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Changes in Total Polyphenol, Flavonoid Contents and Antioxidant Activity
of Nurungji added with Turmeric Powder according to Heating Condition

Ji-Eun Yong and Sung-Tae Kang*

Department of Food Science and Technology, Seoul National University of Science and Technology

Abstract

This study was conducted to investigate the effect of manufacturing temperature on curcuminoid contents and the
antioxidant activity of turmeric (Curcuma aromatica Salab.) powder-enhanced nurungji. Two different processes
employed turmeric powder (2%): AR (added after rice cooked) and BR (added before rice cooked). AR and BR
nurungji samples were prepared by heating cooked rice at 180°C, 200°C, and 220°C for 3 minutes. As a result of
the HPLC analysis, the contents of curcumin, demethoxycurcumin, and bisdemethoxycurcumin decreased as the
heating temperature increased. Moreover, AR samples showed higher curcuminoids than BR samples. The total poly-
phenol contents, DPPH, and ABTS radical scavenging ability proportionally increased with the increase of the man-
ufacturing temperature. On the other hand, flavonoid contents were decreased with increasing temperature. These
results suggest that the preparation of turmeric powder-enhanced nurungji by AR process at 200°C is preferable to
preserving curcuminoid contents and antioxidative activity.
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9] “d(Lee et al., 2009b), v} HA7HE 7%
(Lee et al.,, 2009a), &K BT 713 35X (Park
& Kang, 2021) 5°] dom, ARIES] 173 o] & ¢
st A F Azl Bl F5Fl wEt @A, mshiA|
A7 215 gk Al S0l tget A Fo 8= A
T 7158S 7 &AE e T1eAS A
T A AlFel gk A7 H S 8= 9
738 (Curcuma aromatica Salab.)2 <1 =71 Y2kx]l AY
7] thdAl Ziolm, vhpshEe] o] A H5
70%E RASIAL, YHA= F£2 curcuminoid AlE 2] A3
g4 EZ=Z o]Fo]Ad i (Anandakumar et al., 2014; Ra
& Kim, 2016). < 732 A& EZ<21 curcuminoid
o] okg] BT} LA A o HofE FAHOE FAuA
49 +x4 546 whE ksl I+, 3t 5o oS
gk A& Eo] Felx 2 dtk(Jung et al., 2012; Han &

ol Al

=

rﬁ Fll‘ olft _?L

Surh, 2017). =3+ 7+, 959, S4=, 7elEA gy
2317 9 AYAA ek e, I 4T 3
A7 73, FEARO] S i@ ATl Bks) o] g5
919_&1(Park et al., 2015), 7154 21&2] %3 A7 z=A
2, AEEE 592 So| Bpe A E Hrhe
U



738 FEAe) 7idxo] s, Setuieols R 9 sl %

710 ;20| == curcumin, demethoxycurcumin (DMC)
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Table 1. Formula for Nurungji added with turmeric powder

Ineredi © Samples (%)

ngredients

£ £ Control ARV BR?
Rice 200 196 196

Turmeric powder 0 4 4
Water 200 200 200
Total 400 400 400

DTurmeric powder was added after rice cooking.
ATurmeric powder was added before rice cooking.
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Washing Washing

(1 min, 3 times) (I min, 3 times)
\ T
Soaking in water Soaking in water
(20°C, 3 hrs) (20°C, 3 hrs)

[
Cookmg Add turmeric
podwer
Add turmeric

Roasting

podwer

Nurungji

(A) (B)

Fig. 1. Flow sheet of production of Nurungji added with
turmeric powder. AR: Turmeric powder was added after rice
cooking (A), BR: Turmeric powder was added before rice
cooking (B).

Fig. 13} 7+o] A|zsFAth(Park & Kang, 2021). &
< 127 39 Al & Al Ay g 38E AXL
2Aah e v R 7Hee F A7 B3F AAAA A7
% (Lj-MD062T, Lihom Corp., Cheonan, Korea)oll* %<
AZsR( . v Az A H7F A]|FE BR (Before Rice
cooked), ¥} A= & H7F A]JEE AR (After Rice cooked)
2 Yeh A AlxE w2 20 g¥ AR, 754 T
A Ax AAE ol g3l EE 180°C, 200°C, 220°CE
A Bl 37 WA SA] FEAE AZsinh Az
H AT oA 247 B3 § S EEX(HP-
300SR, Besco Corp., Bucheon, Korea)S ©]&3f #2j3}2,
25 mesh # & o] &3l AelE F A2 AMESI T

Table 2. Analytical conditions of HPLC-DAD

Instrument HPLC-DAD
Column Eclipse plus C g (4.6 nm x 250 nm, 5 pum)
Column temp. 30°C
Detection 424 nm
Injection vol. S5puL
Mobile Phase A: 1% Acetic acid
B: Acetonitrile
Flow rate 1.0 mL/min
Time (min) A (%) B (%)
0 70 30
11 32 68
Gradient Cond. 13 29 71
20 0 100
21 0 100

Post-time: 5 min
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HPLCE 0|33t 770|=0|= &2 24

AFveol= S EA3H7] 913l Eclipse plus Cq
column (4.6nm x 250 nm, 5 um)S A&+ Agilent Technologies
1260 Infinity II HPLC system (Agilent Technologies, Inc.,
Santa Clara, CA, USA)E ©l&3ted 54 & e,
o] FA A: 1% Acetic acid, B: Acetonitrile, ©]532]

%42 1.0mL/min®] Z271& ARSI 42712 Table

20] hERR
SEPNESTEST

3 +5A(25 meshyS 10g FHataL 7
20 mL 7Po}°4 A 20| A 3A17J %& A

o7 ALe o} Mﬂ—(Cho & Chung, 2019).

& Z0|ls e ¥ E2E0|E et
8- 100 uLell Folin-ciocalteu’s
Lo} %%? 700 uLE FH7bete] &%
St 20% s0d1um carbonate 150 pLE 7}sle] haxollA] 20
E7F Wxgk 3 ELISA (BioTek Instrument Inc., Winooski,
VT, USA)Z 765 nmol|A 3= A3t 222
= gallic acidE AFE3Th SdiH ol gk =8 A
F 250 uLoll 5% sodium nitrite 75 pLE 7Fste] 5E7F W
]O]—_’ 10% AICIL, 150 uLe} 1M sodium hydroxide 500
g 7tsted Efﬂé T haollA 1587 WA 8kAL ELISA

o
% s g AR

[<) =4

phenol reagentE 500

i 415 mmol A FBEE SA 3T EFEZZE catechin
EIPARS o}°2E}(Yan & Choi, 2016).
DPPH z2iC|Z 21 &M &9

DPPH 2}t &4 42 Cheung et al. (2003)2]
o Fste] ®A s3It 22kl AlE 1 mLol|l 0.2mM DPPH
2mLE H7b § EFES Gl 3087 AT
UV/VIS #3333 %A (Genesysl0 UV, Thermo spectronic
Co., US)E AHE-3te] 520 nmellA 3 =S 57 6}"?&} Al
59 )4l methanolS 718l 22 FHEE 243

™, &2 33 ¥HE 233 DPPH oz 275
Eq.(1)9] 4)& o]-&3to] a3t
DPPH radical scvenging activity (%) = )

_ Sample absorbancz)
( Control absorbanc x 100

ABTS EH:I;I- 2 iLM =5

ATBS 2]zt 271 248 Re et al. (1999)2] WS HE
ste] A3 TE 7.0mM 2,2%azino-bis (3-ethylbenzthiazoline-
6-sulfonic acid)®} 2.45mM potassium persulfateS 55
T2 Egate] A2l o)A 204]7F EF WHEAIA 2
S AAIZT. gtrZo] A44d¥ ABTSS methanol=
8|45t BFFEARZ 734 nmol| A Ftel 0.70+£0.027F =
= 3} ABTS solutiong A|ZF Tt AlE 50 uLol ABTS
solution 970 uLE 23 734 nmollA] SFE=E =% ol
279 FFE 32 methanolS AHE-3le] =74 3}"9\9—‘#,

42 33 whE A8 ABTS 2t Z 42752 Eq.2)
o 4& olgste] THLAT.
ABTS radical scvenging activity (%) = 2)

_ Sample absorbancz)
(1 Control absorbanc x 100

SAXE

B Ao A¥gA7= SPSS 26.0 (Statistical package
for social science, SPSS Inc., Chicago, IL, USA)E °]-&
st Higks FZHAE AL, EAHEA (AVOVA)
S 3t p<0.05 FNA theH S A% (Duncan’s

< ol

multiple range test)S AA|st] A|E 7He] oAl o]
£ A58kt
An g g
25 83X N & 22 222 #7t Al7[E AHF0|=0|
E gfek Hst
g EEE 2% HIR FEA(AR, BR)S| A £

Table 3. Bisdemethoxycurcumin, demethoxycurcumin and curcumin contents of Nurungji added with turmeric powder

Temperature (°C)

180°C 200°C 220°C
Bisdemeh . AR 71.10£0.217) 66.27+0.42° 59.23+0.60°
isdemethoxycurcumin BR 36.13£0.29° 31.94+0.73° 29.59+0.17¢
Demeh - AR 106.33£0.55° 96.52+0.75° 85.60+0.45°
emethoxycureum BR 54.16+0.19" 53.3441.99° 47.70+0.16°
c . AR 393.98+4 81° 355.86+3.64° 319.80+3.04°
ureumimn BR 226.4245.16" 220.96:10.65° 202.15+0.54"

YData was shown meantstandard deviation (n=3).

?Means with different superscript with in a row (a-c) are significantly different at p<0.05 by Duncan’s multiple range test.
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A7 A7 AFH ol = FHEFe Table 30 WERH AT
AR, BRE] WO 2 180°C, 200°C, 220°Col| A #| =3k *+
FA ¢ BDMC &% 77 71.10-36.13 mgkg, 66.27-
31.94 mg/kg, 59.23-29.59 mg/kgS = BRET} ARS| A ]
AN o Ee S HAYth DMC FH= z+7F 106.33-
54.16 mg/kg, 96.52-53.34 mg/kg, 85.60-47.70 mgkg S Z AR
o] Aol ¥ &2 S YERIAL curcumin % 7Hzt
393.98-226.42 mg/kg, 355.86-220.96 mg/kg, 319.80-202.15
mgkgS 2 ARS| WO = A2 F5A 7t BRE WHO
2 AR FeAEY © =& g B oRe ¥
2 Az F @ed] A BUg vl Frhste vhdse
ARAIE S} G vt Al T 7Fho] k= BRAIEZE 4
&S o e Aoz AdEn g, Lee et al. (2010)=
IA7rEZANA curcuminoid mixtureE X 2O 2N 7
Frjzol= gheFo] 7HAaghS gl vl Qi
e 78X N & 71Z2A1ZE 71 22 70| 0|
7% g 2% MUK FEA(AR)S] HEAZE 71
¥ AFu|ol= ke Fig. 29} 7T} 200°ColA 1
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O1min @2min Z 3min W 4min
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Bisdemethoxy curcumin
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E
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Fig. 2. Bisdemethoxycurcumin, demethoxycurcumin and

curcumin contents of Nurungji added with turmeric powder by
AR process according to production time and production
temperature. Different production time (A), Different production
temperature (B). Data was shown meantstandard deviation
(n=3). Means with different superscript are significantly different
at p<0.05 by Duncan’s multiple range test.

Els C st 98.21 mgke=
3L 7FEAIZRe] STVEE ZRAste] 47t 7

Al goll A 37.49 mgkgS & LERgT DMC &
PRI 2 ke A B 1% FoF 7rEs

A ZOA 144.07 mg/kg, 4% 5ot 71E3F A BoA 57.34

mg/kgl E FFA| 9] 7FAAIT ko] STV E fHadhe Y
S BT} 3 180°Ce} 220°CoN A 4%-7F 71E 3 F5A
A E(AR)S] BDMC 32 77t 51.42 mg/kg, 31.31 mg/
kg, DMC &2 7}7} 7931 mg/kg, 46.36 mg/kg, curcumin
shake Zhzb 290.22 mg/kg, 16431 mgkegl 2 718 %7}
S/ E e ol TR Hadglon, WEAT]
7F % 7091 curcumin®] 7 ol AT oA LS
Song et al. (2018)°] HEE] F+= A9 WEA7|7t 7HE
Aol gk A o] =8 F22 MPYAS AHAT=
8ol =z ALYt Harsk Y83 AX3tH ). wehA
Affu|eol= TS IHSINS W ARG W o=E 3F
& THEsl] FEAE Axdshe Ao] viEE g Ao
Hel

Ze FEX 2 AL A9t VI 2eE & Ed=
=1 | S

= 3 B

71 2o F e 2 EefReolE &
g2 Fig. 33 2ok ARS ¥ ZEHlE TEF2 180°C,
220°Coll A Z+7} 12099 ug GAE/mL, 15291 pg GAE/mL
New, BRE T FYuls > 27 11245 ug GAE/
mL, 14572 ug GAE/mLZ AR, BR 2% 71¥ &57}1 =
oMHFE T E¥E FHo] FUEA. ole 7Y 2%
7t moldaE F ZEulE el SUEIAE AlRtEE
S H71e 38R (Park & Kang, 2021) A7ZA7eF o
2|3} th Hwang et al. (2020)2] T84 71EA| 7t W&
A EA AFelA] 7oA Az Al 7FEAA NN A
ARl fElgos Ay v T2t BHEHEA T
A WHe e EFEHE HEEEC] §EHe o=
B3I, Kim et al. (2007)2 o2EH| 28 w=Ake] 7
$ eater 2% FEHIE FHAE o] FL domn, AT
23] ester Ajo] HoE WA F = IJFES FFo] F
sk g 73

A7F 5 W A
%3l FEA R A%3 BRo| ¥ W ZEvE S
HOFEUh ol I AXd TEIANY S5 EF
AxE Wd At mEAL 6 W e g9
Ho]FE Nam et al. (2017)2] A4 zke} A=k Th

& E4E 2% H7KeE FEA(AR, BR)S| EfE 0

)
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Fig. 3. Total polyphenol and flavonoid contents of Nurungji
added with turmeric powder according to production temperature.
Data was shown mean+standard deviation (n=3). Means with
different superscript are significantly different at p<0.05 by
Duncan’s multiple range test. AR, Turmeric powder was added
after rice cooking; BR, Turmeric powder was added before rice
cooking.

= e ARQ A 180°Ce} 220°Col A 22 632.85 pg

CE/mL, 611.56 ug CE/mLE 7+43}913, BRe A% 7}

7} 55536 ug CE/mLoI A 480.00 ug CE/mLE %7} =

ol 4= A4 ATFS Bl Sharma et al. (2015

Uyt 5 Zelrol= AolA 150°C, 3A17He] dxE 2

oA Fofl EQbg St io|=e] HAE RIS
O

o, o= FEfR o= Fxo| e} JFS WS Ao
2l Basislnt 48 Tk A4S FEEwo|=vt
Z ZYuE vV E Gxgd os ozt F7FekA|
g A Hkre] A EefEolE el 7Y &t
S7VEFE A 7AEAT ol 8 Fo FEhE o]
E7F &S] FetHicol=o| Hlste] do o B E Ths
dol Qlthar Az ), BRY] FEA 71 AR FEA

F A% Aol

ok Eehnieol= ggo) e e RS
FSisle] hdske BRY AFHO
o] At o8 B
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i ETI
AL
s
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% DPPH
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7|.o:l 20

2% 713 +S A (AR, BR)¢] DPPH %
ABTS E}E]% 27 &S Fig. 49 JERHSATE DPPH 2}
gz 27 848 ARS 7% 180°C, 200°C, 220°Cell A
2}7t 33.33%, 36.54%, 4025%= 719 Lx7} FUIELE
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Fig. 4. DPPH and ABTS radical scavenging activity of
Nurungji added with turmeric powder according to production
temperature. Data was shown meantstandard deviation (n=3).
Means with different superscript are significantly different at
p<0.05 by Duncan’s multiple range test. AR, Turmeric powder
was added after rice cooking; BR, Turmeric powder was added
before rice cooking.

27 o] F7hsk e, BRE] 7912 28.64%, 33.33%,
37.04%% 7td =7} wﬂe‘#% 7% ol 7
o} ABTS ]z &4 4% ARQ A% 180°C, 200°C,
220°Co A ZFzb 87.95%, 92.16%, 97.29%= 718 =7}
S7MErE 2A 4ol FUFEAL, BRY A=
84.37%, 89.98% 92.64%% 71¥ w7} Z/1EpE A
gAJo] Z715 k. Song et al. (2018)S A 3HAIA4o] 71
A AollA 7FEAE ] oJal] AP E AT =] =0
AarE R H E2(ferulic acid), ¥Fd H(vanillin), BFEAF
(vanillic acid), ¥ EZ Y <] (feruloyl methane) 5-°] 2
™, A e AR E AL S B <

T AFE 7P FolA AEE A=) 71 LJﬂ
w2 733 TR gatsl A TS v o Azt
®t}h 9 Choi (2021)= DPPH ¥ ABTS #t|Z A A
o] HiE sgE FFol =245 S8k, DPPH
2 ABTS #HU]Z &7 &4 AAdAE 7Tl B
stATh A8 Bl AU DPPH 2 ABTS o)z
27 A4S ARETH BRO] B 7S HoFQ ‘:} Kim et
al. (2018)2 HaA g FARTY S5 HE § F2 73
A o w2 DPPH #it]Z &7 &4 HAtha Bist
Fom, £ AFAE BRo| ARET W &8 B2l

mlo
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