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Abstract
Because the polyphenols in quinoa have many health effects such as anti-oxidation, inhibition of
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inflammatory response, prevention of cardiovascular and cerebrovascular diseases, it has high re-
search value. In this study, polyphenols were used as the object, and the results were obtained by
single-factor test. The response surface software was used to analyze the data, so as to explore the
optimum conditions for the extraction process of polyphenols in quinoa. The polyphenols in quinoa
were extracted by reflux and organic solvent method, and the single-factor test was carried out from
three aspects: the ratio of material to liquid, the ratio of extract to ethanol, and the volume fraction
of ethanol. Finally, the optimum conditions for the extraction process were as follows: the ratio of
material to liquid was 1:45 g/mL, the ratio of extract to ethanol was 1:6 mL, and the volume fraction
of ethanol was 95%. Under these conditions, the optimum extraction rate of polyphenols was
0.4146%. It provides a reference method for the extraction of polyphenols in quinoa in the future,
and can obtain a higher extraction rate.
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Table 2. Lab instrument and equipment
2. XHRUFESRE

s B G
PERIHL HL IR B AR A PR 22 7]
TR L FRL A IR A A
A F RS AT BR A R BT B )
ER3E AR RERHA A IR A F
EQUA MRS E TN TR L AR AR A7
B LA TR I AT IR AR

MOEH SRS AT W3 i AR A 3 A B A IR TR A 7

3. SRk
3.1. XML

e RS TR b, DR UGHATONE, KBRS 40 HALIR TR HORIELR B[], EiR
BEON T0°C B TR, BRI BRI Ak 5 2]

3.2. ERMBYBFHREE

HEFRFRECZEZE M 2R 1.00 g, BLIF Je 4 FL O R RS A4 B v, ZERRA L 2 1:35 g/mL, ¥ 5 90°C,
BFE 2 h FIAAE R, R 28 IREREER (R[]0 6 AMFE A [3] -

(5197 225 B JE 5% AT LR RTA /K ASr R EBORR R A B BGRA HS BIN 100 mL &R, B2k e & £ %)
FE, ACUKFETRAT

B 10 mL BS.0, (ERRBGIINTOK OB, $-BGKRS CRE Ny 1:8 mL M 4F T, H3E0RS CBR
&, AEELLHL 8000 r/min, ECHfTH] 20 min B Z&AF MR MEBET B L, AREBONRESE B, B EIETT
W, EE=IREK[4].

3.3. BAEEHEIRERE

TES TR FHERARENZE 22K K 5.00 g T 250 mL Bt i, I 125 mL 70% Z Bl 3 ass], B
BRE LSy 1:25 gimL, AN 2 DR IE IR P A B, FEREM AN EE IR AliK, B3 Fef N R U
TRIRITT, BT SEH 70% CREERURVERR L, FHANSRBGR N, BIRIEKEIER AT, AREEES].

WE KM W 50C, % 540 W A Sl BhH—E 20 min, 8875 45 5 5 F IR S SRR BOR
T 250 mL A&, BAUKERBZE, KRIGE 10 mL S0 F, 7EECHL 4000 rimin BT
B0 5min, BRI, HE =R,

3.4. HBFEFREMZRZE

FA R E RS AR DO 208 30 pg/mL B & F RV 0.5+ 1. 1.5, 2. 2.5, 3mL, fFHZAREWRE
M9 1.5, 3.0, 45, 6.0, 7.5, 9.0 pg/mL, FET 25 mL b, MBS A 0.5 mL (1)
FEARERF, 1 min JFEINA 1.5 mL 10% M BBRENVE TR, HBaiKeR 4 10 mL ZIE, #25), fERE&
NCE Lh EEC, RENUE . RIS R, RERHERE S B DS LI R, AR 2/3 B
415 i, TERRIEK 740 nm bl s FUROG R, RS PRI E = k(6]

DOI: 10.12677/hjfns.2025.145072 664 5 E R


https://doi.org/10.12677/hjfns.2025.145072

35. MEEERNE

MBI Z 20K 1 mL, BT 10mL S08 T, A 0.5 mL FIAEMENAF, 1min 5HEIIA
1.5 mL 10% I BRIRINIA W, HAKERZ 10mL ZIE, #8250, ERDGKM THCE 1h JFHGE, KRHE.
MM OGEE T, BAIIRE BN AL, BARRRAE 2/3 2 415 /iti, fERKIEK 740 nm
REMEWOLRE, B SFAFNE =K.
3.6. ZEMEIMEITH

IR A R 2 W R AR

ey = YN 1000

mx10
Hodr, C AFEMIEEURIRE (ug/mL); V NFESIRBUBAAFI(ML)s N ONFESSREURM RS m AL S
#(9)-
3.7. BERREEEIERF

3.7.1. AEMRLE M EZ P ZHRINENRI

KPR AT 1) 1.00 g ZEERM ARBIAMRII AT, B HN R REEIES B b, T, ®E
%A, FERMR LS54 1:35. 1:40. 1:45. 1:50 A1 1:55 g/mL, J& 90°C, WAl 2 h &R, FIHRK
PEHCES IR
3.7.2. AEHREAS ZEZLL X E h S EHREN RN F M

A4 R R e 7Y, B 10 mL B0, TEIRBGIIN K CRE, 1REUR S CREL 55 1:4. 1.5,
1:6. 1:7 f1 1:8 mL 26T, BREGHS CBERG, 7EECHL 8000 r/min. 20 min [ 244 4G FE S 34T
B, SR EmMNAE S, BCETERI,

3.7.3. FRIZEFRS X FRE P SHHRNERNFA

[B145 TR Jr R i E 2, B 10 mL B0, 7 LEEAR 70 $03 51 09 80%. 85%. 90%- 95%741 100%,
RS OBELE )y 1:8 mL (AT, RERBOR S LR A, fEE0HL 8000 r/min. 20 min )56 14F R R
AT L, GORJETRNRE S L, BRI

PR S 45 RN 23R, R RN EE(g/mL) s $E B0 LB LE (mL) AN LR AR 70 80 (%0) =7 T 7>
VERZA R R AT IR, 3 3, MAWWmES =K, 45 RBOL-FHE7].

Table 3. Response surface design factors and levels
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Table 4. Standard sample absorbance determination table
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6 B dh 9.0000 1.0137 1.0137
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Figure 1. Comparison of extraction rate of polyphenols by ultrasonic and organic solvent extraction
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Figure 2. Effect of different solid-liquid ratio on the extraction rate of polyphenols
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Figure 3. The effect of different ratio of extract to ethanol on the extraction rate of polyphenols
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Figure 4. Effect of different ethanol volume fraction on the extraction rate of polyphenols
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Table 5. Box-Behnken test design and test results
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1 1:45 1:.07 90 0.1721
2 1:40 1:06 90 0.2155
3 1:45 1:05 90 0.1967
4 1:45 1:06 95 0.2922
5 1:45 1:05 100 0.1388
6 1:45 1:.07 100 0.2213
7 1:45 1:06 95 0.3182
8 1:50 1:06 100 0.1200
9 1:40 1:07 95 0.2365
10 1:50 1:05 95 0.2082
11 1:40 1:05 95 0.2270
12 1:50 1:06 90 0.1967
13 1:45 1:06 95 0.2784
14 1:40 1:06 100 0.1685
15 1:45 1:06 95 0.2994
16 1:50 1:.07 95 0.2234
17 1:45 1:06 95 0.2857
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Figure 5. Contours of the effects of different solid-liquid ratios and extract-ethanol ratios on the
extraction rate of quinoa polyphenols
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Figure 6. Response surface plots of the effects of different solid-liquid ratios and extract-ethanol ratios on
the extraction rate of quinoa polyphenols
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Figure 7. Contours of the effects of different solid-liquid ratios and ethanol volume fractions on
the extraction rate of quinoa polyphenols
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Figure 8. Response surface plots of the effects of different solid-liquid ratios and ethanol volume
fractions on the extraction rate of quinoa polyphenols
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Figure 9. Contours of the effects of different extract to ethanol ratio and ethanol volume fraction
on the extraction rate of quinoa polyphenols
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Figure 10. Response surface plots of the effects of different extract to ethanol ratios and ethanol volume
fractions on the extraction rate of quinoa polyphenols
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