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Optimization of Ultrasound-Assisted Extraction of Vitamin C from
Capsella Bursa-pastoris by Response Surface M ethodol ogy
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Abstract: The optimum ultrasound-assisted extraction parameters of Vitamin C from Capsella bursa-pastoris
was studied by Response Surface Methodology. The main factors of the extraction were selected by the
Confounded Fractional Factorial test. The extraction process was optimized by Box-Behnken test. The results
showed that the major influential factors of extraction were: ultrasonic time, ultrasonic temperature and material
to solvent ratio. The optimum conditions were as follows: 1% oxalic acid, material to solvent ratio of 1 : 10
(g/mL), ultrasonic time of 12 min, ultrasonic temperature of 32 °C and ultrasonic power of 100 W. In this

condition, the extraction amount of Vitamin C from Capsella bursa-pastoris was (54.88+0.22) mg/100 g.

WREEE: 2022-03-16

E€WAB: plmtaRAERIA (MS12020058 )

Supported by: Nantong Science and Technology Project of Social Livelihood (No. MS12020058)

EE®Y: RIFME, Lo, 1978 4EihE, Wik, RIBUZ, DI mAA™ Mg RS R Mm% 4, E-mail: why022@126.com.




RallLT

.
WAL
¥ e s

E30%5 2022F F4H

Key words. Capsella bursa-pastoris; Vitamin C; ultrasonic-assisted extraction; Confounded Fractional

Factorial designs; response surface analysis

¢ (Capsella bursa-pastoris. ) &1L
FIREAAEY), AT AL, 2Ll i
PR FERAE RE A6 Tz, Ay — 2 B[] A
Y, Rk N T Ak &SR, SESE S A
ZWE. AU .. AW, 4iER . 22
PR AT, B R . B . MR AR R A
PB4 2 R L s pE S ) SERE IR
B, KRR, PR, Eder, WSZiE
HWEE,

FophgitE C HREFY, 4K C RYHF
MNEIEF AL AT P ERY Rz —, B
AYUAEZ R EIE N, A B TR M4 5%
o5 PRI g i S5 08 PR 1 SR KU O
A B R G SR4E A R C A 2 AL
N, PR PO R SRR ABE M, I H B
D ERBUR I & . SR SRIEA L, A
Pt B B U TR) L, IO RI /b, AT LA
LU RN EC, BORE, SR HU A AR
H TR P I R R 2 80 T R SR AR WA AU
JRAY A T R BB U g e 2

AR S50 SR TR P I i Bl R R Y VR IS S
AerE R C, BAFIRUREE | B 8 R A
RIS R USRS AE R C R 5,
e N AR I T A S8, BN
FIRPUAAHN T LRI AR S
1 #MRl5RE=E
1.1 #R5X=F

3% ( Capsella bursa-pastoris. ): VI.78 15 £
HIRAH]; Ve brifEdh (4 =99.0% ): Sigma
TR (orbral ). =258 Bk 2 anln A R

>N
> > ao

H
i
Waters B 18 58 4l a5 = RO 354
Waters /A r] ; HR2084 & fhifilFERs . CARHA A
BRI s A . RIS IR L IR AR F 5 5 U
(KQ2200): EILimi@AUasARAR; HFX
S CKEBEE 0.1 mg ): Sartorius 28 Al =R & 7R

OAL (SL8R): Thermo A .

12 LWHE
1.2.1 #EAE C FEME

ERGRA g E g £ ¢ S REPY, B
0. 1% RERR IS A T s A, Tk :
REdE: 25 uL, AElE: 25 °C, REFZ C18 faifkH:
(250 mmx4.6 mm, 5.0 um) &, RKALIME
I e 3R A7 A DU

e R CARMERH 0.1% MBI E 75, il ik
JER 2~20 pg/mL 1 VC FRUERFINIE I, LAUETAR
RYAERR, DIgEAER C U R A bR, £33 E
HAFE: y=75 480.2x-930.2,,
122 #EA% C RY$EH

WERAFREL 100 g 3£32, JIA 100 mL [ 2%5E
PRSI . FREL 5.00 g ZoAq o) 3 ke Sl il A
100 mL (I E.OEH, A —E BN ERIER, &
TR A T R R — g e RS, 7R
4°C'F 9 000 r/min B> 2 min, FEREBE
100 mL MFR A SIS, 1 0.1% 5 RIS E S,
VWA 0.45 pm JENREIT I8 f5 4% 1.2.1 ME 4% C
TR AR, ARA I B R HSERH BE, #& T
LR R C AR,

cxV x100

YA FECIOHR IR (mg /100 g) = mx 1000

Krb: ¢ AMBEIRBORZEAER C R,
pg/mL; V HE AR E SR, mL; m ohHR
SRR A KM TP A TR s, g
1.2.3 gt

ARG SCHER TS, R O ) RE R MR 32
FEFEIE] R AR AR R S A
MR N R, RHRECT 2l AT e,
1231 BPREERELE HFXIEEMHBTA
100 mL (BB T, B IUR FERRE ) (0.5%
1%. 2%F1 3% ) , #iSEaHE (5. 10, 15, 20 F1
25 min ) , SR (20, 25, 30, 35 140 °C) ,
HFETI% (20, 25, 30, 35 F1 40 W) , RHEH
(1:5.1:10, 1:15M11:20) XHERCH
FEMCE S, HUCH ARSI TR 5 go
1.2.3.2 ZUKPSESe 7Sl B 4 BBCSI 50 5 mel [R]

1 mL/min, #f
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T4, RASHTEREEHSH SRR R,
SR S A3 1R =52 96 ] LA S 52 M £ Ut 1) 32 000
o 7F 5D 2 S0 i 2l i e & IR IS &
KA, DA R C IR A B8R, R
FH SAS # {4 +{1) Confounded Fractional Factorial
designs i % 52 M 2 BN T 203 R 1) IR K DU
Jo R ZR 8] 52 HAE IR — 2B T
1.2.3.3  maRi 40T A4 Box-Bohnken [H1.Cr
HEBOTRIE, B PR E ) FER R4
W3 K, Bt T 3 &R 3 KPR 15 NS00 Y
W 3 i 43 A
1.3 RS

Bl A R K1 Excel 2010 1 SAS 9.0 i
TTEAE M, KR Origin-2022, FirA S5 #D
HE 3R, SR FERR,
2 BR5H
21 BEREIXR

AR, A RXGEER C YRR
SN 25 R LR 1~5,

F:1 HERRENELER CRIENZMN
Tablel Effectsof oxalic acid concentration on
extraction of Vitamin C

RV BE /% 0.5 1 2 3
et C IYE/(mg/100 g) 3126 5035 49.76  48.85

®2 BEFBEXNEEER CRERRENZM

Table2 Effectsof ultrasonic time on extraction of Vitamin C

8 7 B5f (8] /min 5 10 15 20 25
i C Y /(mg/100 g)  38.73 51.22 50.35 47.18 32.26

*3 BEREN4EEERE CRRINENPIN
Table3 Effects of ultrasonic temperatureon
extraction of Vitamin C

R R EE/°C 20 25 30 35 40
i E C BYE/(mg/100g)  36.36 42.16 51.22 46.78 45.76

x4 BEDEWNEER CRINENHM
Table4 Effects of ultrasonic power on
extraction of Vitamin C

/W 20 40 60 80 100
Yi: % C BYiE/(mg/100g)  34.35 38.73 41.57 49.36 51.22

IR AR 0.5%~1%22 0], 4i4 K C AU
PG, BEE A TR TR, dEE R C
AT R, TTRE IR R — MR FR RE WS R P 4

AR C AZINRIRE R N A s BRI R,
SR 2R C i A b

x5 MELkEEER CRIENZMN
Table5 Effectsof material to solvent ratio on
extraction of Vitamin C

BB L /(g/mL) 1:5 1:10 1:15 1:20

etk C HYHE/(mg/100g) 4878 51.22 4627  46.36

Wit I T RE G, 4R C Ry PR R 2
HARIG WA, FEE 7 15 min $EHCRE K A &
PR TR 4R R C RIS KR D,
TERF R 30 CHERGE R K. Al fieJi e
P T SEI0, IREE THEARRE RS N T 4EAE R C i
R EE A I R AR 2R3, IR RS T
AIRE B AE R C IR, Om e R C 42
s,

Wit B PSRRI AN, 4R AR R C RIS
TE 100 W A B FRm (B PR b P 3800 22 B 2
REAEANTITIG A, AT B B 4 o

WA VRIS RIS N, 4R R C MR EE 2
SeIERIF W, fERHE L 12 10 SRBGE R
REWSE N, YRR C T, (A2 Ak
SRR, WES TN, R PR R
M AR R C 3 gD .

22 ZKFERXW

K SAS BfFrh 5 . SR ECH 8 1Y
Confounded Fractional Factorial designs >R i 52
M P2 BT 250k A A S DR 2R DA B TR 3R ) A2 EAE
M —ZAEH] . MRIE R R ISR, R 2% s
DRI, B PR AR R R — A
FEXTAR Y K F- , ABE Wi SO {87 T 328 114 7K ~F- DX ] 1
JEAEIZERYT, S2E N RUKE UL 6,

xR 6 ZKFXIHKTERHE
Table6 Factorsand levelsfor Fractional Factorial designs

R bl M B

X WHE/%  WFEl/min HRE/SC IIR/W O H/(g/mL)
Gty X X, X X, Xs

-1 1 10 30 80 1:5

1 2 20 40 100 1:10

SAS 4y Confounded Fractional Factorial
designs SCH 4R ILE 7,
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R7T BMAEFLRELER
Table7 Experimental design and results of
Fractional Factorial designs

Hirf: & C
Fe X X X X4 Xs @iiﬁjoo 2
1 -1 -1 -1 1 1 51.58
2 1 -1 -1 -1 -1 41.13
3 -1 1 -1 -1 1 45.65
4 1 1 -1 1 -1 45.26
5 -1 -1 1 1 -1 41.56
6 1 -1 1 -1 1 47.18
7 -1 1 1 -1 -1 36.54
8 1 1 1 1 1 39.12

SAS AT EEAERS PRI FRON (HABKE RA
AR, BB DR A AL A R A A 520 ) DL IR 1,

5 T NN
410 :
-10 1 -101-101 -10
X X, X X, X;

1 BEEMEREE

Fig.l Main effect of all the factors

HiE 1 TR, fEEER SR BN, 12

BT 1) v B N R B S i AN 5 PR TR R
TR PR AR AR 3 C s 2 A DGR, TR R T
R ORHR LT BRI AR R C W RE A IE A Y
X & R BT 220, Ik 8,

®8 BEZRMAELMN

Table8 Analysisof variancefor all the factors

ra ¥ S 4 22 . B

P éi;l Egﬁ? P ﬁZ%fm
X, 1 08712 08712 0.0466  0.8490
X 1 27.6768 27.6768 14818 03476
Xs 1 46.176 1 46.176 1 24722 02565
X4 1 61601 61601 03298  0.6238
Xs 1 453152 453152 24261 0.259 6
TEEAY 5 1261993 252399  1.3513 0.477 0
TR 2 373561 18.678 0
ST AT I 7 163.5553

HIZE 3 a0 FERT A IR, X CRAITE] ),
X GBI ). Xs CBHBEL ) XTEEAE R C RIS
B3, NI R = AR EZNRMT—
AAAL S . FIHT SAS BRI 4 RN R Z 1] Y
SEHAF A 2 Fros

500 -1

- - 1 1 -1 —

g sk ;—N_:_l *_1 ?.4 1 7-4 1
soo0r _ -1 -

al — T -1 1 sl
175l 1 T
50.0 - -1 -1

- -1 e | — / B
50.0 - -1

- -1 Y +
50.0 -

- -1 — | — 1 v
= 3751 > 1 \——% —l _—1 — |¥
- 1 1 1 1 1 1 1 1 1 1
-1 1 -1 1 -1 1 -1 1 -1 1
X X, X; X, X;

2 TERBEMZEERE

Fig.2 3-way interaction of main factors

Hi &l 2 W LA A DR 2R (B 728 A R 4 L
M52, 52 AR R B2 38 RN E A 58
HAEM, PATRRZHEBASCHAEN . fEm 4
AR C B F B R, A e [] 5
Z[a) s e SR ez A R BAR . #
T EE SRHR L Z I AE S HAE R . AT REAEAERY
JR PRI BRI LG 2552 i P 2 AR ASCR, s R I (]
B, FTREAETCR, 4R R C BRI .
2.3 Wm Rz E AL S5

) FH W 157 187 53 BT 7 %F - Confounded Fractional

Factorial designs H'FTHfi € 1Y R Z R E . MR
IFA] . R . RN F AR E— 2 A . R
HIMRIE N 1%, BF YR 100 W, Hofth =4~ 2
PR AR L R R S 25 R AT iy, 45 TR 2K i
W9,

& Box-Behnken FYH LA S TTRIE, %
TH 3 PIER 3 /K- 15 AN S 56 55 1 vl 17 T8 A ST 6
FEh O EEE 3 RS, AT siR !,
ZER L 10,

SAS X B HAT IR 00, S5 Rk 11,
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Table9 Experimental design of Box-Behnken designs

x ey
-1 0 1
X T Il /°C 25 30 35
X, 7 B[] /min 5 10 15
X B H/(g/mL) 1:5 1:10 1:15

% 10 Box-Behnken L&t 54 R
Table10 Experimental design and results of
Box-Behnken designs

b= X X, X Yk C F R/ (mg/100 g)
1 -1 -1 0 47.34
2 -1 1 0 48.12
3 1 -1 0 47.52
4 1 1 0 53.25
5 0 -1 -1 49.52
6 0 -1 1 48.76
7 0 1 -1 50.22
8 0 1 1 50.34
9 -1 0 -1 49.36
10 1 0 -1 51.24
11 -1 0 1 47.72
12 1 0 1 49.46
13 0 0 0 54.34
14 0 0 0 55.18
15 0 0 0 54.49

% 11 Box-Behnken SLI&i&iHHIE T 4347
Table1l1l Regression analysisof Box-Behnken designs

PECRME EHM ET P ProF S
X 1 99681 99681 125826 0.0164 **
X 1 9.6580 9.6580 12.1911 0.0174 **
X 1 20604 20604 26009 0.1677
XX 1 31.8877 31.8877 402513 0.0014 **
XX, 1 6.1256 6.1256 7.7323 0.0389  *
XiXs 1 0.0049  0.0049 0.0062 0.940 4
XoXo 1 263961 263961 333193 0.0022 **
XoXs 1 01936 0.1936 02444 0.6420
X3Xs 1 192995 192995 243614 0.0043 **
myE| 9 954218 954218

9% 5 39611  0.7922

HME2Z 14 993829

HIZE 11 AL, =PI R 4EE R C fE i
52 M A ] B A — IR PR OG &, I &2 il
P & . — AR (X)) | EAEETE (X))
XA OICR B R R S 5 T S SO AR T Ll
RIERFTr (OGX) AR (XX )

FRE L7 (XaXs ) X BOSCR B9 5200 2.2 5
SCH IR L XX XPEIPICRA R o 45 3R 48 0ml 19
WEJE, BEETR

Y=54.67+1.116 25X;+1.098 75X,~0.507 5X;—

2.938 75 X;X;+1.237 5X;X—0.035 X, X5-2.673 75X Xo—
0.22X,X3-2.286 25X3X;3

Xl U 75 R AT AT AR 3 B, AT A {5 5 73
Prggeit ke 4 AR I3 12,

* 12 REABEESTR
Table12 Fit statistics for Model

R TT {5 B A o H %
¥{E 50.457 3
PG R 96.01%
PRI 22 1) 7 7 AR 0.890 1
5 R AN 1.764 0

HER 7 AL, BRUHLG REN 96.01%, Ui
BH pR sk = AN PR R R CH R SR B I [ R R i
BRI Y 8L 96.01%, BB 25 A 7 AR
0.890 1, FLAYILA FEIRLT .

FIF SAS BAFXF 25 3 09 =R 40, 45
mE 3 frs .

95% Prediction intervals

56.0F
54.7

480 1 1 1 1 1

B3 FERFEMNETHEE
Fig.3 Main effect of major factors
HEL 3 AR, X0 Xoo Xs fEMR ST, B
HARRYSE R NAE Y 3R, fEm iy, FiE M
(EL R R AR Y S A, IF HAE R & RS2 56
KENAFAETIE, el R0, FE e 9 X, Wi
BIE Y AF e RAE
fi IBCEE o w8 PR T A S AR IR UL 4
I 4 w0, SR XS 2% I R A S AR (R 4 02
TE RN i 1A, DA RE B SE R X, 4
AR C S IBUE A7 AR f R AE  FH SAS Z-#r il
BHHBARIFAERRE AL (X, X, X3) K (0.5, 0.5,
0) , FEPAEEZR C I HTRMEN 54.68 mg/100 g.
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X, -09709 X

Fixed levels: X3 =0

Fixed levels: X; =0

-0.90.9 X,

X;
Fixed levels: X; =0

B4 &EZEHEEE F 8 E
Fig.4 Surface plotsof all the factors

T B RS RL TN R, AR PR A R
SIS GRS, KR 32 °C, TR E]
12 min, BRELE 1 : 10 A PRI R C, &
B, 158144 R C o (54.8840.22 ) mg/
100 g, SFIMEA L, FXTIRZEH 0.366%, ik
TR 5 RGBT, UESE T T AR Ak
(RS ] S e 1 AT 33 R R R Ul B
BT 347 BUA A S 5k

3 #it

1) SEHUERR KPS A N 1 0 A i %o
BT 2 RA R — KPS H A R 52
BRI T 2NN R HELE, il T
SO R R I R C e EE AR, 4l
DOEFEELEE BRI RRREL

H A W) I TET S 6 0 K-SR Y 3 A
BINRHE— L, FeHBAEEE | R E]
BHE L SR IUAEE R C ZMOC R MR R .

Y=54.67+1.116 25X;+1.098 75X,—0.507 5X;—

2.938 75X X +1.237 5XX—0.035X, X5~
2.673 T5XoX,+0.22X,X3-2.286 25X3X;3

BT[] RO 2, BRI R AR LT
FIE AR b, T — A = 2 R 2 0F 7 gk B B BT
2T

2) SAS HfFmHr EERE HEBEEE C
Z IR BB E R E AR T, $RIREEAER C
AR KA . RA IR S N 251 - B 7 TR
W32 °C, MAEFE] 12 min, BRI 1 : 10, $2HL
W TR LN 1%, M IEDI% 100 W, 724
T TGS P AR R C HREE R (54.88+
0.22) mg/100 g, SHMEA L, AHXFER2E R
0.366%, 156 W2 M 1 1A 2% DL A0 1 O 5 S PR

PUE R, RS T R I T DI A AR Y Y RS
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