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Abstract

A simple technology to manufacture ‘Nuruk’ with pigmented rice and ‘Yakju’ with improved quality and functionality
was developed. Yakju (designated WY and PY, respectively) was prepared with white rice flour Nuruk (WN) and
pigmented rice flour Nuruk (PN), and their qualities were compared. The enzyme activities of Nuruk revealed that
PN had higher p-amylase activity (1,186.67 Saccharogenic acitivty, SP/g) and higher protease activity (378.90 tyrosine
mg/min) than WN. During 11 days of fermentation, the pH of PY was steady in the range of 4.77-4.58, whereas
the pH (4.82) of WY decreased to 3.90 on day 3 of fermentation and then increased to similar pH of PY until
the fermentation was completed. The titratable acidities of PY and WY increased to 0.40-0.48%. The ethanol content
of PY and WY increased to 13.43% ad 13.23%, respectively, on day 5, after then PY showed higher ethanol content
than WY until day 11 of fermentation. The organic acid content of PY (1,225.87 mg%) was higher than that of
WY (1,021.69 mg%). The antioxidant activities of PY were twice as high as those of WY, and the total polyphenolics
and total flavonoid contents of PY were also higher (35.96 mg% and 19.01 mg%, respectively) than those of WY

(16.29 mg% and 6.36 mg%, respectively). Sensory scores on color, flavor and taste, and overall preference were
higher in PY than in WY.
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FoH0 oL@} ok STl SHEAlORIA) M
FHRokal 1o, 1730l cyanidine 3-0-B-D-glucoiside
peonidine 3-0-B-D-glucoiside 52 $h5-51] S 75
o] &= o0& HIIxo] QItK(Sin, 2019). SANE 0|2} 2
71678 Tk Q= FAH Y] AARES AA| A A4t
F9] oF 5%l s, AR L83t 7HEAE QA B
A Qrol 1 AH[FZ HA £0151 U= AAO|TKSin,
2019). | A0S o]-83t A AollA= A4, A, 7F,
5 59 7FEECl Hgh = EaE B Qlov, £579
FAEE 83t Al A9 fItHKim 5, 1999a).

oRFen| fAn] 52 Adsdrled AlgEdta
oA S/dste] EF 55T AN HEoE, F5HS &9
A2017-1185 = 20174 2¢ 274A}of] &L= 0] 2018¢ 6¥
25YAE EFHTH SEHE A72575 2 55 E5olth
(Huh -5, 2019). HFSH|= R FARo] H]sl| 54 F=7}
Footal, HHo|m gFo] wi-e- FHojutt. E3F A HSO]
242 gO = thh 31 FYFY] Av|2FE YERHL Qi
7129] A= o] FESE Hol IAIRE TS H|= ol
FHoto] ofpo] FrIolSe Wl 2 A 0= wEo] 44
H] F508 UFSH|E Agsto] ofo] Frlsielen, o
et 7 Rt 4] o EE Jidskazat sielt
=2 t©eokE 59 YR AdEol 24h F30] 59 P
Eollea} dFE I8 E B9l &, A4 59 o= A
o] g YEZFHEE QF 81 T A HAgZH o=
d S8E0] gon, Ut AeFEE o €571 A
TH(Shin 5, 2016b). 1 & k2] HEHQ] Fxr2 Hin|,
59 95t 37X, anE 53 A FYoto] A F
39l A3 ¥m Foo= JudY B Ate] 3PS
23 IEl dFSE Bl BREERE APHH
(Seo2} Ryu, 2002). FLoll= 71578 5, 2ol thgh AH
A =87t F7IoH, 57 FARl= AAE 2 PRl AE &
A& AR A3kl tf-85kal Q1.2 ™(Seo, 2002; Shin, 2016b),
A2 S0l 715 7] Al w53kl 733t A=ollA] &
o] 7Pl ZHTFE AFoE Wl ojof it}

A F52 575 ol St of=] #Y 27400 s
FREHEE 2o m} iRt F50] glon, AR
ue} of2] FHo F5o| "ok Mg F52 &R HdE
Ta ot ot Qo] WA|E o] F4o] #YUjt &o] AXE=
AHo] Slth. 750l wet Ay, 43E daY 5ol g
SR a g ofEo] Fu|, o, M 5o £ 9 Vsl &
FFS v Ao FwkEKWoo 5, 2010).
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A7t ofe] i 5ol AdE vh l=tl(Lee 5, 2011),
o2 2a el diet Aol AeA deH, =
off tigh 4 TRt A7IRE ol &Rt FRUiEel w3t o
T oFd R AdRoltKLee 5, 2019). & oA Al
FAT= I 75 AXE oI Bet 1 $40] T
it Az Ve 53] 553 7oA AR RS Az
71&(Huh 5, 2018)& FAT|(HHFET) 75 A= 3-85t
AL, Win] 7R FRFEES win]ol] 7Rt ARt ofet &
An] A7V PSS A6l A7 A0 oFFE A
Foto] 7 ofFo] F4 ibet 542 Blusiiith
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2 Ago] 183 +% W o A fuIel g
(2018d4hE AHsd71&eY AREAT4, 2018
AL OISR () BETFETANA FHsto] AL0]A] B
PN ALBIL, 72 A2 EFE Aol o) 29
WSR2 2 A|E=2, Chungmoo Fermentation, Ulsan, Korea)
2 2us) AgSATH

IR WY +89 A=

W7 jn), SAEE AR OR A(1008)7) 4
A% pin mill(57HE, FA7] Al F45H(500 g/min) w44
sfo] AT WINT AT 2 Az wn), g &
7kl 100T 9] 25 400 mL(40%)E 715t A2 ZJHoll
Al HkE3t F, 9] 2571 30T ZES o W=
ZA|E=+, Chungmoo Fermentation)S 22+ 0.3%% A7}
22} 9EES1elt). Bk & 15 AR 43 S0l 9ar AFsHA
= Aol YaL 30T, 5= 85%00A] 48A1F B3 12} HjF
BFHTHDS-130S, Daewon, Bucheon, Korea). 22} WS 5+
5 ] 5742 AAKL 25C, & 85%0l4 w52 ARt
of 7Itho] 7UZF vigRE TR SRRl 10% Hel7t HA
AZA|A win|, fAn] A7EE A $52 Alxsigion, A
Z3HL Fig. 1A, AL Fig. 2A9F ZthLee 5, 2019).
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A Rice flour 1 kg
(white rice flour

or pigmented rice flour)

100C water
400 mL (40%)

® Steamed rice 2 kg

(white rice or pigmented rice)

’ Mixing and cooling (30T) ‘
’ Add fungi (0.3%) ‘
’ Molding ‘

|

1st cultivation
(30T, 85%, 2 days)

|

2nd cultivation
(25T, 85%, 7 days)

\
Dr‘ying

‘Nuruk’
(WN, PN)

|

Soaking

|

Added ‘Nuruk’ 200 g
(WN, PN)
Yeast 6 g, water 3 L

Fermentation
(23-25T, 12 days)

Filtration

“Yakju’
(WY, PY)

Fig. 1. (A) Process for the preparation of white rice flour ‘Nuruk’ and pigmented rice flour ‘Nuruk’; (B) Process for the preparation of
‘Yakju’ made with white rice flour ‘Nuruk’ and ‘Yakju’ made with pigmented rice flour ‘Nuruk’.

WN, white rice flour ‘Nuruk’; PN, pigmented rice flour ‘Nuruk’; WY, “Yakju’

rice flour ‘Nuruk’.

made with white rice flour ‘Nuruk’; PY, “Yakju’ made with pigmented

Fig. 2. Photographs of ‘Nuruk’ and ‘Yakju’.

A, white rice flour ‘Nuruk’; B, pigmented rice flour ‘Nuruk’; C, “Yakju’ made with white rice flour ‘Nuruk’; D, ‘Yakju’ made with pigmented

rice flour ‘Nuruk’.

12} of3astal, 2XHMF-100, Hanil, Daejeon, Korea)Z 4]
wote] 5 A|xst5oH, A Fig. 1B, A%l
Fig. 2B9} 2t}

1230
2THS

20| 548 £ (B-amylase, a-amylase, protease)
ok S (B-amylase By FAI7EATA FREA

TFYINTS Liquors Licence Aid Center, 2010a)°] w2t Z45}
Atk &, 2% HAE-ZH 50 mLe} pH 5.02] ZAIGAEH 30
mLE Folo] 55C oA 10821F o Fet ths 548
A 10 mLE 71510 6047t BEHAX] & 0.5 N NaOH 10 mL
= 7Rl $2A 548 FANZ BeY 2L
Fehling 894 10 mL, & 40 mL, TE% E28Y 10 mLE
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FRIETL Folrw REGEEEI0R AAsigon, the
Aol oJsh Arsteick

Saccharogenic power(SP) = 7(13 - 5) x 2
W x h
2: Factor(20/10)24] Z=FHEZFEN(2 mg/l mL)T} A}
|5 EFEEH 10 mLo] FofA AEH A
W: AIF-EH 10 mLof| o2 A9 W)
h: HEG-AZH(h)
S: &t EFEMO| AH] mLg

F20] digle 27 (g-amylase TA)S T 7|EdTLA
F2 B HFA(NTS Liquors Licence Aid Center, 2010a)]]
w2} ZF 50 0.5% NaCl 88 7I5to] A-2(20T oJsho]
Al 3AZE JEAIA o} & BAEHOF 531, pH 5.00%
MYt 1% XEAL 7Aoo sgich =B 10
mLE 40CoIA] leiet % 489 05 mLE A 1
BEFEH FolA 0.5-181TE 0.1 mLA Q2 T=8H 10
mLo] 7Fti SR QT MSMAT EYEAWP 8453,
Hewlett Packard, CA, USA)Z H|AI5to] EI-8(T)o] 66%7}
= WRSARRS FHotal, B8 E 10 mLof] B4 0.5
mLE 7Rt £ 0.1 mLE 8 Q&80 713t A& FI&(T)
100%2 ot9th S8 A9 vkAIZEE HE Akksto
T(66%)7t 2 w79 Al7hE St o, A2 ohs
Alof| oJsf| Alktstoict

Dextrinogenic activity units = 10 mL x 1 / 0.5 x
h: T7} B= HS-ARHh)

=29] chilz] B5) 2 (Protease ) Greenberg 71
(So, 1999)°] W} pHE 52 Z73 0.6% casein &4 7]
A2, $59] J&HE ah o= o] 40ToA 107t vE
SAIFE o] o AibEl= Folin A4 vkl £419] ok
Folin H]AH(Folin¥} Ciocalteau, 1927)0 2 &35} & 1
go] 12 5% A== tyrosine mgC 2 LERH T
pH, HBME U BT BT 23

pHE= B8 %91 €5 N 20 mLE F3to] pH meter
(HM-40X, DKK-TOA, Tokyo, Japan)g AR&3f =431,
AT AR | mLo] 55 9 mLE 1 5 S
S)4A1Z1 F 1% phenolphthalein &8 X|A|FOE T}o]

0.1 N NaOH a0z 235} AHA|Z] T 0.0095 Hot]
lactic acid® ZHAFSFITHHuh, 2006). TE 3&F Hol=
Somogyi % (Hatanaka?} Kobara, 1990)0] &5}o] Z45}%
o &, A& 10 mLE Somogyi HHol 23] 35| glucose
o BASIc
oErS oE =23
RS Lee S(2019)9] BP0l wat A& 100 mL
Sjo] SR oF 30 mLE EUSHL 70 mLE 52t
SRR 100 mL =A| 383t & Gay-Lussak®] 34
AFE(NTS Liquors Licence Aid Center, 2010b)% F4HE&
274513t

N
i
ol o
0.

A 2428 A7 TS F5l A=A (super color sp-80,
Tokyo, Denshoku, JAPAN)E ©]83] X=80.84, Y=82.22,
7=92.9891 3F WiAlTk(standard white plate) 2 Hg5lo] A}
Baeltt S HEE Uel= L glllightness), 242
UEIE= a Firedness) ¥ SHIS LE= b F(yellowness) 2.
2 Uepoick

+22 ¥ |7IM 24

FefE Wilson 5(1981)2] B wie} 481500 &,
A& 10 mLE Fsto] 100 mLE 7837t T2 ¥4=2(300
rpm, 30 min)gt & ASNES F35to] 0.45 um membrane
filter® o33t ojoBS HPLC(1260 Series, Agilent Co.,
Darmstadt, Germany)E ©]-&5}o] 245131 9H, columne
carbohydrate column(ID 4.6x2,500 mm, Alltech Co, MA,
USA)E ARE51302H, column oven &&= 30T, mobile
phase= acetonitile:water(75:25, v/v), flow rates= 1.0 mL/min,
detector= ELSD 2000ES detector(Alltech Co, MA, USA)S
AMESIAL, g YR HEEHOR ALY, 714k
Gancedo®} Luh(1986)2] HhHo we} A|8E AXs}o]
HPLC(Waters M510, Waters Co., Milford, MA, USA)Z &
A5} 31, column organic acid column(ID 4.6x250 mm,
Grace Co., Deerfiled, IL, USA)S ARE5F2H, mobile
phasex= 0.2 mM KH,POs, flow ratet= 1.0 mL/min, detector
= DAD(1100 Series, Agilent Co., CA, USAYE ARE513T,
g REFHOE YEIh

sEaE ¥ 2EANLOIE 2y

ZE9 9= 12 Folin-DenisH(Florence 5, 1992)0] &
sto] S7golelth SRR 34 AESFEE 2 mLoj 5%
NaCO; 5 mLE 2335t § 38 "] 3 Folin-Denis regent
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2 mLE SRSkl 1AIZE JIA[RE thy g 8 e A|(HP 8453,
Hewlett Packard)E ©]-83]] 660 nmo|A S =S Z45IA
o, #FEZAZE tannic acidE ARSI F2EH 0]
T 32 Davis#¥(Chang 5, 2002)°] wet Z345F3T.
A& 325 1 mLY diethylene glycol 10 mL2} 1 N NaOH
1 mLE &Rt 7 30T 6027t FAIAIZ] B 420 nm
MM FFE=E S795IATh Quercetin®] FFAZS 0|85t
St o|E RS Altstith

DPPH 2§ ZICIE 27{8d &3

DPPH A3 gt)d 4&AEAL Blois2] WH(Abe 5,
2000)°]] w2t A=) 1,1-diphenyl-2-picryl-hydrazyl(DPPH)
of gt 4o avE St 4 59 AR 2
mLoj| 2x10* M DPPH-8H(dissolved in 99% methanol) 1
mL 75}, vortex mixingsto] 37Col|A] 3087 HESAIH
t}. o] HhEHE FEISEA|(HP 8453, Hewlett Packard)S
ARESEO] 517 nmollA =S 27551 (A control - A
sample/ A control x 100)2.2 Aiksto] AR50 5(electron
donating ability, EDA(%)°.2 HA|5FLY.

ABTS Ztf 2o 2718d 24

ABTS 7 ehelzt 274842 Hago] w3o] ofF
A ABTS radicalo] Alze] eHkst 2ol ofs) Al
SElH $SM0 2 BUE AL o8 PHoItkPark 5,
2019). 7 mM ABTS €93} 24 mM IS &316}0]
ULoNA 24417t B2t BEGAIA ABTS' - 895 FAAIX
T 734 nmof| A S5 g1o] 0.70+£0.027} EA SFT= 314
stk S14g B0l 2 222 112 B F BUREA
(HP 8453, Hewlett Packard)S ©]-83f] 734 nmoj|A] 0TS
=459, [(A control - A sample)/ A control x 100)].2.
2 AAksto] ABTS scavenging ability(%)S WERARIT

r.tJ.

7
IEgrl= A 821, AXEA, B71 U So] 7issk &

L
o

okl

——

U3t 27107 AP & JY=E sIoit. AL AES
Shajo] Aet F21 S48 1052 giito g win], GMu] Bl
MEFFE2 71 A5 9 A=H(; tids] 45, 9; o
5] )02 risto] A, 7 Bt AAARI 712w gt
H7HE AR A BEad] Es] SRl 104

0173-201907-HR-020-02).

SHEA

ARZEIN= 335 ¥ £33 & SPSS program(25, IBM
Corp., Armonk, NY, USA)S ARE-519] meantSDE 5%
Om, Duncan’s multiple range test2 A|E7Fe] G315 B
Asiqint. =d1E F Je] Bl vlie 7 E2E +-8%
(two sample t-testyS o|-8&5fo] Tt 719 xjolE HA5HA

o

Za Y nF
29| §484M4(B-amylase, a-amylase, protease)

2 AFollA= 7120 ARSI R Bt AR F
2 B} 7HHs1L S A&k S AL Az
o 750 FES Brelolnh A7 /N E59] p-amylase
2, o-amylase /4] 9 protease HTE ST A=
Table 13} Zt} B-Amylase AT} protease ZHAIT oA -5-A4
] B7}E FfeRe2o] 1,186.67 SP/g, 378.90 tyrosine mg/min
o= win] A7}R NFEEET =9k, a-amylase S/
Hi] A1 TS0l 280.00 A UR [-A40] B71E 7
FEHO =2 32 Holth 75 AR Al 848482 Joka
A8l ofuzg), AR Balaso] Iz Q35K Choi
S 2011). =2 HRAI7]7|00 ARt 59 p-amylase /3
= 300 sp oMo = A FREATAC BAIE] At
(NTS Liquor Licence Aid center, 2010c). °]= &71= 7l
50| 7129 F5= H|uolS W =2 BATES B
of FEe LEIHA7L IE AoE wWoEr

Table 1. Enzymic activity of white rice flour ‘Nuruk’ and pigmented rice flour ‘Nuruk’

Enzymic activity Saccharogenic activity (SP/g)

Dextrinogenic activity (A.U)

Proteolytic activity (tyrosine mg/min)

WNV 1,160.00::20.00°

PN 1,186.67+11.55
t-value 2.000
p-value 0.561

280.00+34.64 316.08+0.89

266.67+57.74 378.90+4.29
0.343 -24.844
0.242 0.042"”

DWN, white rice flour ‘Nuruk’; PN, pigmented rice flour ‘Nuruk’.
DAl values are meantSD (n=3).
I'p<0.5.
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pH X HYME

a7 T Wjn], fA] A7RE S5 A7E oFF
pH % A4S 543 d3e Fig 3 3 Fig. 49} 2t
e A% phe A0 7R 5 A7 T 477,
0] 71 =2 7} okRT) 4829 §N] AVNR B2
7Y o= I 3] 4582 A% A B T S /A
ST Hin] 7R =5 7E o= a3 3.909] gk
O W2 ghe Holnt ¥a ' wphA] S8 A
2719 pH7} Fadhe T2 242 o= davh U
teh &R0 Aedte e 2o 74k Aol
S7F= ] pH7t A3Felth(Song S, 1997). 7AW A7H 55
7} o] A%, ' 2719] pHof| WSy} wiw] A71E =

2 7} oFpEch Agieu), ol SN AR 8 W7t

60 ¢

55t

50 t

45 v

40 t

T35t
30 f

25 r

2.0 1 1 1 1 J
1 3 5 7 9 11

Fermentation period (days)

Fig. 3. Changes in pH of ‘Yakju’ made with white rice flour
‘Nuruk’ or pigmented rice flour ‘Nuruk’ during fermentation
period.

WY, “Yakju’ made with white rice flour ‘Nuruk’; PY, ‘Yakju’ made
with pigmented rice flour ‘Nuruk’.

05 r
04

03 r

Titratable acidity (%)

0.1 F -=PY

O 1 1 1 1 J
1 3 5 7 9 11
Fermentation period (days)

Fig. 4. Changes in titratable acidity of ‘Yakju’ made with white
rice flour ‘Nuruk’ or pigmented rice flour ‘Nuruk’ during fermen-
tation period.

WY, ‘Yakju’ made with white rice flour ‘Nuruk’; PY, “Yakju’ made
with pigmented rice flour ‘Nuruk’.

OF0] W7} W ARRAIERE UE 1A 24417 B
DSt LolubA] vepd Axt2 fdEch Cheong 5
(2008)2 SRS o83t 9] FAEAoNA 45 pH
2 RIS A7}, 3.60-5.0001THL B sto] 2 AlEoA] A
£33t 9F9] pHEL FARRE Aol et Ha Tyt w2 A
APE O] gk F AE TS At F7loke A3e Hom,
119 7 0.40-0.48%9] 3 7H4). o= S ESAERE
THY & FHAS7IENAQS, 2013)014 AR 2174t
T 7]ER1 0.5% olsto] ot ACE Yepith o=
FURQ B wg 2goF Qg A== FTAR ok
o] 7|} Abmlo] JFS F= F8 JRO=E B AH9 24
I}, A A7V RS 37 T AT = A UERd
FAE| 2 kR A RoI9S W Anlek Atmlof] 2 JFFS
7A AoF wekEt(Jin 5, 2008).

o

m]I. HO
Gy of

&tk

2ol w2 k9] 3hig SleFo] Wishe Fig. 59
g2 BE & Ax A FgE AXH AEo=
H 9251, fEE g2 a1 osto] ¢FEF} olAkst
A Ao Hot. AE9] gSlE Qlsf UE 3ol ¥
o], 0] B7LE A 55 A7 s 14.5%, 14.8%%
Hglon, o] & 4F dhgr} Yo wet 43| it
it} Park 5(2004)0f oJshd wha 27| Yolas zkgo] &
& AFIPYET) o} w7Fo] Shgo] A=k Bl
st Aute} FARE RS YERQITE olgsh Ha FEHE 1L
ot o F Slef AFE SRR ARt TS Zh=tha
T 5 9lom, B A AIloAE vt dE FEHE A
| tal HeETkSin 5, 2016a).

i

—_—

7
1

T o

¢

rlo

)

Reducing sugar content(%)

Fermentation period (days)

Fig. 5. Changes in reducing sugar content of ‘Yakju’ made with
white rice flour ‘Nuruk’ or pigmented rice flour ‘Nuruk’ during
fermentation period.

WY, ‘Yakju’ made with white rice flour ‘Nuruk’; PY, ‘Yakju’ made
with pigmented rice flour ‘Nuruk’.
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OflErS B2
dujel fA] A7RE 25 7} oFRl] oetE TS S
g3t A= Fig. 63 £t ok T2 €9 HEA0]
Frlol FFE F= T3 JROE ofekE YaE FE o
Er2 3 CO,2 HafI5t Zlolth(Lee 5, 2019). Wa7|7kof| w}
£ ofeke Fo] WslS seig vk wa sYAo] A7
ol FZob Z7ktol f40] W% =SS WISt o
Z0l win] Byl =29 A7lst oF=r} 13.43%2}F 13.23%
o] e Bglom, 504 Hjol2 LrepyA okgkeh. st
H1—_‘§‘_ llomﬂoﬂ _”_Aﬂu] /VJ-7]. 20 x47]-o]- ()3 7]. 14.6%
2 HHU] A7VE 228 A7IeE 9FF(13.5%)0] H|8] =2 st
2 ok 94 39 sleke =45t A}, wa 193}
01] 2T gl FoJAQl Zpol7t QIO ofjetE ok
T8 1R oF 1% Weol9] AlolE Hth &2 A|ZRAl]
ol wrart AP AL 4ot= QlshA] offehE A& a7t
2ol 4= tJeong 5, 2013). & A+ Ao AT =7t
olo& okz}o] xjo|7} urAiet 7102 WoE ) ofghe.e. oF
Z0] o} Fulo] JFS FE FRY RO &0
olehe e tha Folof dtky Husol YlrkUin 5,
2006). Ttebd offehe Fgo] & o E3hE AAm] TS
< AR 57} W) AR Wk ofFuc) By
¥} 5o 2 JF2 7138 A2=® AdEHT B Cho &
2016y o5 BT A0 7 A|2g 44| Oﬂ‘:’}i i
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ol§¢ AEF AxolA Folh uplnch mgRol oF
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Fig. 6. Changes in ethanol content of ‘Yakju’ made with white
rice flour ‘Nuruk’ or pigmented rice flour ‘Nuruk’ during fermen-
tation period.

WY, ‘Yakju’ made with white rice flour ‘Nuruk’; PY, “Yakju’ made
with pigmented rice flour ‘Nuruk’.

M
oFFo] A& &4 A3}, Table 201]/\1 Hi= v} Zo] H
0] A7} —L.—%Q A7Iet oF0] 9 Lik(lightness)> Ha
7} AP 4= HojA 68.062 YEFN DL, bIk(yellowness)
2 5.620014 7.6452 F7F5I}tt fAm] B7FE TS
7Rt o= T3 B E UEh= Lke] dads Al
Al 43845 YEIWRIOH, agl(redness), bgt> S7I5t]
19.29, 21.419] 2+ Hrh ¥ha 7|7k SO0t L3S A} "ol
R, bt T7Iok= A 02 Hol o) giEo] 9= &
gtE o]t AJEo] Ha F A|AT] 4l8lE|o] bgto] —7}°P
L Aoz wdEtKChoi 5, 2013). T3 aghS W] okl
o} §Am] o7t oF 15208 H= =A YEPR: o=
0] ok9] agh2 RAm] Ao E-Elo] Sl 0}5"10}‘4
A A/g 8ol oA =A Uehd Ao s s fAm] oF
o] a7 7te)] W aghk2 dariite] AodSE 716t
= A 9=, ol Iat XEHA FEAlOR] A
4 820| T7FeHA Fho] S7Feke A o2 T H(Kim
= 2012).
feg Y |IIM B
oFo] Arl= & A Eofioll 2s B/dH glucosel| Al
7] 2l OP“% s erxg % T T Hsks g Holu
Y=o} 5o wet 2jolE Uehdith(Jeong 5, 2006)
”Qﬂf 7HE'*LE§ A7 9] [ = 2 RS
Agt A3k= Table 33} Zth FQ1E 9 glucose@r
maltose F 257} AFE o, Aukdo g glucose-J sl
o] 119.12 mg%, 190.03 mg% TEOE HEH U Kimd
Koh(2004)7} 33t AlFFaerse] SIS 915 A
=20 2J3k FREAJoNA glucoseﬂ F8 FEFoE Hilk
9o, Lee S(2012)2 7fekr20 2 T ukAz]o] glucose

%‘%*01 Foldor w2 Zo= yeh 2 AdAne} fA
SR

o) O Mn] A7LE =29 Hrlsl o9 §U)AF SRS
B3 A= Table 31} 2t} §74RS é Aol F%F

& 50| 40 509 AU TV LA 8 7 5 5]
A WP R AT RS W S 125
meed) UES VRIS SUI4 ER0] e P
succinic acid’} AEE 629 Y7 = 7 =2 H[&S
Z}X] o} 1L, lactic acid, oxalic acid, malic acid, acetic a01d
9l citric acid’} AEEATE ©E AR EE PAEE 87]
*}o <9 A ARt 5 vie FAl= vF LXH"E* %
+, <9 g} & =ol= IS SHAIRE, acetic acid7} HF
EAjsh Qe Aol AlsEo] Zantaz Hoe g
AstA7l= 8110] Hrk(Baek -5, 2013). Wu], FAn] A7}
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Table 2. Changes in color of ‘Yakju’ made with white rice flour ‘Nuruk’ or ‘Yakju’ made with pigmented rice flour ‘Nuruk’ during
fermentation period

Sample Ferr(r(lizr}l}:)tion Color
L a b

1 86.46+0.007" 1.00+0.01" 5.62+0.00'

3 87.52+0.01° 0.47+0.05' 6.00+£0.01*

Wy 5 81.98+0.02° 0.950.05" 6.61+0.03'
7 79.12+0.01° 1.0240.08¢ 6.530.01

9 79.94+0.02¢ 0.85+0.07' 7.32+0.02"

11 68.06+0.04 1.8440.04" 7.64+0.038

1 72.95+0.13° 14.96+0.16° 16.30+0.02°

3 71.27+0.028 15.02+0.02° 16.37+0.05¢

5 70.81+0.03" 16.77+0.03° 17.04+0.02°

Y 7 71.2620.01¢ 16.16+0.02¢ 16.15+0.05
9 68.45+0.01' 16.27+0.06° 16.61+0.06°

11 43.84+0.05 19.29+0.03° 21.4140.08°

YWY, ‘Yakju’ made with white rice flour ‘Nuruk’; PY, ‘Yakju’ made with pigmented rice flour ‘Nuruk’.
DAl values are meantSD (n=3).
Means in the same column followed by different uppercase letters are significantly different (p<0.05, a>b>c>d>e>f>g>h>i>j>k>1).

Table 3. The contents of free sugar and organic acid in ‘Yakju’ made with white rice flour ‘Nuruk’ or ‘Yakju’ made with pigmented

rice flour ‘Nuruk’ (mg%)
Component wy" PY t-value p-value
Glucose 119.12+9.23% 190.03+15.90 0.001 0.142
Free sugar
Maltose ND” 15.9842.08 - -
Total 119.12 206.01
Oxalic acid 79.19+25.77 75.82+2.70 0.226 0.024™
Malic acid 143.28+10.67 61.65+4.41 12.241 0.135
Lactic acid 105.76+19.03 148.11+1.37 -3.844 0.053
Organic acid
Acetic acid 252.41423.93 304.73£12.97 -3.330 0214
Citric acid 122.3245.63 91.22435.65 1.492 0.030"
Succinic acid 318.72+41.71 544.3442.63 -9.350 0.020"
Total 1,021.69 1,225.87

YWY, ‘Yakju’ made with white rice flour ‘Nuruk’; PY, ‘Yakju’ made with pigmented rice flour ‘Nuruk’.
DAl values are meantSD (n=3).
JNot detected.

" p<0.05.

£ MFFE2 A7t 959 f714kE ST A3, acetic o] A71R 55 H7F odSHT =4 AEESIE, o

acid Fo] 4% ASHo] BY Aok HL 202 WekEl  lactic acid HES FYRL FI 2ES dadirt S
=

t}. Lactic acid T2 M| VIS MFRE A7) o7} o7 AHA QIthFolind} Ciocalteau, 1927).
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SEiYs ¥ FE24EL0|E o

Edvlks aME2 AlEA0 de] BEE0] Q= 23 At
AHE9] SR ROSO QJgh A|iE 2ol DNA 59 &4
= A5l {5t ol WAYES Alsettal dEA Stk
(Voya 5, 1997). & 95L0]A+= phenol’d =2 <] tannic acid
o} querceting: 7| L= sto] Ao gk & E2julsat
FENELO|E S otH A} siplom, 11 Ai=
Table 4°] YefiIeh. fA0] of5o] FELHE FF
35.96 mg% & Him] oF=0] 16,29 me%2} H]@ste] 901
07 EQton, FETH0|E T JA] 19.01 mg%=E T
Z19] 6.36 mg%X Tt 38| 7HF =2 dhe Elth FA4H
L Sohuiolt ARo| k0w goslo] Yt dRE o
A 2lom, Yang 5(2015)2 FAm|E ARE3) 4SS A=
Sto] 7]5/3E SIS AT, dixHTt F-4u]E o]t 4]
7} 2 RS Hlthal skl o] Ak E A}

A1 TS deRpc

DPPH g 2iC|Z A7 =AM

9o, §800] A1 28 o}83F okpe] DPPH i
AAGE =5 ATk Fig. 73t 2ot Sm] B ek
FE28 H718E 957 positive control?] vitamin C(85.15%)
ol Bl 5t W DPPH radicalS 74.29% A& AASIIT
DPPH+= &4} Ujof] {213t H3et 2Helzd2 SRotAg, 3
At} &/go] Q= &4 vhH gtjzo] 427%™, oo
FAL - OHS} $AIl] uhiol AJR) HA} Bofsele &
Aol= whyoz || Ao]il QItk(Molyneux, 2004). Ryu
20007\ Algt HEF] DPPH Aoz AR 248
AR A3, o] eka wasl, 7540] W of
7ol IRt ARo=E 7 A4 fu|E -85t oF
F e Asld ao) BekEckn vk,

ABTS 2% 2iClZE 27 g4

A7V w5 o83 o] ABTS o aASES
Z73 2= Fig. 83 Zt} 4] A7k NS5
75} OF27} 82.42%F wWin] ATl FfER-2S 75} ok
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Fig. 7. DPPH free radical scavenging activity of ‘Yakju’ made with
white rice flour ‘Nuruk’ or pigmented rice flour ‘Nuruk’.

WY, ‘Yakju’ made with white rice flour ‘Nuruk’; PY, ‘Yakju’ made
with pigmented rice flour ‘Nuruk’.
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Fig. 8. ABTS radical cation scavenging activity of ‘Yakju’ made
with white rice flour ‘Nuruk’ or ‘Yakju’ made with pigmented rice
flour ‘Nuruk’ during fermentation period.

WY, ‘Yakju’ made with white rice flour ‘Nuruk’; PY, ‘Yakju’ made
with pigmented rice flour ‘Nuruk’.

5T ABTS 2t 4750] B2 a8t B4 BT
Cho 5{2016)3+ Song S(2015) o3, <370}, Qulz}
52 2ol AR T Pt Sl P4 AnE Ut

glom, £ AYo|H $A4nS WK O E3 S

Table 4. The contents of total polyphenolics and flavonoid in ‘Yakju’ made with white rice flour ‘Nuruk’ or ‘Yakju’ made with pigmented

rice flour ‘Nuruk’ (mg%)
Component wyV PY t-value p-value
Total polyphenols 16.29+0.17% 35.960.40 0.253™ 2911
Total flavonoids 6.36+1.26 19.01+£2.73 0.163" 1.779

YWY, “Yakju’ made with white rice flour ‘Nuruk’; PY, ‘Yakju’ made with pigmented rice flour ‘Nuruk’.

DAl values are meantSD (n=3).
I'p<0.5.
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R T GsiE ) P 2ok welt ol 2
S o GAN|E S AZIAYL Lt O TSHS
FRT AL o] Aol Zlehd Ho= Az

f-‘:J-

S8t

A7VE NSRS 7S 119 East o] Bt
AT Table 59 2T}, A f40] A% Jfes 7}
oF=y W] A7LE S HUt OFRHT} =2 V|5 hE
Hglon), ol fATje] UL 2 JFS vIHS ACE
AleEy. 30, ot AAE 712 E3E fA0] AVIR RS
A7t 52 v% Aeshs 23S E3ith fA0 oFRo] &

29 S8 At wiu] ofo] He fAw] o A
2 e @htﬂ ol gtk HAE 7150l L %
T2 717 2% At AFIA AR 2= A6t

o I=3 g ARl dQutxog Al gfn) 9l HF 58

slom, 2 7 A3t fa1e) *emT Ui

2 AP HABIE o180 AR YO e
A Zsto] 7HASE 7142 skl Ao SMuE o] 835t
B10] EI, 750] FYE oS st 51
ok 59| A4S vt A, fAn] A7 TS
0] B-amylase 431} protease LA AT BT Ff

=20] 1,186.67 SP/g, 378.90 tyrosine mg/min O & Hiu]
AN NFFERT 22 G4 B4 Yt Azxd
A7V NS X47}°} ool FEEAONA pHY ¢
aje] 2715 5 A7} ofl W 3900] 3900 4
oL, HAF S7Ishe A¥S Eitk 1o Bl Am] &
1% % 27} s W 3] 4582 UE 92 T
2}ol2 Hol7] okoftt HA Az Qan] Ale =2 W7}
o7} ] 12 5 A} o] vl &2 S Leh

gou g sa};—; Ao 0.48%3t). LGS = A 7T
0% 3040 & P3PS Holth ik Foltk AP B
9t} oere 3Fke 9 Mn] HH}E 5 J7F o= 14 6%
2 0 e Ueh Se%
=271 AZEYA glucose7} = olFth f714H] 73—1— ™
Mu] B7FE =2 M) okEr) & 1,225.87 me%2] Yoz
AZEIIT). DPPH eh2 2724 9 ABTS 2ol 47)
L 5] WIR 5L I o ] W
2 H7) okxEr) 28 AE =2 7k Hyow, ZEa|us
ol §;a}ﬁ_150113 ¥ AA] 35.96 mg%, 19.01 mg%E T
=0 7ko vehith 59yt Ayl A gk ubk AAA 7|5
Eoﬂ/ﬂ AR BN £ RS AR T EE w2 72
TS UERQIH. ojet &2 AXE Bz fAm] A7 7
P2 H/RE O EPN opel, 7)Aol ANE
oRrgA ZHI 77} S Ao mhEr)

2 glucose?} maltose F &
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£ AT 52U Al gY FoshaRi(2019-0172)
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