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Quality Characteristics of Yakju fermented with Paddy Rice (Byeo) Nuruk Yakju
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ABSTRACT

In this study, quality characteristics of yakju fermented with byeo-nuruk prepared using rice, wheat, and water were investigated.
Five different mixture ratios were considered for byeo-nuruk preparation. A comparative analysis of commercial yakju and
byeo-nuruk yakju was also performed. The results showed no significant differences in pH, total acidity, and total soluble solids
of byeo-nuruk yakju immediately following fermentation. The byeo-nuruk yakju alcohol content increased with increasing wheat
proportion. Lactic and succinic acid were the major organic acids of byeo-nuruk yakju, and the major volatile components were
isoamyl alcohol and linalool. Yakju prepared using material D had the highest volatile component content and high preference
evaluation scores for taste and overall acceptability. Compared to commercial yakju, byeo-nuruk yakju had less total acidity,
soluble solids, and volatile acids, whereas its pH level and amino acid content were higher. No significant differences were
observed between commercial yakju and byeo-nuruk yakju in terms of sensory evaluation.

Key words : Byeo (paddy rice), rice, wheat, nuruk, yakju
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o] gle ool 24 EAS Hrigown HA HEES A
el w3250 £4 EAS dutekre)l w3k bl
I A3E Bastuzt sk

Ao AHEE e 71w ol A SIA AuE Lute]
S0P, MAA FHE AR F Theh(%F

£ 1
W oj=e)el BUAE A o) ALl TR
Z8} a1, S5+ La Parisienne S.I. Lesaffre(France)S A}

2. {5 232l M=

TEF A2 A1 kg Anste] 3417 B 1 &
A1 B wlm SR e syt Tﬂ]t’]gi
w9} o] wjgu| & 8 Hrkgel wek Az2d
[100:0, 35%(a); 70:30, 30%(b); 50:50, 30%(c); 30:70, 30%(d)
and 0:100, 30%(e)] 100 g& Z12F E3ala, &% 2 g3} A
42,000 mLE &§ste] ZF Ao 25TelA] 1097 E&
stom, darl sE A 5E WF(40~60 mesh) 2 13} &
et & Y4 E-2](High-speed refrigerated centrifuge, Hitachi
Ltd., Tokyo, Japan)E 3tod #2498 A|&22 A8-8159 thFig. 1).
HES Al Al BRkS AR o, SRV 30%e 2
2k o] ofsto] FFo] JP A Fskrh wabA] B TEARS-
o] AL FEAVFES 35%E =] A1ES 2289 THKim
S 2011). HFES sk W9, e E3]E(100:
0:35%, 70:30:30%, 50:50:30%, 30:70:30%, 0:100:30%, w/w)
of wigl Ax3 FFE 47t A, B, C, D, EZ P93Ik

3. H{F5F &F T8

W5 oo FE2 HE(60~80 mesh, Wine Kit Korea,
Seoul, Korea)& o]8-3}91on, AAEE7E Al8sto] A8
80.0

70.0

60.0
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Fig. 1. The yield(%) of byeo-nuruk yakju.
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1) 7184 138=(°Bx) ¥ pH &%

7Fe-4 18 E-2 Hand refractometer(PR101, ATAGO®, Ja-
pan)E ©]-&3to] 7H8A] 1P E(Bx)E YEMII oM, pHE
pH meter(Metrohm 691, Metrohm, Herisau, Switzerland) = 4!
2ol Zgaan.

N

oot £F

p =

—

) Bt

il

ZF4he Al 10 mLE #3ke] 0.IN NaOH € o2 pH
8.2% Z3} AAdte] LA K wiv %)= YERITE of]

AEE AE 10 mL<>ﬂ ﬂ]%i%ﬂ]ﬂzwﬂ 2~3¥ %e 7}—5

i 0471011 ?;Hiem%l%o—ﬂ 5mLE 7}0}@] frelE A

< 0.IN NaOH &0 g TZ o] & uf 71x] HHsle] 1

2% mLFE op|:=AtE R FASHIT

3) e £

2912 DNS(dinitrosalicylic acid) H(Park 5 2004)S- ©]
At 314§ A28 1 mLol| DNS A2 3 mL

i Fe e Tl 5&E 5 weA v, 3

2 Yzl S5 2l mLE Y & £33 & B354

Al(JP/U-2000 spectrophotometer, Hitachi Ltd. Tokyo Japan)

}8-3le] 550 nmol| A FHF=E =731tk Glucose T

2l

A& ol&ato] U3 FHmgmL)yS AFsAH.

o
)
ML
1z

o ot oo o
>~

ok

HIAL =X
o

4) stel =
A}et A BE 70~80C9] F&FZA B L3sle] CO =
2 ‘

M

100 mLE &3t3le] g2
F SRHFE 100

FHAE o83t

tﬂw‘r%%ﬁ«l gt e I E FE S AHES &
F4 30 mLE F3F ¥, 0.0IN NaOHZE pH 8.2714] %38
S 2H]E 0.0INled(%S ZAFo2 FHkste] FAISHATH

W5 of5e0] Al Hel= AXFA|(Hunterlab Ultra Scan Pro,
Reston, VA, USA)Z- ©]|-8-3}°] Hunter color value(L: lightness,
a: redness, b: yellowness)Z WERNAT]H
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Table 1. Mixing ratio of rice, wheat and adding rate of water for making byeo-nuruk and brewing methods of byeo-nuruk

yakju

Samples Mixing ratio of material (5) Add.ing rate of Byeo-Nuruk Yest Water

Byeo Wheat moisture (%) (2 (& (mL)

A 100 0 35 100 2 2,000

B 70 30 30 100 2 2,000

C 50 50 30 100 2 2,000

D 30 70 30 100 2 2,000

E 0 100 30 100 2 2,000
6) 771t £H g AR EFHA A T/ BFHATFE TPt Y, 71E
$714F 8295 913)4] HPLC(LC-20A, Shimadzu Co., Kyoto, ¢ A&7 ¥ &5 7t Aol e d7d 158S d
Japan)E ©]-8-3l%1.2H, post columnY S ALE-3lo] H2435} o7 HFE ofFe] A gk vl vk 7|S ke g 7|5
Atk §714HEA -4 columne Shodex Rspack KC-G(6.0 mm ‘e ARSI ZH2e] AAjE &S] tiste] sidEe] A,
x50.0 mm) guard column®] RSpak KC-811(8.0 mmx300 mm, & Btol| Slojx] 7|ex o g fFaitta s e s
Showa Denko, Tokyo, Japan) 202 28kl Ab&alsith. o] 271 AElakl stglom], 2 e 7158 e 5 A9 7bss
F9L 3 mM perchloric acidE ©|-831312.H, flow rate= (03]l gk A9 S5 WEsE Yefe tasdd vl

0.8 mL/min, oven 2% 63T 2 39t} o] && whe-g-
(0.2 mM bromothymol blue, 15 mM Na,HPO4, 2 mM NaOH)
I} WH-g-gE & UV 440 nmol|A AE3ich ofmf HE-g-g-lf ]
flow rate= 1.0 mL/min, ?-&-&%% 30T 2 3IGIth Alse
Y2 ok | mLdl] 575 1 mL2 23, 9AE2)4C, 12,000
xg 10 min)d}aL ¢J2H0.2 um, Millipore Co., Cork, Ireland)s}
o] ALEEIAT f714F 49 oxalic acid, tartaric acid, fumaric
acid, formic acid, pyroglutamic acid, lactic acid, succinic acid,
acetic acid, citric acid, malic acidE® ZEFE2 =2 dlo] H Fs}

it

7) 3l =

A 7] AR B0 AR
2 AR WS SRS ARSI
(Shimazu, Japan)©|$1-2.M, column< HP-INNOWAX column
(60 mx0.25 mmx0.25 pym, Agilent, USA)S AH2-315 T} 24
2718 column &% 45Tol|A 583 M5, 100C7HA] £
5CTR o, SEN HEE, £9 10CE 52, 2004 5%
T2, HF 250 T 3 F 108

ST} Carrier gast nitrogen gasE 2 mL/

N

min £52 EHFU 1, AEL injection 2= 250Col|A]
U= == 31921, split ratio 25:1, detecter= FIDZ 280TC
O

4L goln] A9 FUEYH

[<]
2 Al(color), EHflavor), B(taste) = 2
pregerence)°l] thale] 54 AHE 2 =Z AFEE}
2o ok £eh5Y), REOIHGH), oFF
RN, A7 MSE npro] 22 sid = 33] whEst
7V =S A P B2 HAeE Adsta, B 5=

o=
Tk,

&
(o
B

9) E4 &4

2 AFelA AHESE BAIRA] Ho]El&= SPSS program
(SPSS INC., Chicago, IL, USA 20.0)< ] &3] ANOVA 7
¥} Duncan’s multiple range test WS 33591, H
el BAA el p< 0.05 oA HA BT

1. HF5 2=

g2 okzo] EA Z3HE= Table 29 2
o} BFS <o) pH 3k 39914 412, o)& $elvet A
k30| pHF thE-E 3.5~45 B9 S Yehiges A7 2
19} §AFE M9 S JERATHLee SJ 2006). FARS B 2Tk
A %3 T2 A FF7} 04%2 B9} Do] Hrle 207
FFH(BE)2] $4H0.3%) 2} A Yebgth ko] pH
ey & AR Ak ZA 4 BHok(Kong

f
fol
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Table 2. Chemical characteristics of byeo-nuruk yakju with using different byeo-nuruk

Name Solt;‘toﬂ]gx;olid oH Total( (Z;idity Amino acidity Al(coz})lol Volzz;;em e)lcids Red(LIlIcl;/nili;lgar
A 7.2+0.1°Y 3.940.0° 0.4+0.0 1.6+0.1° 11.7+0.1° 133.2+13.2° 1.940.4°
B 7.240.1° 3.9+0.0° 0.3+0.0° 1.0£0.1° 12.9+0.2° 29.242.3° 0.8+0.1°
C 7.240.1° 3.9+0.0° 0.320.0° 1.2£0.0° 13.20.4° 32.8x1.6° 0.60.1°
D 7.9+0.2° 4.0+0.1° 0.3£0.0° 1.7+0.2° 15.040.2° 29.5+7.6° 0.6+0.0°
E 8.3+0.1° 4.1£0.1° 0.3+0.0° 1.7+0.1° 15.0£0.1° 38.7+1.4° 2.0+0.4°

Y Values are meantstandard deviation (n=3), and different letter means significant difference at Duncan's multiple range test (p<0.05).

2011), o]&jof] d2-E T 2 il a2 AYE o
A3} HEfo] = Sl oA %= G 8HSo MH & Lee JW 1996)
= 7] wjEol AR pHIF v A o] A] $3kd Ao =
Ean2l=g

HF2 ofpo] 438 S 11.7~15.0%2] M= vEt
weomn, vle] o] 2 FES ARREFSE Yol o
= 759 948 He e ggshEe] ghigo] 747} 79.3%,
74.6%=(National institute of agricultural sciences 2011) L
zto| 7} Bla A A7) wjZe] dEe] MET|] uE lo]2 B
I flal, 48 Aold o3t oz AT HirSFe
AL B2 Az Al 1] 3EK100%, 70%,
50%, 30%, 0% w)e] Z+Z} 98 unit/g, 2,226.0 unit/g, 4,494.8
unit/g, 7,837.5 unit/g, 6,022.7 unit/g(Kim 5 2011)S.2 H] <]
Hj 3] Eo] =2 WFRe] BATA o] T3] Woky] wii,
AERI o] Ao Rall=A] Zal ¢432e FF= F%
d Ao o). B3 Fig 204 BIF5F 5 A, B, C,

, E &8-S 27} 40.1%, 51.9%, 57.2%, 66.4%, 66.3% =
& ANEL FAH 5 W] 5248 oE
o . 59, A ko] HEES ThE AR TR
ot 11~26% SHA Y=t Bl 20 A 23 5] 84
dol w7] wiEe® vk

kb stk A A2 F7F 133.2 ppm(as acetic acid), B,
C, D, E 21877} 29.2~38.7 ppm & H 100%Z 7} F+
Fo] oFFol|l A 3.4~4.58 o) EA UETh ol& FE
gefet njgEo] AEEAths A2K(Kim et al 2011)°)] B3
of B, 28 F Al 59 29U rsAe] JE Aew
stk opn) it ke b2t 1.0, 1.2, 1.7, 1.7(as glycine)
% B~E A2 FollAe 2 gl oA o STkl o,
A AT M= 1.622 Z gl Hojygth o]= W el o
Hj g &o] =2 F52] acidic protease /3¢ 27} 1,079.0
unit/g, 3,497.1 unit/g, 3,922.2 unit/g, 5,631.9 unit/g, 6,723.4
unit/g O 2 FEI] T4 A< ztol7t YA (Kim ef al
2011), o] &fof] wo] Tzl FheEe 9.29%<1 Ri, W& 13.2%

gluco-amylase

50 r
45
40
35
30 r
25
20 ¢

Sensory evaluation{%)

15 r

1) B C D E
Byeo—-Nuruk Yakju

M Color [ Flavor M Taste B Overall acceptability

Fig 2. Sensory evaluation (selection rate) of byeo-nuruk
yakju with using different byeo-nuruk.

(National Institute of Agricultural Sciences 2011)Z TS 3
Shel Thilz gefo)] oM = HF5 o] F ofw| x4t 3
Fol d&2 nHS Aolgtn A4ETh oAk g1
JFdoZ o]8HH, fusel oil¥} o AHZE T2 VRS
2 Wslele 28 AR 2(Kim T 2010) 2329
op] iz sk oFfo]] 7HA 8-S Hoj gt (Han 5 1997). W
1PE FFe 72~830= W] dfo
koA o = JERsTh

9g 98 5 A B, C, D, E AT &
0.6~2.0 mg/mLE YEGTE 2 A4 3 a9
Aol ZA S A, A Ae]Fe EagAdo] gol 3
7t AEsHA] Bl xtg o] =& Ao dAdE)

p

— 4
AV V)

oN 1%

Mg

2. AM
oFF-ol

Am

o
20 8}= amino-carbonyl RF-$- caramelization, ~1

2
i
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2] 31 glucose ©]&]ol] ThE AdEel ©|gh wk-gof oJaf sk}
o] Fo] X tHOka 5 1969). 3+ FH2| M= M3l deferri-
ferrichrysin(DFCY), tyrosine, Mn,', & }\3‘;}‘1—%0] e =
Ak, f714ke] Sul &S st Yol =2A|7|H o2
o] Mal= Ao 2 Buglom(Sato S 5 1971), Aspergillus
oryzae©l 2l3] FAH deferri-ferrichrysin®} <k A| 22 &

o FUE HEAE(Fe;H T 233l ferrichrysing EAd8] A2
AS Yehdtta BEud ¥l ltTadenuma MT & Sato S
1967). W5 9] LakS 95.17~95.81 & oFF3ke] & 2
o|7} gl o, §Rte B2 E FEFeER| YSkth HFE ofFo
b A ‘i.k"zr—‘é ALl gk Heo| gheFo] Wol| HrtE FRO=
Az Al #=A YERETKTable 3). 752 ARE AHEH = B

o] bFES 7.0~16.6013, B 16.6~2242 HiH ul Utk
(Yu 5 2014, Kim 2006). °]R-2 L7 LlA F2l=& A2
2 84S 2ol i3 FELUSFE biko] SIS Ao E AL

7V E TR A= A

_]E_‘_lz]uzl 3L oju]| Ak Eako)
Z Aoz s|E i Noh IM 5 2014).

A

l

Table 3. Hunter color value of byeo-nuruk yakju with using
different byeo-nuruk

Hunter color value

Sample
L a b
A 95.24+0.67*) —1.13£0.08° 7.19+0.11°
B 95.74+0.35° —0.95+0.06° 6.39+0.04°
C 95.86+0.20° —1.00+0.05" 6.97+0.31"
D 95.17+0.67° —0.99+0.13° 7.50+0.13°
E 95.81+0.60° —1.16+0.14° 10.090.60°

Y Values are meansstandard deviation (n=3), and different letter
means significant difference at Duncan's multiple range test (p<
0.05).

o F4 54 163

N
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3. BFE %%l §
MRS ool 714k HFE Table 45k 2ok Aol ALE
] =

3k BE oFFrol| A lactic acid, succinic acid’} AEE oM,

acetic acid, citric acid, malic acid®= V% FAZ% 2t} Lactic
acidE 2FFol| A 4128 YeR 31, succinic acidl‘— AlukE o
E 23] 1HskE 7kithLee 5 2011). ¥ f7]4t 2

A 9FF7} 269.02 mg% = 7Y =k, E}~ FFE= 195.85~
21443 mg%= H|53F 3 Wom o] Ak E Qg n
A Aoz AlgdT A 2FFo A lactic acid &&Fo] 71 =

—_

& g e I(167.84 mg%), acetic acid= A SFFU HE
=d(26.83 mg%) °]& 3t o= F FeES vzl A
o7 HoJZt) T3 o] & ARl TR ol f= A‘ﬂ of B4t

o] oo 23t Ao] tlFiEe] Al 24 (So MH 1992)
BAhTA o] Yol 438 FaFo] YUk Aol o]5 m|AYEo]

= =2 U RAA =

29 d o] fr = AT

4. {5 2fFo| UM Y| HdF

g F s e I @) s S dae
Table 59} Zom, oE&r&S A|2f3t 73R/ 3] & A&
=t Acetaldehydew= A 2FFell A9t 211.3 ppm HEH
o, T2 I AETA] LUt} Acetaldehyde &2]
S7HAQIE obF] WA A] AT, ARIF ~EYAE W
< 7%, pyruvic acidol|l 4] alcohol 2 ¥ == ¥ 3+ alcohol
o] o] FAEHA acetaldehyde’} 4 & Aoz <4
A ATHChoi & 2014). oK EL TS| =M LAER o|F

A Zsioh HH =00 43S Y= e F= A

Z HdE tK(Table 3).
FAF-2] F9E9] Iso-amylalcohol> ZH4e], W= HF

5 oM F23 3] JRow A th(Park er al 2012).
Iso-amylalcohol®] 2] 75, 80~350 ppmol|A] Z119] 7]
A4S YERAH(NTS technology research center 1979), ¥

Table 4. Analysis for composition of organic acid in byeo-nuruk yakju with using different byeo-nuruk

Organic acids (mg%) A B C D E
Citric acid - 7.32+ 075 - 8.47+ 0.51° -
Malic acid - - - 12.64+ 0.36* 11.48+£2.34*

Succinic acid 74.35+ 3.94 90.54+ 4.77% 85.88+1.71° 97.66+ 5.83° 92.20+8.34™
Lactic acid 167.84+16.32° 123.89+16.26° 109.96+2.73% 79.75+12.57¢ 93.42+7.84%
Acetic acid 26.83+ 4.51* - - - -

Total organic acid 269.02 21443 195.85 202.52 197.09

D Oxalic, tartaric, fumaric, formic, pyroglutamic acid not detective.

? Values are meantstandard deviation (n=3), and different letter means significant difference at Duncan's multiple range test (p<0.05).
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Table 5. Concentration of volatile components in byeo-nuruk yakju with using different byeo-nuruk

Volatile components (ppm) A B C D E

Acetaldehyde 211.3£97.0°? - - - -
1-Propanol 24.1£17.6° 16.2+2.4* 36.5£17.2° 354+ 322° 27.842.3"
Iso-butanol 32.5+15.0° 14.1+1.6° 34.7416.2° 35.0+ 27.1° 234423
Iso-amylalcohol 94.4+55.1° 49.6+7.4° 127.3+60.8" 133.2+111.5° 101.5+7.7°
2-Phenylethanol 11.0+ 6.6° 18.2+1.6® 26.8+ 7.1® 333+ 17.2° 25.743.2%®

! Methanol, ethyl acetate, n-butanol, ethyl carproate, n-hexanol, furfral, butyric acid, linalool ND.
? Values are meantstandard deviation (n=3), and different letter means significant difference at Duncan's multiple range test (p<0.05).

oA D zt

Adl, 2,000, 110, 1.38) =3kch v @
£ Y+ 1-propanol> B ¢FF7) 14.1 ppm o2 714 Wik
T2 oFFE 23.4~35.0 ppm M S YERATE Acetic acid
S A 27} 1205 ppmlE 7 E=3ET, ol £
4 (acetic acid)Z TY e A5 LT} Linalool ]
Al 18 3 2ieH2le] 9Fo]n(Margalit Y 2004), 2, =,

gJo]

k71 1332 ppmeZ A, B, C, E FF9]
Sorzme Au

21-=

=

jﬁ,»—Aﬂ?‘_',

oft

= 714 E(Kim 5 2006)°]t}. 2-Phenyl alcohol
kS 71 e FMA e I E(Kim F 2011)
7} 333 ppme 2 7FY =2 S YERith

N

O oo e U e oo RIoJU N
O:

12

Fo| 7|=d "ot
e}e] 7154 Hrhe Fig 3o VehAc A3
g ke Mol FFo e TR AEAAE
& HlE&S Vet o)t wrg oe) Ams o
Aow AT, 7|54 Wyl A3} ko]
,] oo )ﬂsﬂo ko 74 o= y_oh;]. 5‘]:7]0"
loIA B eFF9F D oF57) 25% 2 7Y Eskon, 153 ¢
S3Fo] &M velgtta Bl Bt BrtelA = D of
F7F30% % 7P =2 gs vEhllen, ole dule] A1
7| e Bz oo ZEgo] ErhE PYrlE uigith wb
WA e o2 10%= 7F AL A3=E Yehd
=, o]+ acetic acid ¥ acetaldehyde®] &&o| H|wa th2
otz H]a) %3 Aol gelow wekEd, AwA )54
B7hE Bo D 477k 4% 43 Ae Hlgo] wgko

H o} o] gt o] 30:702) FES A S uf ke

H%—Lr
of thet 713
o, ¥ =
#Hgel =

& /\g JHL’]

rN

ZalA

T

_>|.(_4‘
o,
i TH

i)
ow
£
>,
s
)
K

o A3 tHTable 6). pHE W75 7] 4002 714
=7 UrE} £, Al FFEL 332~3.72 M9 E YERiTh
o] 3}\%1:—]]’ .JJ\} ELa‘to] 1/10 pH
& Aok B B MR A
TFES 042~053%= H2 3t
FFEo] WS R

& e, 184

o 70 dehor], ol Al ohsl ms kel 9w
2 Al el mhe Ael7k 9l Aoz BeEh ol
7}7}

At wES et DE 477k

Al SR H
o] QoA ofoaeat
a2l sl g
| = AbEE 0.69~2.16, )
ek ol AR s o
2B E Aol2 2 4
8 ssrom, S e
w A 57} Egkem, DS %
e goz e,

1.20, 1.300.2 t}&
LERATE Kang JE(2016)
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Table 6. Comparison of chemical characteristics of commercial yakju and byeo-nuruk

Yalju pH SOIE?};; j)olid Total( (;Sidity Amino acidiy Al((:;})lol Volzz)i;emz)lcids
WS 3.32+0.05% 13.340.00° 0.53+0.02° 0.45+0.03¢ 13.0+0.14° 130.0+0.05°
DS 3.65+0.03% 26.620.00° 0.42+0.11¢ 1.09£0.03¢ 11.1£0.10° 341.6£0.09°
SE 3.72+0.17° 16.3+0.00° 0.50+0.05° 0.97+0.02° 18.0£0.09° 201.0+0.11°
DE 3.5240.06° 9.7+0.00° 0.5240.06° 1.30£0.01° 11.120.09¢ 73.0+0.42°

BNY" 4.00+0.10° 7.9+0.20° 0.29+0.00° 1.70+0.20 15.0+0.20° 29.5+7.60°

Y BNY: ByeoNuruk Yakju.

? Values are meantstandard deviation (n=3), and different letter means significant difference at Duncan's multiple range test (p<0.05).

Table 7. Comparison of sensory evaluation of commer-
cial yakju and byeo-nuruk yakju

Sensory evaluation”

algu Color Flavor Taste acc(zggggity
WS 33+12% 3.6£1.5° 3.3+1.5° 3.2+1.4°
DS 3.4+0.8" 3.340.9° 3.5+1.3 3.2+1.0°
SE 4.3+0.9 2.7+1.5% 2.841.3* 2.9+1.2*
DE 3.8+1.1° 3.6+0.9* 3.3+1.0° 3.5+0.8*

BNY"  3.7+0.9° 2.8+0.8* 2.840.6° 3.3+0.7°

Y BNY: Byeo-Nuruk Yakju.

? Values are meantstandard deviation (n=3), and different letter
means significant difference at Duncan's multiple range test
(p<0.05).
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