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Optimization of Extraction Technology for Quinoa Sterols and Analysis of Fatty Acid Composition
LIU Ya—qian, LI Lin,SUN Wan—cheng, LUO Yi-hao"

(College of Agriculture and Animal Husbandry, Qinghai University , Xining 810016, Qinghai, China )
Abstract: Using quinoa as a raw material and the quinoa sterol yield as a test index, quinoa sterols were ex—
tracted by a supercritical CO,- saponification method involving a single factor and an orthogonal experiment,
and the components of quinoa oil were analyzed by gas chromatography—mass spectrometry. The results demon—
strate that the optimal conditions were extraction pressure of 25 MPa, extraction temperature of 50 °C,and ex—
traction time of 2.0 h. Under the optimized conditions, the quinoa oil yield was 20.20 mg/g. A total of 29 fatty
acids were isolated from the quinoa oil and identified, with the major components being: linoleic acid, linolenic
acid,and oleic acid. The unsaturated fatty acid content was 74.59% , while very long—chain fatty acids accounted
for 27.66% ,which was twice that of other quinoa varieties; branched—chain fatty acids comprised 0.63%. This
study provides a theoretical basis for the further development and quality evaluation of quinoa.

Key words: quinoa;sterol ; extraction ; supercritical CO,— saponification extraction; fatty acid

7l LAE K

X Hedfh , Bk, T R, . R § BRI T LA BG I BR ZE R AT R SR AP R 5 I A, 2021,42(15) : 145-151.

LIU Yaqian, LI Lin,SUN Wancheng, et al. Optimization of Extraction Technology for Quinoa Sterols and Analysis of Fatty Acid
Composition[J]. Food Research and Development,2021,42(15):145-151.

#23 (Chenopodium quinoa) J&=—Fh il Z IR,
J& TERRL, FE R E R HON I N5 S,
e AR N8 YR Y Y, R
Ui () PR 8 S A A AR G gk PR, B KR B AR
TR WE SN, BXT TR IR MR >
Wo BIFFE I, 2 22 0 i v A0 5 K Y AR W T A
VEH TR XUHEHE(1996—) , 2 (U)W =AF 58 A, RS2 7 1« B fin
TH%4,
*MAFAES PR (1976—) , o (L), @I A F58 07 1) : T
i

S SRR HIR CHENR TR A S I f e R ),
AL T IR Bl T A

FEH) 15 B (phytosterol , PS ) J&AEL4) 4T A 5 110 T 22 4%
Ry, B8 HE A A BTRL ™, B A R A E SR ]
HE) S I ELAT TR P i 2 1 I B ik o 4R
XS TR BA PR FLRT BT S K A
Y KD RE R M AR AR B UESE . H AT U )
HY P 7 | R IBCRAE X B A ELVA I FE 9 0K, i
FGE I b P B B RO A 55

Il CO, & BB A AT LLHERR 5k B8 W 1A v 771 11



20214E 8 H
55 42 555 15 1

RaftaSAR

B RA#HA

— 146

155, HEA AP HER (107 ems )0, X T2 57
YA E R, B CO, SR
A8t AR 0 SR T RN A 0, LABRAR i 4 A4
J3t 5 308 1o PR AR T R R O . CO, PR3 B H R,
e TEAR AR 2 rp B A B3, e B
FtCO, HEMUE R ERICR B E KT S % . il
FLCO, AEMEIE F T IR OAR [R] 2R AL A L T,
TR AR 2R A i R (E A IR SR A
Pris e FRTA IG5 CO- 2 ALk R4 BY
FEPUHY) B OT TS A HGE . DA SR T Ol
B CO, IE R AL PR SR ICHE A B Wil T2 550, 9F
XTSI T AN W RREA T I3 o0 B, LAWY D 28 42 %
IRA R T R AR AR

1 #R5FZX
1.1 MK
111 Aok

B T B B AR (=98% ):db 5 4
BRI AR A PR s =AUk (FeCly 6H,0) R
fild BRRR JC/K B OE O BE = SR e
1y AL AR A BR2S B 5 TOKBRIR 8 S A AL B
SRR AR A PR A A Ak (21 >99.99% ): 7Y
T RS A PR F] AR R bt
1.1.2 A5

R I L A% HBOCHE B (Spe—ed SFE-NP): [ i 77 i 2L
YRR BRA E] AT WA BT (722N) : 4G
PHERGERATBR A A 5 B3RS X T4 (DGX-9073B ) :
R RS A IR F] s AL (DN-12A): |
FE AR il A PR | 5 ST HAL (TSQTM9000) :
FERRCHRBHEA B A 5 B IR K 3 (HH-6) :
BN Gdn B AANESA PR F 5 e 25 AL (RE-2000A ) :
U RICE TR AR A IR A F] B 28 B R Ol
(TCL-16M ) : -1 f5 S AR A PR A FD
1.2 R8Tk
1.2.1 B3 HSBER 4L

VBTG DR AR B TS U i, 3 40
Hifi. WEMPREL 30 g B2 0y B TRIG A CO, 2 HUEE
AR T R T R BE AE R — B[] 5 15 2 3
G B BE A AR AT B O B R I IS RO B
FEIAE T, A 2 mol/L KOH-ZLBEIEW , 16 70 C/K %
T AL 2 h R RS 2 e A
IE e RFEET B0 K E e 2O e 78 & IE C
Bt HTCK GBI B R 2 10 mLe DA EEZ (S
PSS i A A o ARG R ET ) AR A A

EE 2 ¥ NEIF S U5 gt ] E R
122 HAHERELLE

AHGE LAAE TR A B B A2 B 1] Sy 5 ]
R T PR R MR R e R T2
Ftk. BRI K-S ISR 711, CO, fit it
4 5 mL/min. [#5E 550 ZEHUE ST 25 MPa, ZE B0
50 °C, ZE ML) 2 h, PE— A R o AR i, [ 55 Ak
PIAN S 53 %5 B8 AN TR AR UK 77 (15.20,25.30.,35
MPa) A 7] 2% B (40,45 50,55 .60 °C) A [7) A5 X
WA (1.0.1.5.2.0.2.5.3.0 h) X BE A §§§ B R il 500
123 IERAE

TERBIG B CO—BALIL AR IR A A {54 i 2 [H] 223000
il b, Bt =R =P Lo(3°) IR AT S0 k1 1
B SR R T . IR R W 1.

F1 EXRBEEAE

Table 1 Factor level of orthogonal test
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Fig.2 Effect of different extraction pressure on the yield of quinoa
sterol
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Fig.4 Effect of different extraction time on the yield of quinoa
sterol
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Table 2 Results of orthogonal experiment

e A B A
#/(mg/g)

1 1 1 1 15.77
2 1 2 2 16.80
3 1 3 3 17.82
4 2 1 2 18.37
5 2 2 3 20.20
6 2 3 1 17.83
7 3 1 3 1791
8 3 2 1 16.59
9 3 3 2 16.47
K, 50.39 52.05 50.19
K, 56.40 53.59 51.64
K, 50.97 52.12 55.93
k, 16.80 17.35 16.73
ks 18.80 17.86 17.21
ks 16.99 17.37 18.64

W2 R 2 0.51 1.91

K A, B, Cs

®3 BREEBEEATENMN

Table 3 Variance analysis of quinoa sterol extraction rate
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Table 4 GC-MS analysis of components of quinoa oil

5 BRNIRAR AXt S % SCHR24 ) BUAR X5 9%
1 C4:0 — 4.28+0.24
2 €6:0 —_— 0.30+0.01
3 C8:0 —_— 0.10£0.00
4 C12:0 0.03+0.00 —

5 C13:0 — 0.09+0.01
6 C14:0 1.41£0.10 0.14+0.02
7 R EECIS:0  0.03£0.01 —

8 C15:0 0.42+0.03 0.120.00
9 C16:2n-6,9 0.05+0.02 —
10 C16:1n-7 0.89+0.00 0.1120.11
11 C16:0 7.960.21 7.15+0.32
12 RRAFHECIT:0  0.60+0.06 —_—
13 C17:1n-7 0.80+0.04 0.1420.02
14 C17:0 0.48+0.10 0.25+0.05
15 )2 C18:2n-6,9 — 0.25+0.03
16 C18:2n-6,9 25.03+1.26 21.94x1.26
17 JX C18:1n-9 —_— 15.2320.67
18 C18:1n-9 11.21+0.32 0.68+0.04
19 C18:0 3.49+0.05 2.54£0.10
20 C19:1n-9 0.98+0.14 —
21 C19:0 0.29+0.02 —
22 C18:3n-6,9,12 —_— 0.35+0.02
23 (C18:3n-3,6,9 18.85+0.42 30.96x1.76
24 (20:2n-6,9 1.070.01 0.52+0.06
25 €20:1n-9 7.41£0.02 —
26 €20:0 3.1920.08 0.14£0.00
27 C21:0 0.34+0.01 0.26+0.03
28 (22:2n-6,9 0.8920.02 6.35£0.10
29 €22:1n-9 5.77+0.05 0.19£0.01
30 €20:5n-3 —_— 7.13%0.13
31 €22:0 4.3120.08 —
32 €23:0 0.62+0.02 —_—
33 (24:1n-9 1.59+0.00 0.27+0.02
34 (22:6n-3 — 0.25+0.01
35 (24:0 1.98+0.10 0.26+0.01
36 €26:1n-9 0.05+0.01 —
37 €26:0 0.3020.02 —
38 €27:0 0.1420.01 —
39 T FIRE TR 25.59 15.63
40 AMEFAEDIER 74.59 84.37
41 FRHLRIR TR 28.70 16.21
42 Z AR TR 45.89 68.16
43 HRKAEERNIR 27.66 15.37
44 SCEERR IR 0.63 —_—
45 0-3:0-6 0.7 13
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