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- FARTTE

ETRXARERBFOHH I PHEEEZERNTZRML

B, FRS-HERT, Y EE, By
RO SR, Sk B T A AT, il 200240

BWE R0 KRR VA 7 (NADES BT H- 3 (Stevia rebaudiana) (T 40, KR — Mz, SOMIFMERIET S
WESRIUHT . DARR 2T Sy SRR, P WE AL Gea BRIk, DABH 46 0 & 46 1 AN S e T A SR UK FE A R Fiabm, Fiii H
AR INADESHRELAL 77, 485 i@ i Box-Behnkeni 3 [ 2 % NADE S B Ff 135 o i 3 0 1) T2 Ak AT ik Ak . 25 51
T, BREUHCR B INADESHE 77 9 1,2-T B H ik =8:1:1 (viviv), BRECHIEE Sk 2,59 mg-mL™", /K42 E &
16.40%, $REL IS 60 i TFAREE 591.06 mg-mL™", HL/K BRI 5 12.62%; 3 i 0 S 17 5= 45 3 dg PR R X 4% A0 R EBUIRF 1/] 90 43
B SREUREE60°C, BT N80 J-sT!, TRIIE 5 S UK B 3.49 mgrmLT!, SE6EH £ ASREOKE H1.43 mgmL™!, 5
S U6 UEAR (B35 1F VR 2 93.48 mgemL™, SESETFAIRE H1.42 mgmL VT . ERESAHE T, S ERIOK R L4484
PH4R T 34.36%, S H AR EUKR B LE WA S35 7 33.96% . NADESSE (03, HARBUHCE & TAE Sy A, ol Tt
-5 v B 2 R G SR R R, 23R BUTVE AN R 4L B B KRS R R AR G T AE = 52 5%

RKEIm ORI, A, A, REIEEA, SRR
2, PEHE-WERT, GBI, BT (2021). H T RBCILIE T RER -5 b B30 Ml 2 (IO 5 R AL, R 24

56, 722-731.

FH 44 B 2 i 44 (Stevia rebaudiana) = i aR
gF, B RS A I AL R o, B
o 2 1 6%—8%, 17 3K fifd it A E # AR T
HHATE, 2R3 2%-3% (K%, 1998). 45
PR — Bl RARANAT, HAICHAE . Sl &
FAa e v 5 rE al, I HAERNAS SR, T
P, EBURIEM, dAETRIER, B iz M
THER . TR AR 2GS T, W] LB AR RE H
THIVETOHE AR S, Bl I BR 12 5 = Hs
(& s, 2016). fignEE o LM . BEIRIG . =
MRS R UG RN B KA A S5 — i MR B YR T R
BEAN, S HAA S B SEER, I AR 92K 8 R R AE
(PKU)JE N BIREE B AR (X1 52 8 FA i, 2016). £
JUTAE%5 77, B EE5G BE Tk AR = 4R O 28 it
HAT, $eE ot s — KR S i & 55 0E
A R OE . (ERG AE TETE YeE,
PSR, AFESERERS, Fik, FRESE

Wk H 9: 2021-04-17; #2252 H #1: 2021-09-17

P& LA 2 B8 B 20 T B R (R AR AR
2016).

N P35 H A ECRH 2 B ) 7 2 A A B L
(Lemus-Mondaca et al., 2012). 75 4 Bh 2 Bk (B
H 5, 2019). s Al B EUZ: (Jaitak et al., 2009).
A SR AR A (Erkucuk et al., 2009). b0k i 7
A H%(Jentzer et al., 2015). FEfiR-1 R B (Puri
et al., 2012)FI 7y EHARE(R K R4, 2010)5%. H
W, VIR B R T A = R R BER A 7 E, i
BT BT A, AR DL I T A AR R (7
2003). fEEFISEEGES, BT E 2 0 5 v T KR RE,
AT sbs A P46 2 B 56 0 — R P /K B AT 42
B o DUKAE v ISR Uy, $REUR & KE M 2 0.
B ORI R SR K AR T, H S = T2 B 3-6
fif, BHA LRSI B a5 A AR KT (B DL IR
MEFHET, 2012), 11 BSOS R BER R, H B
HFER, L2EE R, BAMNE R, SHMEZE.

FEWH: H 5 E AR THRI(N0.2018YFA0900600) A1 L ifg A2 il R 274 .42 X 3t H (No.Agri-X201700X)

* JEiRfE# . E-mail: pangf@sjtu.edu.cn
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FAME LA TR (natural deep eutectic solvent,
NADES )2 — Fift H1 ZU B {1t 44 RS0 B 52 A 2 A (I TR
&%) (Dai et al., 2015), AR G & = BA
ICRR AR el B i S A58 R 0 455 /. NADES HI 4H
MO A AR = AR, 38 B R 7 5k B R B 1 2 5k ™
B AN R I, R — PR XA E
I AROR B e F6E, ToiR a2 KB PE4E T 2 (Dai
et al., 2016), JRE 2 KIE LR Z KA T
(Huang et al., 2017)&F AEAR&F i fif . 51, NADES
I, 7B, Bl ANLE R Ak ARl AR
VIR 5 U T2 N H

A HF 5T LANADES Rl 4% 45 15 71 K A N H B A IR
SR FH 75 %l B 77 v S BRI Tt 3 IR S R, 0 G
PRECR & T /KPR EUFINADESTE J7; FE45 & i R
I F11 Box-Behnken ¥ i1 -1 7 [f1 3% f)t /. NADE S 4 HX
%A

1 #MR57%E

1.1 w57

fit -2 (Stevia rebaudiana (Bertoni) Hemsl) 1A+
201840 H |V AT 7 R A R A A, HBA
WS J5 2% 3, & FH o RS bR Sl 41 296 %,  Siefifl it
AbR A EE296%, 140 E P RE D B4 B (L) B
ARAF . 1,2- MR A 5 B ZHEA (L
WYAMRAR . HmWEE LT T AR
BRAF . e AL IR A R A A . Kk
E Minipore 4l /K £ 4t (Minipore A &, % [H).

12 FEUHFSEE

HL R TIW H 38 2 R R A A IR A #] « DL-720E
HREEE R PE TR A 2 AR AR A F . 5425
B MU E 4 E Eppendorf A & o e R (L i- 2 1
BB A (LTQ XL) i Thermo Fisher Scien-
tificA= .

1.3 REH*E

1.3.1 NADESH#I#&

R AR R A BB HINADES, SR J5 K e 47 7%
FIE F80°CrkI Ik, BLE RIS A

Fz1 AFAEG K RBCILRE T
Table 1 Different combinations of natural deep eutectic sol-
vents

Component Component Component Mole

No. 1 2 3 ratio (viv)
NADES-1 1,2-propanediol Glycerol Water 8:1:1
NADES-2 1,2-propanediol Glycerol Water 1:1:1

NADES-3 1,2-propanediol Glucose Lacticacid 3:1:5
NADES-4 1,2-propanediol Water 2:1
NADES-5 1,2-propanediol  Glycerol 1:2
NADES-6 Glycerol Water 9:1

1.3.2 FHHERK

HERIFREX100 mgdEiti-25F5 mL EPEH, A3 mL
VR, RG], fETNF65 J-s' . IEE60°CHAE T
FEEFE A B30 Bl o ARG AE ZEIRAAME T, 15 984 xgEs.L
10430%h . L E3E, 4 F0.22 um BB BERRAUE ML )8 . L
1 mLIEW, TN mLAKHRE, HR%1450 80, 1534570
Wo RGEAEFNOK) IR A F IR, P 7 52
BRI ) 5 52 37k - NADESHIME Gt i 7 $2 B[R] i 14847 o

1.3.3 EMBROFE

FREN8 mgiflt 56 FE bR 5, IIAN2 mLoK, &5, 193]
4 mg-mL~ EH 4 HEARE SR, SRS 1R R 20T B
BEEHHATIZ SR . FREL6 mo3E i imHFARRE S, N
K2 mL, $E47, 15313 mg-mlL™" 360 i AR E
W, SR JE TR 2P AR B B D ke

T2 ARAEMVEORE
Table 2 Standard solution concentration

No. 1 2 3 4 5 6
Stevioside 4 2 1 0.5 0.25 0.125
(mg'mL™)

Rebaudioside 3 1.5 0.75 0.375 0.1875 0.09375

A (mg-mL™")

1.3.4 BEZRREZIT

PR A MR R IR B =1 INADE St 47 B[R] 253458
BRI A AP O 3 A 2 PRI | $RHL
IF TR AR P D26 1 ot [ e U [A] 30438 . $2
F£60°C, H L HE% (35, 50. 65. 80195 Js)
X HE AR BE 52 o SR 5 10 35 A 8 75 T 2 RN 4 Ui
3078, #%LHHUEE (50, 60, 70. 80F190°C)
X B EAR FE RS2 o B J 106 5 e D0 1) 4 EDRL R 75
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DA, LRI [a](10, 30, 60. 90F11204) fi )%t
SR JBE FRI R o

1.3.5 MARZEIREIRIT

FE PR R0 H AR |, AR 45 Box-Behnkenil 5 T2
(Box-Behnken design-response surface methodo-
logy, BBD-RSM) (ikHEHSE, 2017))5 #1311 e 1]
G DA 2 A0 3R 6 el 1 AT B UK FE AR 948 #F,
Xof SRR TA] i Bt AN 75 D 3AN PR AR AT 52,
7 17 e FB R 20 0 P pe DIC 2 P o i 2 T X 6 £ BT 3R 5K
IS,

1.4 MEFH*®

1.4.1 P EMEHMBFARFENELTQ XL)
1411 @BILEY

3% #: . Welch Ultimate XS-C18 (2.1x250 mm,
5um); A ZHE(B)-/K(C), ¥IEH01%E KK
W, BRI VR (£ 4); WE: 350.0 uL-min™"; KW
£:210 nm. 254 nm; F#E:if: 35°C; #EAERE: 10 pl.

1.4.1.2 FL&EHG

OB TR S VR4 KV, B IEE320°C, B
AHESS LominT, BB IE10 LominT!, B4
JE24 V, H33EFE50-1 500 mz .

&3 MR R A PR K S KT

Table 3 Factors and levels of response surface methodology

Factor
Level ~ A Temperature B: Power C: Time
(°C) (s (min)
-1 60 50 30
0 70 65 60
80 80 90

R4 PR

Table 4 Gradient elution procedure

Time (min)  Mobile phase C (%) Mobile phase B (%)
0 80 20
3 80 20
15 30 70
20 30 70
20.1 80 20
27 80 20

1.5 $EHRiHEAZE
S FE G P s 0D 8 2 7 R SR ek AR v R, i
LTQ XLHEATAI . {5 F Xcaliburf 44 &b P 75 21 f) U [
P, DU T RO RE AR BR X, 46 T AN 3 6t AR FE
(mg-mL~") g AR KR Y il £ b o i £, AT 2k bk [
U534, 45 ZIF 5 IR EE SR04 AR 18] [R5 7
F&: Y=4E-08X-0.204 1 (R2=0.992 9), kfiflith 1F Ak
& SR VTR Z (B () (=1 ) 75 F8: Y=2E—08X—0.648 8
(R2=0.980 3).

[FREAE FHLTQ  XLAS U & 4 A 0, AR 48 15 2]
(YU T AR, A0 B0 U D7 v B0 H A ot v it 2 1 A S B
AR BUR .

1.6 #iEsbE

Fr A SR B B0 $5 P AT R 3K . R F e 45 R
Excel 201652z o % T AN [R]¥ 710) it 2 1 A0 S fifd
AWK FI52m, SR SPSSHAE b i M S A AT
AT 2 7 B EM T, B =R FHHANOVATY
EATE R REMRT . R Design Expert 1214
SHEAT Ve 7 TR T T A i 87 T S 2R ) [ V9 2 A I
Hil =4EE . BT R 7 20 itk AT 2 J LR, 40
AR [ S W 22 A i R I F(E A B, P<0.05%%
TRIESE R . BRI A B R [ 5 R BR
SEHATIEHAL

2 ZR5i1e

2.1 (HikiRENEH S PE R LHINADESEL 7

2.1.1 REINADESHE I M FHEIREUKE I # G

AW FCER T 67 NADES X} i 2 E $12 B 2 11 5 i (&
1). 4R %W, FINADES-1H2 5 i 45 H K B B
(2.59 mg-mL™"), HAL G5 A KR H16.4%, H 5
H'ENADES#% 7 1.2 (P<0.05), % #INADES-1LLH
'ENADESH 5 5 if (FF2 IR . #FFURIM, &471,2-
A IEFINADESTHL 77 2 U R B b, Wl REAZ21,2- A
TR ARV Y RO E R 5, M AR R R S A
Ry B O ER R, G BT B A A R UK
o (HRN,2-H SRR KR & SRR FIB AR
WMAMEARZE, HA,2-T8 B S SN SR LA
B AE BRI, T REIR TS T R H bR BCor B4R AR
H, AT B PR
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3.0
254 F .% I 1 =
2.0-
151
1.01
0.5-
0

Stevioside
concentration (mg-mL-")

S
%I\ r%,51« %ib ‘b’b‘ %93 o_’ﬁb 2
OQ’ QQ/ OQ’ o‘o OQ’ QQ/ KN
e?“ é?’ e?’ é?’ e?“ é?“
NADES type

Bl AR R IR 3k

* P<0.05; NADES-1-6I.3% 1,

Figure 1 Extraction concentration of stevioside in different

solvents
* P<0.05; NADES-1-6 are shown in Table 1.

2.1.2 A ENADESA 7 *F 3 & 8 F A 2 BUK B B9
A

AW FEHR 1 6 FF NADES i S fifd itk 7 ABE B 5 1) 52 M
(2). Z5RLH], K ANADES-1H2H ) 36 AR
JF % 5 (1.06 mg-mL™), Eb SR F A G v 7 K 4R L
12.62%, H.5H '©NADES# 5t &2 3 (P<0.05), % W]
NADES-1t H & NADES A 47 e Bt aE . K H
NADE S- 14 B i 25 1 A1 S e 7 AR P ) B v,
IINADES-1 5 3% & 3 M P2 X, 1K K NADES-1 H
1 J5 82 5206 (AR U 771

O =
©oOoO-N
PR TR T T |

e

Rebaudioside A
concentration (mg-mL-")
o
()]

%'\ %fl« "oib %’b‘ %’b %’6 S
e‘?‘ e?‘ e?‘ e‘?‘ é‘?’ e?‘
NADES type
B2 A R R O St e 1 A
* P<0.05; NADES-1-6I.3% 1,
Figure 2 Extraction concentration of rebaudioside A in dif-

ferent solvents
* P<0.05; NADES-1-6 are shown in Table 1.

22 HEEENHERRRR

221 AEBEFENRMWHEFEMERBEFARIUK
BB

MPE R N60°C . HEHU 7] 9304 iy, AS[A]
IR E SRR TR RIE S PRy e A e
F(KEIBA, B). Bl D)2 188, $EHOR x5
w5, 1E80 J-s I Ik B B KA, FH A IRBOKE N
2.62 mg'mL™", SEHEEEFASEEUKE }91.07 mg-mL™".
SRJE, BEE RS DRk T, PREURE T . R,
80 J-sT M N B F A HEAT 5 S92 . (R Bh A I
BRI 2, PRBUKER AR . 1 B A S D AR 1) 3
0, R T T RE A 2 P RE R R A B R e
VIR B R R AR SE A, AT R A ROk I
T A R B A 48 5 o (LR 75 % 95 J-s T 4R
WL T80 J-s™' [RI, Wi Rk IR e 50, 65
80 J-s™ I A T BEATHRAL

A 30-
= a a
2.5

mL-

2.0 b

(9]

1.5
1.09 4
0.5

Stevioside
concentration (mg

0

30 35 40 45 50 55 60 65 70 75 80 85 90 9510
Power (J's™)
B 1.2, a a

0.8
0.61
0.4

Rebaudioside A
(o]

concentration (mg-mL-")

0.2

30 35 40 45 50 55 60 65 70 75 80 85 90 95100
Power (J-s™")

B3 5 TR X 4G T (A) RSBl T A (B )V FE 2

ANEV/NG FREROR 2 57 135 (P<0.05).

Figure 3 The effects of ultrasonic power on the concentra-
tion of stevioside (A) and rebaudioside A (B)

Different lowercase letters indicate significant differences (P<
0.05).
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222 FRERKEEXHBEEMERBEFARBR
g0k A

PRGN — N HESHGR R WA B8R &
ROV A P 2 52 iR FE s o i T AR BOL R SR U, TR
BB R BRI . SRR A
80 J-s™'. HRHUNT A] 9307 Bhint, $RENE R 5
ISR 1 T AFEHOK B 15 — 35 (B 4A, B). BEEIR
FE R R R FE 3G N, LR R 0T e il Tl A
{EAEY) A0 M 5L R G AT, S E0A Ry EOE 5, T
fE15H RN B2 v o 240 FE 18 2 60°CHY 1A 21 ¢
18, 3 HREUR B H2.62 mg-mL™, 36 AL
Y 2 91.07 mgemL™", [R EoRs 32 HUIE E 60°C A N
BRSOk L R S92 . BB IRBGR E 48T =, 4R
HUREE 2 T EES, nTRRIER IR T Ry
TR R R, NI S B BOR BE BR A . IR T

A 30-
2.5 4
2.0 4

1.5 -

1.0 -

Stevioside
concentration (mg-mL-")

0.5 |

0 T T 1
40 60 80 100
Temperature (°C)

1.29

1.0

0.8

0.6 -

0.4

Rebaudioside A
concentration (mg-mL-")

0.2 1

0 T T T T T 1
40 50 60 70 80 90 100
Temperature (°C)

B4 HLICE RO A0 1 (A RSB A (B)WK FE LW
RN -0 5 7 7 15 2 (P<0.05).

Figure 4 The effects of extraction temperature on the con-
centration of stevioside (A) and rebaudioside A (B)

Different lowercase letters indicate significant differences (P<
0.05).

FIAE—E R AR AR O, (H A IR S I ST
AT REXS SRV PR AR E A S, PR AT 48 e
AN B 25 08 1) 0 M 79 T % RS, ) T X 6 3
60. 70/180°C=N/K 1 it FLREATALAL -

2.2.3 A[EHRBE B 3§ 5 H A0 B EFARBUK
R A

FESRHGE FE60°CAIE A 1) %80 J-s U4 1F T, $2H
T ) %o 46 A0 S 0 ek AR IR 5 110 % i — 50 (T
5A, B). B SR A1 ZEK, DAHEHNO0 7B M &% =
18, SRR 35 TF U 93.48 mg-mL™", $REX 3k
AR E }1.42 mg-mL™" . $REUCR AT R, B
A 58 4B IR SR EL K . T B EUR 18] 91204 B,
B T 3 A AT B AL 0 LB A OB A AR, 5L
PRIV B BRAG, I FLIBA (1 32 BN () 2 4 S 06 Y 72

A 40 -
=~ 3.5 1
4
€ 3.0 1
(o]

E 251

2.0 4

lon

Stevioside

concentrati

O = -
o o w
1 1 1

0 10 20 30 40 50 60 70 80 90100110120
Time (min)
B 1.6

Rebaudioside A
concentration (mg-mL-")

e o 0o o = = =
N A O 00O O N
1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90100110120
Time (min)
B5  FRIA [R] X 8 49 (A) R SE S0 AR (B) 52
ANE/NG FRER R 2 57 5.3 (P<0.05).

Figure 5 The effects of extraction time on the concentration
of stevioside (A) and rebaudioside A (B)

Different lowercase letters indicate significant differences (P<
0.05).
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BEREZENG, WINRERE. DRIt, $RENQ07) S e 2 i
Frp AR B B A MR B 2 o £ b, e T S 06 i B
30. 60M1907 Bl =N/ PR HR B (B BEAT A AL o

2.3 MEESEMAIREFGERS
i 7 TR P S 3R 3R L 3K, BIRE R, HITIF
AR S RIS E Mk o ) 82 T S 3645 2R L5

R 0T S AG 45 R
Table 5 Response surface experimental results
A:
Run Tempe-
units rature

B: C:
Power Time concentration A concentra-

Stevioside Rebaudioside

“C) (J-s") (min) (mg'mL™") tion (mg-mL™")
1 70 50 30 2.30 1.11
2 80 65 90 2.08 0.90
3 70 80 90 277 1.03
4 70 50 90 0.11 0.09
5 70 80 30 1.71 0.70
6 60 65 90 2.57 1.18
7 60 65 30 2.59 1.06
8 80 80 60 2.00 0.83
9 60 80 60 2.52 1.02
10 70 65 60 1.52 0.64
11 70 65 60 1.52 0.64
12 70 65 60 1.52 0.64
13 80 50 60 0.06 0.02
14 70 65 60 1.52 0.64
15 70 65 60 1.52 0.64
16 80 65 30 1.31 0.65
17 60 50 60 0.49 0.35

Xt SEGBAR AT 7 25 M, 19 2R S EEIR BEY A
HAAEX (FHUEEA. HAEIIEB. $ERUEC)
2N W% R B Y=1.52-0.341 9A+0.756 8B-—
0.048 4C—-0.021 1AB+0.194 9AC+0.813 2BC+
0.079 3A%-0.336 5B%+0.535 3C?; 13| 3hfl it T AR
FEYHEASEX (GRIUREA. BADEB. U
C)MI 3k & N €6 H AR Z Y=3.07-0.728 3A+
1.20B-0.190 9C+0.159 8AB+0.152 5AC+1.63BC+
0.308 1A%-0.723 2B%+1.18C?.

(e Y5 TR Gy S 5 P 3 o A 6 0 P AT S A & i
B R 1 B AR Y 28 5 ANO VAR 56 (£6) B, F

F<6  FEH IR R TT 2 5t
Table 6 Analysis of the model variances of stevioside con-
centration

Sum of Degree Mean

Source squares of free- square F value P-value
dom

Model 9.98 9 111 8.00 0.0060*
A: Temperature 0.9351 1 0.9351 6.75 0.0355*
B: Power 4.58 1 458 33.08 0.0007*
C: Time 0.0188 1 0.0188 0.1355 0.7237
AB 0.0018 1 0.0018 0.0128 0.9130
AC 0.1520 1 0.1520 1.10  0.3297
BC 2.64 1 264 19.09 0.0033**
A? 0.0265 1 0.0265 0.1910 0.6752
B2 0.4768 1 0.4768 3.44  0.1059
c? 1.21 1 121 871 0.0214*
Residual 0.9697 7 0.1385
Lack of fit 0.9697 3 0.3232
Pure error 0.0000 4 0.0000
Cor total 10.95 16
R? 0.9114
Rad 0.7975
Ropred” -0.4173

Adeq precision 10.9996
* P<0.05; ** P<0.01

{t48.00, P<0.01, ViHAZ BB E %, I HR?
N0.911 4, Ui BIASE RS & TR FE 0T o AR Y (3 U vk
T LA B Raq HIME(0.797 5)IAIE, & HIZA T LA A
FET79.75% [y N2 AR S, HIF S8 173 (R0 7 FE 15
(I ECHE 5 3 T S B0 SR A3 A B 2 AT RGP AH OGP M
BN, SRR S HE U [R] 1) 51 07 0 # 5 TR
FERIRMT 535 (P<0.05), A ThER. HF TR 51U
V) (1952 TELA'F P S5 4 VA B R S e i 2 2 (P<0.01)

S fifd e S AR FE 1) [B] U B A 22 0k ANO VAR 56 it
7, FIE 4453, P<0.05, A% Rl A8 5 2 (K 7).
3 HR?40.853 6, 1t HIHAATL BT . Rag THH
0.665 3, & HIA5 AU 1] LA fif BE66.53 % I M . A% 57 £,
VRS T3 B VA 07 FE E S0 s 0 S8 3R AR 1Y)
B < (A RAFAR S . MBI B, SEEU A 1
ST 7 5% SR Jel T AV FE 1) 5 1 {2 35 (P<0.05), 7 1)
26 D) KR 75 T 2R 5 B LR (] £ 38 HLAE FH G SR ffi ek A
W 2 A A 2 3% (P<0.01).



728 MR 56(6) 2021

F7 SO E AR B AR T 2
Table 7 Analysis of the model variances of rebaudioside A
concentration

8 AN [FBE ISR AR X 2 T RN S et T AFE AR B L
Table 8 Extraction concentration of stevioside and re-
baudioside A by different extraction conditions

Sum of Degree of Mean

Source squares freedom square F value P-value
Model 1.51 9 0.1682 4.53  0.0294*
A: Temperature0.1834 1 0.1834 4.94 0.0616

B: Power 0.4988 1 0.4988 13.45 0.0080**
C: Time 0.0126 1 0.0126 0.3396 0.5783

AB 0.0044 1 0.0044 0.1185 0.7408

AC 0.0040 1 0.0040 0.1083 0.7517

BC 0.4567 1 0.4567 12.31 0.0099**
A? 0.0173 1 0.0173 0.4660 0.5168

B2 0.0951 1 0.0951 2.56 0.1534

c? 0.2538 1 0.2538 6.84 0.0346*
Residual 0.2597 7 0.0371

Lack of fit 0.2597 3 0.0866

Pure error 0.0000 4 0.0000

Cor total 1.77 16

R? 0.8536

Radg’ 0.6653

Rored” ~1.3429

Adeq precision 7.9551
*P<0.05; **P<0.01

Xof e 87 T 3R 56 4 SR AT e T, A5 3 e N TR = 4
P, i = 4k P T DA s R (AR EVEF . SRR
5 R Th 2R R EA ()% 4 T R B R SR el TP A
WS W 6 T~ . Horp, SR ECE AN S oh R
(1 = 24k R R P B AR (IBA, D), W P 3 (158 HAE
AR E o BbAh, SEHCE BRI HE U 8] () = 4k B iRt
FEB LR (6B, E), WHIWH I HAEAAEE.
T 8 75 Ty 3 R4 BT [0 114 = o P fui A} P o 5 (P16,
F), ULl =& 2 (A28 HAEHEOR, Z4 577 20
(36, LT 5L R,

I OB BB -2 FRE 36 i TINADES (1,2-
I K =8:1:1, vIVIV) R B A 3R B S A 347
P, BISREU [R1904: B, $EHUEEE60°C, M RN
80 J-s™!, AR T 4G R BUKE N3.49 mg-mL,
SR EF AWK EE 1.43 mgemL™" o g T BE TR e v
g tE, IR A AT S0 . 45 R (R8)ER W, &l
SR R TR UK 43.48 mg-mL™", ELBIHA S
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Figure 6 Response surface analysis of extraction temperature, ultrasonic power and extraction time for stevioside and re-
baudioside A

(A) Response surface (3D) showing effect of temperature and power on stevioside; (B) Response surface (3D) showing effect
of temperature and time on stevioside; (C) Response surface (3D) showing effect of power and time on stevioside; (D) Re-
sponse surface (3D) showing effect of temperature and power on rebaudioside A; (E) Response surface (3D) showing effect of
temperature and time on rebaudioside A; (F) Response surface (3D) showing effect of power and time on rebaudioside A
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Green Extraction Method and Optimization of Steviosides from
Stevia rebaudiana by Natural Deep Eutectic Solvent

Qing Miao, Pa-he-er-ding Sabiha, Siyu Zeng, Qifang Pan )
Joint Plant Biotechnology R&D Center of Jiaotong University-Fudan University-Nottingham University, School of
Agriculture and Biology, Shanghai Jiaotong University, Shanghai 200240, China

Abstract Natural deep eutectic solvent (NADES) was used to extract steviosides from Stevia rebaudiana as an efficient,
green and environmentally friendly new method. Compared with traditional solvent water, the optimal NADES formula was
selected to extract S. rebaudiana dry leaves by measuring the concentration of stevioside and rebaudioside A, two main
components in steviosides. The extraction conditions of NADES extracting steviosides were optimized by Box-Behnken
design from response surface methodology. The best NADES formula for steviosides extraction was selected: 1,2-pro-
panediol:glycerol:water=8:1:1 (v/v/v), the extraction concentration of stevioside was 2.59 mg-mL™" (16.40% higher than
water), and the extraction concentration of rebaudioside A was 1.06 mg-mL™" (12.62% higher than water). The NADES
extraction conditions were optimized by response surface methodology: extraction time was 90 min, extraction tem-
perature was 60°C, ultrasonic power was 80 J's™, the predicted extraction concentration of stevioside was 3.49 mg-mL’1
and the concentration of rebaudioside A was 1.43 mg-mL’1, which was close to the experimental verification value (the
concentration of stevioside is 3.48 mg-mL‘1, the concentration of rebaudioside A is 1.42 mg-mL‘1). Under the best condi-
tion, the extraction of stevioside was 34.36% higher than the initial condition, and the extraction of rebaudioside A was
33.96% higher than the initial condition. NADES is environmentally friendly and has higher extraction efficiency than tra-
ditional solvents. It can be used for the green extraction of steviosides from S. rebaudiana. At the same time, it provides a
promising prospect for the green extraction of natural products from other bulk economic plants.

Key words NADES, Stevia rebaudiana, stevioside, rebaudioside A, green extraction

Miao Q, Sabiha PHED, Zeng SY, Pan QF (2021). Green extraction method and optimization of steviosides from Stevia
rebaudiana by natural deep eutectic solvent. Chin Bull Bot 56, 722—-731.

* Author for correspondence. E-mail: pangf@sjtu.edu.cn

(DiHESm %R AR R)



