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Quality Characteristics of Yakju with Nuruk Extracts

Ji-Eun Kang*, Han-Seok Choi, Jae-Woon Kim, Chan-Woo Kim, Soo-Whan Yeo, and Seok-Tae Jung
Fermented Food Science Division, National Institute of Agricultural Science

Abstract We investigated the fermentation characteristics of yakju made with nuruk extracts. Alcoholic fermentation was
performed in an incubator set at 25°C for 14 days. The study results are as follows: the alcohol content of yakju made
with modified nuruk (18.67%) was higher than that made with other nuruk extracts (14.80-17.50%). The pH value of this
modified nuruk (4.13) was higher than that of traditional nuruk (3.70-4.00). The yakju containing modified nuruk showed
the highest acidity (3.64 mL/10 mL), amino acidity (4.72 mL/10 mL), soluble solid (1.20°Bx), and color difference (39.78).
The concentration of organic acids in traditional nuruks was 212.25-312.97 mg/100 mL, whereas that in modified nuruk
was 295.92 mg/100 mL. Nitrogen compound concentrations in modified nuruk (2285.89 mg/L) were 2-14 times higher than
that in traditional nuruk. Nitrogen compound concentration and amino acidity are the physiochemical characteristics with
the highest impact on off-flavor and browning of yakju. In order to reduce these unfavorable characteristics, material with

a lower protein content should be used.

Keywords: yakju, traditional nuruk, modified nuruk, extracts

M B

selel e dFu gel SEAR ¥SL Wldel

Axshe 54& 7L A1), 75& Lol Bl 2 5

Tr°ﬂ o my ul2sly s o Addo g urgAAA] Zﬂ
157

E29TH2). mE Sdd S ARSshe AR A= g9 ok

% vlgEe] AARoE Ayste] YRABE, o] Ak A
o] ¥} B, A% B 5ol wek B4 gl RSl s

o] XA ek A 19453 o] FRolle FHole A Aspergil-

lusEo) 55 OIE_’ Rhizopus%;, Absidias, Mucordy =02
X3 AL ARE A (maltose)S ©] &3] E3= Saccha-

romyces cereanus’, H]&‘?r%} A M2 Bacillus viscosus’}t TF
U= BEATR3). 194595 1990 FEolX= Aspergillus
& U502 Penicillium?0] T AZEAIL 19459 o]l
B R NS Candida, Hansenula, Pichia%s 2 B. pumilus,
Lactobacillus casei, Leuconostoc mesenteroides ':O] T dFS
Z UERTHd). A2 rRel A, 330, &R, 3]

EIE7F 10g9 SF 3.5-79 log CFU HxolH, Asperglllus oryzae
R} Lichtheimia corymbia?t TS %o] WAL aR% S
cerevisiaeX T} Pichia jadinii7’t EAsh= F50] B2 Zoz 3

*Corresponding author: Ji-Eun Kang, Fermented Food Science Divi-
sion, National Institute of Agricultural Science, Wanju, Jeonbuk
55365, Korea

Tel: 82-63-238-3617

Fax: 82-63-238-3843

E-mail: kje0516@korea.kr

Received February 16, 2016; revised May 10, 2016;

accepted May 11, 2016

223

Hstel FEAzol AR
AORE HojAw &2

A 3F ol Aol
,‘%‘_O

AHATHS). ole Feluete] A

He 9E5F 59 wsle} yasiA|

§l)\-] Rl Rl H]—g_e':l _|_|_7]/\].J,], Tr‘j/]o]'u]
UrEMMl H3 ol Al B @1, 4

HIAA ETH).

43‘ TEIATAL IAE = oFFe Ak sl

AolM= wgol HAl, 718w AR BAREET) W e

ko

S

5

pi

olFlE

dne ERHEOE FUSM AT Audre) dgue
4257 Q. gepd o)A AolelnA FE oAl E4A©9)

o} 2, v o' Az FH10)S A}%ME staom
Rhizopus oryzae (japonicus, 1998 1)} Aspergillus oryzaes ¥l
PAA T2 NF FRADY o)&e] AEHT|E Ao o1F
o]F Adito]l FREAY o]¢ APHRTF WHAA] gkot iAol
AHRS AL UL olF L] AHE AA FEAZX HF T A
AEE drpHEe] g fYE BEEHAY TR 2 -

ngEe] T osf AAEE A, B ol5d] H9F Wit 5
OS2 ol & ¢ it 1311% FRHer AjEe F52
e PA 1 2ol FSell FrE dEol Eoll FAEA
|Hthe &5 2agy & *é—E—‘?iﬁM] oJeliA 72| oF 7t

QlH O

Ay 71%*301 =tk G2 AT olF] RSl SR 246-
Eglo]ZFZ Zo}]£(2,4,6-trichloroanisole, TCAYS A &3} A+
ol ol A s Al T el 2 (lignin 7k 2.4.6-E0
O]%EE-H]%"(2,4,6—trmhlorophenol, TCP)E WH3HE T %5l 2F

HAoNM J=F G0 oall TCP7} TCAR ASEE= Zo=z =

245] ATH12). ¥y TCAE musty, muddyZS 7HA3L &=
o2 AFFo o)F o= ApdETy T3 duAE A ¢

woﬂ E&E A= B amyliquefaciens (57t a7t 95E €4
oAl ALY o]FH b= HHo] A2 Ao Yyt



224 =2 Z35k8] %] A| 48 WA 3 & (2016)

wala] oFe] o]F Yole] FEo] HIAMFE i o]9]9]
F7F Ead T ojHe WSt fsix UAEHE Aow F
L AFE B NFFES FET o At nRES] ¢
e wAIT & o Azt oF B oz dATe] g
< ZAREATh

oX o
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HE X

AL AdE Fhw 2L EHERFTEAZANA Ak o
AMESIR, aRE )M ERe] 274 (Seongnam, Korea)

oA gt 2] 2SI, Lesaffre Co., Marcg-en-Barceul, France)
< ARgSIGITh TSk 1800 SPYye F23AF dh=raa
(Hwaseong, Korea)ollA, A F5-2 43r2H(Gwangju, Korea), %1
A (Jinju, Korea), 2HdFS-(Busan, Korea)ol|lA] Zrfjsl= =)z

FHS FUste] ABHAT.

FEFEE M=

7} AZF5S EYU(Dongkwang Co., Daegu, Korea)Z #2f|3t
o2 100 WAAE S3AH T BYFSE 2000 & 2LE B2
£CoAAN 2 EEHA 12417 FE3 v, 3,000 rpm, 4°Cel
A 108 9 YAEE(CR22G, Hitachi Co., Tokyo, Japan) 3F31
o AFAS It AEFol(filter pater) (No. 2, Advantec
Co., Tokyo, Japam)= I3+ thF F#AolA 045 um TAEN
(membrane filter) (Millipore Co., Cork, Ireland)2 AlF3te] &
52 A=

UFEN=

& 1kgs 7MEEHA AolA 31 A #3138 oS, e |1
A7k B Ewl 7] stk A2 SA71(MS-30, Yaegaki Food &
System Inc., Himeji, Japan)ol] Y3 7o] &2}27] A&}t THE]
4087 75715 o 7kl aFws Alxsiith 101 SeksH
Hol & 06Le FEFEFE 1L, 75 2 4 02% (wiw)E
A e the SAE Ytk wEe 20]971(VS-1203PFHLN,
Vision Scientific, Co., Ltd., Daejeon, Korea)S ©]&, 25°Col|A]
1447 st 2art 989 £6S 94E2](7,000 rpm, 4°C,
305)3F TR AEdS ofk(filter pater No. 2, Advantec Co.)5}]
FFE AT

olstetdE

pH= pH =7 7](Thermo Scientific Co., Waltham, MA, USA)E
ol g3ted SAHBIATE AHE, o iAbE, UFE S FREAN
TFE3)e] =3k FAEAT e AR 10mLE T3
o Z23t 0.1N §Aks}AF(NaOH) (Yakuri pure chemicals Co.,
Ltd.,, Kyoto, Japan) o] &H|E mLyE, ofr|=Alse AlEE
ZAot A5 22 (formalin) (Yakuri pure chemicals Co., Ltd.)
£ smLE F71E g 01N FAslaFe R AA3 gow
e Ath ¢52& g2 o 100mLel S/ 100 mLE &
gt S73E th A (Dongmyung, Seoul, Korea)E ©|-8-3}
o 43It 7H 2HE e 29T (Atago Co., Tokyo,
Japan)E, LT 492 DNSHE(14), A =2}+= A X}A(Ultra Scan
PRO, Hunter Lab Inc., Reston, VA, USA)E Al&3le =43}
Atk

R4t

F714F B8 918iA HPLC (LC-20A, Shimadzu Co., Kyoto,
Japan)E ©]E-39 2™ post columnYHS ARE-SF] EAET)
1A B2 AYL Shodex RSpack KC-G (6.0 mmx50.0 mm)
guard column®l] RSpak KC-811 (8.0 mmx300mm, Showa Denko,
Tokyo, Japan) 27l& 143} AT o842 3mM 344
4~2¥(perchloric acid) (Kanto chemical, Tokyo, Japan)S ©]-83}%1
on, §4-2 08mL/min, ZHES] =& 63°CE 33T &
JdEe wksgd 02mM EEREEEF(bromothymol blue)
(Sigma Chemical Co., St. Louis, MO, USA), 15mM ¢1AFR40]
22F(Na,HPO,) (Sigma Chemical Co.), 2mM Atatag3 Wk
g F UV 440 nmellx AZsih. ojn) W& e] 42 1.0
mL/min, ¥+ 30°CE 31tk AlEE *2H0.2 um, Millipore
Co)¥ AH-31%T.

2| HasiEE

el AAsgES ofv|At AEE471(L-8900, Hitachi Co.)
2 A3t AR SmLel 5% Egko|E2 ZobA| EAk(richloro-
acetic acid) (Junsei Chemical Co., Tokyo, Japan) 5mLE 3 7}3k
F A2 (12,000 rpm, 4°C, 1583t 5N L 348 o
J3H0.2 um, Millipore Co.)3F 7S #A3}RN o, o= PF
#2622 (4.6x60 mm, Hitachi Co.) ZHS ARE3I o AP QB
L5 57°C, reactor?] 2EE 136°CE A W= d
Slo] =@ (ninhydrin) (Wako pure chemical Industrial, Ltd., Osaka,
Japan) €948 ARESIATH(S).

FFaopd o] X (glucoamylase) 4 4 ¢3] 52 &9
(Wako pure chemical Industrial, Ltd.) 1
S 718A 40°Coll A SR A AT o7

E 1mLE 7kt § 40°CollA 2087F ¥HAIZ] oy 1 N
£ 0.1 mLE H7lst] W8-S AAAFIAL 3087F
13k TE. 1N QAHHCI) (Junsei Chemical Co.) 0.1 mLE 73
shx1Z] & DNSH(14)S o83ty T=FHS SAsATH(16).
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Gatold g o] 2 (a-amylase) 92 1% 2 8N (Wako pure
chemical Industrial, Ltd.) 2mLS Al el #al, 40°CollA] 57k
gstar, &4 0.1 mLe 74 WRE-S HAISISITE ol &
AHS P W A(TH vH-7HAl 30 F9] wHg-A(T,) 0.1
mLE F3oZ Ha| v|2] o}o] 2% (iodine) (Sigma Chemical Co.)
10mLE EolE Al Yo &3 &, 670nm FIE(T, )
ZABFATH(6).

& 4 8H (Unit/g)=(12.75%(T,, min-T, min)/30 min)x100/10

23 Z=2H o] (acidic protease)= 7HA| (casein) &4 1.5 mL
o pH 3.0 HWulI(Macllvaine) 58 1.0mLE 7184 40°Col
A Q. o371el &4 0.5 mLS 7Hslke] 40°ColM 6027k
HESAIZl & 04 M Edho|EE 2 oA E2K(richloroacetic acid) 3
mLE 71elA WS FAAA JAES AASA. o] ¥
1mLe] 04M Na,CO, 5mLet HEAF 1mLE 718l 40°CellA
3087F AN B 660 nmol A EFEE A SATHIG).
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Table 1. Proximate analysis of nuruk
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FEFF( %S 1229%15F), 8.15(%8h, 1140(:H3), 6.800H %) =
Ao, zeid ak(g100g)S 1478(XF), 1542(%53h,

15763, 1636002 ZHzF f-2]2Q xjo)7t Qe Al
ZAE A 2AWE AAFF 0.70¢:H)-1.16(FF), NFrs
233 /100 g2 & MFT5 o] A FFHet 2,00 o =2
Aoz vepgrh 23% FFE AAFF 1.82(71F)-1.98(H),
NFFE 346/100 g2 THFrSol AeirFEet L7 ol
=0} frel#]l AlolE HATHp<0.05).

olsteted=

FEFEE oFFo UubHE-S Table 20] UER|RATH
%) AT FEo] 14.80-17.50, /NHFFE0] 18672 NEFF+=
o] AIFFET 1.1-1.38] =2 AIES YeRNSlT) pHE
5ol 3.64-4.00, NFFFo] 41302 NFFF2] pH Ftol
Al Uepgom olejo] 4w, ojn|ieite, 71 IFE, YT §
2 AA] N2 2z 1222, 2268, 1.6-53, 11249 =
Al Yebdth o] Aol o MMEFFEe Liko] 64.1622
A2 78.37-8828HT}F 12-1.40) R, AL} FAEE= )

T2 HaxEot 2H2} 0.9-4.0, 2.2-328] EHoF MEFE oFF
7t AAFE FFET ofFE o2 AU o]E9] Ak
BE)y= AAMTFF 13372231, MNFFF 39.782 /NFFFo] 1.8-
3.080 =2 Aoz AL AMFFEL NFTE YRk
B ko] =4 yeht Qe 34849 Ajolg A )
FEE9 FFEIoMY ol T 25280 UmLE A
29 FA 64.0-792.0 UmLETE 3244 08) =& ZA4S HS
on ol#st =& FATHL 9 M IFHE FH(=0.965)
9 AHr=0.954) Z7Hl Fol4Q1 A dS YERNSITHTable 3).
TEFEE duoldyele] 4L FAF 8L gldle
W olu AT (- =0.891), 7HE LA E(-=0.909), Mx}(0.933)¢} =
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Traditional
Proximate composition — Modified
Jinju Songhak Sanseong

Moisture (%o, fresh base) 12.29+0.06*" 8.15+0.09° 11.40+0.05 6.80+0.02¢
Protein 12.9740.28° 14.28+0.03° 13.95+0.24° 15.29+0.01°

Crude Fat 1.02+0.01° 0.94+0.03" 0.62+0.04° 2.18+0.02°

(%’ dl'y base) b b b
Ash 1.60+0.04 1.71£0.02 1.75+0.06 3.23+0.00°
YValues are mean+SD (n=3), different letters within the same row differ significantly (p<0.05).
Table 2. Changes in the chemical characteristics of yakju with nuruk extracts (25C, 14 days)
Traditional
Component — Modified
Jinju Songhak Sanseong

Alcohol (%) 16.70+0.70°Y 14.80+0.17¢ 17.50+0.20° 18.67+0.25°
pH 3.70+0.03¢ 3.64+0.01¢ 4.00+0.02° 4.13+0.02°
Acidity (mL/10 mL) 6.79+0.10 3.64+0.01¢ 4.79+0.04° 8.32+0.05°
Amino acidity (mL/10 mL) 2.00+0.05 0.69+0.10° 2.16+0.05° 4.72+0.11°
Soluble solid (°Bx) 2.9240.43¢ 9.44+0.30° 5.67+0.61% 15.41+4.10°
Reducing sugar (%) 1.10£0.00° 0.50+0.00° 0.500.00" 1.20+0.00°
L 80.57+0.05° 78.37+0.03° 88.28+0.15* 64.16+0.06°

Hunter color a 0.45+0.01° 0.15+0.01° 0.66+0.01 0.60+0.01°
value b 7.90+0.02° 5.48+0.02¢ 6.41£0.01° 17.23+0.05
SE? 20.98+0.04° 22.31+0.04° 13.370.13¢ 39.78+0.04°

YValues are mean+SD (n=3), different letters within the same row differ significantly (p<0.05).

I8E was calculated by the difference of whiteness («/AL2 +Aa + Ab ).
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Table 3. Changes in the enzymic activity of yakju with nuruk extracts (unit/ mL)

Type Glucoamylase o-Amylase Acidic protease
Jinju 64.0432.1¢" 19.50+5.1° 1825.20+33.8°
Traditional Songhak 792.0+183.0° 97.05+1.6° 724.78+16.7°
Sanseong 104.10+£48.9° 64.51£8.5° 1114.0+£204.0°
Modified 2528.0+546.0° 780.10+32.5° 10298.0+271.0°
Alcohol 0.497 0.678 0.753
pH 0.597 0.737 0.739
) Acidity 0.600 0.722 0.839
Correlation Amino acidity 0.769 0.891 0.943
coefficient” )
Reducing sugar 0.516 0.600 0.729
Soluble solid 0.965™ 0.909 0.817
SE 0.954 0.933 0.932

YValues are mean=SD (n=3), different letters within the same column differ significantly (p<0.05).
ICorrelation coefficient is a correlation between the enzyme activity and the components.

dValues in “*” are different with a significance level alpha=0.05.

S AAAE e dleH, ARTER NETEe] 4L
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A= AR YegoH EFFE FEE] AHTE FEES
SR} 560 o =Sk
glojzel dufopdgo] o] Eo] o] ofnjicitzEel =& A
HAFE 7 ATt o= 2 39 protein body (PB)7F A
3 AN Fole PBIVE UE SSEEY Ao BEsL

| woll(16) SFHordH o]z} Gujoldg o]yt F4l e
WA 2 BE|AIZ o B=M R EolAvE Wi T zkA] &
k7ol ZAE7] HEeE Addr), 3 2
] gL I E A FF9-3ed(18) ¢EE A
Ao Be L A= oFFe] ¢S Tl gk A

odt
tlo r
=)

Mooy i xo k

>
1
4
o "
rr
L

T A EIZE R E YOo7]= F8HE (saccharifying power)S
A8 2 g7 27 3ol 7hssith(19). et A 1kgs &
& FEsp| EiME ATFES oF 90g, HFTFES oF 30g
o] Fgsltt. ey uta ot E JAE fste B £ AE
I T & ] 20%E sl Eok 2 A7olx A
25 98 "7H FESS A Bl FES 84 4o ¥F

ol WE ARM B4H dmee ASETtY B & ok
H [e]

AdEEsl] tiste] & ddysia e AeE
Z ANFAAREEFDS AAEEY 7631%S5 A3kl
ZZ2go]x, dujotdgo]s, M}, ofn|mAite 4t
T7} FRAE|L, AFAAES HAY 13.72%E AW 7t
| 1ol FaAwoR Yeidth & METEEY] M Z2E
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Fig. 1 Principal component analysis of the enzyme activity and
chemical composition change. Blue spot: nuruk, red spot: chemical
composition, black spot: enzyme activity

FEFEES 28T oo A4 TS Table 49} 2t
712 T (mg/100mL)>  ZH2E 312.97(X1F), 21225(5 %),
21591(AH3), 2959200 )= A% (Table 2)9F FAKE Aoz
Uelytth, 23 F28 FA82 Axd 2 o] U= &
71k gwo) el oF 73%7t AAREH, FREEE 17.2-17.4%,
Ao FEOBZHE 0%/ FYsEE AoZ HIEHIT ATHQ20).
Aoz wad FHA= 5414 succinic acid), & AH(lactic
acid), @AiH(malic acid)e] ZA|] <F 80%E XFA|StaL L Blol A
EZKcitric acid), IFEAKpyruvic acid), FHEAHacetic acid)
5ol AAETQI). FEFEE dFolA B4E fU)Ae o1
3} Wze] Qubye] up R o® Aup tub Aluke] B &
AR TR 97.16-115.85, /NFTF5 89.83)7 BR O aFIHA
oA s HF 2 ] wEoA AREHE 2R TE
79.07-192.45, NHFFE 15835) 2 k] SR FH 11.35-
19.17, MFF5H 1147)0] 7P =4 UEidth A EE2L A%,
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Table 4. Concentration of organic acids in yakju with nuruk extracts (mg/100 mL)

Traditional
Compounds Modified
Jinju Songhak Sanseong
Oxalic 1.61£0.47*) 0.37+0.64° 0.32+0.30° 1.12+£0.26®
Citric ND? ND ND ND
Tartaric 1.19£1.06° 4.30+0.74° 1.90£1.15° 1.33+0.95°
Malic 13.34+0.82° 11.35+0.90° 19.17+1.24° 11.47+1.29°
Succinic 97.16£2.93% 115.85+8.81° 105.16+3.18° 89.834+2.39°
Fumaric ND ND ND ND
Lactic 192.45+6.23* 79.07+6.49° 80.90+2.36° 158.35+3.84°
Formic 0.80+0.13* ND 0.11£0.04* 0.13+0.23*
Acetic 5.83+0.47° 1.31+0.18° 6.91+0.95" 25.86+1.09"
Pyroglutamic 1.31£0.75° ND 1.51x0.91° 7.834+2.48"
Total 312.97+9.38* 212.25+17.4° 215.91+7.63° 295.92+7.93°

YValues are mean+SD (n=3), different letters within the same row differ significantly (p<0.05).

IND means not detected.
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R RO TCA 32E FalA AGEHI, Ak FFEL
o] Aksle] oJ3) G, oM EARS U g} Gu|sto| = 4ks)
o oJaA THEoIXIth22). MNFTFE Fita oM EAR FHgo
AepFEHETt 0.8-2.00, 3.7-19.740 =A VR 2 RS Al
Al A ArksEo] U= R japonicas 23)E A7) W&
TEAZR G F AEERA ko] o fYE Aem &
o). Huh 54y R japonicuss HJET TEOZ A5k oF
713 Shers ARG A3 3k o EAR] T E {7
AR HwE =2 RS Holil §lo] B Axke} {Akst
S Ho|i Ut} To| 2FFF K pyroglutamic acidy> FFH
lutamic acid)®] YF7} H|EAF O R W Aoy Eo]z<l
NO(25), Fo|2FFEAIY] FHgo] Erhe AL ofnx
o] AjAoR w8 & vk AXE U= N
FEOAA 0-1.51, NEFFFAA 7.8302 Foldoz &/ Yeht
Sp<0.05). Z ¢ FvulEiHfumaric acid) 2 F4H(formic acid)S
BE &M vFo g AEHA f71iRe BR tAEA

S EFoF vk WS dl2H EAE uA Hed
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g} Table 5¢F 2t
SFEE oF9 fel FAFFE FH(mgLye 27 605.52(%
), 15531(%8h), 859.30(3H4), 2285.89¢N &)= LFERSIT) A3k
T2 O {7 ALsRE FF0] AyE dE 2.7-147
v} =4 AEHAJ=H ole ofv A= (Table 2)9F FAME A3t
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Table 5. Nitrogen compounds in yakju with nuruk extracts (mg/ L)

Traditional
Compounds Modified
Jinju Songhak Sanseong
Alanine 126.7 (20.9)V 20.1 (12.9) 150.2 (17.5) 241.9 (10.6)
Ammonia 7.8 (1.3) 4202.7) 9.7(1.1) 18.9 (0.8)
Anserine ND? ND ND 35.8(1.6)
Arginine 106.6 (17.6) 18.0 (11.6) 102.6 (11.9) 431.9 (18.9)
Aspartic acid ND ND ND ND
a-Aminoadioic acid ND ND ND 30.1(1.3)
a-Aminobutyric acid 3.6 (0.6) ND 2.6 (0.3) 283 (1.2)
B-Alanine 73(1.2) ND 5.7(0.7) 25.6 (1.1)
B-Aminoisobutyric acid 7.7 (1.3) ND 1.1(0.1) 31.9(1.4)
y-Aminobutyric acid 21.1(3.5) 54(3.5) 23.6 (2.8) 66.8 (2.9)
Carnosine ND ND ND 540.2)
Citrulline ND ND 0.8 (0.1) 20.1 (0.9)
Cystathionine 13.1(2.2) 2.3(1.5) 11.9(1.4) 472 (2.1)
Cysteine ND ND ND ND
Ethanol amine 4.8(0.8) ND 1.9(0.2) 42(0.2)
Glutamic acid ND ND ND ND
Glycine 10.7 (1.8) 7.4 (4.8) 42.1 (4.9) 103.0 (4.5)
Histidine 8.8(1.5) ND 12.0(1.4) 51.5(2.3)
Hydroxylysine ND ND ND ND
Hydroxyproline 0.4 (0.1) 0.7 (0.4) 0.5(0.1) 0.9 (0.0)
Isoleucine 14.0 (2.3) 322.1) 24.8 (2.9) 80.4 (3.5)
Leucine 443 (7.3) 9.8 (6.3) 59.3(6.9) 180.8 (7.9)
Lysine 59.5(9.8) 7.5 (4.8) 70.1 (8.2) 233.9(10.2)
Methionine 7.5(1.2) 0.8 (0.5) 18.0 (2.1) 72.0 (3.2)
1-Methylhistidine ND ND ND ND
3-Methylhistidine ND ND ND 5.5(0.2)
Ornithine 43.0(7.1) 593.8) 49.0 (5.7) 57.7(2.5)
Phenylalanine 37.7(6.2) 11.6 (7.4) 53.9(6.3) 137.0 (6.0)
Phosphoethnolamine ND ND ND ND
Proline 0.2 (0.0) 31.2(20.1) 1123 (13.1) 1384 (6.1)
Phosphoserine 6.9 (1.1) ND 5.9(0.7) 9.5(0.4)
Sarcosine ND ND ND ND
Serine ND 1.0 (0.6) ND ND
Taurine ND ND ND ND
Threonine ND 1.0 (0.5) ND ND
Tryptophan ND ND ND ND
Tyrosine 36.5(6.0) 12.1(7.8) 45.5(5.3) 111.1 (4.9)
Urea ND ND ND 1.7 (0.1)
Valine 37.6 (6.2) 13.5(8.7) 56.0 (6.5) 114.8 (5.0)
Total 605.5 (100) 155.3 (100) 859.3 (100) 2285.9 (100)

DThe numbers in parentheses indicate the percentage distribution of each compound.

IND means not detected.

v 71k TH30). o9 HlwdlS w g st
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Aoz AR old FEFEE T olF Bl
2218 AHE7] 93l ©|3}e ] E(Table 2)e] A4S &
A Table 6) & FEl2isg= FAATF7E 0539%
=9k, oAt} 043302 FHMlE =A Jehdt)
FJALL 0.065, & F712F FHES —0301E T B S
AP Ho o Qo &, £59] FEldAsgE o] =
AFE ol vlEEte o|F 7t Skl HAL, {714

VRS o]Ft &AF A HE ZeRE diAE k. 1
Hy ofM| Estoly 232 4H(propionic acid) == HEIZ4F
(butyric acid) 5] AFA] o] BIAGHOR FOWH, of
Agmt ikt 5o Al LAEAE 7HsA0l =4, AHEF
v BAF 2 ulrAehA] @2 o] AAHET) k] AR
= fre|dasietest ohvieitee] A7 242 0.792, 0.766
o= 7 w2 AR IIHJAT. FEFEE 9 olHY
Zol] gt 7} o]SS R FAEE A A (Fig. 20X = A
TR At FHH op=AtET) E7] v o]
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Table 6. The correlation coefficient on the nuruk extracts in off

flavor and browning

Coefficient correalation” (p value)

Components
Off flavor Browning
Alcohol 0.219 (0.781) 0.472 (0.528)
Acidity 0.076 (0.924) 0.734 (0.266)
Amino acidity 0.433 (0.567) 0.766 (0.234)
Reducing sugar -0.065 (0.935) 0.719 (0.281)
Total organic acid -0.301 (0.699) 0.542 (0.458)
Total nitrogen compounds 0.539 (0.461) 0.792 (0.208)

DCorrelation coefficient is a correlation between the off flavor and

browning with the components.

Biplot (axes F1 and F2: 91.26 %)
6
Off flavor
4 1
Total nitrogen
X 2 T Browning compounds
o AT T
- = ~Amino acidity
| S”f:gf»’f“k"'""“:~~ {A.l hMlodlfled
& 0 —Sanseong S
=
T Acidity
-2 Te! N 0™
Jinju’/ . * Reducing sugar
N e 8 Total organic acids
4 Traditional
-6 -4 -2 0 2 4 6 8
F1 (70.10 %)

Fig. 2. Principal component analysis of the chemical composition
change with off flavor and browning. Blue spot: nuruk, red spot:
chemical composition, black spot: off flavor and browning
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