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L1L3 HHYEs 240 AT W46k i (TU-1810 #,
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- (FA2004N 2, FHERE R CR BRA RD 5 875 IS Uk
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L2 RErk

L2.1 RBEHSERNE KHERRSE 0CHETERZ
fEH A AEIEEEF D 8.0 mg, B 50 mL &M, in 70%
IRV MR 2 20 8, 25 . K % W 0. 60, 1. 50,
2.40.3. 30.4. 20 mL F5#E B D X HR S W, 2 BB T
Bt 28T, &I 5% 7 B - vk BE FR 1 Wk (O
PEDO. 2 mL FIEER 0. 8 mL,60°C/KBH N 15 min
JE B, FKYE N 10 min, £ MYKESER 5 mL, %57, LIAH
RERFINE RS ET IR 4% B/ 6B #E 475 nm Abil 2
WOR RN, RS RBURE &, B TR ERKE
AT BRI B A, W RO E, TR R

119

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

s PESREEIT -

F @ ¥ 2016007):119~124
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1.2.2 BMPERRAE  BEK TR R - FREUN
BE RIS HEZEN 2 g, BRI LL oA 1 ¢ 25 g/ mL, BRFREE TR B ¥k
JEH 0.27 g/mL, BEK b (mL = mL) 435 & K 0. 47,
0.57.0. 67.0. 77.,0. 87, Fi P T 500 W #2HL 5 min, 3
UE VR TR EE R B R CEEAE UM R MR
W B WE 2, TR TOK BN R, S U85 U
KEEEEZRZ 50 mL, I E MBS E R % L 2.1
W BB H R ITELRFERCRY, BB
RO =[M; P BRFHEE/ M, +M:)]X 100, H
M, R EE B RSB RE My 8 T B R
B RE. BERER TR R B X A BORR A 5 AR B
RRRIRS AR ZE A 2 g BEVR EE O 1 ¢ 25 g/mlL, BEOK Lo
0.77, iR R B W E 4 5 N 0.15.0.21.0.27,0. 33,
0.39 g/mL, SR )5 #%& F iR THE BB HREBCOR., MR
i PR X 2 BRI A 5 Ml R A A A 258 2 g, MR
LbR 1 s 25 g/mL, BEJK EL 2R 0. 77, B BR &% i & Wk BE
0.21 g/mL, {4k 2B 8] 435108 1,5,10,15,20,25 min,
RIGHE BB THE R B OR . R E X 2 BORCR
S FREUB AR RS A 2K 2 g, B e BEK Lo 0. 77, R
FREE BV FE R 0. 21 g/mL, BHR L4 % 2y 1 ¢+ 15,
1:20,1:25,1:30,1: 35,140 g/mL, &N
500 W, 7l Z£ B 10 min, SR J5 % FiR i+ B BB H A
S OB E SO e b A I N G L Y
2 g, EEEK A 0. 77 iRk R B W 0. 21 g/mlL,
BHE LR 1 ¢ 30 g/mL, 1% & f i B 34551 24 300,400,
500.,600,700.800 W, 78 i 2 B 10 min, %R 5 #% ik it&
MBHERCR,

1.2.3 IEACSLE @R RIRE SR AT A, R i
1:15 g/mL 483 1+ 25 g/mL B, f5AHZE B R AL
Rl 55. 32 %N F 90. 74 %, Ak LR R K L, MR
T EEBUORAAA K, BT LA J5 223050 H R R LL [ 2
1+ 25 g/mL, 78 IEAC L6 H s BURE T 38 (B K bb  ZE B
A B) R ER B T VR B 4 NI R AT Lo 3D IER T,
iE— 25 25 8R4 P RS A 25 B B AL ORI, IEAC

LH R IE 1,
*1 EXEWERSKTE
Table 1 Factor and level of orthogonal experiment
KIFHEE A BEKLE Bt o C M MRWRE D ZmANH
Factor Ratio of Microwave Mass concentration of  Extraction
and ethanol and power ammonium sulfate time
level water /W /(gemL~1) /min
1 0.72 400 0.18 7
2 0.77 500 0.21 10
3 0.82 600 0.24 13

L2.4 TZEEMRE 7 HE LRI v F
XUKFIZE I T LR v PRI AR AL B R A 250 2 s
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FRALR 2 T2 5 0473056, BDBEK EL 0. 82 fdi
ZEHATE] 10 min BHRELL 1+ 25 g/ mL, BRER SR B R
0. 18 g/mL, i T3 500 W, EE KL 3 K, iHE BB/
ZEPCREFRBCR . [F AR )2 ZEEAE S MR 45 mL ]
WTEENETEEPEBHENSTE. BREFIRIGE
(mg/g)=WM; +My)/M, Hp M, h )2 ZEEHET B
BEFE,mg; My N T EKMEP BEFHHRE, mg;M A
L&, .

L2.5 XFLbiks  FREUBAG 2 5 RS20 2 g, LU
BE7K LE 0. 82 TN Z B /K ¥ ¥ 50 mL, 15 & T B %R
500 W, 5 B4R B 10 min, 3338 , 1158 S B H I BUR,
[FIA I HE R 45 mL HTRE METREH A EH
H A&,

L2.6 KIMIEMAMIRE BREEHET A K
56 - W G AR 2K 5 8 B OV 43 ) R AR R R VR BE N
0. 204.0. 408.0. 612.0. 816.1. 02.1. 224 mg/mL FILLIR 5
VAW, FEFE . WRE 5.6 mL Tris-HCl 2% ¥ (50 mmol/L,
pH 8.2) 73 H B F 10 mL iR & v, F 25°C /K ¥ il #h
20 min, 43 FI0A 2.0 mL R[F B &R E RS2 B R
FHREUA A 3 mmol/L K =MW 0.4 mL, B4 T
25°C/K N 4 min, I 8 mmol/L HCl ¥ 1.0 mL
Lk, DL Tris-HCl il 2 |, T 320 nm 4k
MIER S A, AT E 3 WK, BUFME; HE &G
5, ARMRFRZR AR E A, R P S EZE R g
FHEBOR , F 320 nm PR AR SR A, FATIE 3
UWLBCFHME ., FaEA R CEREH BRERE N 0.1,0.2,
0. 3.0.4.,0.5,0. 6 mg/mL FIXFFEH , [F_EERAE , FATI0 2
SYLHUEIME., #e T A 2L A S R UK (4
AR CHEBOTBEREF A mEMERRFEY . #EH
BT HAENBERE ) =[(A —A)/A 1X100, i
J 332055 + 43 ) W BT B MR B A 3. 675 mg/ mL G AEZE
MR FEREUK 0.3.0.6.0.9,1.2,1.5.1. 8 mL, & F 10 mL
ZEERAP L 4 B R B YR R 0. 110.0. 221.,0. 331,
0. 441.0. 551.,0. 662 mg/mL MR A, HH. 459
WZ R 1. 0 mlL 7R [F) i & vk B RS A 25 0 R R O, B
F 10 mL BZERAE 1, In A BEREE 2% #hi% & (0. 2 mol/L,
pH 6.6)2.5 mL Hl 1% EkFALMER 2.5 mL,IRE 5
JEIZE R EF S0CHEIR/KE HHER 20 min, R %
HL A 10% 1 =R LB 1. 0 mL,5 000 r/min B>
10 min, B8 2.5 mL EEWRFH—RAEH WA 2.5 mL
FEIE/KN 0.5 mL 0. 1% =&AL IRA), # & 10 min,
L 80 %0 1 ZBRES W R 25 H - 7E 700 nm AR I 2 W
JE AU HEAARAE, R L G
A I S 1 25 R R T AR U, 7E 700 nm I8 AL
FEWHE Aoy A5 Ay 128 8K RS AL 5 A R I8
JRAE S B BR ., K4k R C i ALUR Bk E N 0.02,
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0. 04.0. 06.,0. 08,0. 10.0. 12 mg/mL KX} B W , [7] b #5
B, #IBTRITEHEELEFRIOE B4 K CHBR
HRIR S . BRII=A—A,,
2 HRESW
2.1 ZMRRFEE

DIASHE BB D X R 9 W T ' BE R AR A, SR
IR E (mg/mL) Jp kAL b, 2 i br v ih 28, 815 5 72
A=4.769 6C+0.003 6,7=0.999 5, ZERFEH,FEHEE
HF DFE 0.019 2~0. 134 4 mg/mL 78§ Bl N 2 B 7451
2.2 HPFRRAE
2.2.1 FEEKIEAZEBGER M fE 1 A, YK
HLAE 0. 47~0. 87 Y Bl P9 » B 5 AL R Se bl & B K LL i)
B R 2R R, 4 BEK L (mL 2 mL) 4 0. 77 B ZE B
RE 5w (A 85. 1950, 4k 22 3 fin B K L, 28 BUR I iR

TR
\\
e
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[[lE¥iNi4
Ratio of ethanol and water
B 1 Bk (mL @ mL)XZEBBRAIRIE

Fig.1 The influence of ratio of ethanol and

86.00

RERR
Extraction ratio/%
o] o0 fee]
f=] [ &~
f=3 f=3 f=3
(=) (=) (=)

78.00

water(mL ¢ ml)on extraction efficiency

2.2.2 BREREEFTEWRENAEBPCRME M K 2 R,
TRERER BB R B 0. 15 g/mL g /n%) 0. 21 g/mL B, &
AR 87. 24 7634 90. 506, 4RLEAR P B AR B¢
JRE VR B , T A IR o i (L 90. 50 06 FF i 12 i Bt
% 234 e DR T R 2 i R e 5 R Ve JBE A v I KA P AR
T —E WY ER A8 T AL HUCRTT AR R

2.2.3  TRUEAEHUN XS ZEBUSCRIGR N & 3 KB B
TR AR U ] A B, A T 1) 26 B ST 78 W 1 K J5 F
BEFEAIG, 24 2 B[] 2 5 min B, 58 O ZEBUR K
86. 2476, 24 ZE BB [H] JE K 2 10 min B, ZEHE Ry
90. 96 %6 , KSEIE K< 22 HURT 0], ZEHUAR i 90. 96 6 TF 4R &
Wi K. T RBR P AU ), SR A 2N
TSR, T 40 SR 26 B ) 5 4, B 80 i 26 4k
B YNSRI T B IOR TR

2.2.4 BRBIEXZEBGICR M & 4 R, SRHR L
i 1:15 g/mL HEfn%] 1+ 25 g/mL B, BB R EEHOR
H1 55. 32682 £ 90. 7406, KSR IURHR LL , BB H Y

90.00 | /
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TRUR e I Bk B2
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2 EREREREXENMLRIIM

Fig. 2 The influence of mass concentration of

R
Extraction ratio/%

ammonium sulfate on extraction efficiency
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Fig. 3 The influence of extraction time on extraction efficiency
ZEBCRARAEL /N, At IR R AT BB R L K/, ZEBOR
FE4 T BOEE BB AR 2R L3k B — € LBl s,
BRI ZEBCRWIR B T R m g, B 4R S5 e L,
Xof B B ZE ORI

— . .

HIE

1:15 1:20 1:25 1:30 1:35 1:40
BHRE
The ratio of material and solvent/(g-mL"")
4 B X B R AR
Fig. 4 The influence of ratio of material and

solvent on extraction efficiency
2.2.5 PRI ZEBCSCRIOE N & 5 R FEEZ
BB A HCR TT U6 I il 1 I8 ) 23R ) 184 0 i 58 £
L2 T B Th R g 500 W OB, A B K B B
90. 40 %0 , T 7 ZE U it 25 TR 1 238 A 48 S 1 v TG W T
Kok, 43 BT T DR AT R 1 8 2 3R o — <2 (B LA 5 I )
T AR T G BB BT Y
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2.3 1ERELE

A2 2 AIAN, 4 R R RS2 A B R BUR
MR R A>C>D>B, B EE K b > B BR 44 i & vk B >
ZEERAT R > TR B TR, WL B BTN REERTZ
MR AB,C Dy, BREEAK EL S 0. 77 AR ZE BT E] 7 min,
BHREL 10 25 g/mL, BRBRE SR B W B R 0. 21 g/mL, 1
BETh=RJy 600 W,

90.00 | \
85.00 / \
80.00 |
75.00 |

70.00

RERR
Extraction ratio/%

300 400 500 600 700
i $h % Microwave power/W
B 5 R TR R KRN
Fig. 5 The influence of microwave

power on extraction efficiency

*x2 IEEXSRMEER
Table 2 The experimental result of orthogonal test
RS . BB ZEBR Extraction
Number A B c D ratio of total saponins/ %
1 1 1 1 1 87.15
2 1 2 2 2 87. 65
3 1 3 3 3 87.93
4 2 1 2 3 89. 87
5 2 2 3 1 90. 66
6 2 3 1 2 89. 21
7 3 1 3 2 87.43
8 3 2 1 3 86. 26
9 3 3 2 1 89. 32
Kj; 87.58 88.15 87. 54 89. 04
Ky; 89. 91 88.19 88. 95 88. 10
K3 87.67 88. 82 88. 67 88. 02

BAM 89.91 88.82  88.95 89. 04
%% R 2.33 0. 67 141 1.02
A Az B3 Cz Dy

2.4 T ABIFMHERE

3 R T2 0 E 38 50 A+ 430 25 . B I BUR 4351
92.31%.91.87%. 92. 75%, F # & 92.31%, RSD &
1. 08%6 ; b H HIIRBUR 23514 66. 55.65. 59.66. 38 mg/ g,
SEH4K 66. 17 mg/g,RSD K7 0. 77% ., FEBE I LB
B4y H 18. 48%.18. 40%6.19. 75% , -4k 18. 87 %,
R REN, 23 PR E R IER LR FER T Z
R E L IE A PRI AE
2.5 XfHhidss

TEANINA ST AHER R BR B 1 2514 3 R E AR 4R R T
AT IR 3 K AR R TRE .. BRFRBCE
A8k 66. 31.,66.92.66. 05 mg/g,F3466.43 mg/g. &
SRMNENHATEBERFHNEBHESEDH N 9.56%.
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9.39%.9.05%, ¥ % 9.33%, HIikE4E R TTH,2 fh
Tk ) B B R BCR A 22 T L {2 T A SR B BR 2 1
A BEFERE RSB SEH SRS, M52
I RF R MRS T —& N E EIEH.

2.6 (RIMIUEMIRE

2.6.1 WEREBERETHHERE K 6.7 X, A58
M BRI M4 EE CHRBERES T A h i
FA) Y5 I 30 I EL O B R B ) 88 o T 28 T 1 R, 4 A A 2R
SMBTRERUR R RRE R 1. 224 mg/mL i, H XA
BEFAMREMNERENR 0.95%, YAELE CHBRGER
Wk 0. 6 mg/mL B, XA FA B F B B ATE R
7 95.60% . IRIRZE 2B L A AT 25 M B AR BUR N R
AIABEFAHMBEER —ERBIREES (B HEBREE S nE
EF4EAR CHB.
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80.00 /
70.00 e
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THRRR
Clearance ratio/%

0200 0400 0.600 0.800 1.000 1200 1400
PRI IR BE
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BE6 #HEZRRASEERET
BHREMERE
Fig. 6 The clearance ratio of extraction solution of Platycodon

grandi florum stems to superoxide anion free radical

105.00

90.00 /

75.00 | :
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45.00 + .
30.00 /

15.00

Extraction ratio/%

01 02 03 04 05 06
e FCHTRUT B EE

Mass concentration of vitamin C solution/(mg-mL")

E7 #45FZCARNEBEREFEHENBRE
Fig. 7 The clearance ratio of vitamin C solution to

superoxide anion free radical

2.6.2 WEFRE 8.9 FTHH, A S B HEBOR
e R C IR 7 B 5 8 ok B2 ) 4 o i 328
R, Y2 B B AU ST YR B A 0. 625 mg/mL
Wh,HR SR O 0.427, H4EA R C IR By E N
0. 12 mg/mL B}, Hif Jf J1 2 0. 935, IR ZERK I, 14
2L SR AT A OB AL — E W38 SR AE A L R SR RE 77 5
THER CIHE.
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Fig. 8 The reducing power of extraction solution of

Platycodon grandi florum stems
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Fig. 9 The reducing power of vitamin C solution

3 Hig

168 Aok P PR 2R R T A2 S B 0 A7 A 2 e R 0 T
R BUK AR AE BT 2L AT Ok , 6 A5 25 5 8 P e B A R
T2EMREEAK L 0. 77 BHR L 1 ¢ 25 g/mL, f i A X
W] 7 min, B BR £ Bt B W B2 0. 21 g/mL, i oh &
600 W, FEB bR UK AE S R B T 20 13 8 i RS 1
RARUA W, WU TR E I SR AR 18,8700, T #E
IS HEER 0 R B (0 S SR R AR 1R T A3 B A R A 2K
PRI B T B W BB AR 9.33%, HE F4rAH
HEIMA, TRENSEFSERS T 9.4 Ma0 A,
R EERECh 2.02, N R ERBUEN
RS RO X R EH 2 T B AR B B R

FHE TR i 25 R UL RS AR 2 S T R O A — 2 Y
PUAALRE ST (L HST A RE 58 T AR C Ot
BB AR AL TR HE .
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Study on Extraction Process of Total Saponins in Platycodon grandiflorum Stems With
Aqueous Two-phase Cooperated With Microwave Method and Its Antioxidant Ability

ZHONG Fangli' , WANG Wenjiao"? , WANG Xiaolin' ,ZHAN Honghe'
(1. School of Chemistry and Pharmaceutical Engineering,Jilin Institute of Chemical Technology ,Jilin,Jilin 132022;2. School of Chemistry, Jilin

University, Changchun, Jilin 130012)

Abstract: Using Platycodon grandi florum stems as experimental material, aqueous two-phase assisted with microwave

method was applied to explore the influence of many factors on the total saponins extraction efficiency and its
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(BRI AR B E B JRDIICRT , BRILIT G 152204)

#H E:d@ids MAP X PEARABRMNB(ROFOZMEZFRZEARANAKS T £ F
F THEE Y (TSS) R EAREE AL LA N 5 R FER R A & 6 BB AE(SOD) (i £
4 8 (POD) it 8.4 8.8 (CAT) | % By £ 40EE (PPO) % 3 AL B ey M 2, 42 4%+ T MAP
ORPECEARERERRp M AEAZTL, £REAWN . MAP X RRAEBBIFHLELEE
REWGKSBEFREMNEBEERZEG BRI, SFRBELRE L ERRZHW AT, i@ PE
OEPREREER LRSS GLEBARE —ZH/ER (2t MAP @5 st R £,

XK§EiR :MAP %% ; PE 125 ; 15%5 ; bUA fL i s AL BEAR b

hE 45 FES:S 663.9097. 3

1% 25 (Vaccinium corymbosum L. ) J& ¥ BS 16 B}
(Ericaceae) i J& (Vaccinium spp. ) /N RN, K= F
e W LA SR T i d i X, R — R E SRR R
FEMAR, CHEEFT R R 8 E Y 5w
(SOD) .1t & fk Pl (POD) 3 & Ak A g (CAT ) . Z W 48,
1L (PPO) \ 22 FWE B R g (PG) | it R A B B 28 1) &
B, X ORI I A T A LA S B B AR R
BEEEEH HENARERERERZ—FFRZ
EPY, BEE AR AT A VU & WA R,
B ERERS TREMN R R, HERRELRRAT
FRERA 6—8 ARG S R AR R IR SR LAY
T A K b PR T R A R R

E R ] P AP R R SR S A0 (R e R R 2 B A RIR
Vo IR I R e S T R A K
A EHRED k. (A TSR AT
TR B, L K Ist7 i A 3 e 45 R R YR R 2 b

TEEB N ZEIMA986-), F, BRI BB AL AL, I EHR TN
FEZNFERBH AT FENL LT H. E-mail: shuai0304 @
126. com.
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antioxidant ability in witro. The results showed that the optimum ratio between material and solvent, the microwave

power,the ratio between ethanol and water, extraction time and the mass concentration of ammonium sulfate were

1:25g/mL,600 W,0.77,7 min and 0.21 g/mL, respectively. Under optimum process condition, the average total

saponins extraction efficiency reached 92.31%. The activity test showed that total saponins extraction solution from

Platycodon grandi florum stems had certain antioxidant ability in vitro, which might gradually enhance the clearance

ratio with the increase of mass concentration of total saponins in extraction solution.
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