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Abstract

The purpose of this study was to compare differences in the main food components of quinoa (Chenopodium quinoa Willd.)
cultivated in Hongcheon after steaming, boiling, and roasting. Among the general components, crude protein, fat, and ash content
were the highest in raw quinoa. Dry matter and carbohydrate content was the highest in steamed quinoa, while total dietary fiber
content was highest in roasted quinoa. Total amino acid contents were the highest in boiled quinoa and lowest in steamed quinoa.
Fatty acid content was highest in raw quinoa and lowest in boiled quinoa. The mineral (calcium, potassium, and phosphorus) and
vitamin content was most enriched in raw quinoa, while iron, magnesium, zinc, and manganese were highest in boiled quinoa. For
free sugars, the fructose and sucrose levels were highest in raw quinoa, while glucose level was highest in roasted quinoa. The
water-soluble vitamin and free sugar contents were lowest in boiled quinoa. In summary, nutritional levels of vitamins vulnerable
to heat and unsaturated fatty acids decreased after cooking with heat, while those of amino acids and saturated fatty acids increased
after cooking with heat, although there were variables based on different cooking methods.
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E3}F H=Ak(phenolic acid)a} 73 -E(kaempferol), HZA
®l(quercetin) 59| SeriolE JESo0] Sojglo] At
3, P, FE. FrIe, FIuo] DI Uk FUAH A
7} 4%t A]&o|tk(Zhu 5 2001; Lee JH 2007; Dini 5
2010; Carciochi 5 2014; Carciochi 5 2015; Tang 5 2015;
Navruz-Varli & Sanlier 2016; Park 5 2017; Vilcacundo &
Hernandez-Ledesma 2017)

Aleob= &
S 5l ’SHOVH El—tﬂ °l&
2 F9 0300“3% L2}7} °‘°1‘%E1
Aoz B 5
A QITHINIAP 1986) —O] Oﬂoﬂ U171' vebyl v} ——E}Eh:
ojt&= X7 Fof &4 71*-*301 F HOoR F-oHigt
ofyz}, ohE AFAME £ Fof FFd=e] Hstst=

A &I 4= Yot Lombard 52005 YoHE B &
of 4o flavonol $+F0] 18% TAsH= ACE HISHY

1!, Prodanov 5-(2004)2 dAEYF 3} Bol2|Fo] vletql g5
o] 28] ZTof ZA4st= ZoZ H15F9oH, USDA(2007)
L F 2 27k o]AF 2] A] FAR9] 50%7F LASH= Aow

HISIGA. Fiote] 2eHE JFAE Heto] Ht o

Fo14 Goho} Lec017) FA=) 8S A Fote)
Z‘i—r &xokgo] A Fleoto] BIs| of 2uf £ HolA|qk, o
Zeppol vg) 4719 YR Bk o e 2

o2 HISIA. 0|9} 7*01 71E AFES EAY ol
Zohd ZEgyo] o oftt YRS AU 23l
Sto] gaAl7le Aor Bis %’l uw, S dtE2 V1S
S ARtEl s ZikE gol Baska itk EAE7t AE

Ue) vaad Zung e Ssl] ARe Wlsh BU
A§/d8ta(Manzocco ‘5 2000; van Boekel 5 2010; Jo &
2016), BBkl Thls 2o TR 23 Age 4
RARYEE PO Wil A W2LI 088
& =0l= Ao® HIsgtHDewanto 5 2002; Xu 5 2007;
Kim 5 2013a; Cortez-Garcia 5 2015; Jo & Surh 2016).
FAioote] 93t U o] LHAHA A AAZHC
2 Ficol B2l AF50] Wol BIHT gk, FujolA
+ S} =4t Fleobe] JFd RS vl ARt A
TH(Sim KH 2019)& H|E3A tiF-2o] Fieof AAHAE
FHET BEEE Hlug AtEclth(Yang & Hong
2016; Park 5 2017). Fo}9] 7] A] FAHE Hslo| of
o AFEE 47 2IAHNA Fote] olslehE E4e
A3 Kim AN(2016)3 F]=ote] FA]2] oA dRH
4 A2 ZAS BA5 Goh & Lee(2017)9] d50] B
v /oy, ohefet 22| IolA Fmote] YRR
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2 Q7o FAeolst go 5ol 2oy 4y
o] o]-&5t= # 7| (steaming), 4}7](boiling), 7] (roasting)
Soz 7UE T AwolE 2T T JPYL Wt
£ H|wsto] Sk Fiicoto] gh= H A9 xS A
1 9 AxAaE AFsad gt

1. Az ¥ 0t =2

UL Feote] ZeE QJrdE WsE BAa)
SIa1A Ut Aot ol T A4l TP AR B
Holl 4 20159 8o AR Ft0kE 411 FTOA 2019
Y 390 TSkl APARR AHBect. £k Aeolo}
2o =gl 2 Fol 1 wol Agehe A7), 47,
3] ZEE Adstel 54, A%, B Aotz B
st dEPos 2sA g A4 AwolE Ausiol
B|TSIT) 7 RelpEE A7 22 SRS Goh &
Lee(2017) % Kim AN(2016)9] A+E 7|2 & stof of 2
g9 du A& Boto] B Ao IHA 2AstA. BE
Aae 770 33] Aldste] 2715 AAR v F kot
9] 1089 SiFol= SHRTE B A2004 1087 I
AAZ] Fo| E715 F&3] AASt Z2+e] e gt
Az st

Z< Fieok= A7 A"EFA(Food steamer, HD9132, Philips,
Seoul, Korea)E ©]-835}0] Aol 3087 & Fof 429
A BRI, A Feols Fwot B su) R4S
YT B Bo) 787 Aot AL0IA Wrkatelc Ee 22
FAlcots Aols A4 AT A AR A= 3
AE-S7](MK-300, JC Company, Seoul, Korea)E ©]-85}c]
180 CoflA] 727t Fol A-2oA Yztsiilth He Alas
Z2| $of| F21%st] -72T Yaalof| EastiA 4
ARz Agatal

2 QHNE U & AOINT 24
Q ar

U B AlZ T (MFDS 2019)9] BH-S Zasto] ot

[e)
<1 Zro] EAstnt. 8 S 105 CollA A7tz
Hog BASY Y, M 3RS Kjeltec System(Kjeltec

Auto 2400/2460, Foss Tecator AB, Hoganas, Sweden)S A}
85} Kjeldahl EsjHo 2 EA5Itt. A oh=F2 =

A"} Z%Z7](Soxhlet Avanti 2050, FOSS Co., Hillerod,
Denmark)S AR85}0] Soxhlet WOz BASIY T, X3
3=EL 550~600C2] A 7]3)8}=(LEF-105S, Daihan LabTech,
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Namyangju, Korea)2 AF&3to] X7 sjshgoz B
o eeslE FEe 48] WA (100 ol H S, %
g, ZAW, 2302 50 BE THkslel s

Z 4]o]df(total dietary fiber, TDF) 52 Alo| -5 3=
ZAX|(Fibertec 1023 System E, FOSS, Hillerod, Denmark)Z
ARgSto] a4 SFRoE EASIITE Al® 1 gofl 0.08 M
phosphate buffer(pH 6.0) 50 mL2} a-amylase(Sigma-Aldrich
Co., St. Louis, MO, USA) 0.1 mLE do] 95TCo|A 1587t
AL Fof Ao YZste] pH 7.5 2ES o
protease(Sigma-Aldrich Co., St. Louis, MO, USA) 0.1 mLE&
Y3 60CoA 3027 wRESHITE Al A2of dZtsto]
pH 4.52 ZZA3t 5of amyloglucosidase(Sigma-Aldrich Co.,
St. Louis, MO, USA) 0.1 mLE ¥ 3087 wrlsto] A7
I g ol g4 JleEsiE shxlch AEd SES
AATE Algo] 60T ofleheS Wi A20]A oF 1A A
Sto] Alo] 92 sheteral o crucible ofsteict. b
2 ZHA= 78% ofghE, 95% ofehE, otMlE O & A5}
o AZT T FHE ZHelo] okl Ao & 4
ol %ol PFE AEeIT 2P ER S8 ko] o}
27] o] BUT 7IE0R YR TS WlLsh] 9
S RE JPHEE SRHHS AR AT 7|y matter
basis) 0.2 FFAISHA] B SFYTh

TDF (%) =
(Residue weight — Ash weight — Protein weight — Blank)
Sample weight

x 100

3. OjO|i=at B4

opu| AR AlZZA(MFDS 2019)9] HFH-S 3t115}o] o]
2 wg AzntE T o2 BASITh A& 0.3 o]
6 N 94t 5 mLE St Fo] AATtAE Yol 110TAA
2A1ZF ZHESIE shth Alse AddE Fo) 002 N
AAF 10 mL2 -85}t AlZ ML 0.45 um syringe filter
£ AR&sto] ot Fof ofm|iAk E4]7](L-8800, Hitachi,
Tokyo, Japan)o]] 21 Fo]2w &R ZH(lon exchange
2622 PF column, 4.6 mmx60 mm, Hitachi, Tokyo, Japan)Z
AMg5to] HASIATE O] EAFS pH-l, 2, 3, 4, RG(Wako
Chemical, Osaka, Japan)@} ninhydrin reagent(Wako Chemical,
Osaka, Japan)E AHEolo] i FHjHoz B350,
AlE FUFS 20 1L, 4 25E 57~627C, ¥ Y 2%
= 1357C, buffer?} reagent®] 542 0.4 mL/mind} 0.35
mL/min© 2 3} 570 nm&} 440 nm T A EA519 T

= ofiAt FFE FEEAFZ AX AE VIR gt
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A HPARS Z|HPALS] HE of| AH| E(fatty acid methyl esters,
FAMEs) 3% A& AX= AEZFHAMFDS 2019)3} Garcés
& Mancha(1993)9] W& Zarste] B4Rt A5 &
ERAXFY HehE 2:1(vv) EEAS ARESto] ARE 3
20 0o WS g4 sy SERUoR dshe
Bofl Sk g At v o|ABIES &5l AAY S
AH APiks A6 AAE B4 gas chromatography
(Agilent 7890A, Agilent Technologies, Wilmington, NC, USA)
¢} DB-23(60 mx0.25 mm, 0.25 um, Agilent Technologies,
Santa Clara, CA, USA) ZdS AFgolo] th3 9] 2AOCRE
A5 A3oll= 50TCoA 17 5% 225 FAI5H31
o7} 130°C7HA] 18T 15°CH 228 £33, thA] 170C
THA] 189 8 CH 25 =2l o 215C7HA] 129 2TH
2LE =9 108 &% 255 FASHAT. AR FAFS
1 L, 5= 2507C, o] 5AFS dES | mL/minC 2 F5}
At} A&7 BZ0]&3H<7](flame ionization detector,
FID)E ©]835tc] 250C 22 B4ttt A|HHAL 2442
212+ 9] A|HtAF 24 9] AR 0tE 13T} retention timeS
s Ealo] GIsIST. BE AAE RS SREAS AH
A% 71202 Bystel s

5 FI1&d 24

F7182 AF5H(MFDS 2019)9] Wi& Zarsto] &
St A& 0.1 gl 2% FAt 3 mLe} FHFE &3t
3087F A-2of =2ttt microwave(C900, Ctrl-M Scientific,
Cerritos, CA, USA)°lA 100C & 1,300 W 27 A 587k
140C 2 1,200 W ZA)A 1087, 160T 9 1,200 W Z
oA 10837F 200TC 9 1,200 W 70| A 2087 A=
& 7tEEsfsks 1S AR ol2’t o] ¢ A=
+ 50 mL HAERAT ] Hol SRR 83t o &9t
RBEEA0R Hofste] Fr1d BA4S 93 EE8do=
AREsATE 7182 ICP-OES(Inductively Coulped Plasma-
Optical Emission Spectrometer, Optima 8300, Perkin Elmer,
Waltham, MA, USA)& 45}, radio frequency power
1,300 W, plasma gas flow 12 L/min, auxiliary gas flow rate
0.2 L/min, nebulizer gas flow 0.65 L/min%] XAOC.F X
stk #7149 F7E 32 Z<(Ca) 317.933 nm, Z
E(K) 766.490 nm; 21(P) 213.618 nm, H(Fe) 238.204 nm,
ul 74| %(Mg) 285.213 nm, ©}1(Zn) 213.857 nm, T7HMn)
259.373 nm, YEH(Na) 589.592 nm 5O&2 A5}t &
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6. HIEIR! &4

HEt2 el dze] vlesbi o2 5510] HPLC(Agilent
1260, Santa Clara, CA, USA)Z E435}3THThomas 5 2001).
Zh 3 A<7]+= Vydac 201TP C18(4.6 mmx250 mm, 5 ym,
GRACE, Santa Clara, CA, USA)Y} PDA detector(Agilent
Technologies, Santa Clara, CA, USA)S A}&-5}0] 452 nm
Sol ] RS ol AL WSS, FES, FRAE
6:1:3(v/viv) BlEE EFTT &S ARESIRTL, °o]54) B=

Here, Rete Z85E 89.5:10:0.5(v/v/v) HI&E S35t

|AE AHESHR o, 42 1 mL/min, FYFE 20 1L,
4 2= 40T 202 EASHG

Elolgla} Yolile Kim 5(2014a)2] HWHHE i1s}o]
HPLC(Nanospace SI-2, Shiseido, Tokyo, Japan)2 £4135}9]
t}. ZHH31} A=7]= Imtakt UK(4.6x150 mm, 3 pm, Unison
UK-C18, Imtakt, Kyoto, Japan)2} PDA detector(Accela
PDA 80 Hz Detector, Shiseido, Tokyo, Japan)S A&-5}o]
270 nm ITRFOA EA5YTt o] 5L 5 mM sodium
1-hexanesulfonate -8-98(J.T. Baker Chemical Co., Phillipsberg,
NJ, USA)Z} 60% WS &3+-8-N(Thermo Fisher Scientific,
Seoul, Korea)Z AR5}, 42 0.8 mL/min, FYFS
20 UL, 2 Lx= 40T AR BAFA.

FEZE BALS AOAC(2005)2] FFFEHS 0|83t
Jin 5(2016)9] W& Farste] EASHGIHE A=) 0.1 N
FAHJunsei Chemical Co. Ltd., Tokyo, Japan) 50 mLE Y2
Sof 1E7](SI-220A100, Sejong Scientific Co., Bucheon,
Korea)2 121 COIA] 305 ot 1stgieht Waksteat. A
29 0.5 N A E E(Sigma-Aldrich Co., St. Louis, MO,
USA)E 20| pH 6.0°.2 23t Tof 0.1 N GALCZ pH 4.5
2 2% 2 100 mLZ 8313t A2 Whatman No.
2 oI = oIt Fof 3% IrPIHPAE(Sigma-Aldrich
Co., St. Louis, MO, USA) 0.5 mLE do] 287} ¥X]5}3th
7} 3% THAFSI=A(Junsei Chemical Co. Ltd., Tokyo, Japan)
0.5 mLE do] HHEo] 7| YAEE]7|(LABOGENE
1580R, GYROZEN Co. Ltd., Daejeon, Korea)Z IHES A|
A% Fol AR HEGUAS 212} 435 nmS} 545 nm 1
oA EAstoct. BE HlE T2 SEEES AA AE
7|1E0 =2 gitsto] Hlawskelth

F714E S Sung 5(2008)9] WS Farsto] BASHA
A 2

o j=4
o A& 200 mg o 555 10 mL & 4]°] 0.2 ym membrane

filter(Whatman Co., Kent, England)2 ]33t t+2 HPLC
(Ultimate 3000 series, Thermo Scientific Dionex, Sunnyvale,
CA, USA)E o] g3t} thee] 2702 RAsteltt. 2w 4
Z7]+= Aminex HPX-87H(300x7.8 mm, Bio-Rad Laboratories,
Hercules, CA, USA)2} RI detector(RefractoMAX, ERC Inc.,
Saitama, Japan)E AM&-5lo] 210 nm T A =435}t
0]5A2 0.01 N 34K(Sigma-Aldrich Co., St. Louis, MO,
USA), 942 0.5 mL/min, 28 5= 40T, A& FJF
< 10 uL o] 270 = 30 &7t A5kt 24719 5=
REZAE A45t] peak O] WA A0 AE 714
FEE A% o FREAS AA HE 7SR Sl
o

4

FEE FFS Kim 5(2017)2] WS Farste] £4st
ATk AlE 200 mg ol 75 10 mL & 23F5to] 0.2 um
membrane filter(Whatman Co., Kent, England)Z oj3}sF &
o] HPLC(Ultimate 3000 series, Thermo Scientific Dionex,
Sunnyvale, CA, USA)E AREolo] th2-9] 2402 HA5}
At ZHL Sugar-pak(300x6.5 mm, Waters, Milford, MA,
USA)S ARE513 A, AZE7]= RI detector(Shodex RI-101,
Showa Denko, Tokyo, Japan)E ARE5}0H, 7]7]9] o &2
LEL 70TR SRS O EAL 3% FRA A
0.5 mL/min, A& FUF2 10 pL o] 27O E 22 B7F &
Hetelet. 22te] B BEAS 2okl peak 9] T
o Aol AW felT BFL BT o FREAL
AX A& 7]1€0 =2 FHilkoto] v WS

W)

o

8. SHEA
= A3 ZAil= SPSS program(Version 24.0, SPSS
Inc., Chicago, IL, USA)& AM&Sto] H41} FEHAZE Y
B, Fo4 AHE Y LEAHEA (One-way ANOVA)
T} o= 913 Y H(Duncan's multiple range test)O. 2 A]&
7re] ApolE HAISHATHp<0.05).

gt & nE

1. TLHAE 3 -0fe] X2 S dkdR ek

ZUAE Fleoto] e AR kS EAT 2
TH= Table 13} o] AE 7|&0 & FHilsto] ] sty
ZF 2 Fleote] AE T2 91.51~98.55%, £
THEEL 12.84~14.04%, ZAH TFEES 1.34~1.99%, Z3]5E
TS 1.95-2.43%, B3R FHFL 76.94~84.14%, & 4]
oJR FHFZ 7.91~11.47% HIE Yt olF A2
I &#3kE FgolAs S5 Aot 98.55%%} 84.14%
2 7P 2 S 1ol RHE, A Fkobrt 91.51%¢2}
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Table 1. Chemical compositions of different cooked quinoa seeds cultivated in Korea

Chemical composition

Cooking methods

(% dry matter basis) Raw Steamed Boiled Roasted F )
Dry matter 91.5140.16° 98.55+0.05° 98.45+0.05° 97.82+0.10° 3,633.439 (<0.001)™"
Crude protein 14.04+0.60 12.84+0.30 13.71+0.50 13.48+0.68 2.664 (0.119)
Crude lipid 1.99:+0.03¢ 1.63+0.0.05° 1.34+0.04° 1.50+0.07° 94.702 (<0.001)™
Crude ash 2.43+0.09 2.110.04 1.95+0.48 2.34+0.08 2.246 (0.160)
Carbohydrate 76.94+0.92° 84.14+0.33" 82.41+1.83° 82.94+0.77° 21.297 (<0.001)™
Total dietary fiber 8.84+0.85° 10.55+0.13° 7.91+0.90° 11.47+0.71° 15.268 (0.001)"

Each value represents mean+S.D. (n=3). Values with different letters (**) within the same row differ significantly (p<0.05) through one-way

ANOVA followed by Duncan’s multiple range test.
"p<0.01, ""p<0.001.

76.94% % 7P W2 @S 7 A2 HEITHp<0.001).
Zotid bt 23 ol A Feobrt 14.04%}
243%2 7P} 2 TS BAL, T5 Fworel A% A
OF7} 12.84%%} 1.95%2 71 W2 oEge Hlou, 2T
HEE I Aol7t Qle Ao=® YEhth 2A(p<0. 001)
ekl & 4]0149(p<0.01) T A Fi-ofe}
Aot} ZHzZF 1.99%2} 1147%E 7Y =2 32 7}{1
Aoz YeRtT, 2 Fweobrt 1.34%9}F 7.91%=2 7H W
2 T2 7 AR Yt

Flobe] AWM E g BA AolA= A

uhE oz A
Hol4eg AT e AL

Aot ©ElET
w9l whelo], A4 Foks e AL BT Te %
chu gkt 238 ol Zeluyo] o gk &)

o|7} A9 e AL=Z UEITH:. Seol 52012y F= 7t
Fstd gof o] T do] oAby} fEo] =R Eof 5]
of & tgfo] Wolxl= Ao ® Huskh 1yt &
Aol FAleoto] el Jhgo] XeHER Zjo]7}
fle Aoz Yetded, $7F S$olA Feote] & o
Fol & "HolA|ut, Fof v #A| 7] wzel Seol &
(2012)9] A+ A¥e} ApolE HQl Aoz HZHE). ot
SFE o] FFE W= AE, 2AY, geskE g 2
2ol met o7k & Aor Yetged, 2=t
S ] dFE Fol oS 459 FlE Wl
& 722 YA Cheigh SIS AR =
7} 224E 7o) 4R FlEfo] Y2 Aoz WIS

Jin SQO16)E Lo Z2le 42 727} A 2740] 1
o e 2 UL 7Hl A0R BHuste] B AT Ao
A %S Bt 53] A8 AR FFoIA £ ]
2 AASHe BEE T S8 Bgo] PG wol
zeglol gt Rjolsh 2 Aoz ekEch 2Ae) 4
S 4 Fote] gheko] 714 e o] A4 Fob)

Fagol 1 Woket, Aol 4k Fo] o] At

Felol A ol upUsh AT A0 AZEL,
St A uolol olof AW S50l Y3t 4% Feol
9 B9= AwolE H

Ficotel S5
colel 44 Ao B -
o TASHA Varo 5(1984)2
ol A F7Ao1o] Aoli5 ol Fheke Aoz sl
R, AR A oA WA= ARNkE =
sl otk BBR02 284 deliia 39
57] the] & Hold§ Yol Z7FRE A0E YA
t}. TESF Bressani R(1993)2 b2 X9k %Oﬂ ‘;PIIJJL]' Z
2ok Tl A Lol Sshael My o R Thuust 4|

o] 719 E-3A|(protein-fiber complexes)7} A= o] &
Ao] - ggol S7tote ZAoE Histgleh B At 4
oM ZAHE7t 7P =3 E B Fkotd] F Aol R
orgo] M w2 AR yEhgton, A7 3ge SHA
B9KEl A Arolel VIS 3 8 AR S A 54
Fiolol 38 FAkcle] B 0GBl S Ao
2 ehde. ek 24 sAkolel B8 Aolel 2o] 24
g S AN As Aot F “OWO o] 23]
Aadh= ZAS 2 YERGE=t|, Hefnawy TH(2011)2] d5Lo]
HE 4Fe A9F FA) § Aolds geo] & AFolxel
Bol BaE AFE Bol, U AL o] 2elo] Bl
A UQEA £ Holig Pl TASRE A0 B
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F10}(138.20 mg/g), B-S Fok(116.67 mg/g), A FHio}
(108.16 mg/g), &4 F=oK98.43 mg/g) =0 & o} Ato]
T dFol 2 A2 E UEHHTHp<0.001). EF ofr] e Abs
|20l Al} BepoluliAbo 2 Lol Zb7te] ofli:
A SFE HlwokglET, E4obr| At FollAds FAl(leucine),
gto] X (lysine), H'd g2t (phenylalanine), E&| 2 (threonine),
9F (valine), 3|4 E]H(histidine), ©]4AF-Al(isoleucine), HE] Q. mg/goi 713 2 dHido, A -’le_o}-J SFS (.72 mglg
(methionine) <=C. 2 ofn|1Aito] TFeo] £9kal, H|E 4ot S8 7P R2 A0E YEhgow, ofuAt Fof 7 A
LAF 2o s FEEAKglutamic acid), OFAIE E Xl(aspartic 2 cfo] Eof Qlo] A& 7o) §F Aol= Tt

acid), oF27|'d(arginine), Sto]Xl(glycine), L& (alanine), Al AlZOo] =Q ‘I‘OJZ\_?_] hizle 71 28] Sof Tty E R
P(serine), TEH(proline), E]ZAl(tyrosine), A]~H|QU(cysteine) LI A3SHE7] 4| FEIE HSlolo] 43} o]l EEE &Y
£0 g olu|i- At SteFo] =Qktt. £5] "|Wrotu| 1Aty O 9lch(Hefnawy TH 2011). 4 APAL(Koehler &
Zofu| At HE A& Folo] ofm|iAl Fheko] 88.23 Odell 1970; Jang 5 2018)oA = LG} ofn| 7| & 7}

mg/g¥t 49.97 mg/gO 2 7HF w2 R, S5 F|iotd]
obu] 1Al $HFL 63.06 mg/gT} 35.37 mg/ggi 7 wortt
(p<0.001). THL, v]<pobu] it FojjA Fepde thE ofr]
AR e A Fleobe] ool 4.60 mg/go® THY W2
Aoz e THp<0.001). 3 rﬂ*ohﬂliﬂ 3ol dEL

2 tE oAt g8 BE FHLolo] o] 0.89

4 &2

Table 2. Amino acid contents of different cooked quinoa seeds cultivated in Korea

Cooking methods

Amino acid (mg/g dry matter basis F
(mg/g dry ) Raw Steamed Boiled Roasted ®)
Nonessential amino acid

Ala" 4.60+0.22° 6.5440.01° 9.48+0.35 7.2440.31° 186.913 (<0.001)™
Arg 10.47+0.38" 9.29+0.10° 13.53+0.08° 11.15+0.89° 40.762 (<0.001)™
Asp 11.9340.57° 9.76+0.12° 13.60+0.32° 12.4940.56° 41.583 (<0.001)™

Glu 18.04+0.40 15.750.24° 21.0940.11¢ 19.111.99° 14.124 (0.001)”
Gly 7.69+0.26" 6.87+0.03" 9.19+0.10° 7.88+0.45° 40.575 (<0.001)™
Pro 5.48+0.16° 4.59+0.07 6.54+0.11¢ 5.71£0.10° 147.776 (<0.001)™"
Ser 6.37+0.24° 5.73+0.05" 8.19+0.18° 6.60+0.29° 74361 (<0.001)™"
Tyr 3.48+0.20° 3.16£0.05° 4.65+0.17° 3.67+0.39° 22.651 (<0.001)™"
Cys 1.52+0.05° 1.38+0.08" 1.96+0.12° 1.47+0.11° 22.226 (<0.001)™
Total nonessential amino acids 69.57+1.00° 63.06£0.48" 88.23+0.95¢ 75.3343.34° 103.391 (<0.001)™

Essential amino acid

His 3.78+0.14° 3.3440.05° 4.68+0.17° 4.00£0.20° 41.417 (<0.001)™

Ile 3.64£0.19° 3.45+0.08° 4.99+0.11° 4.06+0.24° 50.322 (<0.001)™"

Leu 8.31+0.38" 7.69+0.11° 11.1440.26° 9.04+0.61° 45.906 (<0.001)™

Lys 7.17+0.38° 6.38+0.05 8.89+0.23° 7.4240.36° 40.519 (<0.001)™"

Met 0.72+0.00 0.75+0.11 0.75+0.11 0.89+0.44 0.325 (0.807)

Phe 5.26+0.20° 4.81+0.08° 6.89+0.20° 5.67+0.37° 46.462 (<0.001)™

Thr 5.1240.21° 4.6240.05° 6.58+0.11° 5.39+0.27° 63.028 (<0.001)™"

Val 4.60£0.22° 4.33+0.03° 6.050.04° 4.88+0.19° 81.521 (<0.001)™

Total essential amino acids 38.59+1.71° 35.3740.37° 49.97+1.01¢ 41.34+2.69° 41.735 (<0.001)™"
Total amino acids 108.16+2.71° 98.43+0.85" 138.20+1.95 116.67+6.02° 71.529 (<0.001)™

D Ala: alanine, Arg: arginine, Asp: aspartic acid, Glu: glutamic acid, Gly: glycine, Pro: proline, Ser: serine, Tyr: Tyrosine, Cys: Cystine,
His: histidine, Ile: isoleucine, Leu: leucine, Lys: lysine, Met: methionine, Phe: phenylalanine, Thr: threonine, Val: valine. Each value
represents meantS.D. (n=3). Values with different letters (**) within the same row differ significantly (»<0.05) through one-way ANOVA
followed by Duncan’s multiple range test.

“p<0.01, "p<0.001.
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A2 7F Fiofe] ofm| At FFS zol=dl 7|5k
2 g

Koh 5(1996)2 ofw|ieAte] F ghgo] w O HA| of=7]
oA EEAL SFREAN 59| ofn|icito] WE4E Uil
Aol siel=d], WAL Fotoll= SF|AL ofAnt
4h, of271d 9] =0 = ofn|iAho] ghego] obAl Bl
Bo] 7hAoF & 85 FEIAL = AR AlRHT
5] A& otz o]F ofn|li4t] fHefo] 7MY 5 B
gk ofy e}, o] B&3t o]l gk 7MY 7] Wi
Fols #i= B0l 4ot $2o& Xesiol A&HoR o
Fe HIotHA 7|28 FAE 5 Z 202 7dd
o ol S5 Folo] Ff= HAAF g ofn|iAite] §
ol 714 e Aow UehH 2% Fwoke] ofuliab
@l 22 o] ast Yo g3t F7 A7} B

0

23

—

%

sy 2

o [ s T
s I

—

FUE Feole] el

i)

o] w2 oJokA R uw 123

3. B FAi0f0] Z2LHHE KB T

S Feote] Zelhe A 24 2
+ Table 33} Zro] ZIPX|HH4T} EXSA|AO & Uprof
H| wohich Fioobe] ZBFRARS T| E4k(palmitic acid,
C16:0), H|FAK(behenic acid, C22:0), A H|o}=2AKstearic acid,
C18:0), BI1x-AZAkK(lignoceric acid, C24:0), o}=}7|=At
(arachidic acid, C20:0) &0 2 X|H}AL glgfo] Woly, B3
SR RPAES. Bl = AK(linoleic acid. C18:2), &&|AHoleic acid,
C18:1), &=-g]=AAKa-linolenic acid, C18:3), of|FAJAt
(erucic acid, C22:1), ofo] ZAllAk(eicosenoic acid, C20:1), &
HAk(nervonic acid, C24:1) <02 X|qAL $tafo] wWortt,
ZYYHEE ZIRAO] S Bl AaolA F 2
SHAHARS A Fleolrt 7MY wUAL, A F{eolrt 7
AT p<0.05). 1Y 247+ LSRR 2AHS B
Ao|A= A Fwoto] dhgo]l MY ESH FUEA
(p<0.05)= Aot FZ Ficobe] ZIIA|PAF Jhgo] 7}
T w2 AR YEhd v, A& Fobo] EIFA|HR4E
S 7MY Rkt B3 o EANp<0.01)T 1A
B4Hp<0.01)2 £ Fotet FYsHA A Feotet S5
Flote] Fgol 7MY w3 oH, AHOIEARS ZERH I

Table 3. Fatty acid contents of different cooked quinoa seeds cultivated in Korea

Cooking methods

Fatty acid (mg/g dry matter basis) Raw Steamed Boiled Roasted F )
Saturated fatty acid
Palmitic acid (C16:0) 6.1340.19° 5.77+0.03° 4.28+1.13 6.02+0.01° 6.820 (0.014)"
Stearic acid (C18:0) 0.30+0.02° 0.3120.00° 0.2520.05 0.3240.00° 4.046 (0.051)
Arachidic acid (C20:0) 0.20+0.01° 0.19+0.00° 0.1420.03" 0.2040.00° 9.832 (0.005)™
Behenic acid (C22:0) 0.39+0.03° 0.4120.00° 0.32+0.04° 0.42+0.00" 9.867 (0.005)™
Lignoceric acid (C24:0) 0.23+0.02° 0.24+0.00° 0.19+0.02° 0.24+0.00° 9.551 (0.005)"
Total saturated fatty acids 7.24£0.17° 6.9120.02° 5.17+1.27 7.2120.01° 7.085 (0.012)"
Unsaturated fatty acid
Oleic acid (C18:1) 10.29+0.13° 9.38+0.02° 7.18+1.39* 9.69+0.05" 11.265 (0.003)”
Linoleic acid (C18:2) 33.66+0.71° 31.0620.33° 23.7743.84° 31.5440.26¢° 14.471 (0.001)”
a-linolenic acid (C18:3) 3.7740.07° 3.46+0.04" 2.55+0.48" 3.4540.04° 14.091 (0.001)”
Eicosenoic acid (C20:1) 0.72+0.02° 0.68+0.01° 0.52+0.09* 0.71+0.00° 11.912 (0.003)™
Erucic acid (C22:1) 0.85+0.03° 0.8240.01° 0.63+0.11° 0.830.01° 10.149 (0.004)”
Nervonic acid (C24:1) 0.14+0.01° 0.17+0.00° 0.12+0.03* 0.18+0.00° 13.685 (0.002)"
Total unsaturated fatty acids 49.43+0.70° 45.56+0.41° 34.78+5.92° 46.40+0.36° 13.685 (0.002)”

Each value represents meantS.D. (n=3). Values with different letters (*") within the same row differ significantly (p<0.05) through one-way

ANOVA followed by Duncan’s multiple range test.
*p<0.05, “p<0.01.
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webA] AR Zre] AAL Gl Folvt gl AOR et
ek ZEEEE BRSPS BN AddA & B
EOAPARS ESA P} FL5H A ot MY
O3, A Aok 74 HITHp<0.01). Tt ZHzke] B
ESAAE 24 S BAT BRIME S Fote] I
o 74 £E YA AL, 4 Fwote] AYA T
o] g o whe] A% Awote] AR Aol 1
I TH(p<0.01).

2 A7 AT Ficole] 28 AL Bl 27
AT, B, P3t-SEALE g Re o FasH: A
O ettt TEt ol ALY FaTol g ¥
A% Fwols ASHL YeA e 4 okt
3% Aol7k A9 Goich. olefFt Ar ARl %
A ol 7P Ak A Fwote] Aot v 7
L BTk 53] %8 Aokt 4 Awolo] uls) A4t
Faol A9 gastA] b Bk opeh, BuEAS A
olgt TR o] HOH AR 0518 Fepo] UK AOR
e PEASE R Fo EabAuAt BEIAY
A ggo] 2713 A0R HAF Jang S(018)9] A7 A}
o} ozre] Aolrk Yoiek. et FAE B Ao] ARA
2ol FFol IPol P Ao Uehd Dumaz &
Gokmen(2010)2] AF9F A32] 4 AFS $& Fof A
A gl 271 Ghim 5(2016)9) A7, 18 RS
o AL ggol 713t Hama IR(017)9] AT 53} f4}
3 ATE HoH Fwold B ol YR TakAA
Z7Mo) RS TAE Aoz gorEch thak, dof ot 2
ESAPAS 47] Fo] Fago] £UYODE T BE
SAALS. FFAREe} Tl A 2eHE Agstol
x2Sk ol EHY Ao A

&

A FA B YT}8|A)

4. =LA Fcofe| =2|dH 2|2 &

TUAE Fieote] x| F7)d bR Table 4 &
2ot FAcote] xeiHd RU1E g2 7, 9, vk
&, ZE, UEE, &, ofd, B 22 4=, s
F2 432.45~608.92 mg/kg, ZE T 3,942.79~6,485.82
mg/kg, 91 L 3,749.72~4,448 29 mg/kg, A T 43.58~
53.95 mg/kg, U} 1Y% SHFS 1,624.44~1,918.47 mg/kg, of
A S 31.90~42.38 mgkg, T S 20.81~28.75
mg/kg, UEE TF 54.21~106.14 mg/kg 9] HYE EH
of ZEERE Foole] 714 kg BAS Aol A
L 25 (p<0.001), Z-E(p<0.001), 21(p<0.001) 5 A F=
ol9] geFo] 7H =9k, H(p<0.01), BFIY|%(p<0.001),
o} (p<0.001), FTHp<0.001) 52 A5 Fote] o]
7P w8kon, HEF(p<0.001)2 £ Fote] TFo] 7t
7 =Skt 53] A Footbe] ol 7P Wtd et
HEES Aoty tjFE2 55 Fote] o] 7P &

'I-E-c',t

ol rlo

3, AlF, 7thsts iR 2 AAgoA
G40t (Chung 5 2016). & AL L7
Qstar £714d dhgo] £ Fof Fach=s AL
2 Uehgth giFEel APAL(Oh MS 1996; Hefnawy
TH 2011; Son 5 2013; Chung 5 2016)X %= &+ =0
HAY HH Fof F7149] ghgo] Fasts AR Hilst
At Aot FLL MAHst= PN L, ZE. &,
v, B1E HER, 78 59 4F 771480 £4E 5
UAITH(INIAP 1986), AlFo] TrjE]= thFE2] Fiol=
HHA FHAZ AMESH] o Ao vl MHTg o
F7149] g d47F A2 Holt} thyl, AE9 FFRY &

ePgo] met 22 o 771 gl ozl Aozt U

Table 4. Mineral contents of different cooked quinoa seeds cultivated in Korea

Minerals contents

Cooking methods

(mg/kg dry matter basis) Raw Steamed Boiled Roasted £
Calcium (Ca) 608.92+1.144 432.45+19.99° 472.34+10.92° 534.70+£7.61° 123.286 (<0.001)™"
Potassium (K) 6,485.82+283.55¢  4,864.88+309.29"  3,942.79+£167.91*°  5915.64+114.45° 70.236 (<0.001)""
Phosphorus (P) 4,44829+174.68°  3,749.72+160.05°  4,364.70426.75°  4,098.60+53.66" 19.892 (<0.001)"™"
Tron (Fe) 52.50+6.86° 43.58+0.55° 53.95+0.34° 45.34+0.87° 8.977 (0.006)”
Magnesium (Mg) 1,791.60+50.88°  1,624.44+8.55 1,918.47+11.92¢ 1,685.36+22.83° 60.101 (<0.001)""
Zinc (Zn) 38.13+2.05° 31.90+0.61* 42.38+0.38° 35.90+0.15° 48268 (<0.001)™
Manganese (Mn) 27.00+£2.03% 20.81+1.29* 28.7540.54° 25.6120.74° 48268 (<0.001)™
Sodium (Na) 89.56+5.58° 72.01+4.30° 54.21+1.71° 106.14+£0.41¢ 114.035 (<0.001)™

Each value represents meantS.D. (n=3). Values with different letters (**) within the same row differ significantly (p<0.05) through one-way

ANOVA followed by Duncan’s multiple range test.

“p<0.01, "p<0.001.
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T} Ahn MS(2000)= HAFE AETH o Z&, YEF, vt
IvlE 52 850 =UANL 41 4, 79 52 &5
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£ HFE "ol ZEol 7MY Hol &&= ZoE By
o} E3F Chung 5(2016)> LS 7hgo] A2 AFES
2 2YPE Yol= Fr1E] ZEgo] 2 Jes Hils
Aot 2 AN T Ak FieoZt A Fieotel H|s ZAEL
UEFo| 7 wol ZHashs= vhde] &, vpadl<, ok, %

25 7S A% Berh et £ Ao A4
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Zel3 5% HAkotd] $/1d Papol Ao b e
A0 WA Fliobe At Iel 57149 ol
4k Al Tet $7 A7t Bad Aoz Arr.

5. TLHAF R0l Z2|uhHe H|EtD] Shaf

AL Ficote] R vetyl dFS B4 3t
£ Table 59+ Zt}. Fcote] e vjgtyl T2 Y
ofal, Elotyl, gjE Iy, HEIZH +£O0& &t Fk
ot] WetZEl T2 19.73~56.28 pg/100 g, Elotyl FF2
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Yo}l 3FEF2 0.59~1.15 mg/100 g HOE 7} Aoz
Uepgth 2ESHER Foto] vk S BAgH 2
ol A A Aol FheFo] 7P =2 F0E YENI, &
S Fcotel o] 7HF Wokd HE R E (p<0.001)S A
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Ax, A5E 2YE T B0l 84 vliE
o] A Alzof Hls A HFASHA AUAAIT, 417] &
v 295 o AolA 84 HlERlol 45 Ha
2 Aot st 2AE Eth 9] ol &
QFgste] 100T o]4 7HEstH &0 =2 HolH,
H| A Ao}l Fof QPgeh g ETIE g, 734,
A2 Sl s A EsiEo] HASHA Hroh(Park &
Kim 2011; Chung 5 2016). Thak, YoFAlS & Ak bzt
BA, 371 5ol Histe] JFE gol A Yol 27 S
A £AHA] Y= Holtk(Park & Kim 2011; Chung 5
2016). 1Y Fleok= Gof| Bl A JFS @ e Yol
7 YEEHHE 22 Fo Eolyly}l o] FA Faschs
Ao = Yttt o]e Aat= -84 BlERIQl Yolili}
g EETIo] 7HEIYoA FZ]o] ABMEHA ZE|FE
Adek 825)o] 7+ASH A0 & wdE tiChung 5 2016).
53] Yolilo] Be+= X459 o] 2hEFo| JIet IF
2 u|xE= Ao7 H1Eo|(Kim 5 2013b; Chung 5 2016),
22)5:0] Qg A7) sho] ZelebALt x2lg wA] g
YRI5 o] Uotdle] o ANE AT 5 U
HoZ AZHEH(Park & Kim 2011; Song 5 2014).

2 AFAToA -84 HIERIR] HEFIEHE 7HER
2] Fof o] Hashs AR YEET, Hwang 5
(2016)9] AFINME HAFE Eofl EolAY HA= 23
= &l HIEet=H"o| HAashks A= Histe] & A4
o} FARE AR HoFQIrh o|gt Adte] oS
Chandler & Schwartz(1988)+= Z &I} of| A 9] ALY
o] & sH(isomerization)7} = @lo|gti B ISHGIE=H, H|
el Elo] 7ldzx e To] B T7F P2 cis-configuration
Ol Al trans-configurations©. & W3}=|7] WjFo|ztil 4o}k
Atk ol 7tdx Y= Al 23Z ASMA dHd 4
AA 2 A5t HEFtE=E ] £215 dA sto] AU ol&
E Pl To] HATE A Algto] dojd Hfoll=
Q3] YA o]§Eo| Rord 7FsAE Urh(Rock 5 1998;

Table 5. Vitamin contents of different cooked quinoa seeds cultivated in Korea

Cooking methods

Vitamin contents (dry matter basis) Raw P— Boiled Roasted F (p)
B-carotene (11g/100 g) 56.28+2.72° 45.19+1.97° 47.10+1.80° 19.73+0.62° 197.583 (<0.001)""
Thiamin (mg/100 g) 0.51+0.03¢ 0.35+0.02° 0.26+0.01° 0.39+0.02° 71.151 (<0.001)™
Riboflavin (mg/100 g) 0.40+0.03° 0.28+0.01* 0.26+0.03" 0.35+0.03° 17.562 (0.001)"
Niacin (mg/100 g) 1.15+0.05° 0.97+0.05° 0.59+0.09° 1.03+0.02° 51.070 (<0.001)""

Each value represents meantS.D. (n=3). Values with different letters (**) within the same row differ significantly (p<0.05) through one-way

ANOVA followed by Duncan’s multiple range test.

“p<0.01, "p<0.001.
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van het Hof 2000; Hwang 5 2016). £3] gA 2] AJ7to] &
L 7Aool HglrtRE S X Hopt 34| oy, dX
2] Al7to] dojd HLo= HEltRHof 2-gol= Alst &
AE9] &4 HsF dojuA et R Y FS AN
7FsAdol &t mehA Foto] S0l vleril o] RS
TAAZIA 7] oA RELES} YA BF7F F
857] M) Fieote] Hjehwlo] Hejd BT 4 e
XEHHS Yot Aol 38T Ao=E wE

6. TLHAF F|cofe| 77|Att 7a|E &

SUAL FAote] 2eHE fEgT {714 S
43t AT Table 63} 2t} HE AololH FHE 2
g dotout, fElgd Fol e FF 2,664.51~12,477.24
mg/kg, T $EF 678,74~2,483.62 mg/kg, A THEF 8,388.55~
10,689.66 mg/kg?] WS 7M1 AL = Uetgth e
o Fole] SelY W B4 Amoln Erg BUS B
Fot7} 12,477.24 mghkgl 2 7 =911, A& o7}
2,664.51 mgkgO &2 7P WFth(p<0.001). I Fe XY
F1-otet B2 FAkol7} 2,483.62 mglkgdt 2,422.26 mg/kg
o7 ZUS 207 JPY =9k, A& Fkolrt 678.74
mgkgl 2 7P HWUTHp<0.001). EIF A dF2 A
wol7} 10,689.66 mgkgC @ 7FY %9kT, RS Fwop}
8,388.55 mg/kgC@ =2 F1-0}(9,339.27 mg/kg) B A
FAoK9,196.19 mg/ke)?t FAS FFCE 7MY Rt
(p<0.001).
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Table 6. Free sugar and organic acid contents of different cooked quinoa seeds cultivated in Korea

Cooking methods (mg/kg dry matter basis)

Composition
P Raw Steamed

F (p)

Boiled Roasted

Organic acid
Not detected
Not detected

Lactic acid Not detected

Acetic acid Not detected

Not detected Not detected Not available

Not detected Not detected Not available

Free sugar
Glucose 5,618,00+£19.77° 5,874.29+18.75°
Fructose 2,483.62+87.86° 1,397.45+336.227°
Sucrose 10,689.66+1,182.04° 9,339.27+57.84°

2,664.514+4.47°
678.74+15.36
9,196.19+58.44"

Hokok

12,477.24+298.08°
2,422.26+96.64°
8,388.55+11.13*

2,299.082 (<0.001)
69.721 (<0.001)
7.781 (<0.001)"™

sokok

Each value represents mean+S.D. (n=3). Values with different letters (°) within the same row differ significantly (»p<0.05) through one-way

ANOVA followed by Duncan’s multiple range test.

p<0.001.
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