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total polyphenol contents and DPPH free radical scavenging activity were observed in samples
(p<0.05). Therefore, these results were shown the addition of black rice flour in yogurt is useful
to manufacturing healthy functional food.
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ORCID i U}OH’E’H}OR (microbiome):2 1A &8l7[3e] EAok= vd=e] AAA=H U4l
Kyu-Min Kang 5 % AL AAIH A s H e S AIe S87 B8-S shal Sl (You e al.,
U orcid org 0000 0002- 45041576 2015). OFE] A R A7 e, AT, R34 2900 g A T, 53] A vl

Hack-Youn Kim

https:/forcid.org/0000-0001-5303-4595 E 2 2E A o8 $43] vifo] 239 B8-S @AAIRIH (Choi, 2019). wIBE 3

T2 B2 A5 1 % ol ZHAE 4= 9lom, 1 FoAE Z2Hlo|QEAE A Al Y
AA] FFE =01 A HBE Y #3837 e AR HATEHA, ARRES
T TS =okR|aL Ut} (Jeong et al., 2021; Wilson et al., 2020).

QAEE 9] ZEHpo|QE vig|gjo} o] osf BAtEl= B} 7154 AELRE QA 1%
g9 ololE = LgHo| o HlE|E|ol F ShQl FAES ThEF SRSkl ATt (Ivey er al, 2015).
QAE= 9RO JYE, fAE thatoll Qs A= HE (peptone), HEFOIE (peptide), 24t
(lactic acid) SO & 913t =2 FUY5H 7Ex|2} 3T (lactose) 02 St A3} EFFS djHlslal ZESTH
Zu]E zH=t} (Yang and Choi, 2021) SFA|4l th=0] m2Hlo] QE HigZ|ola2 WAHY, Ak4o]
=4, 7Y AMIE 5ol S8l S-RollA wiEA 1}3}7\] 5 2T} (Roy, 2005). ofof e FAIE A4t

oI G PG FUE o) Mol T NBY BN A8 ek (Zare ot .
2012).
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Soje ol 24, A%, A 5S FAU0T AUET glos] Aolls, thkd, 484 A,
HIER, 7714 50| FHoto] YL 7H17F =& AFOI (Jung ef al., 2002). TR ZH|9] AF-
Al WA= OB Aol (anthocyanin), Z2|H& (polyphenolics), 28X 0| = (flavonoids) 53} 2=
TR SRIEEE FAEC ), 39 s 59 A2gd axrt Foutt (Cho er al,
2012). 3] ST 0|ERF FolA w2 S G237} e AEAOPIE st Qlo] AlEARY
oA M G0 aAjE AF7F A&A or NPT Tt (Kim er al., 2021).

= (e}
Wb 2 A7 apAleh BT AN A $4 BAHOR 0|2 H/RE AES A5l

Bajsjei
II. X{E 2 it

ket B F4 B
S 3l 37C

ol (e}
NI‘C 7}i§

20| @HE H=
A Y utEOA Fufigt $-8 (Seoul milk, Korea)o]] 2| R4 E (Maeil, Korea)
oA 1647t Easto] @AEES A %5150, ofuf ARGH &% 8AESE= 9 log CFU / 85 mL]
5} ARgRTE AZE A E0| Su] 7F2 (Jindo,
Korearg 717t 0%, 5%, 10%, 15% Etelol 40014 A1 B8 5 9% Rt A8 19

Lactobacillus rhamnosus GGO| T-8-E]0]

Spoick
pH &3
pHE= A& 3 g2 A, S5 12 mLe} &31619] ultra turrax (HMZ-20DN, Poonglim Tech, Korea)
2 8,000 rppmof|A] 187t FA3%H & 3-2]4= pH meter (Model S220, Mettler-Toledo, Switzerland)S
018310l ZYoHE

ML colorimeter (CR-10, Minolta, Japan)Z AR&3to] B (lightness)S LER= CIE L g,
o 24319
gQl Wi FZFukS

2 10
- 17

ME 53
AT (redness)E YEPH= CIE a” gk 181 P (yellowness)S LFEF= CIE b* gk

t}. ojujo] EFAL CIE L* 12 +97.83, CIE a* Ffo] -0.43, CIE b* Z}o] +1.9
o s}t 5,

ARSI
Qi 434 5%
TARE o] Hk= AR 5 mLE AFste] A% SAio s dat YA Ase
Lactobacilli MRS Agar Hj#] (BD Difco, Fraklin Lakes, USA)ol| BT L2 & 37T oA 48417 vljF
SHRh 11 & BgE ZA5E 27519 log CFU (colony forming unit)/mL=Z LFERA T
= 285t S5l =
2 Multi-mode microplate reader

+ v o

Total Polyphenol Contents (TPC) 3
Z Hls 3R Folin-Ciocalteu B (Singleton and Rossi, 1965)
40 1Le} 2 N Folin-Ciocalteu 29 80 uL5 &3koto] 35 59t HRE-A|7] & 20% Na,COsE 800 uL
F7Fokal WS Apsto] 37C PAoNA 3087t vEAIFH: §HS
(SpectraMax iD3, Molecular Devices, USAYS A&} 760 nmoj|A 3 ES S50t} Garlic acid
. ek AEsIsich
gslo] S5ttt =4 100 pLof

£ EZEAE ARSOL] Almet 3UT e R 24 & de AAeR 1)

Total Flavonoid Contents (TFC) &M
2 Woisky2} Salatino (1998)2] HI'H-& &

% Zepol= g
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Jm
0x

diethylene glycol 1 mLe} 1 N NaOH 100 LS St o} WS Aghsto] 37C AofA] 14]7F
WA B2 & Multi-mode microplate readerE ARESIY 420 nmo|A TS SAo14H
Naringing HFEEE ARESt] Al5Q 5Ugt o s B4 & A2 AFHoR & Eefi ol
dFE ARESHlth

DPPH Free Radical Scavenging Activity &8

Free radical 2752 HE-20] 383t 0.2 mM 2,2 diphenyl-1 carboxylic acid 1 mLe} &5
1 mLE Tk, YoM AL0= 3077t ¥HEAIZAT ©]F Multi-mode microplate readerS AMg-
stol 517 o4 SHEE ZHsle] thezt 2 A4S Folo wpas Uehisic

Whrel §¥E-AR BT §¥=

TS B

P
4

Al
> 100

DPPH radical scavenging activity(%)=

| Lo

2 F

Ferric Acid Reducing Antioxidant Power (FRAP) =

$HIE2 Benzie®} Strain (1996)2] W2 2851 S45I3IT. FRAP A|oF2 ARg517] 4dof 0.3
M sodium acetate buffer®} 40 mM HCIo]| =<1 10 mM TPTZ, 20 mM FeCLE 10:1:19] H[-E&=E 40]
37CAA 158 WREAIA FHISHITE AIZE FRAP A|°F 3 mLe} Alg 55 | mLE 23dsto] Y
2Pt 37C oA 1587F BE3AIZ] & Multi-mode microplate readerS 0]-8510] 593 nmojlA] &
FEE S

SAHXE

A9 AFf= H A3 33 o] WHEATE AAfsto] BH7HE|QITh o] ¢ FAIA Y T2 SAS
(Version 9.3 for Window, SAS Institue Inc., USA)E o]-8o}0] AE Bk F3HAE YERYS]
O, one way ANOVA, Duncan's multiple range testZ Z}Z+] EXJo] tiaf] 5-2]2]Q1 xo]7} =4
£ 5ottt

=2

. Zap ¥ oF

pH, M=
SAEY AR A fAkt] sl 975 STAI71AL FetY] 41 97 el /2] pHE ASHA|
714 E=tl, AXE 3AEL] pHE 43004 4.5 Afol& 7|0 AL QlT} (Seo, 2011). ZH] 7}
7V W2 QAES] pHE}F M= Table 19 YERHSIH. pH= S1] 715 4%¢2} 6% 715t A2

Table 1. pH, color of yoghurt formulated with various levels of black rice flour

Black rice flour (%)

Traits Con
2 4 6
pH 4.26+0.02° 4.29+0.01% 4.31£0.02° 4.35+0.01°
CIE L 94.98+2.10° 76.30+0.18° 69.35+0.18° 65.21+0.244
Color CIE a’ -1.1340.14° 6.81£0.19° 8.26+0.30° 8.93+0.07°
CIE b’ 6.63+1.43" -0.03+0.05" -1.33+0.09° -1.88+0.05°

All values are mean+SD.
*d Mean in the same row

with different letters are significantly different (p<0.05).
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77 TR} §OHOR 28 G BT (p<005), o= AHE F0] 7129 piv} 6682 27
e} 7] thgo] A7igo] 27hlol Wt pi 5 71 202 AREIC} (Park and Kim, 2016),

WEE 50 7% Wrlo] Z71HeS §O40R ZATAR (pe0.05), HHEE 9] 712 A7}
%ol S7H4E §olA0R ST (p<0.05). Leesk Oh (2006)1= 5] 715 H7lgo] 374
S WE sl AEE S/ Bisl] B AT Azl fARISIT, ol ulo] #2
A9 cyaniding 3-glucoside®@} malvidin-3-glucoside”} A& LERY 7] wjEo] o|e} 22 A7E 1}
Ehd 02 AIRECH (ung ef al, 2002), PAEE Zu] 71 4%} 6% A7let A2t et
] 712 2% A7 AelFRT A0 R W S Uehalct (pe0.05). Of Lee 5 (2018)9
Sol8 Bl oolaaE ATOIE SulE WS Wirel PUEL 740k AL 27}
Sk B sle] 2 QoA A7kE Su] 7heo] ojg) HiEeh PEE 7ask YL Zlet

o ol

Fig. 12 3] 712 27kol] M2 9420 SA1F Ba4g 243 Arolt 3u] 712 4vst
&% e AR TS Bul 1% 2 W RRTRG SO40R B GS B
(p<0.05). Demirci 5 (2017)2 & 0|72 QAE A7}6IA =¥ Lactobacillus@}; Streptococcus®]
Adt7h S7RITAL Harsto] 2 At Ael ARSI ol SH|df uiEe] B Jdacd 4
oA, &, Wt 5o] FHolL AN tRE B HiEEotEnt JFa A =7t =of ol2et
23 Vel Aoz ARHTH (Agil ef al., 2013). T3 AEZAY] Q7MEE 712 120 st
FEFY] F AN $ 7152 107 CFUML oo, 2 AFollA Axg nE 8AEE 10°
CFU/mL o}3o= 7|0 Aesllth (Hyun ef al., 2020). et 8AEC] SH|E d7fsh= 22
mevjologls RAES ARSEE TR FFS UL o= WL,

TPC, TFC
2|2 ZgHpo| QEIA FAIEES 0] HolQl mejHlo] R E AR WJARY} JERE A 7t

10.00
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Fig. 1. Viable cell count of yoghurt formulated with various levels of black rice flour. ““Means
on bars with different letters are significantly different (p<0.05). Con: yoghurt without black rice
flour, B2: yoghurt with 2% black rice flour, B4: yoghurt with 4% black rice flour, B6: yoghurt
with 6% black rice flour.



50| 7122 IRt Q/EQ| FMS BT X SN

SP71% sket, ols AlFY HiEdltE, EetEeols, Aol f4: 53 -2 phytochemical& S7F
A7)= 891o] Eth (Noh ef al., 2020). Fig. 2= &0 712 H7leol| 2 9 AES] & o T
4% Aot ¥ Hls A2 50| 71 VIRl S7HEE FE R ST (p<0.05).
Kim 52013y fAujof= o] Hlis sfehEo] HrEal Htal Harsto] & oMz 8 AE
o Zr] F7kge] 715 W S7Isks 2HE Kl 2 0% AlREth £5] S|l i
U= ¥E e dEARdO] o g o] Slof HizTet A2 1] & His A Aolrt
A & Aoz wedrt (Park ef al., 2016).

Z2|Hs0] &3l St iolEr S IR E FEH=T A 22 B9 ARt o
AR £91 ZA0& AA Qlth (Shao er al, 2011). S1| 715 Ao @2 @ AEQ] & Zat
Hirol& k2 Fig. 30] Yeiglth 5] 7k 71t A7t At eh foj808 &2 e
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Fig. 2. Total polyphenol contents of yoghurt formulated with various levels of black rice flour.
) GAE, gallic acid equivalent. “*Means on bars with different letters are significantly different
(p<0.05). Con: yoghurt without black rice flour, B2: yoghurt with 2% black rice flour, B4: yoghurt
with 4% black rice flour, B6: yoghurt with 6% black rice flour.
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Fig. 3. Total flavonoid contents of yoghurt formulated with various levels of black rice flour.
NE, naringin equivalent. ““Means on bars with different letters are significantly different (p<0.05).
Con: yoghurt without black rice flour, B2: yoghurt with 2% black rice flour, B4: yoghurt with 4%
black rice flour, B6: yoghurt with 6% black rice flour.
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Ltehfgict (p<0.05). Kim 5 (2020)2 w]e] SehuteolS gake el FRucte E5 210
Wol7} o] /) g3tk Hushgon], B Sl £HL o) g2 A9 Fulo] g i ok
B} B0 S8 SRt Q] ThES] TS S e el o) RS Azdle]
Fopu ol P Bel A0R ARE (Choi e al, 2018). Wb Zv] 7158 Wrlslo] RAE
g AZY 49 Bt Sepolt Y] 2 AEL AZY 4 U Ao e

DPPH, FRAP

A EELE A9 BAAE AASKL A7 ASFE AAlsl=H], o]t B4 AaE AlA
5}= 212 DPPH @)z AASole} st} (Musa ef al., 2016). 31| 7} H7Fgo] nj2 @ AE9
DPPH 2oj2 47k 27 2 Fig 4o UeRisict. 501 A7jgo] 2715 DPPH 2ojz
2ATE oA 0E ST (p<0.05). Khalili} Elkot (2020)9] 1] 7S 47RRE A=A =
S0] 271epo] 27142 DPPH 2Tjd A7 5t 271k Histel 2 o7 2o S419
th o= ZH7t thE o] Hls ARt o] FHodt HisdlkE Fgol &7] wWEelHl (Cho
et al, 2012), 2 ATANE 5 Bz ool Z7F4S DPPH Sei 2A5E A S7alo] 27}
H Su]9 Hizo] TS & AR wHHoh

FRAPL ferric-ferricyanide (Fe*") E3E0] $4AE Zojslo] 98] gL YTIAA ferrous
(Fe*)2 M DS S5 ACR DPPH 2tz A7 012 A5 84 24 ol
(Sa et al.,, 2010). Fig. 5= 50| 71 7ol we $ig 54 Zoltt. ZH| 74 6% 71t
A2T7t 27t T AAEe] HIs) Fod R 7MY w2 32 EIATh (p<0.05). ol= ARSE
A7} =& HEt SR w0lE RS AU §lo] Y ERF A U A& AlEET (Yang
et al., 2015). Pengkumsri 5 (2015} 51]9] 45t £4 A3t DPPH itz 4753} EEo]
P Y EAE UehA] 2o, ol E53 AR uet thE RIS Eelval H st
Aok webA RAES] 0] H7he B2 PR B 58S Ad 3 71548 AR AXE 5
RS AoZ Hridr
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Fig. 4. DPPH radical scavenging activity of yoghurt formulated with various levels of black rice flour.
*d Means on bars with different letters are significantly different (p<0.05). Con: yoghurt without black
rice flour, B2: yoghurt with 2% black rice flour, B4: yoghurt with 4% black rice flour, B6: yoghurt
with 6% black rice flour.
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Fig. 5. Ferric reducing antioxidant power (FRAP) of yoghurt formulated with various levels of black
rice flour. “*Means on bars with different letters are significantly different (p<0.05). Con: yoghurt
without black rice flour, B2: yoghurt with 2% black rice flour, B4: yoghurt with 4% black rice flour,
B6: yoghurt with 6% black rice flour.
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