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Abstract

In this study, the fermentation characteristics of Yakju were investigated by addition of protein and lipid. These
are classified according to raw material (rice, glucose) and inducing substance (rice protein, rice lipid). Alcoholic
fermentation occurred at 25°C, after 14 days. The results of this study were as follows: Alcohol content of Yakju
with rice protein was higher than those of other samples. The pH and glucose of rice Yakju were detemied to
be 4.86~5.13 and 4.17~4.86, respectively. Titratable acid and the total amino acid content of the Yakju with rice
protein were the highest among other samples. The optical density contents of the rice Yakju and glucose Yakju
were 0.52~0.653 and 0.27~0.61, respectively. The concentration of organic acids in rice Yakju (433.98~519.31 mg%)
was higher than that of glucose Yakju (303.76~387.50 mg%). The major organic acid components of the Yakju
were succinic, citric, acetic and lactic acids. The nitrogen compound concentrations of rice Yakju (4377.38~10208.06
ppm) was higher than that of glucose Yakju (671.20~9368.93 ppm). The protein odor correlation coefficient was
0.98 (p<0.001) showing a very high comrelation coefficient, while lipid odor coefficient showed a negative correlation

with -0.038 (p<0.458).
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© EHIR ko] @ A A Tl &t 2hie] (S Lesaffre Co.,
Marcg-en-Barceul, France)< ©]-83}9t) AL +52 S5
oA FU%E G (Aspergillus oryzae, Chung-Moo
Fermentation Co., Ltd., Ulsan, Korea)= AF-&-3led 213 A=
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zalqth. A2 AR Yoy 2ge oy =
kit(Model No.60211, Kikkoman Co., Noda, Japan)2 223}
At} 4-nitrophenyl O-a-D-glucopyranosyl-(1—4)-B-D-
glucopyranoside(G2-PNP, M.W.=463)& 7|2 & o] &3l=
WHo 2 7148 0.5 mLol 5o] &4 (B-glucosidase 28
unit/mL) 0.5 mLE 3 7}8ka 37 ColA 583 o< (Eyela
NTT-2200, Tokyo Rikakikai Co., Ltd., Tokyo, Japan)3}$3 T}
ol%F A 01 mLE YL 37ColA FE3] 10837 WA
71 & wkgFg A 20 mLE 371RE U 400 nmell A 53
£ 2% (JP/UV-2450, Shimadzu, Kyoto, Japan)3}] il o] S
A FFEATE N B3hE (saccharogenic  power,
SP) o2 gkt A} oF 60 SPe|ltl. FEFEES 5]
oFFA| 2 W ol A-gsA W] ¢ 30 SP7} H=F A %S
St} &, & (Dongkwang Co., Daegu, Korea) = 3 3t
AAFE 8 keoll & 256 LS 37FeE the 15TCelA 1HE 4
o8 g5 FHA UAIRE Bt FEIATE FEES 4C,
3,000 rpmol| Al 1027+ A1 ¥-2](CR22GII, Hitachi Co.,
Tokyo, Japan) gt Th A5 d-& HE|ste] FEFZEZ 3t
R

oFFEM=

Ao o] &8 ok Fai 2 o] kg2 Table
17} 2tk & 1 kgS A3 AolA a5 dg 3%

S, T A7 Bl Bl E ik 2 T4
7]1(MS-30, Yaegaki Food & System Inc., Himeji, Japan)©l|
23 Aol ke Alze $7H 4083 5715 Y
= stk 10 L ety Yo 31 A
W) ZA7E FEFEE 160%, & F2] 02%ww)e] &
2E SAUE ¥ o8, SA & X5 740 ¢ 4
Bola, of 7)ol Akl v A -E 7247t 200 g4 @ kTh
U g 2= = incubator(VS-1203PFHLN, Vision Scientific,
Co., Ltd., Daejeon, Korea)E ©]-§- 25C= A7 3slo] 1443t
LFAA ABRE A2 THT).
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Table 1. Proportion of raw materials (g/100 g) for Yakju-making and the nutrition element of samples

Nutrition element (g/100g wet base)

Moisture Protein Fat Fermentable Sugar Nruk extrac Yeast
control 12.8 6.69 034 74
Rice +protein +20.00 160.0 02
+lipid +20.00
control +12.8 74
Glucose +protein +20.00 160.0 0.2
+lipid +20.00
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Aol AUt E-2 AOAC WH®)°l T3, +8&
105C Zd7tdd =z, 2 A2 micro-Kjeldaly, 4]
k2 Soxhlet =9, 23| F& 2o R Hgd &
st FREA1H0)S st pHE pH meter(Thermo
Scentific Co., Massachusetts, USA)E ©| &3} =73}
A FoblweAl, 43 FEe FREA 189 '5}
o] 24 4 AR 10 mLE 34 7]=d Zed
0.1 N NaOH(Yakuri pure chemicals Co., Ltd.) -8-<jo] 4H]¥
mLGZE succinic acid= 3HFe19 11, Zolr| = Ake ZA4kS
=743 A &) formalin(Yakuri pure chemicals Co., Ltd.,
Kyoto, Japan) €9 5 mLE %7}t th& 0.1 N NaOH=
;Q;H ?5]- 7LE glycmef?.i 1/}1:/].1,]] oir)r ?jl-i% z‘;jlako Okz
100 mLol| S5 100 mLE &3¢ ths T A (T A 7]
A 224, Seoul, Korea) S o]&o].oq =H3sl9th AT =
TAA FFH EA7|F] wek AlEE 50 mmAlel] Yo 430
mmol|X FFEE SH st A=A blanke SRTE
AHE-3FSTHO).

714

F714F B4 98l HPLC(LC-20A, Shimadzu Co.,
Kyoto, Japan)E ©]-8-5}%1 21 post column™H - AF-&-5hed
43819t f714HEA -8 column- Shodex Rspack KC-G
(6.0 mm=50.0 mm) guard columno] RSpak KC-811 (8.0
mmx300 mm, Showa Denko, Tokyo, Japan) 27} & <143}
ARE-EFITE ©] %42 3 mM perchloric acid(Kanto Chemical,
Tokyo, Japan)E ©]-8-3}%1 2™, flow ratex= 0.8 mlL/min,
column oven?] &=+ 63CE 3}t &L w38
(0.2 mM bromothymol blue(Sigma Chemical Co., St. Louis,
MO, USA)), 15 mM Na,HPO4(Sigma Chemical Co., MO,
USA), 2 mM NaOH¥} ¥Hg-3F & UV 440 nmol| A HE35}15
t}, ojuf HFS-gM ] flow ratex 1.0 mL/min, ¥FS-2 5=
30CE 3tith A&+ 740.2 um, Millipore Co., Cork,
Ireland) & AFE-3}SiTH
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fre] AAsHES ol At 254 7] (1L-8900, Hitachi

Co., Tokyo, Japan)E Al&3It}. A& 5 mLel 5%
trichloroacetic acid(Junsei Chemical Co., Ltd., Tokyo, Japan)
5mLE FH713E T A1E2]@C, 12,000%g, 15 min)ats]
oA 343 th2 o1 30.2 um, Millipore Co., Cork,
Ireland) g A= 41831 oW, A 21 A=A vl
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Table 2. Changes in the chemical characteristics of Yakju with inducing substance (25C, 14 days)

T Rice Glucose
e Control Rice protein Rice lipid Control Rice protein Rice lipid
?%C)"hd 1450:035" 1420£033° 1340£0.57° 1247:033" 1393:041° 9.33+0,65¢
pH 4.86+001° 5.13+0.04' 4.86+0.04° 4.17+007° 4.86+0.04' 422+006°
(Ts‘l‘lr;t]jglce aiclzid% 033:0.00° 048+0,01° 041:001° 0342000 0.57+0.00° 040:0.00"
o wid 067:002° 1.4840.03 0772002 0.15:000° 1294001 0.16:000°
%ﬁ)dmy 065+0.13" 0610.05" 052:0,00" 0610.03" 0550.02° 027:0.00°

"Values are meanSD (n=3), different letters within the same column differ significantly (p<0.05).
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7holl Jslir e ¢IE o syt AR R A7
M dFE Tt RolHth =T oFFel JojA
WA 771 13.93% 2 v 2ol Blele] 43S
7} 11.7% Z7Vetgom A4 A1 933% 2 252%
Zasict a5 o3 438 A ZE Ehrlich 4 =,
ofm|= Ak A AR acetic acid BEE 37FA] A =E7}
4 A AR acetic acid &l 93 AEE V=7t
At} Bhrlich 74 2% #A| & F-oll A 7k & o] ie4ke] of
n=2b7] Hold o) Goln| vt | th YEHikE o
aldehyde”} =31 1 Tha 9] ofn|itE T} ghAert
I AL gHe2 395 4 2ot Ehrdichd 29 A3
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sk e AlTe AR 43E HEE AR
FHTH12). o]= Tl ghero] ol e ko] R
A& B &o]3lth= Kwon 5 (13)2] AFo| A= et
wo}, w3k, A ool A58 o] B YEhd o] =
B Aol ARRE o] 23R FHFS 0.44 /100g wet
base(data not shown) .2 E 280l & Q3 Fr|AFFo]
A&7 Eoz AdH pHIME X=T o
(4.17~4.86) BT} BokF(4.86~5.13)7} ThAa =7 VEbytch
rokoll A Tl H71te] pHE 51328 F37H 4.86
2 AW HIF 486 Hoh freldo R EA JERa
(p<0.05), £ o= Thl A 7} k7] 48602
718 =4 YETh o] Fobn|i=Aik(glycine, %)% %Ol
ZYZ 14802 FF), 129%(E=FUPHE 2 AT
(0.15~0.77%) Bt =A] Jeh Tl Fajjef] mE ofn] e
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2ol S wliEQ Aoeg AHE 4 9lt}. F4ksuccinic
acid, %)< kol 0.33~048%, T AFFolA
0.34~057%°1 915 Yeh L & 7ot Aok
o} T koA 247} 048, 057%= 71 A UER
o} o] mgh o] T Fheo] FAF skl k= 3l
f= & 7 Utk R AR =59 pHE B5o] HETd
= Al MAls JAA7| o oY R RS 2 Ao
317] wl Tl W& =27 lactic acidE H7Isto] W=
SIeh(14). o]€]o] GI-E/FoF Rhgate] WS 7H o
H 2 3tEs Adste 2oz de1A] Jdvh1s). o9
As Yehll= A Es 75 2AA 9 dlo] g & 855
o] el Aol 1AF A AR EU(3), 24w}
=555 T/ o] F Aoz st dAE
T 52~0.65, X=F FFoAM =
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o 34 melanoidineZ] ¢ 24 E2 Q1 3-deoxyglucosone
4 3-deoxy-D-pentosones AJ/d A1 TH(12). wEbA F72]
ofn| At gho] o™ Mol XA Wat= Zlo] dRkA e
2 SAA] ZolA whild Hrite] A wrt F71sE
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Table 3. Concentration of organic acids in Yakjw with inducing substance (mg%)

Rice Glucose
Compounds
Control Rice protein Rice lipid Control Rice protein Rice lipid
Oxalic 4554083 30.29+0.32° 10.724036° 16.87+3.70° 2029:0.20° 8.890.92°
Citric 77.97+148" 11348+7.41° 80.10+2.74° 118.51#5.60° 5097+1.29° 94.12+14.60°
Tartaric 335£0.57" 148+1.53" 2.76£0.26" 38542.35" 2.56+0.69" 1.40+1.80°
Malic 29.590.33" 19.40£1.44° 29.363.78" 37.867.84" 14.02£0.80° 20774577
Succinic 188.80+4.96" 137.45£7.96" 192.24417.30° 108.3749.58" 130.75£4.72° 77.38091°
Fumaric 047£038" 046027 0.07£0,03" 0.65£0.59" ND” 0.02£0.03"
Lactic 58.672.86" 4924377 60.03£7.95" 38,63£12.03" 42.84£2.04° 2348041
Formic 0.63+0.80° 245+1.09° 2.59+3.04° 5.78+6.12" 2.34+1.49" 0.49:0.56"
Acetic 45.1542.21° 107.14+130° 4892+3.12° 55.5049.77° 44.49:0.75 74.91:2.70°
Pyroglutamic 24.74+2.84° 57.93+5.44° 2495133 1454058 47.81+150° 1.30+1.00°
Total 43398 51931 387.50 356.08 303.76

"Values are meanSD (n=3), different letters within the same column differ significantly (p<0.05).

ND means ot detected.
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33} 2tk 714t & ek mg%)S BeFFol A 717} 433.98
(FH7D, 451.74(A ), 519.31(F) mg%hT o= YEFS
3, TG ko A= 303.76(% W, 356.08(%H), 387.50
(F37h mgrTo = AEHALE 2 F5& FUE=R
A 23 Eol| FqHEo] dE fF14ke G e <F
73%7} AR EY, FRERE 172~174%, A3} ZA 25
H 10%7} 495 E Aoz Buwa k1), B ATtolA
f71at % 917} wlSro] AnbAQl gt JE o2 Al 2ub
2lake]l B89 succinic acid(ZHoFT 137.45~192.24 mg%,
F ek 77.38~130.75 mg%)2l o] 7 =4 e
W A= So 51601 MHFTFE £l F8 fr)at
© 2 guccinic acid®] o] 7HE =4 JUehd A7) 9X]
ghtl 1 oo & citric acid(ZFT 77.97~113.48 mg%,
FEFoFF 50.97~118.51 mg%)7} A YEFsith Huh 5
A7)eNA W dukA|Eo 7 A 28k 2FF9] citric acid 33
146.49~180.95 mg%<} vlwste] tha BA #AF Q]
Acetic acide= ¢3-S L3 = Akslo] oJsiA] A/d =™
(18), B, AT, EIE ~EH A Foll 9JalA A=
FEgS BE 19z LA JdEd 7Hz Aok oA
45.15~107.14 mg%, =T FFollA  44.49~7491 mg%
AZH ) o] Huh S(17)0lA H& dtAl s o2 A%
g+ 93] acetic acid ¥ 106.17~124.54 mg%<] M9 Hoh
Tl H7F AobEE A Qg U A| efol| A thar WA
YEPATE Lactic acide &529] ald2g oA A=,
Al B op ROl 2] AAlsH o] wa FekAs) 2
o] B7] wjFol|(14), BT R AT LR AFEE =T
B oA o e BefFo A 49.24~60.03 mg%, EET °FF
oAl 23.48~42.84 mg% 2 UEFSITE Pyroglutamic acid=
glutamic acid®] LH7} B EAF 07 W Z o7 Eo|F
9l gk gl ©1}(18), pyroglutamic acid o] wthe= A
opr]iqhe] Fhgo] iAo R =g 4 vt djXE F
UeHl A2 dad Hob koA 57.93mg % (2 FT),
4781 mg%(ZE FF)E FH7F B AL ok H]
8l Fold oz A YERTHp<0.05). 7L €] fumaric acid
4 formic acidv= =& w4 n|Fo 2 AEHIAoh f714t
TS AT X5 ofFHThs AokrdA gol AE
3, AE-E succinic, citric, acetic, lactic acid £2. 2
ettt fFEEdd2e Ao s Al do], 2%
Febrol e FH7E FFollA F714F ol 7 =7

M b

f2 astere
&gl ¥ ofF] fre] dashiHe2 Table 49 2t
fel AaseEe] FHge AFFrh 4377.38(FH 7D,

10208.06(H &), 4951.83(A%) ppm, EETF IFE
699.35(F% 7}, 9368.93(+ 2 4), 671.20(X| ) ppm .= 3*E
T FFHT; Aokl A xEgtEo] ol HEH AU

ol UA A Y 2T k9| glycine R SHib
Zoln| =4k (Table )3 A A2t2 U Fobr] it
o] fejdasishE s vlud 2 Aieta e
& drk T8 fo] dasietEe e A Ey Aok
F 9 e} ok RSl A arginine, glutamic acid, leucine,
alanine =02 AoFFo| A A kel 10.40, 9.62, 8.60,
8.17%, L= FellA HAl 9] 1001, 9.07, 9.05,
751%% AABHA 71 =& o s FaEo] 3,
1 9] lysine, phenylalanine, valine, prolin, serine, tryptophan
5ol 5~6%% FHHEUA FHE o|h BofFet =T
SFFo A F2 FHE Ue ohv|ike] = Aol 7}
SAE fFeEddd i opw| At BXddle d3ds vAA]
BTt TRl o] opnike Y5 Al 3t protein
body-I(PB-)2] 3l o} HEF o] Aprhia]dl] <
3 F= AYETH1D). obreahe: 7o B A, oF 5ol
o] wiiEell Fagh AJEolth Aspartic acid®t glutamic
acide= 7H2ute] 9lom, alanine, glycine, lysine, prolin,
serine, threonine< T9ko] arginine, histidine, isoleucine,
leucine, methionine, phenylalanine, threonine, valine< <=9t
o] o Aoz deiA] glrh19). F7ol ofn|iite] How
gro] 7hg a1, Bom mrt Frkete] 4 A5HA717]
wol] 273k Fhde fAlske o] Fash 224 el
delA ofd weldl whe girk ofleate WEAA
FRo] YAt oste] nFLTL(fusel oi) 2 WSkE o] F
o] N5 FAsh| = of, opn| At AkskE A Bl ot
A G ol ofste] S44k0 2 Wste] uho] WskE
F71% 3hQ20). Eg opv|ieAhe FR S =
Fod &=, methionine-> dimethyl disulfide(DMDS)Z
sle] FRel S (=FE YA 2, SAFTte] v
dete wh-gol ©J5ke] furfural, aldehyde® 522 WA
o}Fo ol FEFL 72T ol AAHFI T FHE 2
HEm g R Aokl o] skow], fE
sAMEE 77k 8 A A7) uohe gud o) o
ol AasgEel Fere] wA Jepg. old) A28
% ol mel 4 8 EET ool A3t g, go] 247}
Joletm ALRELH

credxinl x|dto| o|F ol ojxl= AE

ZF el e] o] FH el wigk #5H 7t A2E Table 59
YeRASIT) Aekro] o= 2, T, AWt
7 247} 2, 10, 48 S 2 5E delitol thuld A 7)o A
o|H7} 7 A Ui Ao & ERIEH ol X&
T AFFANE AV YEbE ©ed H 7k 9
o2 75%9 B57L eYdozHE MUy o] /14 2o
Aelg weka th2of AV 2 14 d9Eta
th Z} A @ Fe] AUk E(Table 1) EWE A4S 4]
gt A3 g do] o] Hd m A= e FuA Tt
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Table 4. Nitrogen compound concentrations in Yakju with inducing substance (ppm)

Compounds Rice Glucose
Control Rice protein Rice lipid Control Rice protein Rice lipid
Alanine 367.56(8.4)" 805.61(7.89) 423.78(8.56) 67.9409.71) 67433(72) 63.86(9.51)
Ammonia 18.38(0.42) 30.66(0.3) 19.15(0.39) 10.16(1.45) 31.79(0.34) 16.07(2.39)
Anserine 14.71(0.34) 57.77(0.57) 14.81(0.3) ND 53.27(0.57) ND
Arginine 37625(8.6) 1242.43(12.17) 4132(8.34) 0.32(0.05) 1074.77(11.47) 0.28(0.04)
Aspartic acid 201.72(4.61) 349.37(3.42) 243.6(4.92) 46.92(6.71) 472.05(5.04) 43.88(6.54)
a-Aminoadioic acid 20.96(0.48) 33.91(0.33) 22.42(045) 0.68(0.1) 37.93(04) 1.8(0.27)
a-Aminobutyric acid 6.94(0.16) 32.57(032) 7.09(0.14) 6.49(0.93) 43.9(0.47) 1.08(0.16)
[3-Alanine 15.95(0.36) 29.37(0.29) 14.78(0.3) 8.49(121) 49.89(0.53) 6.7(1)
[3-Aminoisobutyric acid 53.65(1.23) 83.36(0.82) 50.38(1.02) 11.9(1.7) 130.32(1.39) 9.24(1.38)
y-Amino-n-butyric acid 102.99(2.35) 145.9(1.43) 1055(2.13) 81.34(11.63) 164.63(1.76) 76.17(11.35)
Carnosine 11.36(0.26) 28.66(0.28) 14.33(0.29) ND 23.46(0.25) 0(0)
Citrulline 4.69(0.11) 41.06(0.4) 20.1(041) 1.15(0.16) 38.34(041) 0(0)
Cystathionine 7591(1.73) 94.7(0.93) 67.5(1.36) 17.94(2.56) 102.19(1.09) 16.35(2.44)
Cysteine 4291(0.98) 66.27(0.65) 32.31(0.65) 11.69(1.67) 71.73(0.83) 13.38(1.99)
Ethanole amine 27.66(0.63) 34.44(0.34) 29.28(0.59) 3.94(0.56) 7.21(0.08) 3.68(0.55)
Glutamic acid 403.709.22) 1016.21(9.95) 460.4(9.3) 63.9309.14) 846.11(9.03) 62.36(9.29)
Glycine 199.38(4.55) 421.86(4.13) 228.05(4.61) 35.87(5.13) 329.95(3.52) 34.75(5.18)
Histidine 75.79(1.73) 190.81(1.87) 84.13(1.7) 11.32(1.62) 152.41(1.63) 11.79(1.76)
Hydroxylysine ND? ND ND 0.23(0.03) ND 0.42(0.06)
Hydroxyproline 0.44(0.01) 0.42(0) 0.6(0.01) 0.29(0.04) 022(0) 0.17(0.02)
Tsoleucine 183.69(4.2) 451.43(4.42) 207.21(4.18) 32.88(4.7) 4154(4.43) 32.9(4.9)
Leucine 353.01(8.06) 923.61(9.05) 403.83(8.16) 35.72(5.11) 904.11(9.65) 34.28(5.11)
Lysine 23725(5.42) 572.84(5.61) 275.43(5.56) 43.63(6.24) 562.02(6) 43.4(6.47)
Methionine 84.43(1.93) 181.85(1.78) 89.27(1.8) 14.91(2.13) 172.49(1.84) 15.372.29)
1-Methylhistidine 0.22(0) 5.37(0.05) ND ND ND ND
3-Methylhistidine 3.5(0.08) 9.23(0.09) 3.4(0.07) ND 16.74(0.18) ND
Ornithine 33.04(0.75) 64.83(0.64) 37.05(0.75) 11.62(1.66) 48.23(0.51) 11.69(1.74)
Phenylalanine 259.02(5.92) 618.54(6.06) 291.55(5.89) 19.91(2.85) 590.81(6.31) 18.732.79)
Phosphoethnolamine ND ND ND ND ND ND
Prolin 306.85(7.01) 563.08(5.52) 343.45(6.94) 60.49(8.65) 47482(5.07) 63.20942)
Phosphoserine 7.620.17) 16.24(0.16) 15.83(0.32) 2,67(038) 24.99(0.27) 00)
Sarcosine 15.49(0.35) 20.540.2) 15.95(0.32) 0(0) 25.59(0.27) 0(0)
Serine 234.83(5.36) 592.93(5.81) 280.77(5.67) 1745Q2.5) 474.72(5.07) 17.01(2.53)
Taurine ND ND ND ND ND ND
Threonine 133.043.04) 32343(3.17) 158.83(3.21) 14.8202.12) 257.742.75) 14.16(2.11)
Tryptophan 0.06(0) ND ND ND 0.96(0.01) ND
Tyrosine 265.32(6.06) 46738(4.58) 296.9(6) 28.82(4.12) 556.04(5.93) 27.05(4.03)
Urea 1.73(0.04) 47.79(0.47) 17.24(0.35) ND 9.52(0.1) ND
Valine 2371.32(5.42) 643.59(6.3) 263.74(5.33) 35.84(5.12) 524.25(5.6) 31.44(4.68)
Total 437138 10208.06 4951.83 699.35 9368.93 671.20

"The numbers in parentheses indicate the percentage distribution of each compound.
ND means not detected.
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Table 5. The sensory evaluation of the off flavor

Rice Glucose
Type Control Rice protein Rice lipid Control Rice protein Rice lipid
Selection 2 10 4 1 9 1
Percentage (%) 17 83 33 8 75 8
Table 6. The correlation coefficient of the protein and lipid ZAIe 2
components in off flavor samples
Protein lipid o] =Re I idty VAU TAMT
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