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Effects of Roasting Temperature on Quality Characteristics and Biological Activity of Quinoa
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Department of Food Science and Biotechnology, Kyungsung University

Abstract

The present study aimed to evaluate the effects of roasting temperature on the quality characteristics and biological activity
of quinoa. Quinoa was roasted at 160, 200, and 220°C for 20 min. The lightness (L*) of quinoa decreased, however, the
redness (a*) increased as the roasting temperature increased. The yellowness (b*) was the highest at 160°C and decreased
at 200 and 220°C. The highest contents of total polyphenol, flavonoid, and quercetin were observed at 220°C, the highest
roasting temperature. The highest radical scavenging activities of 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
(73.65%) and a,a-diphenyl-B-picrylhydrazyl free radicals (47.82%) were found in roasted quinoa at 220°C. The a-
glucosidase activity was inhibited by 62.13% at this temperature. The roasted quinoa at 220°C also showed a significant
cytoprotective effect against oxidative stress in HepG2 cells. These results could be useful in the development of food

products using quinoa.
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Folin-Ciocalteu reagent, fert-butyl hydroperoxide (-BHP),
potassium persulfate, catechin, quercetin, 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid (ABTS), trolox,1,1-
diphenyl-2-picrylhydrazyl (DPPH), dimethyl sulfoxide (DMSO)
+ Sigmark(Sigma Chemical Co., St Louis, MO, USA)°l
A skl e, Santa CruzAk(Santa Cruz Biotechnology
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AHThermo Fisher Scientific Inc., Waltham, MA, USA)°l
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S 250 pLell distilled water 250 uL2}F 0.1% ferric chloride
50 uLE tiske] FYAIZ] 5 ELISA reader2 700 nmoi|A]
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THEE AU Aol AHSE AR S92 mg
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Quercetin®] #2418 Shin et al.(2016)2] WH-S HEP 5}
=4t xR 228 @ Fico} 2 g AMEEAA
o] Z2 & 80% methanol 25 mLE o] 35°CollA 307+
sonicationd}2 FEES 1027k 3,500 rpmel|A] U4l £ &
0.45 pum syringe filter® 3}l HPLC (Hitachi 5000
Chromaster, Hitachi Ltd., Tokyo, Japan)Z 413}
Ao o]g%¥ HPLC ZHL YMC-Pack ODS AM (250
mmx4.6 mm, 5 pum)S ©] &3 o5 A9l S
water:o-phosphoric acid (99.5:0.5, v/v)°]aL o]54F B &
v 2222 acetonitrile: water:o-phosphoric acid (50:49.5:0.5,
viv)elth, B43%= 0, 5, 18, 28% &9 o] B Hl&S
10, 82, 10, 10%2] H]&Z SHFAC F52 1.0 mL/min
o] UV 3 225 nmeollA AZEsISiT.
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ATCC (American Type Culture Collection, CL173, Manassas,
VA, USAPIA #-9F 18 HepG2 N EZ Aol AM&3sISIt).
AEZE DMEMel 1% penicillinZ} 10%<] FBSE #7131
ARE-3FI 0| 37°C3ol 5% CO, incubatorol| A 2 74 S
2 iR E wA|shH ettt
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Ao A8-¥ HepG2 MEE 96 well plated] welld
2x10704) seedingdte] incubatoroll A 18417F 7} vl %
FBS7} E£35A] &2 DMEM HjR|o| FAol FEE3 +-
BHPE 3]45te] 200 plA 53k § 6A17F &1F A3k
th ARl o3t Al Z2=5/d 3t AlslA] AEd 2l ofgh Ao
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£ 7 wellel 4 mg/mLZ A E MTT Al2FS 20yl
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A AT =3, AAAAIE SPSS EA 2 213 (Statistical
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<Table 1> Color values of roasted quinoa

Roasted Color values Color changes
temperatures L b AE
Raw 78.658+0.229* 1.250+0.074 17.526+0.254° -
160°C 70.308+0.648° 3.1560.183° 21.3460.995° 9.4010.955°
200°C 68.918+0.269° 5.014+0.073 20.370+0.340 10.875+0.264°
220°C 63.25020.502¢ 5.236+0.109" 18.163+0.302° 16.006+0.505
All values are mean+SD of triplicate determinations.
*4Means in the bars are significantly different at p<0.05 by Duncan's multiple range test.
<Table 2> Contents of total polyphenols, flavonoids and quercetin of quinoa
Roasted Total polyphenols Total Flavonoids Quercetin
temperatures (mg GAE/100 g DW) (mg CE/100 g DW) (ug/100 g DW)
Raw 121.617+1.974¢ 52.925+2.637° 0.435+0.012°
160°C 150.099+9.095¢ 67.320+3.647° 0.670+0.049°
200°C 208.193+14.256" 68.797+2.355" 6.699+0.031°
220°C 253.351£7.827* 81.279+1.210° 12.655+0.178"

All values are mean+SD of triplicate determinations.

*4Means in the bars are significantly different at p<0.05 by Duncan's multiple range test.

GAE: Gallic acid equivalent.
CE: Catechin equivalent.
DW: Dry weight.
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<Table 3> ABTS, DPPH radical scavenging activity and reducing power of methanolic extract of quinoa

Roasted ABTS radical scavenging activity =~ DPPH radical scavenging activity Reducing power
temperatures (%) (%) (mg GAE/100 g DW)

Raw 38.222+1.214¢ 22.047+0.911¢ 34.973+2.3214
160°C 42.458+0.497¢ 27.143+£1.518° 41.559+1.103¢
200°C 68.482+1.666° 41.293£1.351° 68.410+2.368"
220°C 73.650+1.614° 48.863+2.085* 80.298+2.696

All values are mean+SD of triplicate determinations.

*dMeans in the bars are significantly different at p<0.05 by Duncan's multiple range test.

GAE: Gallic acid equivalent.

DW: Dry weight.
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oA FHE =43519.2H, acarboseE FANZ Lo E 2T
o] AM83159t}. Alpha-glucosidase GAAIE E=Fe] STE
AA|t AL TG-S oA WS- EF o,
IEFEEY)H IAEZEThe] A5 B HEdd a4
o2t ¥#A Uth(Kannan et al. 2013). A ALgE F

] L) ]
Acarbose Raw 160TC 200C 220C

<Figure 1> Alpha-glucosidase inhibition of methanolic extracts of
quinoa.

*dMeans in the bars are significantly different at p<0.05 by Duncan’s

multiple range test.

ol FEE-S 25.929-62.128%2] alpha-glucosidase 4|5
S B om, acarbose?] 7AFolE 88.257%= JA|sl= A
o7 vepTh 53] 220°CelA 228 ® F|eofke] A9
62.128%% AZloll H]&}e] alpha-glucosidase 2JA]5©] 2
Aoz ZF7ISFATE You et al.(2012)9] wEW  alpha-
glucosidase 1A &/32 ellagic acid ¥ quercetin 53 7
< HsseEd AL dval BaEo At 2 A7E
M= 2o o8] quercetin ¥ ZE]¥EstEe] s
Zo] S7ksh= Ae I = UYL, o] °]F-=E alpha-
glucosidase 750l 5715k Zog Alg )

228 g Foto] Al &4 A= Alolo] g
HAE Felalr] 98 ABTS ¥ DPPH 2]z 27%F, 3k
2, alpha-glucosidase inhibition, & Z&]¥&, & ZeHEx
o=, quercetin}e] FHIAE LolH AT <Table 4>, F &
gtr-o]=9} ABTS ¥ DPPH oz &A%, 349,
alpha-glucosidase A5 2] “AaAl= 22} 0974 (p<0.05),
0.997 (p<0.01), 0.993 (p<0.01), 0932 =& AaA=
B3O}, alpha-glucosidase A5 ol ATt F2]Ado] et
] ¥kt & ZElH=o]=E alpha-glucosidase A5
0.986 (p<0.05)0.Z =& JAIAIE HYoH, e S0
AR AAIE YEREA] 2890t Quercetin> DPPH 2F
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<Table 4> Correlation coefficients between functional compounds and antioxidant activities of quinoa

ABTS radical DPPH radical

Reducing

Inhibition of Total Total

Sf::;%tl;lg S(;Z)jﬁl;g power alpha-glucosidase  polyphenols flavonoids Quercetin

ABTS radical scavenging capacity 1.000 0.988* 0.994** 0.827 0.974* 0.834 0.948
DPPH radical scavenging capacity 1.000 0.999%* 0.903 0.997** 0.902 0.973*
Reducing power 1.000 0.882 0.993** 0.879 0.974*
Inhibition of alpha-glucosidase 1.000 0.932 0.986* 0.905
Total polyphenols 1.000 0.927 0.978*
Total flavonoids 1.000 0.866
Quercetin 1.000
**Significant at p<0.01
*Significant at p<0.05

U2 271%(0.973)3 8980974004 2129l AaaA (A)
= nglon], o BT feldoln Bt ol A = 1907
Eol oot Fl=sistedt kst 24 DS A £

7} 902w, alpha-glucosidase A SHE & Fo| A .§ 100- = = ———

AS Yepdoly 23504 AHAqil et al. 2006; Lee et .
al. 2020). Jo et al(2013)9] A= B¢l W] F v z
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, OIZ <l o &A%, $d¥ 9 alpha-glucosidase
Arlsol S7H Ao = A7tErt

F

=)

4. 2AE 20| IHE
MT 2S5}

2 AFolM e B2E H Fieole] 4bshE 2E# 2 o
HAZ BS G35 dolRgtth Ao AREgE B A
= 100 pg/mLe] FEE A& PR oH, thxat ] &
AlBM 35 HolA] Skth<Figure 2A>. 4Fs}A] 2
Ef|2Ql ~BHPE AT Afole AEe AEL0
35.000%% P o, AsE A Mg Agole AX
AEEo] FoHoRE Frlete AL g F UAgTk
<Figure 2B>. Li et al.(2014)9] <o <Jabd e
quercetin?} rutin AFsHA AE#| 2o thsie] a0 A
YTE HEE Aoz ByFoAdrt. FEH o]l
quercetin 5-& FAIEEAR BAS AN A MR 2Ed
22HE a3Fog AEE Hosi, A ) el 3
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