rice 6.7 6.6 5.2¢ 6.0°
Glutinous rice 6.1 62" 5.2¢ 5.4
Non-glutinous rice ~ 5.9* 5.4% 497" 4.8

9, like extremely; 1, dislike extremely
?Means with different letters across the line are significantly different
at 5% level by Fisher’s LSD test.

mLE 02mgmL A% FA4 UYepd 2& &+ AUt

BAREA Adke] E4HEA (three way analysis of variance) 232}
5 AHEH 7 AR 7HE 938 FHalcohol aroma), H-2>19k
(astringency taste), 75 SH(muruk taste)S A3t EE FEo)A
ol ztol7h AATHp<0.05). AAALSE Al 87k W& 2HE-(judge
* liquor)oll A= BEE oA {94 ztol& Holx] gota A
AHE] o] E FEOIA AEZH] WIS dHE WO R o]Fo

& 2RI F AUk

A7HE FTHRE 2Eig i AT A8 tigk BARE
A A3, 117 HAre] 33] whE ZA3F A3 33} Fisher
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Table 6. Mean sensory attribute ratings of the traditional rice wines made from different ingredients (n = 11 judgesx3 replications)

Korean traditional rice wine®

Attributes " LSD? - - - - - - - -
Malt Corn  Potato Soybean Glutinous millet Unpolishedrice ~ Glutinousrice  Non-glutinous rice
Lightness** 0.73 6.30°¢ 743 6.87% 7.13%® 730 7.67° 7.80* 7.80%
Yellowness* 0.70 1.60¢ 397° 357" 6.03® 5.40° 4.13° 2.70°¢ 2.60°
Redness**** 0.45 637° 077" 067 1.07% 1.13° 0.73 0.53¢ 0.60¢
Alcohol aroma ns 4.07* 477" 4.17*  4.07° 4.80* 4.53* 4237 4.83*
Nuruk aroma* 0.82 3.90° 337%  4.07* 3.60® 3.63%® 2.87° 3.07° 2.93°
Fruit aroma*** 0.92 2204 337¢  210¢ 3.77% 333¢ 4.70* 433 4237
Sweet aroma**** 0.80 2.87¢  427° 343 420" 4.50° 4.80% 490 537
Sour aroma* 0.71 210%™  2.03* 183 3.13° 2.30% 2.00" 2.60% 2.13"%
Fresh aroma**** 0.76 1534 267" 2039 263" 2.83° 3.73*¢ 4.07* 4.00*
Grain aroma* 0.76 3.00° 1.87% 207%™ 213%™ 2.57"% 2.10% 1.73¢ 1.83"™
Alcohol/sharp taste** (.72 5.63® 510%™ 4734 490 5.90* 5.80%® 5.80%® 5.60%
Sweet taste™®** 0.73 293« 377% 317% 240¢ 337 3.80% 3.577% 4.00*
Astringency ns 470*  3.83% 3.53°  4.00% 430 447% 4.47% 4.00%
Nuruk taste ns 420" 420 390" 4.17® 4.70* 3.97® 3.97% 3.70°
Bitter taste* 0.82 4.53* 377" 300° 3.57% 373 3.97® 433 3.53"%
Fruit taste** 0.63 147° 223®% 167%™ 2.03% 1.97:% 2.57* 2.60* 2.33*
Sour taste™® 0.75 2.80¢  2.90* 3.57® 3.90° 2.80°¢ 343 3.60% 2.93"%
Full-body* 0.79 550° 423"  4.17° 4.63" 467" 4.10° 457" 4.50°
ns, not significant, *p<0.05, **p<0.01, **¥*p<0.001, ****»<0.0001.
f)Fisher’s least significant differences (LSD) among samples in a given attribute at 5% level
YMeans with different letters across the line are significantly different at 5% level by Fisher’s LSD test.
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Fig. 5. Principal component analysis of descriptive data for eight traditional rice wines. (PC1, PC2, and PC3 are 62%, 23%, and 10% of
variation, respectively; small letters and underlines correspond to sensory attributes as shown in Table 1 and samples, respectively). G millet,

Glutinous millet; G rice, Glutinous rice; NG rice, Non-glutinous rice.
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