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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.
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Fig. 1. The yield(%) of byeo-nuruk yakju.
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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 (%) Add?ng rate of Byeo-Nuruk Yest Water
Byeo Wheat moisture (%) (€] (& (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) 77t &5H ghl AR EFHAA T/ FHAFE TPt Y, 71E
§714F 828 918 A4] HPLC(LC-20A, Shimadzu Co., Kyoto, & A&+ ¥4 ¥e 37 4ol e I+ 15982 Ui
Japan)Z ©]-83}19 2™, post columnE S AL&-3te] B35} O F WFE ko A gF uh HnkA 7|5 x tig 7%
Ak F714HEA 8 columne Shodex Rspack KC-G(6.0 mm e YIS Z47he] AAlE AEe] tiste] sfidEol] A,
x50.0 mm) guard columnol] RSpak KC-811(8.0 mmx300 mm, &3 Btoll SlejA 7|gx 0w sFaittal e 5
Showa Denko, Tokyo, Japan) 27} S A 3le] A}-g-319Th o] 270 At st e, 2 Al 7S4S F Y Jhsr
F4L 3 mM perchloric acidE ©]8312™H, flow rates (03]l gk M9 145 WEEE Yele a3 vl
0.8 mL/min, oven <=+ 63T 9t} Eel&e 3-89 T B 432 gz 385 tKong 5 2011).
(0.2 mM bromothymol blue, 15 mM Na,HPO,, 2 mM NaOH) WS W T8 oFpo) A9 oFp) Wl T % 3 7}of| A
7} ¥hg-g & UV 440 nmol| 4] HZ&381%c) olw) whg-gole] = AEF #A e HrF Bl e d7d 158
flow ratex= 1.0 mL/min, ¥+-5-2%+= 30CE 39t A& © & A(color), SKflavor), SHtaste) B HWFA 7] 5 = (overall
2 oFE | mLol 254 1 mLE 51, 948e)dC, 12,000  pregerence)ll tiate] 53 2|AE H=E ARSIt 277

xg 10 min)&}aL o2H0.2 um, Millipore Co., Cork, Ireland)s}
o] ARgSIITE F71AF B249-8 oxalic acid, tartaric acid, fumaric
acid, formic acid, pyroglutamic acid, lactic acid, succinic acid,
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Table 2. Chemical characteristics of byeo-nuruk yakju with using different byeo-nuruk

Name Sohila)llgxiolid oH Total( l;:():idity Amino acidity Alg)zl)lol Volfzggin E)lCidS Red;;giﬂil)lgar
A 7.240.1°Y 3.9+0.0° 0.4+0.0° 1.640.1° 11.740.1° 133.2413.2° 1.940.4°
B 7.240.1¢ 3.940.0° 0.3+0.0° 1.040.1° 12.9+0.2° 29.242.3° 0.8+0.1°
C 7.240.1° 3.940.0° 0.3£0.0° 1.240.0° 13.240.4° 32.8+1.6° 0.6£0.1°
D 7.940.2° 4.020.1° 0.3+0.0° 1.7+0.2° 15.0+0.2° 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°

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

2011), o]<fol] &322 3heF g &l Fafj = AP opr]e
A3} HElo] = Sl oA = d3KSo MH & Lee JW 1996)
< 0] wj&ol ARA ) pHYF Bl g F o)A 2E Ao
Eanil=g
T2 5o 43 e 11.7~15.0%2] WS Yt

won, vol o] 2 FE5S AHEETS Yol o]
= TF 9821 v} do vrslEo] Fhefo] 747} 79.3%,
74.6%=(National institute of agricultural sciences 2011) L
zto] 7} Bl A A7) wiigel] dme] At uE zfo]2 &
I flal, 48 Apold] o3t Aoz AdhHh HEge
gluco-amylase AL W5 A2 Al W] EH100%, 70%,
50%, 30%, 0% w)o] ZFz} 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)2.2 B 2]
v Eo] =2 MR TAgA o] F39] Wk wiiel,
ARRI o] HFH o2 Fal=A| Fal e FHFE 2%
A Ao olg|Er) w3 Fig 2004 H¥FE ok A, B, C,
D, E 282 7+ 40.1%, 51.9%, 57.2%, 66.4%, 66.3%%
d3E AR fAre TR v EETE &
Ao st 53], A oFFo g thE AT
Th 11~26% A Uepsked], 29 Axg +52 348
’do] vtep7] wjEo 2 sehEh

kAl bk A A 2|71 133.2 ppmo(as acetic acid), B,
C, D, E 2|77} 29.2~38.7 ppm o & H 100%S A 7}e ++
59| SFFollA] 3.4~4.50)] o) TA YETE o= F5el
ekt v Eo] HAEEJthE A2ZHKim et al 2011)°] B]F
of &, &8 F AT T o 7FeAde] e AR
FehEh opu| At SEE 247 1.0, 1.2, 1.7, 1.7(as glycine)
& B~E Ag]FolAe 2 gl oA o kel e
A A FolM = 1622 A4 Blolwth o] Bgt He
wj g go] =& F=29] acidic protease &4d°] 2+t 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 & F237e] & FA 9] 2ol 7t AU M (Kim er al
2011), o]<]of] Ho] Tha gheke 9.2%<1 vhH, EL 13.2%
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Fig 2. Sensory evaluation (selection rate) of byeo-nuruk
yakju with using different byeo-nuruk.

(National Institute of Agricultural Sciences 2011)Z F5ol 3
el oA ko] oJsi M= BFE ko F opn|ist g
Fol e e Aozt AAHETh opv| ke FRe
gkl o & o] &H M, fusel oil¥} o AHIE Fo SR
2 W3lele 28 AR 2(Kim T 2010) A3 fa
o] ik kol MBS Hofdtti(Han 5 1997). W &5
hgke 72~830 7 HQ| Fafo]

P

06~2.0 mgmL=Z UERIT) e aady 2

Holl 27 B AP, A Aol TE BagAo] Hob HE
b AWHA el dFPFe] e Ao BuEnt

o
Frol| A A 3h= amino-carbonyl ¥HS-, caramelization, L
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231 glucose ©]&]ol] THE Aol o] gk vk-g-of ozl ZAslrt
o] Zo]ZtHOka 5 1969). T3F 72| M= M3l deferri-
ferrichrysin(DFCY), tyrosine, Mn,', AA43}3&0] A2 &
Askar, f714ke] Sl A-E sfo] Hlof] 1wmEA|7|A fFe]
Ao] W= Ao g Huglom(Sato S 5 1971), Aspergillus
oryzae®l| 2l3l BAE deferri-ferrichrysin?} eF¢ A 23 =
of fU¥ HAE(Fe;H)H 23N ferrichrysing g3l A2
A Yehdtty Eu¥E vl ltiTadenuma MT & Sato S
1967). B2 ko] LghS 95.17~95.81 2 oF57te] & 2
o7} figlem, §etovw EESIA| Ydth BFE oo
bt A FFE A|Q3 W Fhefo] Wol HybE FHoR
Az Al =A YERETKTable 3). 752 A8 2 AME-HE
o] bate 7.0~16.6°11, & 16.6~2242 H1uH v}
(Yu 5 2014, Kim 2006). o] A2 H7]&A fel=e A2
2 48 Bol I3 FELUFE bake] TUEHE Ao E AL
FEW, 3 oju| it Fike] SIS E TR Ak s

7 Aoz 3" (Noh IM 5 2014).

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 95.810.60° —1.16+0.14* 10.09+0.60°

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

Fo) 34 54 163

acetic acid, citric acid, malic acidE 7% HZE It} Lactic
acidv= kol A AlukS- YR 2, succinic acidv Al%HETH
= 23|38 2AsRE 7Pt Lee 5 2011). & 714 e
A 7} 269.02 mg%= 7MY E%aL, e FFE 195.85~
214.43 mg%= H53E ghe Wlom, ol= FAtdl e e vl
A Ao R AlgHth A koA lactic acid EFo] 7HY =
<2 k= JEF31(167.84 mg%), acetic acidE A - AE

=11(26.83 mg%) ©]= 3t A= Z JFS v A
o2 HoJit} Egh o] Aol SIS o] f= =Tl 24t
o] ol g gk Zo] tlF-Ee] AlEl24](So MH 1992)
FagAo] vo} d3s ko] Yk Zo] o5 A =0
A9 ol f2 At

4. HF5 2AFo| 3Ly V| M2

TR T HFE oo A g
Table 59F 20w, ofghe-S #|€]gh 757-<] 7] Ao
F Stk Acetaldehyde= A kol A TF 211,
], T2 oM HEFA ZUTE Acetaldehyde 3

W
2
8
o F

=
< 73-%, pyruvic acidol| 4] alcohol 2 ¥ t=]+= 213 3 alcohol
o] Aol FA|EHA acetaldehyde”} X E & Aoz 4
] AKChoi & 2014). CHHEL TS =ol|r L:L R ©]3
w2 Falth Y &5le] g43E e IS F= 3o
2 AhE i Table 3).

FAFe] 489 Iso-amylalcohol2 BH2z], Wl A
T oM Fag ] Ao R g UtkPark er al 2012).
Iso-amylalcohol®] ¥HaFe] - 80~350 ppmollA] #H1e] 7]
/42 YERJH(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+ 0.75% - 8.47+ 0.51° -
Malic acid - - - 12.64+ 0.36" 11.48+2.34*

Succinic acid 7435+ 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 269.02 214.43 195.85 202.52 197.09

Y 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° 14.141.6° 34.7+16.2° 35.0+ 27.1° 23.442.3
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 33.3+ 17.2° 25.7+3.2%

Y 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).

D °k57} 1332 ppmo.E A, B, C, E @9 7}
2} 1.440, 2,08, 1190, 1.3 =0T} nlFLda2e A & A
Z#H = WE l-propanolS B &F7} 14.1 ppm & 71 Sk
a1, T2 o5 23.4~35.0 ppm Y E JERATE Acetic acid
A °FF7F 1205 ppm & 71 ESkEH], ol f7]
2F M (acetic acid)?} LS A4S LA} Linalool

Z BcH| 2] dFo|M(Margalit Y 2004), 22, =,
Ut 37| E(Kim 5 2006)°|th. 2-Phenyl alcohol
AneE 7L e SRR 71 2(Kim § 2011)
oFF7} 333 ppm e ® 7MY EE wE UERATH

APM=
1 2.

tFol 7|2 HIt

oFe] 7134 H7h= Fig. 39l JERAITE A4
o tig 7154 ks Bl o] e 55 AMSI S
u, o ¥ 8|S YEPTh ol HFE e Axel o
Wiol e AR AdEm, 7|54 H7F 23, weao]
NEFE d 50 B He9S 0 Ao g Bk 37|
M B 59} D k7 25% = 7MY mken, IEd) T
S3gko] 2231A YEl Tt o) ot ke A= D oF
T7F 30% =2 7MY =& @S JERi e, ol wuto] A
AR B, &% FE3go] Frhe WUk Wt
W, A e HRbH o R 10%E 7P AL darsE Uil
=4, ©]+& acetic acid % acetaldehyde®] ¥Fo] v]wA v}
kol HlE)] =W Aol dQloz JekHEnt Mvky V)54
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Table 6. Comparison of chemical characteristics of commercial yakju and byeo-nuruk

Yalju pH Sol??];ii )f)olid Total( l;:():idity Amino acidiy Al(C()ZI;OI Voleg;em;lcids
S 3.32+0.059 13.3+0.00° 0.53+0.02° 0.45+0.03¢ 13.0+0.14° 130.0+0.05°
DS 3.65+0.03" 26.6+0.00" 0.4240.11° 1.09+0.03° 11.140.10¢ 341.6+0.09°
SE 3.7240.17° 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° 11.140.09¢ 73.00.42°

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"

Yalg Color Flavor Taste accg;::gﬂity
WS 33+1.2%  3.6x1.5° 3.3£1.5° 3.241.4°
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° 2.8+1.3 2.9+1.0°
DE 3.8+1.1° 3.6£0.9° 3.3+1.0° 3.5+0.8°

BNY"  3.7+0.9° 2.840.8" 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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