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Optimizing extraction process of a-solanine from potato
using response surface method
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WEATRFLAE T oM RERRT L Sd 1
FIUE LRI ] AR R B R F A B ATAT R
iz Ji v & @ Box Behnken ¥ w0 20 A4 35 3% 3t 2 o 75 5% 69 4%
BRLELBTHA, EREAN . DHEF o MmO RBERR T
LHEEAVNKRARILS | 2 LB — LR RAERFRIE
A ARBUR 49 C L 42IA ) 61 min, & F Kk 3 F 152 W, 4
Bl 14(g/mL) , ZEH T a-HWBRREH 7.715 mg/g.
RSD % 1.74% (n=5) , 52 it TRl K A &, F el
% 98.21% . RSD % 1.33% (n=3), LY 3% & #k #5 4L BL 5 Afm
& AR S TAT.
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Abstract; This study was carried out to establish optimum conditions
for the extraction of total alkaloids from potato ( Solanum
tuberosum). The extraction temperature, extraction time, ultrasonic
power and solid-liquid ratio, as major factors influencing the extrac-
tion amount according to the single factor tests, were selected as the
independent variables. And the extraction amount of a-solanine was
selected as response factor. The optimal extraction conditions were
studied using the response surface analysis and the Box Behnken cen-
tral combination design. The results showed that the optimum ex-
traction conditions were the alcohol-acetic acid ratio as the extraction

2 extraction temperature 49 ‘C, extraction time 61 min,

14. Under these condi-

solvent, 8 :
ultrasonic power 152 W and solid-liquid ratio 1 :
tions, the extraction amount of g-solanine from potato was 7.715 mg/g

with RSD (relative standard deviation) = 1.74% (n=75), which was
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consistent with the simulated predictive value. And the average recovery
rate was 98.21% with a RSD of 1.33% (n=3). Result analysis indicated
that the extraction method established in our study was applicable in the
extraction of a-solanine from potato.

Keywords: potato; a-solanine; extraction technique
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BB R R SR R AIE IR I B R SR B L2
SR R WO B 3R T IR BORCR IR g A T SR e A, (]
H HT UL SR FEAT AN R G0 R0 4 T 6 55 4% 2 rh oS00 B4 B
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2. TR E D o MR BB TR LN
P FE 2, R G A T K T % R O AR M R M
b AT I A D R AR B R R R I T A SR LU TR
oA IR DA RO R A AR S % W e, O 58 3 S 4%
ST 2 A A DA I B AR A o AR AR A

1 M55

L1 i F

SR SR T R LD AR S R T . e v 2 e K
BT R L R 4548 5

QTR T & - 4R =95 20 , 36 [ Sigma AT 5

B LB VK G BR VA < B Y & 25 o BT 4l R
HNTL R THARABRA

Welchrom CsH: . Welchrom Alumina-N 7 #4: 45 16 45 4+ -
500 mg/6 mL, JIRRHEE iR A BR A A 5

Waters Oasis HLB [ 4 28 BUNEE AU BUALANE ) B AR AT
B .

1.2 R {E

B RO A 2,35 4 - Waters 2487 &, Waters 600E 7%, Wa-
ters-2487 MM A5 . 55 B Waters 28 #] 5

2 ONAL B4 66 BE 1. UV2700 B, H A S BN |

PR KA AR  KQ-250B AL, B 1L T A AU B A IR |

JE T 7% % % - RE-52D A4, b g 38 A0 43 7 A 28 A7 BR 2 7 5

pH i1 : Orion Star A 7l BRI, 3% [ 58 B € H /R BB (F
ED A MR

BB WR AR AL Z1S-2 B, ) R A TG B 0 HLAY % A BR
NI
1.3 WA =E
131 oA AR R R alifh O i KEERARIR 7 S B4
SR B 5.00 g A BUINA VK R PR L £
FABUERE 2 ¢ D FRFE—CBRURRL 95 @ 5) . L FE—
SR AL 95 ¢« SHYFME M —K— 2 — M (R I
50 ¢ 30 1 20 : 14 20 mL, AP AL 60 min, £ K 3
il 40 ClEHE 2 A WERBUR .15 mL 2% HCLIE MUK
e HCLiA pH 2 2.5, 46 B U =) 3l 8 S0 88 U838 I A e 27K
FpH & 10 ~10.5, it A 4 °C vk 48 # & 1 %, 20 C
10 000 r/minB.0> 30 min, 325 kW V0T H 2K vE ik 15
B T ITUE - F 35 TR 0 40 1 % . 0,45 pum B LR IR
1T U JE VR 46 L 10 mL WA L IR 3 IREL.

# Waters Oasis HLB [ AH % B/ A 50 % A2 IS 1k .
TR 2 M 5 20 0 FF SIS VBT AT B D A% B o B R BT 1 A
WL B 2 ho S TR R EECIRBUEL 2 0 8) PR . K PR DL I
Vol 1 e 45 45
1.3.2 o SRV E R AR AR UL 43 ok B T R
— B R AT A R 4R 3 e R W A0 A R R e AU
BRI 5 R AR

(D A 3% 2% 78 5 38% H °4 Waters Nova-pak Cig
(150 mmX 3.9 mm, 4 pm); i 31 41 K & B ; KH, PO,
(0.05 mol/L) (KA EL 70 @ 30); F# N 0.7 mL/min; & I
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Py 205 nm; TR 25 C s #ERERE 10 pl,

(2) FruEfl 2 n 4 . 5 SR 20 mg oM BBAR HE A 3 ~
5 mL 38 B AR Z R IRBOE A R 10 mL s .15
F 2 mg/mL ¥R oAl DR E . A 4 B B 50,
100,200,300,400,500 pL, AEGEHEEE A £ 1 mL, 13 3] %
BE4y N 0.10,0.20,0.40,0.60,0.80,1.00 mg/mL 1 a-ii
i — VA R, LR B S R R AT, E AR B Dl 10 L,
L -4 0 0 e B g A8 A8 A, W 5 A N A A L 2 T A o il 4R
BREEIH T Bl y=1 180.3x +132.19, K R R* =
0.995 4, Ui oA BRTE 0.10~1.00 mg/mL Y75 [l N & R I
AT
1.3.3 HEFREK

(1) FEBOE A - 7E SR IR Sy 40 °C FR B [A] 940 min,
BT E R 200 W OB LA 1 0 10(g/m) KT . %
O W O W —R (AR 2 © D ZBE—2Z®R
(RFUEL 95 ¢ 5) FEE— MR (HRBUEL 95 ¢ 5) (DU & ki —
K—HE— 2B URRI 50 ¢ 30 @ 20 @ DX EEYE o il
T4 HUAE 1 52

(2) PEOARIT G AR 1.3.3CD) Fi 75 31K 00 45 51 . 75
PRI BE O 40 °C L 2 HUBT [H] 2 40 min, 88 A Pk 5 N
200 WOoRHREL R 1 0 10(e/mD) 410 F . FEARR L BE— &
TR BOER LBl (AL 9 ¢+ 1.8 ¢+ 2,7 & 3.6 @ 4,5 : 5)
FAF T B LR FNIC LU AT E 48 B o5l B 7 BB 3t (1 5% 1)

(3) $RBUGEJE AR 1.3.3(D 5 M R IRBUE R . £
ANy 200 WLoBHK H R 1 0 10 (g/mL) , $2 HRET F] 2y
40 minfy 4 F T, % 2248 BUR B (20,30, 40,50, 60,70 °C)H Xt
T B o i R TR 1) 5 )

(4) BRI E] AR 1.3.3CD) 15 AR A IR BUE A, 1618
ANy 200 WooBHK H Ol 1 0 10(g/mL) SR IRR BN
50 °C, % gL Bt |] (20, 30,40,50,60,70,80,90 min) Xf &
B o RO 1 R

(5) MBI R AR 1.3.3() 15 R L3R BUA 7 L 72
SRR FE R 50 °CL SR BR[| R 60 min, B LA 1
10(g/mL) , % %2 7 % I % (50,100, 150, 200, 250, 300 W)
Xof b T o il B B ORI Y R

(6) M LE AR 1.3.3C1) 45 Hh A 5 £G4 B 71 L 72 $2 1K

B 50 °C 4RI [H] 25 60 min, J 5 E I K 150 W, %
SORWEILIL ¢ 6.1 ¢ 8,1 : 10,1 : 12,1 : 14,1 : 16
(g/mL) JX B 48 38 o il i 32 OO i 22 1
1.3.4  WRITE AT DAIh S o 0 B TR A Ay ) L A L o B
B 2% 30 48 SR AR Sy o 07 R L )] Design Expert 8.5b 3 {4
17 Box-Benhnken 1% 45 #% i1, %t 25 4% 8 o7l B 42 B 2 $
50T WE SR i) (R 2Z 9 38 BLAE T .
L3.5 b Ecite KSR T R oA i A
REEBIA 3 Gy B 5.00 g, S HIIMA 2 mg/mL 1Y o~ b5
WERL W 1.0, 1.5, 2.0 mL. BN kR W& B 9 0. 04, 0. 06,
0.08 mg/mL ¥ I8 g 44 42 5% 1 AT SR ML, o 2% T 1 =
BB 5 A 22 o A 002 &



F32EESH 2k S0 s AR o BRAR B T 2 Ak
2 HER S b £ ,
210 DRE.HHENIZE4LEASKR m e | 7 ?
e AN I=74 <t E /
2.1.1 $EUEFIX DA MM BCREE T K F % 3f %
AT R )4 00 A0 56 o B B BB A WD 22 L T R R %
3 =1
HG 7 300 o B 2 TR TR 4 V5 4 TSR B 0T o A < 1% %
|
ik 7.01 mg/g, LW LRI AWK Z H T B A @ ol R B B, B e L
78 92 IR R o R B S W L TR G A B B 2 | REURE
ZORRIR A VA WV A9 W6 7 AT R v % S o O SR BBV Extraction “‘““"”““”“’“
a B3 RGN DS E oI R AR 8 Yo
T?” ? : Figure 3  Effect of different temperature on
1 \ED 6 F extraction of a-solanine
o E S
 E o4 7 A 2 3 B o 7 R T o R 11 45 SR IBCELEE K 60 °C
*j % ; ﬁ 70 °C B o~ BRAR BURE 22 50N o PR G 4% o) B T 3 56 P o
Tl % 7 ﬁ AR HE 5y 40~60 C.
= ol 2. ot = 204 BRI N D o R BOR R R I 4
VS U T AT BRI [ 4 20 min B 740 4 o B R AL A
sv X v 3.56 mg/g. S ) 30 min B3 BCR E T I RN >
. N i 2 5 B ERF 1 £ 488 1 452 B0 b 3o 3 3 7 o e L 4 B il
- \ 960 minfif $2 0 K 75 5.84 mg/g. 2 H U [ 4 K
B GIE U IES

Extraction solvent

A1 REREMNTDLHE o b ARREAR YA

Figure 1 Effect of different solvent on extraction
of a-solanine
2.1.2 L CTRARBUEL T S8 8 o i A 32 IO 1 52

X TR ¥ R B R U 9 ) ) T B T 4 RO B
WA B, A 2 /R oA E A LB 2R 1K
BULL 9 R 110 22 B T 5 A i B 3 AN [ 2 B — IR I
PR XS S 4% 5 o006 19 £ B 22 S /s . P L i — L R A
RN 8 ¢+ 2 I o-Jili &5 B e . 4 3.38 me/eg. ZEHEL
B — CRRAR B L B T B o 00 B0 A 52 JRCHE AT /) 0 T e A8 Ak
AU R LM — QBRI AR L 8 0 2 A Sy o B 1T 3K
U P S o il AR O R A AR RS L
2.1.3  REGE X D8R E o iR BBCR R d 3
AL FEIBGIL BE S 20 C I T 8% 58 o B4R 1RO B AR L B 42
B 2 A4 T e » B B R W 3 RE T 2 50 °C I R HCRE £
. 5,13 me/ g, Z 5 R I AR R T R L AR TR TR R

~

s o
® 5 2+
£t o
T g e
3 5 1t
L7
9:1 8:2 7:3
Z‘WZJWALHS
Alcohol-acetic acid ratio(mL/mL)
B2 T8 CRARLTLAE o35 BERAR G0

Figure 2 Effect of different alcohol-acetic acid ratio on

extraction of a-solanine

70 minf}, FEHCE B BT R 4R HCHT (R ad 70 min J5 L X
N BRI B A0S DR O g i 7 T B R T 4% B o -l R A $R
Bif [B] 915 [l 2 ££ 50~70 min,

7

6
5
4t
3
2

—

&
a —solanine content/(mg * g™)

60 70 80 90
Fi I (]

Extraction time/min
B4 R AT LA oA AR LR 09 F
Figure 4 Effect of different time on extraction

of a-solanine

2.1.5  BAEPIRX DR o MR IRACR R A S
IR B R T A AN T B - A AR T 2 LG

FHE TR GESE . BFEYRTE 150 W B IR R & . o
6.47 mg/ g, Z J& Fifl 8 7 5 T 2 1 38 I $ U B 1B R B L T RE R
75 U T 2 gk i B 43 5 o R A L R O o N TR 3 3
LB B o R A B BRI R E S 100~200 W,

2.1.6  BHE EL X T8 3 oA B4R SR g i &l 6 1T
LRI EE A 1 6(g/mL) B Th 44 2 o~ Bl R IO i (%,
4.43 mg/g. BEAE B b R AR, 3R I 15 22 T, T RR R U
SRR AR TR A RN G SRR 1
12(g/mL) B Ui e K R 6.18 mg/g. 2 )5 BiRHA HE [ I
FRIUEA /IR TR BB R 1 0 16 (g/mL) B 48 U &t F R
Wi 3 8 R BT O o o, T 3 6 P - T 0 4R TR ) B VL B S A
1 : 10~1 : 14(g/mL),
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= r F2 MEERELER
én 6r ?T Table 2 Experimental design and results for response
W s St .
iﬂ g 4 surface analysis
N Y o
T g 7 nEs X Xz X3 Xy N
35 2 H/(mg+g )
oL
! 1 —1 —1 0 0 6.01
S \ \ |
50 100 150 200 250 300 2 1 -1 0 0 6.50
T A R 3 —1 1 0 0 6.72
Ultrasonic power/W , . . 0 0 - 67
4 D,
B5 RERAFENSLHEE oA RGH 0 _ o 0 . . 6 38
ol - - ol
Figure 5 Effect of different ultrasonic power on
6 0 0 1 —1 6.56
extraction of g-solanine ; 0 0 . " 6.14
o 7T 8 0 0 1 1 6.33
c 6 _ _
" e Zf?/? ?, 9 1 0 0 1 7.14
E L
ﬁﬂ R ﬁ 10 1 0 0 -1 6.85
<! < |
= g 4 f, 11 —1 0 0 1 7.03
= S 3
T £ ) f,; 12 1 0 0 1 6.89
3 g 21
< L f, 13 0 -1 -1 0 5.83
2 0 ‘ g ‘ ‘ ‘ 14 0 1 -1 0 5.25
1:6 1:10 1:12 1:]4+Jr]:1|? 15 0 1 1 0 5.70
FHE H _
Solid-liquid ratio(g/mL) 16 0 1 1 0 5.80
B 6 ikt B4R o AR 4 % 1 ! o 0 o0
Figure 6 Effect of different solid-liquid ratio on 18 ! 0 -1 0 521
. . 19 —1 0 1 0 5.62
extraction of g-solanine
20 1 0 1 0 5.37
2.2 MEMRBERSHN 21 0 —1 0 -1 7.20
2.2.1 MR ERIR BT AR R R R AR LR 2z 0 1 0 —1 7.31
JHl Box-Behnken i 3 5 i1, L 5 8 % o i B8 42 0UHE N W 17 23 ol 0 1 7.14
{0 51 90 A IR 4 BRI 6] 68 7 930 6 R LA 4 £ . oo et .
= T — e 25 0 0 0 0 7.55
ARt (LR D HEAT I IR 22 2K P40 H7 i B 45 SR 3% 2, 0 ”
26 0 0 0 0 7.34
2,22 WIHBR TR E T KB EEST P Design . 0 . o o _—
Expert 8.05b #A4FXF B 44 8 o5l B 1 $2 JURE k4T J7 22 4304 v 0 0 0 0 7'45
T 5 o A A SRR (YD R IR I IR 7 " e e o

U Dy AR B 1Y Il 051 5 7

Y= —45.676 + 0. 910X, + 0. 848X, + 0. 140X, —
115.456X, —3.850 X 10 * X, X, — 3.000 X 10 ° X, X, +
0.250X, X, +3.400 X 10" X, X, — 0.917X, X, + 3.333 X
10 X5 X, —7.080X10 *X,*—5.305X10 *X,” —5.242 X
1071 X,*+886.667X,%, (D

Hi 3 Al g A BE R FOfE D 83.036, P<<
0.000 1,3 W] 3% 8] 9 85 78 F G 56 S ik & 25, A0 ¢ R &K
Adj R*=0.976 2., {5 B [a] ) 77 7 A5 780 A k5 0 1 {2 1) 56 A%

#£ 1 Box-Behnken i3 iZitHESKFE

Table 1 Factors and levels in the response surface design
X2l X ARBUN  Xo M XoehR
e BE/C [f] /min /W (g/mL)
—1 40 50 100 1 : 14
0 50 60 150 1 : 12
1 60 70 200 1 : 10
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SRR A LI P S 0.941>>0.05 , 13 B 3% 485 78 2% 3350 A
B3 T 52 PR 56 LA BOR AR GF . RIEE R LLE W, — K
WXy Xy WX Al X, WO XELXELVXE I XE R M s BT
XiXo Xo Xy A X X #5950 T 4% 38 o0 Y SR IR 2 B
B 52 i) (P<<0.05) , 13 W] 4% 78 & PR 38 % E5 8 3 o33 ik 4 O3k
MRS R R .

2.2.3  mi R AT FH Design Expert BFHR 15 H 19
Ie] Y A TR 22 ol o 7 Iy 2 ) R S v 2R PR DL TEL 8~ 10, M i
T TR S8 2 4 R AT L U ) 6 0 AR [) R 2% () 52 A T O
SRS IR 19 5 R U ) 58 PR R R I 3R 58
FAEAAREED, & 8wl i il 1A P R+ 4 B
I = e A @ e 1 G L R (5
XoF a3t B B Bk 14 5 ) 43 S L E — 9 L P 4R RO B A
2 TG (1 [] A 3 T O R R oA R I . R 9 AT
i 7 gl T T 34 3 I o e g L 4R TECEST (] A0 S O T 2 A
2R B 5B WA ol R B L 57 3 BLAE AR R e 4y
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Table 3 Results of variance analysis
J5 25 KW R A i ¥or F p 1

REAY 16.259 14 1.161 83.036 <2 0.000 1 % %
X4 0.170 1 0.170 12.184 0.004 0 * %
X; 0.072 1 0.072 5.153 0.040 0 *
X3 0.114 1 0.114 8.156 0.013 0 *
X 0.122 1 0.122 8.724 0.011 0 *
X1 X, 0.593 1 0.593 42.393 < 0.000 1 * %
X X3 0.001 1 0.001 0.064 0.803 0
X, X, 0.006 1 0.006 0.402 0.536 0

X2 X 0.116 1 0.116 8.265 0.012 0 *
X2 Xy 0.076 1 0.076 5.407 0.036 0 *
X5 Xy 0.000 1 0.000 0.002 0.967 0

X1 3.251 1 3.251 232.479 < 0.000 1 * %
X3 1.825 1 1.825 130.523 < 0.000 1 * %
X3 11.140 1 11.140 796.511 < 0.000 1 * %
X7 0.258 1 0.258 18.459 0.001 0 * %

""" %% o196 14 ool

EEiveiil 0.085 10 0.008 0.306 0.941 NTE
iR 0.111 4 0.028

w2z 16.454 28

Toox RREREE » » RRERWMEE.

Figure 7

Figure 8

B 7 JRIUR L Ao SRR A

Interaction between extraction temperature and time
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Interaction between extraction time and solid-liquid ratio

Figure 9

W3 &L 10 BN, R IO [A] R LY D] BV 280 ] i i
{E A 035 1 52 L 75— ¥ ] P[] O 3 o 42 Bk [ Ak i
F s o B i i I e L O ELA W B B AR (A (R e —
{H 22 J5 4k 252 38 i 42 TR0 R 18] FARE U LE 5 o0t B4R B B B R
R o pla 5 o oy 16 L R] 2 L e 7 A A e K . 38 5 3R A )
B iS4 300 de AR SR R T 20 SR HUIRLBE 49 °C, 32 HU i)
61 min, BE P LK 152 Wk 1 @ 14(g/mL) ¥ I
TERE S5 T AT R BB 1Y ol B i 7.773 mg/g.
2.3 EMEREEMFIIE R IR E W R AN E

PRI R AR 5 0 By 5 g 7 M B R 15 2] Y
PSR ISR M AT SR U JF 38 RSD fH . Z5 30015 B 4% 3
a- MR B B D 7,715 mg/g, 5 WU {E AH 2% 0.058 mg/g,
RSD Jy 1.74% (n="5) , S W1Z% B2 5 L BR800 1 00 & M R
ISP B G s e T O e I T
98.21% .RSD Jy 1.33% (n=3), i W] i% 5 B 7 1265 25 1
RBCRI B G T SR E D o Ak 3R HL,
3 iR

N T PR3 R o T 9k 3 B 3 T O A AS [ 4R B
BB AR S R A Design-Expert 44 X it 56 45 R
F1 A3, BF 5 7 [ 42 B2 450 1R] 114 56 38 X o0 B 412 B 3t 1) %
Wil s 77 1A [ 4 S B0 E5 4% S oo 4 B AR 2 e 17 [l
BRI AAS B T I SR IS SR ISR LR R I
8 1 2/ LI — SRR G VE W $2 O ) R AL I A 44k
PRICRFE 49 C L ARHLA ] 61 min, B P TIR 152 WK
Fb 1ot 14Cg/mL) AR o il B £ Bt 55 T i 2 A1)
B T DGR 56 45 S 3 T L o 50 B A S 2 LR R 98.21 %%
RSD 3 1.33% (n=3), UiIHIZ4R Iy ¥ RS % 1 AR LR
B G T B E D o dhi R, TS E o i
Tk Al R 2%

HTBRETBEAR AP R T HRE S8
H oA B B IR R T S PR Y o B B A AE T 0 B
SR ol TR I B B R R B R AT o it B i [
FERE G T3 FB 43 2 PR 1) /N HE AN [R) 5 8 A R A AR (AR K
ZE 59 18 X P 22 5 A D DR 1 AS B S PR Ok AT AR R M HORE
MERERE K . BRI SR A oA A & X T DA R o i
B 2R GE A 50 1o Y % £ i 2 4 G D ELA R T R
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