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Optimization of Microwave-assisted Extraction of
Proanthocyanidins from Buckwheat ( Fagopyrum esculentum) Hulls
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Abstract ; Proanthocyanidins were extracted from buckwheat ( Fagopyrum esculentum) hulls by the method of microwave-
assisted extraction. The influences of microwave power,microwave time,bath temperature, solid to liquid ratio and etha-
nol concentration on extraction yield of proanthocyanidins were investigated by single-factor experiments and Plackett-
Burman design. By analyzing the statistical regression, microwave time ,ethanol concentration and microwave power were
found to be the most important factors (P <0.05). On this basis,a quadratic polynomial regression equation of the fore-
casting model was developed using Box-Behnken design of three factors and three levels. The results indicated that the

optimal conditions of microwave extraction were as follows: solid to liquid ratio of 1:30 g/mL, ethanol concentration

35% ,bath temperature 70 °C ,microwave power 280 W, microwave time 28 s. Under these conditions, the yield of pro-

anthocyanidins was 2.21%.

Key words : buckwheat hulls ; proanthocyanidins ; microwave extraction ;response surface analysis

FEA BB PIRCT ), A1 f 572 (Fagopyrum
esculentum Moench ) #1178 5% % ( Fagopyrum tataricum
Gaertn) I FE AL B an fp . Fe B2 AR %
Az 2 W SR AR IR O, 7 AL R
HE A R L FEFRIE SR A AR L
¥y Ja BT A e A 15 2 58 70 AT, — 380t At
FEAM K BRI T I A ol B

B N AMIT TS IR SE 57 22 e h & BE B SR R A
%—Jﬁﬁz@%[ﬁ] o JE A 4 % ( Proanthocyanidins,
K PC) , & —2R L -3 -5y 32 BE45 M) BT Y 4

ek H #1.2015-07-24 57 H.2015-09-21
FEETH A T T 8 5 BB 2 HOR W5
11246)
# W IR/EH E-mail ; wzy2022wb@ 126. com

B (720

TR, HILER RILEREBSML, B
Wil A7 AL TAHDI AR 25 i 8 GRS K, B
KB JEAE €0 5 5 B AR A e 600 BT
MY P RFEAEORZEE ARG ENRSY, R
AARSR B A PE N, RERS T BR AR A 9 Al 2, 2
e NRAGRERE T, I HA SR RS RALBE T, I
B DAL Bl O LS B 25 W Y T A
FFRAE 2 4 0 8 BT RS SR BB AL . BE A
W PR B 2 Aot A 2 IS 3 0
WA RIFEAE KBTI, AR AEELA
HIRFEAE ORI AN RA 2 i
KFRE TP I O R BT A Sk &

A 5L (538 22 R AL SE AT LI RIS
ARSI & e LA IR A 72 0 JEORE, IO (e e B 412 B



Vol. 27 it

LT IR TR AE O R A BRI T 2R 2021

HOAR XL 58 P E AR (5 10 4R O 1 047
FE, AR SE TR AN, HAR R T HRBCR, R 255
W SO 1 TRVE AL 1 3R T 2025, I mT o 45 BT 2%
Mo 2R 5722 72 BT IR M A ol [T 1 182 57 9 % 1
AR zr @RS A M EM S % .

1 #MHEER

1.1 {F 548

AitFEZE 7 8, P N S

JLZEZ AR UE - o [ 24 AR o R BT (AL
5 877200001 ) 5 FURLTE Mk , [ 24 4k 21250 A PR 2
Al JoK CmE B R 20 A2 il R ) A
P A i - R AR R RS Al Al 2= alR ) e
(I8l g =g w7 /=i P O R S 7 Wi B0 S s T [
1.2 NFE5iE#E

BS124S HF K, b 8 2 FIHT{U AR R G R
osw] s HH-4 BUE IR K IS, SRS T 5 RA-
8 s AL B, -V o PR B 1 25 AT FR 2 | s DFY -
300 g R 2R REHIL , IR T R A 25 B
A PR w] SHD- M ZSAE A K X 2 B B 28 28, (R T
BT X BHCRE AL 28T 722F BIAMEEE T, i
T A A BR S ) 5 72-1 AU i HlE iR T R4, 9t
BE AT ET A .

2 SRWHE

2.1 JERAE

AR A 72 60 CF 1% 24 h FEky bl k1T
ki, it 80 Hfi, #% 1: 20 (m/V) #Y LI A AT i ik
JFAE 30 CRUUBEE S b, 7E B2 R P A TluE , D8 i
38 XUt B ok 25 B G A T E 24 h AR B RR iR A
SR, TR gs IR H
2.2 FEHBEMIREKR

HERRARIBUB NG S5 ARt SR 2 72 R 1.0 g, BT
150 mL H.Z€ =M, imA —E W — e g &
BT, K 30 min, SR BRI, 025 ZEAMDE , 6 1 A
6 30 min, S8, A . FFH AR S - IR 1 N
JRAG AR & i
2.3 ERBEBSXRNNE

R -ERRE T IR 1 mL ARV
T 4% 7 FE-H BT 6 mL, ¥ Eh 1R 3 mL, JR %)
Ja TR T R A 15 min, K 500 nm LI U
JEEE, FH 4% 77 FEE H RSO il s R R, RS L R
PESp =iy L (=

JLZR AR HE 2k 1 22 1) RSB PR UL 3 A 1
FEARBCH] 1. 0 mg/mL pRIEF L, 20 HIHL0.,0.5.1,
1.5.2.2.5 mL, &% 10 mL, D7 55 - £R B 14 DU
WOCRE , i LA AR £

= A=A = CXVXTL
RIBEFRF(%) = 1000 (1 -5.98%)

s C—r bR v i 26 X0 I 19 I 4 40 3% 10 &5 &
(mg/mL) s V—F¢ I 5 FF i WA AR A, mL s m—FF
i, g5 n—HF RV RO BEAG B, 5. 98% — it 57 &
SeKIT S
2.4 BREAERIH

PRICEFRAE 5H 1.0 g, LA 2 B WA 32 U,
DRI FRZ 50 )56 0 3 19 304 R 42 JRURUIE 68 K (AR
W, 530N B RN LE | SRR B KT IR s
IhZRFINRGN I 1) X0 5 42 5 SRR (5 R G R A2
2.5 Plackett-Burman L3853+

165 AR R LI £ al L, A Minitab 16 4k
i Plackett-Burman & i X & 5 22 5¢ 5L AL (0 K 734
PEARBUT 2050 m PR 2% 1) 0 & PR AT 5 8¢, R LS A
SR R -, LA A 258 Sy e 0 B E AT = 0K PR g
Plackett-Burman SZ56 R Z /K ER W FE 1,

% 1 Plackett-Burman SE38 F /K FE R 45

Table 1  Factors and levels of Plackett-Burman design
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-1 1
A JKIFIRE Bath temperature ( °C) 60 80
B 1% 3178 Microwave power (W) 160 320
C T I% I a] Microwave time (s) 20 40
D B H Solid/liquid ratio (g/mL) 20 40
E 2 AR T340 Ethanol concentration ( % ) 30 50
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Fig. 1
perature (E) on the yield of proanthocyanidins
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Table 2 Plackett-Burman experimental design and results

E 2Bk

o temperature ( C) power (W) time (s) ratios (g/mL) "’““C(“’o‘/‘;r;‘“” (%)
1 1 1 -1 1 1 1.663
2 -1 -1 1 1 1.974
3 1 -1 -1 -1 1.908
4 -1 1 1 -1 1.89
5 1 -1 -1 -1 1 1.781
6 -1 1 -1 1 1.935
7 -1 -1 -1 1 1 1.914
8 1 -1 1 -1 1.941
9 1 1 -1 1 1.929
10 1 1 -1 1 -1 1.445
11 -1 1 -1 -1 -1 1.346
12 -1 -1 -1 -1 -1 1.448
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Table 3 Variance analysis of Plackett-Burman design
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Source Df F-value P-value
FR8 Main effect 5 0.004 021 8 26.2 0.001
A 1 0.000 075 0 0.49 0.511
B 1 0.002 352 0 15.32 0.008
C 1 0.012 6750 82.57 0. 000
D 1 0.000 675 0 4.40 0.081
E 1 0.004 332 0 28.22 0.002
R*=95.62% R (J4#%) =91.97%
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Table 4  Factors and levels of Box-Benhnken analysis
EES K- Levels
Factors 1 0 1
A ZERFMEL Ethanol concentration (% ) 20 30 40
B 1 it ] Microwave time (s) 20 30 40
C W D1 Microwave power (W) 160 320 480
RS WKHBRNEEBIRXLBAREER
Table 5 Design and results of response surface experiments
SR ) T brfgA Tﬁ‘fﬂﬂ{ﬁ
No. A B C Actual Predicted
value (% ) value (% )
1 -1 -1 0 1.49 1.49
2 1 -1 0 1.88 1.88
3 -1 1 0 1.03 1.03
4 1 1 0 1.47 1.46
5 1 0 1 1.45 1.45
6 1 0 -1 1.87 1.87
7 -1 0 1 1.66 1.66
8 1 0 1 2.06 2.06
9 0 -1 -1 1.78 1.77
10 0 1 -1 1.35 1.35
11 0 -1 1 1.99 1.99
12 0 1 1 1.52 1.53
13 0 0 0 2.18 2.18
14 0 0 0 2.18 2.18
15 0 0 0 2.19 2.18
16 0 0 0 2.18 2.18
17 0 0 0 2.17 2.18
F6 MEEREEPAFTEFESN
Table 6 Regression model of variance analysis results
Fl BB Y5 ¥y F{E P{H
Df Squares Square F-value P-value
17 Model 9 2.06 0.23 6297.23 <0.000 1"~
A 1 0.34 0.34 9 341.91 <0.000 1"~
B 1 0.39 0.39 10 750. 15 <0.000 1"~
C 1 0.076 0.076 2 087.67 <0.000 1"~
A-B 1 6.250 x 10 6.250 x 10 17.16 0.004 3" *
A-C 1 1.000 x 10* 1.000 x 10 2.75 0.1415
B-C 1 4.005 x 10 4.005 x 10 10.98 0.0129*
A? 1 0.40 0.40 10 911.34 <0.000 1" *
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B? 1 0.70

c? 1 0.055
5% 2% Residual 7 2.550 x10*
JAUAG IS Lack of fit 3 1.750 x 10+
#fi{% 7% Pure error 4 8.000 x 10

iR 2% Cor total 16 2.06

0.70 19 169.75 <0.000 1" *
0.055 1521.75 <0.000 1" *
3.643 x 107
5.833 x10° 2.92 0.163 9
2.000 x 10°
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Fig.2 Response surface plots showing the mutual effects of ethanol concentration and microwave time ( A) , microwave power and

microwave time (B) ,microwave power and ethanol concentration (C) on the yield of proanthocyanidins
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Table 7 Verification results of proanthocyanidins extraction
LB EL flip st ] [BEIZIES .
. . 135
Ethanol Microwave Microwave Yield (%)
concentration (% ) time (s) power (W) 1e ‘
AR K et 4444 Optimal conditions from Single factor test 30 30 160 2.08
W 15 T B G 4514 Optimal conditions from response surface test 33.27 27.27 274.35 2.27
SR 25 F Actual optimal condition 35 28 280 2.21

S 30k

Yu S (4378),Li G (Z58) ,Chen QF (FRIRKE ). SWOT a-
nalysis on the development of buckwheat seed industry in
China. Seed (F#¥),2012,31(3) :84-87.

Zhang C (3¢#8),Li JX (Z=ZH). Process of buckwheat
hull. Sci Technol Cereal Oil Food (#2il£& 5EE) ,2006,
14(3) .8-10.

Li FH,Yuan Y, Yang XL, et al. Phenolic profiles and antioxi-
dant activity of buckwheat ( Fagopyrum esculentum M? ench
and Fagopyrum tartaricum L. Gaerth ) hulls, brans and
flours. J Integr Agric,2013,12.1684-1693.

Quettier-Deleu C, Gressier B, Vasseur J, et al. Phenolic com-
pounds and antioxidant activities of buckwheat ( Fagopyrum
esculentum Moench ) hulls and flour. J Ethnopharmacol,
2000,72(1-2) :35-42.

Mukoda T,Sun B,Ishiguro A. Antioxidant activities of buck-
wheat hull extract toward various oxidative stress in vitro and
in vivo. Biol Pharm Bull ,2001 ,24.209-213.

Monagas M, Quintanilla-Lopez JE, Gomez-Cordoves C,et al.
MALDI-TOF MS analysis of plant proanthocyanidins. J
Pharm Biomed Anal ,2009,51 :358-372.

Wang Y (E7E),Gao Z (&) ,Li Y (Z=HE), et al. Re-
search progress on analysis of proanthocyanidins. J Food
Safety Quality (F il % 42 it i K I 7 4 ) , 2012, 3 130-
135.

Shi B(4 %) ,Du X(#:#%). The progress on research and
utilization of plant proathocyanidins. J Sichuan Univ,Eng Sci
Ed( N4, TAERMERR) ,2006,38(5) :16-24.
Zhang CG (K 5%) , Dong JB (F# ) , Xie WR (¥ fh

11

12

13

14

15

16

17

%%) . Research progress on antioxidative bioactivities of pro-
anthocyanidins. Cereal Oil (}RE 57Hi8) ,2009,6:10-12.
Tang HB ( Bift ) , Ma BJ ( Zh k3 ), Li YP(ZEHi-F).
Study on extracting proanthocyanidins from grade seed. Cere-
al Oil Proc( ¥ N T.) ,2008,10:72-75.

Fan JL(#4:3) ,Luo L(Z %), Wu T( %) ,et al. Com-
parison of antioxidant activity of proanthocyanidins from seed
of sea buckthorn and grape. Food Machinery (£ [ 5 #l
) ,2007,23(2) :26-30.

Wang QL( EJK#) ,Dong J(F#UH) ,Ji H(WEAE) , et al. The
review about procyanidin from peanut red skin. Food Res Dev
(BT 5T 4) ,2011,32:184-186.

Cui XX (B , Zhang XL(5K/NIH ) , Luo SQ( % 454)) ,
et al. Study on extraction technique of proanthocyanidins from
larch bark. Nat Prod Res Dev ( KIRFEMIWI R 5 %),
2012,24.127-130.

Zhang Y (5K 0F) , Wu XX ( 2 7% % ). Research progress on
procyanidins. Pharmacol Clin Chin Mater Med ( WP 25245315
I ER) ,2011,27 :112-116.

Fu RJ (f#i5&7K) ,Feng Y({515) . Application of microwave
extraction in Chinese traditional medicine and natural prod-
uct. Chin J Chin Mater Med ( " [E vh 2425 7) ,2003,28 .
804-807.

The Ministry of Health Legal System and Supervision ( TJA4=
Pyl 5 W5 F] ). Health Food Inspection and Technical
specification,2003. 274-275.

Zheng YL( 7K TN ) , Li MQ(ZE45% ). Determination con-
tent of proanthocyanidins with spectrophotomeric method.

Guangzhou Chem Ind( )~ M4k T.),2010,38:197-198.



