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Quality characteristics, acrylamide content, and antioxidant
activities of Nurungji prepared using different grains

Eun-Sun Hwang'* and So Jin Moon'

'School of Wellness Industry Convergence, Food & Nutrition, Hankyong National University

Abstract We determined the quality characteristics, acrylamide concentration, and antioxidant activity of Nurungji prepared
using white rice, brown rice, gamma-aminobutyric acid (GABA) brown rice, oats, and barley. The moisture content of
Nurungji prepared using white rice was the lowest (1.48%) and the highest (6.53%) was obtained in barley Nurungji. The
brightness (L*) of white rice Nurungji was the highest, whereas that of GABA brown rice Nurungji was the lowest. The
acrylamide concentration was the lowest (37.24 pg/g) in white rice Nurungji and the highest (255.50 pg/g) in oats Nurungji.
The levels of total polyphenol and total flavonoid were the lowest in white rice Nurungji and high in oats and GABA brown
rice Nurungji. The antioxidant activity was higher in Nurungji prepared using oats, GABA brown rice, brown rice, and barley
than that using white rice. It is necessary to select an appropriate grain when preparing Nurungji by considering the amount

of acrylamide produced.
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1994). A== AEFES A A3, 223, 32F 3 2,
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2 AoZ HIEIT JUHEFSA Panel on Contaminants in the
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A (PC,-acrylamide), Z&-HlY2 A]%K(Folin-Deinis’ reagent), 2,2'-
azino bis(3-ethylbenzothiazoline)-6-sulfonic acid diammonium salt
(ABTS), &4H(formic acid), Z+H(gallic acid), Z4H(acetic acid), 7+
] 7] (catechin)> Sigma-Aldrich Chemical Co. (St Louis, MO,
USA)I A, 1,1-diphenyl-2-picrylhydrazyl (DPPH)Y= Cayman chemical
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Fig. 1. Images of Nurungji made with various grains.
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Mass Spectrometry (LC/MS)-2020 (Shimadzu, Kyoto, Japan)e} |oF 950uLE EFE ghelA 108 FF WEAIT F
Nexera XR (Shimadzu, Kyoto, Japan)¢} C, INNO Column (5 microplate readerg ©]-83t] 734 nmollA FHEE SHSIATH

um, 2.0x250 mm, Young Jin Biochrom Co., Ltd, Seongnam, A LE F=2x] F2 05mLol] 20mM 212 =N (pH 6.6)
Korea)o. 2 A3} 3, 0.1% acetic acid (viv)} 0.5% formic 0.5mL¥} 1%9] potassium ferricyanide 0.5 mLE A2 3718k
acid (vwvy7} X3 F8AE ol FHOE AL, 20uLe] AR % 50°CE 2HZ F2FFo A 2087 wA T WhE-alo)
2 FA3t 02mL/mine] &2 B39t MS/MS o235} 10% trichloroacetic acid €912 1 mL 2o] &33F T 1360xg
REE HESI'Z 3192, o2 RUE S acrylamides 72 m/4 oA 1587 AAEY A5AE AUk 45 1mLd F
>55 m/zZ 13C,-acrylamidesE 75 m/z >58 mizo 2 13T F4 2 ferric chlorideE 71z} 1 mL¥ 718le] &3st & 720 nm
oA FAst] de FHE e HAEOE et
& Edils ¥ & E2E0|E F
FFe FRE Dt Az TR F ZEHE 2 SHEN

gHcolE e 3R] FEES Ve Y3t EE A Wgt FAIAME= R-Studio (Version 3.6, B Corp.,
THE 754 3gol 95% o2 12mLE Y3 vortex mixerZ 3 Boston, MA, USA)E o] &35to] Ha3 BFHAE e,
B2 AASA EFS T 1,360xgoA 1037 Aalielste] & zb Al ke fFeAel did A5e BAREA(ANOVAYS: ©]
THE Fl FA FEHOE QY. F TYHES S8 S35t fFelde It &, p<0.05 o4 Duncan’s multiple
A FE9 02mLet 10% 2N Folin A1¢F 04 mLE £33 tests ©]-&-sto] EAH AT

2 St Aol WAIZl F 10% Na,CO, 0.8 mLe 37}slo]

il A 1A FQF WESAIFATE WEEo] Y ., microplate A

reader (Infinitt M200 Pro, Tecan Group Ltd. San Jose, CA,

USAYE °l83to] 750 nmellM F3=5 SAsIIT w5l & TEXe ditdE &F

9 & Zg9s FFS gallic acid (0-200 pg/mL) EE=FHE A7 TRE GElete Axd T iR 2AE

o] &3led AlF g gallic acid equivalent (GAE)Z YER ST + Table 13} 2t} A2 A2 TR 9 £/ FFS 148%
T FHtEkolE 342 F3A F=Y 01mLel SFF 05 2 7P S0, BelE Az w0 FE FHE 6.53%E

mLe} 5% sodium nitrite 30 uLE H7I5le] 6% FQL A2o0lx Wt 7P A JERETE 3 AR AA FHRE 248 AEste e

SAZL F, 10% AICL6H,0 60 uLE A71ste] 68 5t A& AL F, LS AT ¢ 25 AN AxT FEAY R

Al WEEAIZ T whgo]l £ § 1M NaOH 02mLE 37}stod TS Az dEd we gstew, Bel>rhdn>dn>HE

Z33et ¢ microplate readers ©]8-3t 510nmelA FHEE = >dlmlo] o7 SR Shefo] @2 Zow eyt IR F

etk A9 haE & ZEltRxol= S quercetin (0- EErge SAE, BWA, wilf A2z, Ax U dE 4xke

400 pg/mL)] FF=IJAE 53] AR g9 quercetin equivalent zAxel Fy, AR BEATR 59 98 9FS wE=rhKim

(QE)E YeRATE 5, 1984; Song %5, 1988).

FEA e 2P 112-1.92%2 F7e] FRel wE

gt Ed 58 Zols B, ww)e} Hu|R fHE FEAoA ZuE o)
7FEAZE gt Alxd F5AY Akt 242> DPPH kA, 7hkdn], Ag] 2 g vE FeACdME duHes
2 ABTS @]zt 2AZA o8 24319 tHCheung 5, 2003; Re A JERdth 2R 023-4.60%E FFo) wet 2 xjolE B
5, 1999). 734 FZE°] DPPH &tz 24 34 &% AL, e} B2 ThE FERoA e 2Rl AA AEE W
N 192 uLet 95% oferEol =91 50uM DPPH £ 768 uLs A, A2 U TR g R0 b8 A o) =
Egste] Al 302 FF ¥HEAIZL $ microplate reader Al et A9 23w TR 042-1.61%= FFH] SFel
(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)S wg} 924 velgor, Wuzl 042%2 7 Wk, Azl 7t
o] &3t 517 nmellA FE=E A3 viEn], drjoa= SEEFe] =A Yeth e
A FEE ABTS 2z 7% 54 2ol 70mM v% UV RS 7oA AlZo] AME dsel wet DEixed), A
o] ABTSA9F} 245mM F%E2] potassium persulfateS 2:12] H] = O 5ol viE] AW, e, B o] FRelaL 53], 5
&2 E5 F gaolA 2447 WHEAIA ABTS ¥olS AN A2k ghepo] a1, Wimof] RE5} gholile] Fol FhiE o] 9o

Table 1. Proximate analysis of Nurungji made with various grains

Sample Moisture Ash Crude protein Crude fat
White rice 1.48+0.02° 0.42+0.01¢ 1.12+0.00° 0.234+0.01°¢
Brown rice 4.17+0.55¢ 1.46+0.01° 1.19+0.03¢ 1.08+0.06
GABA brown rice 5.2240.27 1.47+0.06" 1.44+0.04° 1.13+0.18"
Oat 2.33+0.10¢ 1.61+0.03* 1.71£0.13° 4.60+0.16"
Barley 6.53+0.35" 0.82+0.01° 1.92+0.07° 0.27+0.00°

Data were the mean+SD of triplicate experiment.
*Means with the same superscript within the same column are not significantly different at p<0.05.
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Table 2. Sugar contents, pH of Nurungji made with various
grains

Table 3. Changes in hunter's color value of Nurungji made with
various grains

Sample Sugar contents (°Brix) pH Sample L* a* b*
White rice 1.6+0.0° 6.63+0.04* White rice 43.04£0.24"  4.24+0.32° 9.80+0.48"
Brown rice 1.5£0.0° 6.50+0.01° Brown rice 40.35+0.51°  3.19+0.27° 7.98+0.55°
GABA brown rice 1.6+0.0° 6.48+0.02" GABA brownrice 34.60+0.23° 3.08+0.10° 4.1340.16°
Oat 1.6£0.0° 6.26+0.01° Oat 39.04+0.21° 3.37+0.19 11.05+£0.07
Barley 1.9+0.0° 5.38+0.02¢ Barley 38.63£0.74°  3.04£037°  6.84+027°

Data were the mean+SD of triplicate experiment.
*dMeans with the same superscript within the same column are not
significantly different at p<0.05.

D2(Lee 5, 2016a), ATIE A3 TR A, T, 77
4 ggo) e TRE AR AxH FEA0 W B Ao

2 AWt B2 ggel A PasgoL, W FPele
s} =4 e Rom wasky ek o AAs APl 2
T Bl FEAE W FgA) v AUt S gl
sotou), Wud Fgelt 2 Aolrt gl Ao b,

&

FEX2 7k2d 1EE ¥ pH
IFe THE Gt AxS 754 &Y T /M4 2
PE3} pH =4 A= Table 29 2}k Bl FE5A9 7144
ol 1.90Brix= 7PE =43, dv] F5Ae] 7 AP E
] 1.50°Brix® 7Pg Wtk win], 7Hldn] g AR Az
FA9] 7 THES BT 160°BrixZ 0]E Ho|A| 99k
LA VM RS FEL TR, /MEAZ THEes
o wa}t ztolrt AU, AuFoZ wLoA] FAZF 7MFEhE 2
Fgo] F7tsle A2 g#A Jok(Parks}t Oh, 1997; Hwang
, 2020). ©l&, FEAE oM A7 7Hdshs 3golA
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Data were the mean+SD of triplicate experiment.
“Means with the different superscript within the same column are
significantly different at p<0.05.
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Fig. 2. Liquid Chromatography-Tandem Mass Spectrometry (LC/MS) chromatogram of acrylamide from (A) standard solution and

(B) Nurungji made with oats.
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Fig. 4. Total polyphenol and flavonoid contents of Nurungji made with various grains. Means with the different letters (a-e) above bars
are significantly different at p<0.05. "GAE=gallic acid equivalent. ?QE=quercetin equivalent.

Table 4. Antioxidant activities of Nurungji made with various grains

Sample DPPH radical scavenging (%) ABTS radical scavenging (%) Reducing power
White rice 43.71£1.45¢ 48.20+0.49° 0.35+0.00°
Brown rice 64.52+1.00 63.18+0.39" 0.56+0.04°
GABA brown rice 66.00+0.88° 78.41+0.64° 0.64+0.06°
Oat 70.02+1.30° 77.40+0.15* 0.83+0.01*
Barley 59.53+1.10° 58.60+2.78° 0.48+0.00°

Data were the mean+SD of triplicate experiment.

“*Means with the same superscript within the same column are not significantly different at p<0.05.
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