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Extraction optimization and antioxidant activity
for carotenoid in Qaidam Chinese wolfberry
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(1.Key Laboratory of Tibetan Medicine Research,Northwest Institute of Plateau Biology,
Chinese Academy of Science, Xining 810008 , China;
2.University of Chinese Academy of Science,Beijing 100049 , China)

Abstract: The Qaidam Chinese Wolfberries were used as the raw material in carotenoid extracting. In order to
improve extraction content, the method of ultrasonic- assisted organic solvent extraction was adopted.Based on
the single factor experiments, solid - liquid ratio, the ratio of the extraction solvent and the extraction time were
optimized by Box - Behnken Design. The inhibitory rate of DPPH scavenging activity was analyzed antioxidant
activity of carotenoid.Under optimal extraction conditions,the contents of carotenoid in Qaidam Chinese Wolfberry
from different producing areas and different picking period were determined.By the optimizing of response surface
method, the optimalizing technique was obtained, which was that the extraction solvent was petroleum ether and
ethanol mixtures(v/v =2.6: 1) ,the solid-liquid ratio was 1: 60( g/mL) , extraction time and extraction times were
41 min and 1, respectively. The content of carotenoid in Qaidam Chinese wolfberry was 321.52 mg/100 g under
optimized conditions.The half maximal inhibiting concentration(1Cs, ) of DPPH scavenging activity of carotenoid was
34.09 ug/mL. There were statistically significant differences in carotenoid content in Qaidam Chinese Wolfberry
compared with different producing areas and different picking period( p <0.05).
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Table 1 ~ Sample information of Qaidam Chinese wolfberry from different producing areas
FE it 5 SR AR Hi 55, KAERT ] 45 (m) L il

1 2015.8
2 R B H VIR B A 2015.9 3056 98°02'45.5" 36°27'37.6"
3 2015.10
4 2015.8
5 22 B A TS T A 2015.9 2776 96°14'51.7" 36°23'51.8"
6 2015.10
7 2015.8
8 AR — KA 2015.9 2831 96°27'29.1" 36°23'27.5"
9 2015.10
10 2015.8
11 IR ATIRE Y3 2015.9 2800 94°55'50.7" 36°2426.7"
12 2015.10
13 2015.8
14 A DA TIT A Sk AP 2R AT 2015.9 2836 96°46'36.8" 37°1928.0"
15 2015.10
16 2015.8
17 19,3 B A & WIT 2015.9 2977 98°38'56" 36°94'54"
18 2015.10

FHIG . B2 B 2A T IR B, M Al T S EH 8 N EL
A0 AR RIS, IS B A AR I PR R
LhRE" (W7

BHr, 3 b BRI 7k FEAAFE R AR
T PR B L CO, I A AL BAE U7 ik, 15 F By A 8
TREC I FR B, EATTERAE 7 8 i AS 2 5. kA
A B T AR BUA R AP 2E B (B — 3
F A FL TR A 7)) 45 A AH TR . T IBE3iE S 4500 i
R I AR AL B vk, HZ TR 2 ls: Sl =1:1
(v/v) BEHUHIAC Bz s v 280 8 D 285 30 kg 45 1k
BT LR — R AR -G8 R T IR B 8 b R
A SRR, 0 5 S PR T A B BB SR A s Wang
SR Kt - L BE-TA M- AR (v/v/v/v =10:6:7:7)
B S 8 bR, (BE, BT AR Z R
FEPER I P IO ), T A 58 % FH B PR3/ B A il
fik— JC/K L BEVR G W AT R, IF AT T S8 AR A AD
JEHHAY N RIS R BT R TS R G . A
BT R A 75 5 B i SR SR B S R AR AL IS 25 b 3R,
TERA N s Renl |, i i Box—Behnken Design X 2%
BHEE DRI T 25 ma R R = A IR R L 32
B FINC Fe AR s a3 Ak . SR DPPH 35T
JEHAE N FZhUEARIE M, [RIEE T AN 8] 7= Hb SR 4 1
LeIRAHFLISEA B D FE B, SRR ML IS =
T2 T &R R AR

1 #MR5AEE
1.1 FRS{UEE

SeIRARMAL 2015 4F 8 A ~10 A R4 T AR
B AR BE MRS 6 ML IX, B BARE B LR
1, B 5 2 EURBES B v b e B AR W A 5 i 5 = A
FERVEETHIN N IE &, & PR AR B (/NTF 50 CF
M) B e A s 1, 1 - 2R -2 — =R RE R
(DPPH)  fE [ Sigma 2\ &) ; = & W %e . A i ik (85
1:60~90 °C)  HIWE IE T 4E . 2R 2 HE N R L ek

Ol TOOKBRIREN YR o3 A s, R | ik T
BRAF] Atk Sz |l

VarianCary300Bio U584k — 0] UL 00 EAL 3£
Varian 2% ®]; AG135 BUNG % B+ K ¥ Fi +
Mettler Toledo 23 &] ; KQ—100E BB =i vty B
HUE A AT B 28 75 fi i UPE - 11-40L 8 2 7k
Bl B Sl A RS \] 5 SL-500A 7Y 555 3 22 1)
B RNl WITLAA KR fa)
1.2 WHIE
1.2.1 MpRCSEEE B AT S T gRab B
HOAIAL 7= (5 KB AIRT 1% ) FTE OB #E L B 51 32k
40 i , A5 ARE 1.000 g, 8T HIEHEIE L, LL—
R BRHB EE ARG, %5 %€ 25 A B . ¥
HZE R, A JC/K Na,SO, B9 31k 7§ % 100 mL
Frta s o, IF S BOAFE BE I R AN iR < 2~3
W B L 2 YRR (PR O A A TE
0.2~0.8 IYYE ) J& H 88 41— AT WL 53565 B 1 kA7
FE o R4 AR R CIRAE
1.22 8 MEREGEWINE K E FRSTEN
ME S T BRI AE" 1 07 vk It AT el b, AR
Beer—Lambert 514, 4 100 g MIACAE S 28 b &R
Pk (mg/100 g) $en F ARIE

_ 100;)4;(1)%;“\1/] Xn (1)

A, meFEA RS DB A, mg/100 g5 A
RS0 ) P4 A6 A A ity B IR DGR V 2 AR U AR,
mL;n: 6 BEAE £ 2480 : 76 1 em SEHR K A LE @4
1 g/ L MIACHE & B2 IR 19 BIIE T W (9% oK BT 3R
) smy AACKE S B TRE , g0
123 W% P R ARWR IR BHE B A ah
fik— JC 7K £, B O S IR AR MY AL W N 320 O
BEEA A, ARG =5 F, 7R 54— ] Wk 5ot
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X N 350~600 nm HEAT A3 BE 34, DAGH E HE B
A e R IR K

124 FEOUEFMEREERE WS RIS K,
HFEIESEIEIH P, 2 5m A 5 Fh B A R
(L&D g =21 (v/v) ™2 0E B ke N =111
(v/v) 3347 hilk: PR =21 1 (v/v) ™ 54 21 2.1
POl =121 (v/v) 55 oK o mE: Al =111
(v/v)) , £ 40 C F#EFAHI 40 min, FEH 2 K, % H
FE, A JC/K Na,SO, ik -3 % 100 mL 45
R, B . GE S HR BER , FHAR D A9 $ 1
EFIVE RS b, 7F 450 nm Il K AR I 5 W 5 BE AR, AR
i LR A (1) HE I DTS b, i Fol B
FIFRBOEFIA R .

1.2.5 FARZESLE

1.2.51 EPOEFEC LAY ESEE  RAA“1.2.17 Y7k
HEHR, [ 52 PR By - BRI EE 40 °C CRMEL 1230
(g/mL) FBFSHEEL 40 min FEEREL 2 WK, % 2ET07K
- R AW S (1:1,1:2,1:3,1:4,2: 1) %}
PS5 % N Z AR

1.2.5.2 CRHEFLRISERE  RAH“1.2.17 Fr9J7 23R,
[&] 5 FE B SR - FRBUREE 40 °C | JoIK 2 15— A 7 ik
IREWHE L (v/v=1:2) GEFHHE 40 min  FEHREL
2R, FEEEAFBIME L (1:30,1:40,1:50,1: 60,
1:70 g/mL) X g2 8 b Z S Baosgm .

1.2.53 EEFE AR SRA“1.2.17 TR k42
B, [ e B AR 4R - BEBURLEE 40 °C G /K ZEE - A7
HERE G EC L (v/v =1:2) OB L 1: 50 (g/mL) |
PREGR B 2 IR, 58 E 7 I R] (20,30 ,40 .50 .60 min)
AT ETASE N 2 A R IR .

1.2.54 EEOREAEEE SRACL2.17 TR TR
B, [ A BB 2R 4 A - BEHUIRLEE 40 °C Tk 2B - 4
HEFE G W EC L (v/v =1:2) OB L 1: 50 (g/mL) |
FEFFHTA] 40 min, FEEHBOREL(1 .2 3 4 KR) X ris
S N R SRR,

1.2.6 Wi 7 T S5 %3 SR A Design — Expert 8.0.6
#AF , #R Y% Box—Behnken FPLs2H 5 SEEG R B, &5
A BATR 22 S0 1R 4% SR, 5k BRORT 4 0K R M AT R s
A AR B = AR R (PR A H (2
U] BRI L) BEFT X L Sz u . 7E BA DR 2 B0 S e gk
fith SR =2 =K Ly (3%) B 87 1 43 BT 7 2%,
SLIG N R SRR 2,

2 MRS N R SR

Table 2 Factors and levels of response surface design

K
LS -1 0 1
A BREUREC 1:1 1:2 1:3
B 4% [ (g/mL) 1:40 1:50 1: 60
C A I A] (min) 30 40 50

1.2.7 P LS e

1.2.7.1 DPPH ¥ BECH] K 25 FREC DPPH 3 >R
3.94 mg, & T 100 mL £ A HEIZ R, FHIC/K B
fRIFEF R R 2B, #24), AR EE Y 0.1 mmol/L ¥
DPPH Z BV, 7 o HAE S Bt .
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1.27.2  AHRXHIEB O BECH] 500 R B BOR
0.0.0.5.1.0.1.5 2.0 mL F A28, G /K 2 B
FekEZ 2.0 mL, 257, 15 .
1.2.7.3 DPPH H HEEWEBRF M & K % KR
0.1 mmol/L DPPH %% 2.0 mL 5 2.0 mL 2548 N2
PFBOR TR — K2 RS PIRG4S, BT AL =R
30 min J§F 517 nm AW e H W SEEE Ay, , 25 R
2.0 mL JE/K ZEES 2.0 mL ZEAE/KIR &, [ i) 58
2.0 mL 0.1 mmol/L DPPH ¥%# 5 2.0 mL JG/K Z. BEIR
BTG R CEE Ay, D B 2.0 mL 3K AE W S S
2.0 mL JG/K SR A IS I OGEE AL, o DPPH [ A
FIE BRI R AT .
DPPH [ i B35 R (% )

- (1 _7A**"j”g;:*ﬁ) x 100
1.3 HiEAE

K Design—Expert8.0.6 3 A4 347 22 5t [0l )3 I Xt
BRI AT 7 22 530 , B 38 MRS M >R SPSS17.0 %k
o, AT R T 22007 LI EHREE N 3 K.
2 RGN
21 EHE MEEXRBUEKHEE

LEIR ARMIATIEH B |~ 22 B B S R i i A
B 1PN, 28008 D R R B AE 450 nm &b SR
W RIS, 76 420 nm F1 480 nm M FHBLIEY (1 XL L2048 | 75
ErE S N R OERE I BT LA AE 450 nm
R
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H(2)
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1 2 bR A- T WO 1
Fig.1 UV-Visible Spectrum of the carotenoid
22 REGRFIERIERE
AFERE RIS, 8 DR & W 4h
i 2 fros
F IR 2 TR TEAR ] 26 8T, JEoK &P — A il ik
(v/v=1:1) RBCR GG, KHE MRS ES
265.50 mg/100 g, ZPRZLBE—TNHEA (v/v =1:1) $EH
WOR B 25, 2808 bR & AL 132.03 mg/100 g, 44
D5 — B (v/v =20 1) FA B - PR (2 1) XT3 22
A E (p >0.05) , H 5 H e 8RR R 26 5 3%
(p <0.05) TCIK &Mt — A Jif1 B 2 BR300, X 5 21
TOAH—2 . SIS b FR 3 H AL = G5 R e vl o
SRS, HI B | 226 ((Carotenes ) AR LB A k2, £
16 a-% DR - MR v PR G
T IEE R ST OMERE BN T A R s
%25 (Xanthophylls ) £ 40 2 4 &2 & AT 44, 7T LA
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Fig.2 Extraction results of different solvents(n =3)
T A RNE F R R 22 57 3 (p <0.05) .

DA R PR AR UAA AR, A4 BRI 3R BB R |
PR ER AT BRI T H B . S B Rl . SCHR T 2 4R
TE A AN R B A5 04 A il kR0 PSR, HL TG 7K £ s B9 1
PR B O T PN B T S5 8 280 B N 2R b e o i PR B
SRIFHM R LG H T B, R LK L BEIC T
LG B AR BGOR , WO 35 07K £ B — £ vl
Tk Sl PREE R o ASHIT 97 2R FH MR 75 4 B SR B 8 |
R PRAEMIE , (5 i T8 A5 o AR b IR R S B A S B[R]
ARSI TH e, AN T, Ok, S 8 b RAE S
N ANERGE LA B AR B N 5 5 ¥ R S AL, T LA
AR IREAE AL R 2. AR AE AT A 1 AIF 5T
g R LA ST R R R R R A 40 C LAY .

23 BREERILHER

231 RBUARBCILMESRE AR LHIEK S
B — A v BE PR B B b RS R AR A 3 R,

100 T T T T
171 1:2 1:3 1:4 211
SRICRIC L
K3 AEIC AR BOR AR IS SR (n =3)

Fig.3 Exiraction results of different proportion of extracts(n =3)

3 AT A, oK A BE S A B e b oy 102
IF, PR OHRC R Bk B, R N RO OE S
291.08 mg/100 g Bc Fb/NF 1: 20), @RI RN,
ZARNERI . AL N ZR ISR B R ISAR BRI
T, MR IR T O, 3 R R
Tk %) LU (5145 A1) T2 8 N 3R PR RO 58 4, (HBE G A7
TP L) 2 v, I DR A R R R, 20K
SBEFNATIRE B LE A5 A 20 LN, 2EEH DR i
Ko WO E TTIK AN e B LE A5 S 12
232 CRRELLRIZERE  ASFEDRRR SR B [~ R
TR 4 PR

I 4 AT, BEE R FE A 1230 #1250 (g/mL)
R Uil N SR S o R D) I EOF < (EDIN
1:50%] 1: 70 (g/mL) if, S % b 28 5 i 5 L R
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Fig4 Extraction results of
different solid—liquid ratio(n =3)
Ay, XA BEJE i T 75— & i Bl PN 1 42 Bk
FOAACRE AT L 198 Jom 22 fk 1T R, (A5 40 2 2 8 N Rk
PRI ke, (H$2 IBOHR ) A B Ak 2 18 O 2 fli S & |~
R AYFRIBGR B AN , [F] P O A #5241 O, 53K
PRIPUR S TP AR el Bk . 25 B3 3 BOA A R
SIHOINAAS  RBLUE /NSEH B N R IRBURSE 4, T3
JFUBEHR 2, dorf e e 1: 50 (g/mL)
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DR GRS s
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Fig.5 Extraction results of different time(n =3)

TS AT AT |2 S BRI ] 4 20~
40 min, JEEHE N RS BB, H 40 min J5,
KE MRS EIETRE, FEANE, XTTgEmR T
FC I E] R S PR G R R R B S 8 b R R AERZIR
JE BB A ST S T o R A e AR D
A1 40 min,
234 REOREER  ARFEZBOR BRI 8

MRS EERNE 6 R,

250
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" 100+ . . .
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Bl6 AR REHRIREE R (n=3)

Fig.6 Extraction results of different times(n =3)
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F I 6 o, Bt A B S RO B =, B bR
TR, XATREh T2 UGS S ECEIE N R
LER 2 BRI T A AR S i T B . DA 48 B LRI
AEFE AN S5 A1 A5 RO PR 2 OB 1 IR

2.4 Wk mEEAAL LG
2,40 WA TS B 45 S 7R B 2 S0 a LR |,

P& Box—Behnken B iT3HEAT T 17 LH505G, Hivp 5 21
S EE, g5 R W E 3, Al Design— Expert8.0.6
AR R 3 SLE0 B s AT Z on BLIE LG, Ir s i [l
HIr R

Y =321.89-3.21A + 0.44B + 0.70C + 6.66AB —
0.27AC +0.28BC—-17.12A* +3.36B°-7.91C?

XF VAR AT 7 2250 B, G5 R Lk 4., Ak 4
a] LA, BE AL F =328.69,p <0.0001 (p <0.01) , 4
SO IR R W HL S 2B Y, OB B T T T 58 58 R
MIACZEHA B D R IR T2 A I oA p = 0.0501
(p >0.05) , RUIAS 838, FRoR BAER FE S gG 45 SR vl LA
R TILG R AT, SC8e iR 25/, B AT LA B e AsE
HUXF A S 22 AR ICR BEA T A

[\ ) 7y F5 vh A5 AR B X FE AR (i REAE ) 5% 0 1) e 5
PR, B OF RISk F W, LS p (R R /S, AH N 19 AR
WEEREE S, MIWFES I, JH Bk EIEa SRR
A HEZE P — R IT A 2, C Wi, HRk W
Wi AB A* B® [C* Mol 35, S RREXTIEHE b RS R
ISEMEJE A >C > B(A B.C 435 Jo/K Z BE— A 7H
Pk 4 A5 CBME EERIESTTE] ) o 22 HOI5 AB A% i 2, 2R
TEIK 2B~ A T Bk 1) L A8 55 R R LG AR AR B S 3 10 38
GAER, BRI A 52 56 B2 6T mi B 14 52 ) 22 30 1Y)
NI R

*3 S MR AR
Table 3 Box—Behnken design matrix

and the experimental result

N Y KB %
S B C AR (mg100 g)
1 0 0 0 322.27
2 -1 1 0 305.93
3 0 0 0 321.53
4 0 -1 -1 316.83
5 1 0 1 294.04
6 1 1 0 312.41
7 1 0 -1 293.69
8 -1 0 -1 299.14
9 0 0 0 322.38
10 0 1 -1 315.97
11 1 -1 0 297.02
12 0 1 1 318.43
13 0 0 0 321.42
14 -1 -1 0 317.19
15 0 -1 1 318.15
16 0 0 0 321.87
17 -1 0 1 300.58
240 WP K SRS LR A AR AR PF Design—

Expert ZRAS 0 B AELAY 3D 1 T, 230 A 25 PR 0 280 2
N ERE BRI S A R A2 BAE . K7
B s SHEFI L (A ) R L (B) FFHUR 1] (C)
FERE— DR TR, Ay A~ PR 19 32 BAR
JH XIS D3RS gsEm . 2% bR &

4 IERRT 2208

Table 4 Variance analysis of regression model

T R B B 5 o7 F1H p1H T
el 9 1844.49 204.94 328.69 <0.0001 ® %
2= 7 4.36 0.62

e LT 3 3.63 1.21 6.58 0.0501
PR IETH 4 0.74 0.18
Jvil 16 1848.85
R =09676 R, =09246 R =0.6480 R, =13562 C.V.% =251
5 EIALRRRECEN T
Table 5 Analysis of the significant coefficients of regression equation
Ji 25k A AN ¥or F 1 pH BFEE
A 1 82.43 82.43 132.21 <0.0001 * %
B 1 1.58 1.58 2.53 0.156
C 1 3.88 3.88 6.22 0.0414 ®
AB 1 177.56 177.56 284.77 <0.0001 ® %
AC 1 0.3 0.3 0.48 0.5123
BC 1 0.32 0.32 0.52 0.4938
A? 1 1234.01 1234.01 1979.12 <0.0001 %
B’ 1 47.62 47.62 76.37 <0.0001 * %
c? 1 263.58 263.58 42273 <0.0001 ® %
Vi:x WE(p<005), #x B i E(p<001),
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Fig.7 Response surface plots showing the effect of different
extraction conditions on the extraction yield of carotenoid
2.4.3 BRUESCEGAN DPPH H AT BRFRNE  #E
Box—Behnken B L 19 25 4, 15 3] B A4 $2 WU SR 17
A JoOK SBE(v/v =2.61: 1) R EE D 1 60
(g/mL) , J2HCNS [H] 40.53 min, ZEH 2 N & &
B 321.52 mg/100 g, X0 3 1 A4k B $E B T
LA AT IE Y P R e TC K B (v =
2.6:1) BHE LS 1260 (g/mL) , FZHXES ] 41 min, 7F
BT 2450 N JEAT 2 B0 Bk, A2 = kAT B SR
b ZFEH) ol 321.55 mg/100 g, RSD 2 0.401% .,
SEYEAE 5 TN AEL e 4 AH 28 AN R, Ul W85 Y RE AR 47
HOFMZEE S MR A& &k, $272.7.37 5977 15 5E e
CREAEL Apgy A« Ay, BRI 2020 (2) T AL 5L Y
DPPH [ i BEWFER S, FETFIAAR AL 1C, fH, 4528 1G5 N

34.09 pg/mlL,
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25 AFEFH AR RGEEERMITEAET bR
SENE
TEBAEPRISAAE T, F 450 nm AN E W GRE
{EL, AAR R BB IO AT S 2 L, I A [R] 7 i AN []
KA SGRIAFFL AN B MR S5, BRIk 6,
K6 R AR RAH I GBI AL
FIHE PREHNE (n=3)
Table 6 The content of carotenoid in Qaidam Chinese Wolfberry
from different producing areas and different picking period(n =3)

=3 o o KW MEA&R RSD
337 I‘J_:T\ 3/, H‘

o) RAEH, RAERT 8] (mg/100 g) (%)
1 e BE R 2015.8 238.92 2.01
2 - 2015.9 226.07 4.40

WAL TD R T A
3 2015.10 211.39 2.34
4 — 2015.8 183.96 1.55
=852
5 R 20159 219.95 1.30
WP LA
6 2015.10 202.71 132
7 2015.8 300.05 3.87
8  iHARHE—IBAN 20159 211.10 3.51
9 2015.10 272.50 1.71
10 A 2015.8 248.95 4.73
JRANTH
11 2015.9 178.64 2.66
23
12 2015.10 232.12 1.62
13 T 2015.8 355.05 2.40
for 7
14 R 2015.9 209.32 2.84
bR AR AT
15 2015.10 316.52 1.42
16 2 AL 2015.8 321.52 2.67
17 0= 2015.9 242.92 4.31
7L MR
18 2015.10 228.23 1.72
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