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Abstract

Purpose: Nurungji is a traditional Korean food made by yellowish scorched rice. After getting gelatinization of rice, a thin crust of
scorched rice will usually be left in the bottom of the traditional cooking pot. In this study, physicochemical characteristics and
antioxidant properties of five commercial nurungji products (CNP1, CNP2, CNP3, CNP4, and CNP5) were evaluated. Methods:
Physicochemical properties of the five commercial nurungji products were evaluated with AOAC method. The antioxidant activities
were assessed using the 1,1-diphenyl-2-picryl hydrazyl (DPPH), 2,2-azinobis-(3-ethyl-benozothia zoline-6-sulfonic acid)(ABTS), ferric
reducing antioxidant power (FRAP), and reducing power assays. Results: Water content was the highest in CNP3, followed by CNP1,
CNP2, CNP5, and CNP4. Crude ash content of all nurungji was less than 1%. In Hunter color parameter, the significantly highest a
value (redness) and b value (yellowness) were measured in the CNP4 product, meanwhile the lowest in CNP3 (p<0.05). The nurungji
products of CNP4 and CNP5 had the significantly higher content in total polyphenols and total flavonoids, compared to those of other
products. CNP3 and CNP2 had the lowest in total polyphenols and total flavonoids, respectively. CNP4 and CNP5 products showed the
significantly higher values in antioxidant activities, whereas CNP3 had the lowest activity. Conclusion: The high value of antioxidant
activities in CNP4 and CNP5 might have been affected primarily by the total polyphenols with increasing browning color during the

heat treatment.
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FeAE FE NISo] 24 o83l AFOE e5dx
A A W, 3ovre] AT oA BA gY A
A, FHAE 553 FuE 7HAA o] 7P wo)
e A shE 5780l ZhlA|, ZhekA] B
Eontolglal dlal(Lee SW 1985). TR A= F&
A& HAdEzEyelel staem AR+ FHA
WKz SR X mithetal 7155 o] Qlo] A ESS
sfAdste=d FEAE ofo ' 2SS Be|al Aok FHAL
S0 WE Q8] AH MR FEAE ZE
He A9 o8l FEAE e AR FaE A
2} EolE= X Ok Do Y 5 2010), A, =87 b
He Hojlzo a7} —1—7}01—‘:’4/\1(K1m MJ 2006), T
& ALtE o] AEShE S ATE ofdl A, 314,
2 oi Wo] AHEI YE FAl Atk Yoo IS
2012). FEA Ax A dojuh= AHE AF AxAA
o NEXMH Aol Hap Ao T Uehte Iy
& g, o=t ERES ] o)t WAYE= H]
2% ZhHoltHLee JW 5 1998b, Bae SK & Kim MR
2002). Aol W2 2F2] Ao] W= AFY F2
ofe} 7|5 Aol dFe T AR o, ZAwe] % BME
oﬂ w}a} %_,] ﬁ;goﬂ zl;dx% r= 7]-;<4x—lo] Oﬂtﬂ:a F
THKeenan DF 5 2012). 2% AxHY 5 T2 L5
= BlEAA AHE G opn|nsgtES tideR 3
model-system®] &J3ll A7} Bo] Y= S (Yamaguchi
N & Koyama Y 1967, Wattenberg LW 1978, Lee JW &
2006), ZHl 93] AYAFH ELELS FhTosol o
;(];g _,] 6]—/\]—§_ :o:l-/l-l = o] A l:ﬂ b’LALﬁ.A—]& ;4—__
o= B} ‘i}i(Lee JW & Do JH 2006), 44 &
of ot gt £AZE, HilstE el 28 g9 ZE}E
o F&58HAHE 59 7ol A EHIL S ™(Hwang
CI & Kim DH 1973), £3| &4tsls 52 Agl&Ade]
= Aog I#A om}(Lee W % 1998a) ZAHEZ ] &
AbslAd L AW Rk 7] ?‘f“*ﬂ oA 7118
AAUE7t S7VETE iislEgo] IrEite ®Ravt
3(Kirigaya N 5 1968), iL-2ox Ay ZHEZ4 o]
Ao ZAHEARG ksl o] o Rk 9]
THLee SJ 5 2010b). HIEAZ ZAWulgo g Az 2
=9o] ghaks} Oq?h SiHLlee IW & 1999 Lee W &
2000 Lee JW %5 2005), &1}5(Lee SI 5 2010a, Shin
S 2010), 2 ¥3KYang YR & Park YK 2011, Lee DJ
2016) So] HuEAa, FE5A o A3 AFE Hukx
7doﬂ 2 E2od nla(Suh YK 5 1996), SAF27] 9
o]3}sta EA(Park YH & Oh YJ 1997), n} Edto] H7}
H 75A9 FHEA(Lee HS & 2009a), microwaveE
o] &g A FFAY FEEA(Lee HS & 2009b) H =
T 2 ALY Ao "igk A7K(Yoo IS 5 2012) 5l
HuEQoy, w3219 ksl d++= 7H N Ao
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o mebA B Aol ME A o] §7kHE G
7 siste] AFel BulEL Y rEAC] Eshea

=4& ulmste] FA9| AolE B
ZEgEe] BE FEAY $54e HAHOR S
o F2 TSN BU WY S Ay T A %

=232 1

1. 88 M= H A= H=E

Aol AHER FEA= Iuol AlEHEA A= 57h9]
Az g FE3Ake] AFor =5 U4t H—“ﬂli Az

HAow, AgA &A1 tiFuE 9 2% &FES
ol-gste] TdstAH. T F -20°Ce| WY§-F3L(CFD-1762,
Samsung, Suwon, Korea)o|A WYFHIAHA EA&
AEE ARSI 343t §4 S8S AT AR Al
v O3 2o AR 100 g8 AFHSHL S/ 400
mLE 7}ate] 2ALoA 200 rpm o2 1AIZF aHkEE3
T 4,000 rpmollA] 10E3F YA E2] 3} (centrifuge 5810f,
Eppendorf, Hamburg, Germany) ’zl":°“ S FHslar de
Abll THAl ZF 200 mLS 718te] HEE 223 5 Q4
st AL A5ds AS 42 s et -80°C
of TAANZ ¥ 54 ZXPVTFD 100R, IlIShinBioBase,
Ilshin, Korea)dt] Aqdol AHE3IATE A3 AMEHE =
= Al9F2 Sigma-Aldrich(St. Louis, MO, USA)2] #|&-&
ALt

TaAY A E A2 AOAC‘ﬂ(ZOOS)Oﬂ we} A
Sttt e F 5°C F7rE Az, 2382
600°C 74*‘94:@}‘?3 il o Kjeldahl 7&5\_73 2= KeR=1
A ek Axt £(%)E JERITH

m\m
=
ML P

3. 718d ndE &

A M 1B E FEFS AR 5 gl FFT 70
mLE 7}5te] A-20A 3087 wwt 3 F 4,000 rpmol]
A 587 AAEE(Eppendor)sle] & AE5de Id=
A(PR-201a, ATAGO, Tokyo, Japan)E ©|&3le =3
At
AA .

(¢}

4 Mz B3

A9l M=& AAA|(Color-Eye 3100, Macbeth,
New Windsor, NY, USA)E ©| &3l &L A8EE =43}
o] Hunter’s value?l WUYEE UEHY & Lak(lightness), 4
AMTE ATE YE= agk(redness), FNE2] HAEE
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UeRE bak(yellowness) O 2 UERALE oju] ALRH T3
Wako] L2 98.75, agk -1.02, bk 1.100I%1th +5
Z]2] UV-VIS spectra= spectrophotometer(Epoch Microplate
Spectrophotometer, Biotek, Winooski, VT, USA)E ©]-&3}
of FAAET AR 25 mgE FFT 1 mLoll &A1
Y OZ 250-750 nm Ato]o] ol A ZAHEE .

ofj
i)
e
oX,
o
%

= 2 Folin-DenisH(Swain T &
Hills WE 1959)°l w2} S35ttt sd4dx3 AR 25
mge SFT 1 mLol 83471 & 0.2 mLell Folin-
Ciocalteu’s phenol reagent 0.1 mL9} ZFHF 1.4 mLE
H7Vel] &3 3 20% sodium carbonate 0.3 mLE 7}
ato] oA 2083 WAF F 765 nmellAd FRFE
(Bioteck)E =H3tAt). EFEHZE gallic acidE °]§
sto] S FAISHAT

& EftEL-0|E Sk

F ZERwolE $EFS Shen Y 5(2009)2] WHo =
= ot SAAZE AR 25 mge EFF 1 mLol
L4121 &4 0.5 mLol| 5% sodium nitrite 0.15 mLE 7}
3] ZF AIgE $ 10% AICL - 6H,0 0.3 mL2F 1 M
sodium hydroxide 1 mLZ 7}3te] &3 & Aol A

158 WXAg T 415 nmolA FF=(Bioteck)E =73}
Atk FFEEFZE cateching o] 83f] kS FTA|S
ATt
6. it 2 =H
1) DPPH radical A7Hs
DPPH(2,2-diphenyl-1-picryl-hydrazyl-hydrate) — radical

ek A4S Brand-Williams W 5(1995)2] "Hi-&
HEste] =439} 70% olErSol =21 0.2 mM DPPH
€4 1 mLol| 3AAZG AR 25 mge SFT 1 mLol
A1 & 02 mLE Fol & 43S F A2 ¢da
oA 30&37F WXAEF T 517 nmollA] F3=(Bioteck) S
S48 2ARAS ofefo] Aol what AlLkete] WE
= Yt

DPPH radical scavenging activity (%)

_  Absorbance of the control )) % 100

=(1
( Absorbance of the sample
2) ABTS radical 275
AFE 899 ABTS radical &7 Re R 5(1999)2]
e dF W¥ste] AT ABTS -8-%(Sigma-
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A gl Eawrr 8§77

el

Aldrich, Missouri, USA)3} 2.45 mM potassium persulfate
(Sigma-Aldrich, Missouri, USA)E 14:12 &3 (v/v)3ld
A28 FaellA 20413t WAFE & FRHRTFE 718k 734
nmol Al EBE gro] 070 Wt H=2 84sAct
°] = 1.6 mLE F3l F241X3 AR 25 mgs 57
4 1 mLoll 831411 &4 0.1 mLE 718kl A2elA 5
E2F A% O 734 nmollA &3 % (Bioteck) S =435}
Atk 2ABHE obehel o) we Adsle WRgE
Uepat

ABTS radical scavenging activity (%)

_ G- Absorbance of the control ))
Absorbance of the sample

> 100

stel2(reducing power)

8L Oyaizu M(1986)2] W we} =43t
0.2 M sodium phosphate buffer(pH 6.6) 1 mL, 523A=%
& AE 25 mge SHT 1 mLol &siA] 82 1 mL

3
=i}
=

ot &

1% potassium ferricyanide 1 mLE 7}slaL, o] &3H&
S 50°Col A 2083 ¥H-g-A1Z1 $ 10% trichloroacetic acid
1 mLE ¥t wh8o] Bk E3HE-2 1,000 rpmoll A 10
1 A2 (Eppendorf)dte] L2 5 2 mLet wg
€ 2 mLE ¥ 0.1% iron chloride € 0.1 mLE ¥<&
% 700 nmolA FFE(Bioteck)S =3It EFEH
2+ TroloxE ©]-&3] mLB ¢S EASHAT

4) FRAP assay

FRAP(Ferric Reducing Ability of Plasma) assay—
Benzie IFF & Strain JJ(1996)°] <3k WHH-& X HEPs}
o] ZA3ATh pH 3.6 300 mM acetate buffer(3.1 g
C;H;NaO»3H,0, C,HsO, 16 mL per liter)2} 40 mM HCI
o &3]¥ 10 mM TPTZ(2,4,6-Tris(2-pyridyl)-s-triazine),
20 mM FeCly6H,O05 10:1:1 H|&Z EF3l] FRAP
reagents YFEATHARS- Al 37°CE 719). 2% Al
£ 25 mges S/ 1 mLoll §81A1%1 AR 0.1 mLol| 5
9 0.3 mL} FRAP reagent 3 mLE £83 & a2
2yl A 3083 WAAIZ T 593 nmolA §E=
=43t EFEHZE TroloxES ©]-83k]

7. SAXz2|

BE A3L 33 o) ¥kE =4319 1 SPSS Statistics
(ver. 20.0, IBM Corp., IBM, Armonk, NY, USA)S ©°]&
sto] PR FHAE FASIATE 72 AP 1] Aol
= FYFFE p=0.05914 EAHEA(ANOVA)S.Z EA3%
T} Duncan's multiple range testZ FX|7Fe] 23]
2ol & AFetAT dakst EA o] dES YotRa
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Al FFA 574 AIFH(CNP1, CNP2, CNP3, CNP4,
CNP5)ell thgt <&} FH A7 2 Iukgd ol ok 2
T= Table 13 Table 29} 2ok Al# F3A|o] & &
& CNPl 6.81%, CNP2 6.02%, CNP3 11.40%, CNP4
1.46%, CNP5 5.92%°]™ AFd] W& {§o2< zol&
YERA31(p<0.05), BT 6.32%% CNP3°] 713 =& e,
CNP47} 7} w2 k& UeRlth. CNP39 & &
(11.40%)S Park YH & Oh YJ(1997)] 4] F2X
E = 11.0-11.7%2} Lee HS 5(2009b)2] microwaves
o] &gt S4 FaA 7 T 11.33-11.82%, Yoo IS &
(2012)9] H FFZHe FH F3A FE T 12.60-
14.40%%}F A 35 YUERI oM, CNP3E Al9)g Al
FEA O FE e J|E ATE 4 A FE ¢
Fro e ke et 3& &3S CNPL 0.95%,
CNP2 0.76%, CNP3 0.67%, CNP4 0.39%, CNP5 0.93%0°]
H AlFel W2 foH ApolE YERAI(p<0.05), Bt
0.74%= CNP1°] 7P& =2 3ks, CNPA7F 7Hd w2 3k
< JERITE Yoo JS S5(2012)9] B EZ7re] FEXA 3
B gaFo] 0.30-0.50%% CNP4 0.39%9F 73 AR 3k
< Ye oy, ymA Al# FEAES i EA4 UEr
ot ok Sheke CNPI 5.65%, CNP2 6.47%, CNP3
7.66%, CNP4 6.66%, CNP5 3.74%°]H A|Fo| WS F
o]l zolE YEPAI(p<0.05) HT 6.06%Z CNP3©]
M = #E, ONPSZF P @2 e YeRdTh
CNP5SE AL YA A3 3R] Zphid gheFe
Yoo JS 5(2012)¢] © FENHY FEA =owd g
5.7-7.9%%F FAFEE 3 UERITE Al 73RS Yukg

i ol
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Table 2, Changes in proximate composition of 5 different
commercial nurungji products

Crude protein

Sample Moisture (%) Ash (%) %)

CNP"1 6.81£0.17"  0.95+0.03" 5.65+0.09°
CNP2 6.02+0.12" 0.76+0.07" 6.47+0.02"°
CNP3 11.40£0.31° 0.67+0.06° 7.66+0.18"
CNP4 1.46+0.03° 0.39+0.01° 6.66+0.10°
CNP5 5.92+0.10°  0.93+0.05" 3.74+0.15°

Y CNP: commercial nurungji products.

? Data are meantSD of triplicate determinations.

*d Values with the different superscript letter in each column
are significantly different at p=0.05.
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2. 7184 TEE S Mx =3
A# FEAL 7HeE 1¥E I 4 AFE Table
33 Aok AlE A 7Hed 13E e CONPL
0.80 °Bx, CNP2 0.97 °Bx, CNP3 1.00 °Bx, CNP4 0.80
°Bx, CNP5 0.40 °Bx°o|™ AlFol| wE FoJHQl Apols
YEMAI1(p<0.05) F1F 0.79 °BxZ CNP3°] 73 =& 3t
<, CNP57}F 7H8 w2 2h& UERth Ha TY 5(1999)2]
AT 5F5 7HEA P EFE Are] B L5}
AZbe] E&E FFeIRoH ol 7HE SOl dojue=
ARl dis) A 9 EsiEhAQl wsle] ot
ol 84 EFRO| sz % A¥ely ®Bista
ATE AL 9)FFH FAE YEs 8424 &8RP}
21ES Hrhete ¥ 58 29 F9] shiolth Azl L
O

Zhe 1009] 7PHEE WAL ojulse, aghe +gtY 7

Table 1, Changes in appearance and food labeling of 5 different commercial nurungji products

Sample CNP"1

Appearance

The content of the

100 100
main ingredient (%)

100 99.9 99.5

Food type

Cereal based product Cereal based product Cereal based product

Ready-to-eat food  Cereal based product

" CNP: commercial nurungji products.

2016; 32(5):575-584
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Table 3, Changes in physicochemical properties of 5 different
commercial nurungyi products

5 Color

Sample SSC” (°Bx)

L value a value b value
CNP"1  0.80+0.007° 73.59+1.24° 8.30+0.65" 20.06+0.89°
CNP2  0.97+0.15°  76.64+1.52" 7.84+135" 21.51£0.65"
CNP3  1.00+0.00*°  79.26+1.86" 2.8240.33% 15.79+0.59°
CNP4  0.80£0.00° 73.67+1.20° 9.45£1.39° 25.14+0.79°
CNP5  0.40£0.00° 78.67+1.34° 6.48£0.36° 21.07+0.94°

D CNP: commercial nurungji products.

% SSC: soluble solid contents.

* Data are meantSD of triplicate determinations.

*d Values with the different superscript letter in
are significantly different at p=0.05.

each column

G F2Ae Uehia -8 35 548 Uehdth bt
< +8d 7 yellowness7} -0l 7Whe5 S

EPHATHCha HS 5 2007). ¥HFH O 2 Lgke] =31, a, bak
o] Yr&4= A7l Ao geto g ©f 8hA Btk Lk
& CNPI 73.59, CNP2 76.64, CNP3 79.26, CNP4 73.67,

CNP5 78.67°]™ A& M2 F22Ql Ao|& VeI

A egR e 2457t 579

(p<0.05) HTF 763602 ZHFJ 0w, CNP3o] 7} =
2 #E, CNPlo] 7FE @2 7h& YERT agt2 CNP1
8.30, CNP2 7.84, CNP3 2.82, CNP4 9.45, CNP5 6.48°]9
AF g FoHQd ZolE UERAI(p<0.05) Bt
6.98% CNP47} 714 &2 3k, CNP3©o] 7H w2 3hs
UehAt bikS CNP1 20.06, CNP2 21.51, CNP3 15.79,
CNP4 25.14, CNP5 21.07¢]9 A|Feo| W2 {221 =
o]5 YEMAI(p<0.05) H 20.71Z CNP47} 714 =&
=, CNP3°| 7HF W& Zh& YERATSH Yoo JS 5(2012)
o AFA H FF T AR AxE 4 FA
7F Lgkel 718 =31 agkdt bgke]l 78 WAl SAHEHN D
Lee HS 5(2009b)e] Aol m} &4 HrteFo] F7+e
FE Lol RA agkd bak2 =A A=A Lee HS
5(20092)2] A= F7]E HANCE A X3 S F
SAZF LEkel 7 =31 agkdt bakel 78 WA SA =
AT dEE FHANEOZ A x% 4 FFA7F Like]l M
S agkd bEkel 7HE E=A SAFHALL B AFelAs
CNP3 F3A7F Lakel 7Fd =31 agt® bakel 71 WAl
A=A GA gl o5 Ao] Wish= Yuky o= vjF
A ZWHEkg0l mpdete wkgo os] AT Al
549 visible spectrat= Fig. 13} 2t} 280 nmolA]2]
E34 5= CNP1 3.60, CNP2 3.35, CNP3 2.99, CNP4 3.53,

B 041
CNP5 3.65°]™ CNP3°] 7}& e zkS CNP57F 714

Absorbance

ju-
h
/'j-
*

=
n

0

250 300

'Sy

——DNP1

—o—DNP2

—=—DNP3

——DNP4

——DNP5

400

350

Wavelength (nm)
Fig. 1. Changes in visible spectra of 5 different commercial nurungji products.
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580 a9 HUs%

=2 72+S Uehlth 320-360 nmoll A &3 =+ CNP1
1.34-1.92, CNP2 0.90-1.27, CNP3 1.04-1.34, CNP4
1.15-1.84, CNP5 1.23-1.93¢]™ CNP27} 7} w2 ks,
CNP57} 71 =& 35 UeRATh 420-450 nmoll A9 &
FE= CNP1 0.47-0.57, CNP2 0.29-0.36, CNP3 0.48-0.56,
CNP4 0.25-0.32, CNP5 0.36-0.43°]™ CNP27} 7} w&

<, CNP13} CNP3°| 7Fd =2 32 YERTh Billaud
C 5(2004)& =3 Alz=dQdel o&] A= Millard
Reaction Products(MRPs):= 285 nmolA] EL F3TE
340-360 nmol|A Hdl FFEE YEpATial Balstar
Hardy J 5(1999)2 MRPs2] &L 2]Fo] Az T A
gex 9@ AZt o&F3ha R IHEE AlS

FAY Ao zpole Ax FA T A 5 & ARE
of we} FAE videt= v A ELY A s
Aoz AmHr)

phosphomolybdate <}
el = “ﬂlvg o]-&
Els @ﬂo]E}(Klm H] & 2012) AIJJr ZA9] F HEA
313E ¢S CNP1 14.45 ug GAE/mL, CNP2 14.42 ug
GAE/mL, CNP3 5.97 ug GAE/mL, CNP4 27.62 ug GAE/mL,
CNP5 24.51 ug GAE/mLo|H A|Fo M2 250 2
ol5 YEPHAI(p<0.05) H 17.39 ug GAE/mLE CNP4
ol 7P ¥ #2, CNP3o] 7P v 2 delt.
ZHR ol AE9 AA A 2 3RS Y=
F8 AEQ C6-C3-C6= 71H TASE = AEA Z
=4 = F FRE AL Afiel A T

olo E
lo
Hﬂ
-l-;
L llo

phenold =22} gt
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2 CNPI 17.07 pg CAE/mL, CNP2 12.87 ug CAE/mL,
CNP3 16.45 pg CAE/mL, CNP4 30.28 ug CAE/mL, CNP5
31.94 pg CAE/mLO|H AFo| wE 222l Aol& 1
EA1(p<0.05) ¢ 21.72 pg CAE/mLE CNP5°] 7}
=2 38, CNP29] 7 &2 3-& YERIT Toannou 1
$(2012)9] ATollA TR olE FAEAHS A E ARE
9 Ao 2 0:163:% wom, dAg A, F STt o]
T e Fe e AEAERITAH x4l w}a‘r =)
20 By /\l{% Ao datst A4S
A3} Fig. 33 2t DPPH radical S ©]-8-3F

2l B4 AA-FATE o] &3 Fikst 4 SAW
2 phenolic 729} W&FF amine SIHES I =2 F

___Z
_|
[e]
H o

[o o r&'h

2 A3 1tk DPPH(2,2-diphenyl-1-picrylhydrazyl)+=
B SER2 A 7FASE mechanismS E38f YA #Fo
N gzt wWEA W-gste] DPPH radicalo]l ZHAH <

AEE BHeplox E2 ool AMsLE T3l =
Hole Aoz A59 gislEs E4E F rkRe
R & 1999, Kwon JE 2011). A3 +&*]2] DPPH radical
27%(Fig. 3(A))S CNP1 20.17%, CNP2 12.40%, CNP3
0.54%, CNP4 24.29%, CNP5 24.22%°]™ A|Fol| & &
oAl Apo]E VERATHp<0.05). CNP48} CNP52] DPPH
radical 2152 FYHo2 Agfon ALAFY &A=
CNP4, CNP5 > CNP1 > CNP2 > CNP39] &0 2 e
o). ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)) free radical-> 48t E2 3 Agste] Ao] W=
E4Ee 7HA flon, #8444 2 284 sl Edo)
U ddE s FE2E 59 iiskE A AgdT
(Re R 5 1999). A3 +3A9] ABTS radical 4715 (Fig.
3(B))& CNPI 23.82%, CNP2 19.85%, CNP3 5.33%,
oAl

o)) 9lom FulslA ZA e Qe = AT HER CNP4 40.31%, CNP5 35.47%°|H A= u}&
o]thYoon S 5 2008). A% FEx9] & Zglrrole 3  ACIE HERRA(p<0.05) £7°5 A= CNP4 > CNPS >
(A) (B)
40 40
- a =
= 35 a 7 35 .
o 30 o 30
S s
& 25 ® 25
?5; 20 b b § 20
g [T}
315 c S 15
& =
-— [=]
£ 10 e 10
- ©
5 S s
0 0
CNP1 CNP2 CNP3 CNP4 CNPS CNP1 CNP2 CNP3 CNP4 CNP5

Fig. 2, Changes in total flavonoid (A), and total polyphenol (B) content of 5 different commercial rnurungji products, Vertical bars
are mean of triplicate determinations, Error bars are SD of triplicate determinations, *d Values with the superscript letters inside
the figure are significantly different at p=0.05,
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CNP1 > CNP2 > CNP39] =22 Yepdt} itsl &4
o] o7 717 FollA BA 4kxFI FElrlel AAE F
oals vES Fgyolgn =], AP Feol
S Fe2 YN 5HE S5t BdYo] F4=
SAle) VM EE dAEo] kst o] E EHAYTE
=2 35 S UEA EHOyaizu M 1986). =g
AYE AN g7 IS EA AHEE & ASS UERY
= A#Fo|7|= 3}tBaron AD 1998). A& FZx]o] 3
A= (Fig. 3(C)) CNP1 47.32 pg TE/mL, CNP2 46.74 pg
TE/mL, CNP3 10.53 pg TE/mL, CNP4 69.81 pg TE/mL,
CNP5 64.26 pg TE/mLo|H AlFo] mE {1 Aol&
YEFA3(p<0.05), L= A= CNP4 > CNP5 >

Ak g o] 457t 581

Mg ERE Lo ZASHE AT Folshs sl
AA BAEY E=E AWSAR AR BAe| Y=

ATHKim SJ 2004). A% FFX]2] FRAP
assayoll 2|3 &HakalE(Fig. 3(D))& CNP1 68.10 pg
TE/mL, CNP2 62.37 pg TE/mL, CNP3 15.39 pg TE/mL,
CNP4 84.92 pg TE/mL, CNP5 85.02 pg TE/mLo|™ A&
Zroll frolAQl ZpolE HERA 21 K(p<0.05), CPN42}
CNP59] aHiksbe 2 {07 ZpolE UehfA] eStth. o]
E rtstEo) gigk Ao AdellA, F3A AlF CNP4
o} CNP5S= 4tete o] g F3A AF=o Hlsl =2
o™, CNP3& 4tsteo] 71 BA| Uehsitt

=

=

CNPI, CNP2 > CNP39] =02 UERith. FRAPHO 93k 4, At
tsl 24 SN Y Sdge A S AN (SR, 3|8, o) o]s13 B4 (7144
Holglott AEe] Gt SHCIE olgHH, B2 pH 342 g Ax) 9 gas 4YE EH U &
ollA] TPTZ(ferric 2,4,6-tripyridyl-s-triazine)”} &S 7} F F Zelao|T gtk A#AFAE Table 49F 2Th
21 Azl 93l ferrousB o2 A== AHE ?]j%f& s E2R0] SR See ANT AT E HmA SO
W22 hydroxylation®] 852} polyphenolel AHSH= 4 gak ABTS radical 2%, U, FRAPS} 9| e
55 &438l= Aolti(Prior RL 5 2005). 3% W= AS Jepg o, AaA s ZH} .0.901, -0.996, -0.903,
(A) (B)
30 50
_ a a a5 a
g5 F 10 b
¥ b K
£ 35
220 @
o o 30
] ] c
g1 c g2 d
f: S
® 10 Bis
z 2
g . g 10 e
d 5
0 0
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Fig. 3. Changes in antioxidant activities of 5 different commercial rnurungii products, (A) DPPH radical scavenging, (B) ABTS radical
scavenging, (C) reducing power assay, (D) FRAP assay, Vertical bars are mean of triplicate determinations, Error bars are SD of
triplicate determinations, =4 Values with the superscript letters inside the figure are significantly different at ©=0.05.
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Table 4, Correlation coefficients (r) of antioxidant properties of 5 different commercial nurungii products

Moisture  Ash ;if)ltl:i?l SSC vaI;ue Vazllue vall)ue ﬂaflf)?éid polzgfla:nol DPPH —ABTS R;((i:\f;?g F
Moisture 1
Ash 0424 1
Crude protein 0280  -0.627 1
ssc” 0333 -0397 0937 1
L 0672 0246 -0069 -0.116 1
a -0901" -0.160 -0280 -0.199 -0.849 1
b 0996 0411 -0277 -0309 -0.649 0905 1
Total flavonoid -0.584  -0231 -0.559  -0.795 -0.046 0271 0541 1
Total polyphenol -0.903° -0265 -0.560 -0.677 -0.395 0.705 0.887 0856 1
DPPH -0.838 0057 -0.710 -0.726 -0.561 0.807 0817 0710  0910° 1
ABTS -0912° -0.187 -0.596 -0.683 -0.489 0.770 0.893° 0816 0989  0.958 1
Reducing power -0.925" -0.099 -0.623 -0.642 -0516 0843 0921° 0.697 0958 0962”7 0978 1
FRAP? 0879 0.035 -0.69 -0.675 -0.524 0848 0876 0.647 0917 09777 0954 0990 1

D SSC: soluble solid contents.

? FRAP: ferric reducing ability of plasma assay.
*Signiﬁcant at p=0.05.

**Signiﬁcant at p=0.01.

-0.912, -0.925, -0.879% uj-¢-
=7t 7 B AEAAE 2] A I =
FAEo} o] FHAAE UERY S H(p<0.05), FHASF
09052 ETh FAE=E F dHsA SFE I,
DPPH radical 275, ABTS radical 47, ?E%
FRAPS} Fo| AL veplon, A= 2
0.887, 0.817, 0.893, 0.921, 0.876°.% =¢k1, 1 & % 7
A 3E 3 ABTS radical &7%, o] f9
HoE e FHAAE UERITHp<0.05). olzd A}
TE FY AT, AT ksl ddn dAHg
HAE 71 ZoE woEy, A5 2y gitsl A4
T AEHA A7 esitta AlsHnh

E=%3(p<0.05), 71 F FA
UERTH(p<0.01). A==

rlr

ry

2
g

¢

IV, Qo & #=

B dFoMe T ol8TAE FEATI7] 8t
o Aol BrEE 5FF(CNP1, CNP2, CNP3, CNP4
T;,l CNPS) _‘]—_%x]_/] Eﬂpﬂrbﬂ—ﬁ E_/\«l UJ 3]%]-3;]‘ E_/Hoﬂ
s Hla ATskTh ARbEE T i S CNP39)
11.40%% 7} E%3 CNP47} 1.46% = 7H& wgkom
WA T(LE)E CNP37F 792602 7H4 Ekom, CNPI
o] 73592 714 Wtk AAME(azh= CNP47} 9452
7P E=gkom, AT (bh) I CNP4Y} 25.14E 7HE
ESou, CNP3= Ao} WA e 25 GHA] UER
o kst o% T ZF dH=4 EE ?}%*% CNP47}
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27.62 pg GAE/mLZ 7V =331 CNP37} 5.97 ug GAE/mL
2 7P Wokth d4kst &4 =3k CNP4VE 7 =S
1:[:]’ CNP37} 714 i) 8 6’]—3]: §L/\n1: = Zgn
Lol= & 9 &4kst &AJ(DPPH radical /\7%% ABT
radical £7%, U=, FRAP)Q 4AAAE B4 2
ﬁ, T aﬂahJr G T} ksl 44 9 kel AR

YA AAE 7P Ao E dddn olet e Aye
Aol vl A= B AL, Ages
9 Azt ol Aolstod gelselr 54 W s} 5y
o] zpo]E Hole ALE F=Hr FF FEA9 F2
P4 % )5 FEe g3l Amgel gx8 ATt ¢

Pujojol & Ao AR

w2
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