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Pilot Extraction and Component Analysis of Fat-Soluble Substances
from Lycium barbarum L. and the Preparation
of Major Carotenoids Monomer

MI Jia, LUO Qing’, LU Lu, JIN Bo, LI Xiaoying, CAO Youlong, YAN Yamei"

(Institute of Wolfberry Science, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002, China)

Abstract: In order to study the pilot production process for supercritical CO, extraction of fat-soluble substances from
Lycium barbarum L., and for obtaining the preparation process of zeaxanthin dipalmitate monomer. The effect of pressure,
temperature, time and co-solvent on the extraction yield of Lycium barbarum L. fat-soluble substances was studied, the
orthogonal test was then used to optimize the extraction rate based on single factor experiment. The carotenoids and fatty
acids in the fat-soluble substance of Lycium barbarum L. were analyzed by colorimetry, HPLC and GC-MS, and the
zeaxanthin dipalmitate monomer was prepared by high performance preparative liquid chromatography. The results showed
that the best pilot production process was that 15% ethanol was added, the extract temperature reached 50 °C and pressure
reached 30 MPa, and extract for 1.5 h, when the yield and quality of fat-soluble substances were both considered. Under this
process, the extraction rate of fat-soluble substances, unsaturated fatty acids and their proportion in total fatty acids, and the
content of total carotenoids were relatively higher. While the extraction rate of fat-soluble substances was 8.55%, the
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content of unsaturated fatty acids was 80.958%, which accounts for 87.94% of the total fatty acid content, the content of

total carotenoid and zeaxanthin dipalmitate was 37.64 mg-g ' and 29.54 mg-g ™', respectively. The monomer of zeaxanthin

dipalmitate with purity greater than 99% was prepared by pre-HPLC. In this study, the pilot-scale extraction process for

supercritical CO, extract of fat-soluble substance and the preparation conditions of the zeaxanthin dipalmitate monomer

from Lycium barbarum L. were obtained, which provided a basis for the research, development and utilization of the fat-

soluble substances of Lycium barbarum L..

Key words: supercritical fluid extraction; Lycium barbarum L.; carotenoids; zeaxanthin dipalmitate; fatty acids

MIAC ( Lycium barbarum L.) J& T i #} (Solana-
ceae) MIALIE (Lycium L.), HRITE & R4 i,
HrhadEpifh EZAIRRE L, — MRS bR
&) T HR oK B B DA R R, ZIToR CAIE
52, P B IR B 58 S AR E H, Reis 22 i i
PU SR Ak AT RS i /) B 2 M358 43 ), eh— e 4
i« LT HEACFR BE R N AR U I, I &5
5 DR A D2 i AescEEVE ], B R R4 R
J1 5 ARSI -oK Qa2 AH Y, H B A R4T
PP AEATETED s 5 —FRNRl R, EZEAA1E A
KE b, MOACKF TR IR TR 1 S R 20 12%~17%!,
XA RLA 90% AN FNAR TR, X254 iife
SR HUA NG ISARIT . fais, HoAbuE . TR AG
FrCs MUAE B « AR AL AR K R E LA S = Y
FIRFDIHRE™

HaIE S CO, $&BELAREFIH CO, TEA TR
AT XA BTA R & Eae 7, MirEAEEIE SRS T
X ST I B 1 AR —4p Ik, SkSEEXT Hin
)1 0a e E 7 1 == AR TR B S S J VA S E e = ™ S =11 1 ]
DMERVEAEZEY) TR, an2SsH s bRV JeEErE
YAz U Syt 4, BOE L BTER . $RECE
15 BRVESRAEAN . JCE VLR B SRR . R,
RAEAMACABETS D)L, A FEAIACKR I . AACZSE S |
EYREhEA N, BETEIRS CO, M HTHAD
F5E v Z2 oy R — R oK B 3 sl AR T R i $R E, 441 4n
Guo 251 FIE S YA T M AC kAl g $R BT 25
JEl2E LM DL 2l Je i, 3R T AAC P R ECE
KT AR G SR 15 4R RIS 450 A8 T MAd
REVE AR ARG A IR 28 T2, I sy
b B-EHEE N E | B-BRIE AN EoKIEE R . X TR
PREALFE FOKR I R DR RBR IR SIS 2 N R AR
iR i R BT 2R A REE

MR R B KIS R/ IN T (G 2 SR 25
OV, FESEBRA: 7 b, PR S S U 77 5l 5 09 I
1=, BWE G JhEs, — 7 G IR EBCA S 4 | FRBCEIE
%, 53— 7 M, RS AEZE I Th Rl LA, ™
oM AR . AR AR H A 3A ruitsE s L, K
FAC T IR TREMR AL RS, DL 2N B, a5
HFC BB L) BT s AR I A 77 T2, RS
SHE SR FRRITR B AT 430T, il g T 22258
BN R - FORE R AEFEBR R B4 . A e
PEALG PR FE FIT & A PRS2 .

1 MRERE
1.1 MRS

MpFt(gete) W H T E P T MIAARE S T s 8
4l CO, 4iF>99.99%, T EH TFF KA ;-
2 (HPLC 4li J& =96%) . £ >K w1 25 XA fH 2 i
(HPLC 4fiJff =98%) Fij1- Carote Nature; FHlE, £,
M. B RLRCT ek . & ki a9k ali, Fisher
chemical; IEJ#E . FH 2R, Seapke  (ikal, REEME
25 B A AR A B2 w5 B 8 D iR P TR AR 7
37 PRI ERIEAR LS SR A R
Nl ARG Ry [ = 434l

HA220-40-48 MG FZEBERE (L e
2B A FEBE BRAY H]; TU-1810 £24h-11 W 43566
BETE At briE S A B BT ] R-300 Jigh%
HRAL  En 2P A RRNF]; BS224S PR 3%
ZRHRAGE (60O A BRA F; 1260 =5 580RAH 2,
Y (335 G1311C %, G1329B H #hilkERS, G1316A
AEFE, G1315D DAD faill#s)  SREZHERRHA
FRZS ] SZM-20 MU HEHL DR LI HRHY A
BROAE]; dalikifil4 =5 22 Millipore A F]; GC-
2010 Plus AHMATEAL  H A H:; SP-2560(100 mx
0.25 mm, 0.2 pm) BHE @IS gL SLie Rl
FROY A BRSNS W] DZKW-D-1 fHig /K% FigRHE
Sl & R R F]; LD5-2B B0HL db gt Rt sr B
HIARRAF]
1.2 XFHE
1.2.1 MpFCER A TIAREE 22 SCiikJr kU7, Keatd
TERZAJFE 20 kg B T 6 & E M. 45 °C KT,
R 30 min, 7K, EEEME 4 K, Pi7K)E 50 °C
PURUE T, B3t 100 Hf)E %o
1.2.2 TRACFERT S MAC RIS S 3. B Rk
TR GE TR S AAC TR ) B SEH S R
SRR Z0E T A A I, 0 AR S i
HLEE 50 °C HEZEfETE,
1.2.2.1 BT PENE S5 DT EIHETT
Mz, FREGMIATHE M2 2 g, il 3 82 BHT 5N
FWEEE, FH 10 mL PUSURIREE A (D132 360 W) 4
HX 10 min, 33985 WCHEDEW, 18 FHAH R I T 2548
WZEICA, I IEWIE, 1N 20 g JC/KBRER 4N 7K 3
&, T35 C WAEZE T ARG AT I Bk f 0 8 45
% 25 mL, 85N EEEE T ETE 460 nm Zb A
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B A, FEHISAFEMRER p-HE DRI ER R,
2251 B 154w vt 28 - y=0.0127x+0.029, 52 R %K
R*=0.9993, x ZEHHE b FE 5 (pg/mL), LtEu
2 0.5~5.0 pg/mL, y HROGIE, I FH oA s e e 8
N AR,
1.2.2.2 BHFMZEEES ENE SN ES%
SCHRTTIED, LA 1:10 BRI L, Bl /K2 20 min, F
A RBNR G A I ISR RS 2 SR B . I
R L e kA T e, AR 2 PE AR Edh 2 il bk
24 y=0.0603x+0.0312, Fr y %k 630 nm 4L
JCEEAE, x b oAy T 25 W T B, x Tl A 2R R E L R
0~16 pg-mL™", PLE 25X R*=0.9991, 7 HAbRuERTLE
THERE S T SR 5

MYFCZ A R 225 SCk TR0, LA 1:25 kst
WL, FH 90 °C fIZK#E 7S (240 W) HEHL 20 min J& #
45, LA 4 FAARFREGTIC/K 20 Bl Ul 7% RS- 2 g ic £
M, VIR IR IR A TIN e, DA 2550 AR v S 221
HIBRAERTZR A y=48.921x—0.0023, H:d v %l 490 nm
AL GEEAE, x FCAARTIRE MR B, x a2 vE
A 1~18 pg-mL™', Je5E RREL R?=0.9991 . FZR8HRAERT
TR S T 2 S
1.2.3 HIHEF CO, FEBFIFCHEATEY BT i) T. 2 ik
FeAliAe
1.2.3.1 T 2R FRIBGALE 10 kg, $2 18 L g
ANBE, 28N 20 L FEELZE N, WoE i, 3 A
CO, M IR E R, FREJiFa e iR, 17—
AE B A] RS TR AN, SRS FTHAAI DT, s 3h
ARPEHL, WA SR Y, DR e 4 1% 2% 5 R4S 2]
MR Y R o
1.2.3.2 HHAZFKETE 50l B4R BUREBUE I (24,
26. 28, 30, 32 MPa), &% (35, 40, 45, 50, 55 C),
CEETSINE (0. 5%, 10%. 15%. 20%) F1HE AT [A]
(0.5, 1.0, 1.5, 2.0, 2.5 h) XM gz MY FRAS- SR 1Y
oM, FHEEHE—FA PR Z A, JHAh R 2R [ R KR
PEHUREE 45 °C, $EHUTE] 2 h, $2H0U+E ) 28 MPa, 2,
EEAS I 10%.
1.2.3.3 IEXIAE  FRREFEIIG IR L, I E
HEFE, Ve IEZSFRIATILLS, BRI TE) T I15%,
PR HA R ZR AR ILE 1,

F1 ERETHREH R K%

Table 1 Factors and levels of orthogonal experiment list
(SES
K A B C D
PRIBGREE(C) RIS (MPa)  ZBERINE (%) R (h)
40 28 5 1.5
45 30 10 2
3 50 32 15 2.5

1.2.3.4 MHIFCNBIATEY RIS RN ¥ 1.2.3.1
FIRIAC RIS ) R B e T A5, MG B R o
2R (%) =g T4 o i) R /38R < 100

1.2.4 MFCHRHTEYI R A0 535 HT

1.2.4.1 ZEHE PESEMNE a 82550 MR
22 - FRECHFCAGEEHE T 0.2 g, FAA Vil Tk e 25 31|
5 mL R, 0 AE IR 1.2.2.1,

b JSHHEY b TS IIIIAE : FRENZY 35 mg #)

AR T P IS 2 252 100 mL, &%
SCRR T AL T Et S, RS AR E R AN T, B-1H
W N2 R, y=1415.0476x+1.7267, P 5E R R’=
0.9996, ZEPEJEE 0~0.1 pg; KK B2 BUEEAR PR TR 19
FRAERNZR R y=5748.9452x—32.7139, P& 2B R*=
1.0000, £k 0~3 pgo
1.2.42 REWIREEMMIE =M GB 5009.168-2016
FSMRIE I TN E o FREBGACHRAE PEYI T 2 g in
A 10 mL #:i2, 75 °C ¥R /Kty K f# 40 min, A
JEHIA 95% I Z BB #E 10 mL, F 50 mL A1 yliiikde
B 3 WA A5 BIIEHT, 4kEEH 2% A SEALEN Y s ik
Bl Ak, SJE A 15 mL 1F BEke gEA T W s Ak 7S
BRI o iS5 (AL : SP-2560 4N (il
A% (100 mx0.25 mm, 0.2 pum) ; FHEFEF: 100 °C 1%
F 5 min, 10 °C/min F}+& 200 °C, 154%F 2 min, 1 °C/min
FFZ= 225 °C, 1%3F 8 min, 4 °C/min 2= 240 °C 14+F
5 min; 2 A EE: 1.0 mL/min; #EFEE 1.0 uL;
Sy bb: 100: 1; YRAL I BE : 240 °C; Kl #5752
260 °C.,
1.2.5 MpFC IS EY N 2 — ORI DR R T
PRI SRR TSR A A TR TR R
KUEF B BR s FRAAR TS, FREUFIACHRIAEME) BT 0.2 g 7
T 1 mL & ke, i 0.22 pm EBS SSF0ERE
3% 45 8 % AL . YMC C30 3% 4% (250 mmx
20 mm, 5 pm); PEARA: A FH: BB : 2N K =2 p=
81:14:5:0.08(v/v), B AH: FHILRCT LMk : — Sl k=
1:1(v/v); BEIEREE: 0~7 min: B 16%~75%, 7~11 min:
B 75%~49.4%; 11~17 min: B 49.4%~16%; L& .
300~800 pL, A& Yz K 450 nm; 143K DL LT 61,
WA, SR AT 1.2.4.1b F a7 i EF T 52 531 -
1.3 HIEAIE

BARGET 53 M i SPSS B AF 3847 07 22 53 M
(ANOVA), R Ducan 7EXT 8RR 2 Iy 2255
Hr, WEMIKEN 0.05, BT i 8 =K, IEXC
S 56 2K A Desin-Expert 4431471511, >R Origin
A T4
2 GBR5SH
2.1 LIRS e =R S HIR N

AMyFe R S AT AR K T 0/ IN G0, T I S
PEBURAE S R AT R ARIRAS R T4, 35
SRR RRE S, FEmERIUSCER, B, ARSEESR FHK
PRI T BRER r FT PR, DA st AR
PR3, ANk 2 s, MAo AR S T R,
BN B 1 R BSEH Y N R O B PR R
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2.67 5, MBE S RIEAIL T 29 50%, ZhES R T
21.41%, 3X 2 PR A O 2 T A 28 B R 7K $R 9k 25
R T s R I R e sl T R85 220 . OB S R
FEATC AT LUAS S50 e B BT R 4%, R Ao

2 PUALBERTE AL MR

Table 2 The main contents of Lycium barbarum L. before and

after pretreatment
FEd M PR (mgg") SBE (%) ZH(%)
Rb PR AT 3.00+0.41 53.88+2.52 5.65+0.09
JSLi= 11.01+0.63 27.65+2.96 4.44+0.64

22 BERGRIN

ARG SR BOHAT R P9 o 1A B R R S0 45 21
E 1 R, FEEEPREUE T R, ARSI R, 2
FEF1°4 30 MPa B 45538 B 5w H, 33X 0 A R
FIRESAT A I L S AN R 2548, (AR T
JBEE Y, AT R T 45380, (R Ak S Rk 1153825
BT R, X AT GBS R FTEE AR AR A M
FERGIN, A% T PEE ST, H CO, kb rh L st
(] AR %, MTHA 3R AL,

N7 ) o (A 54 it 25 BB 5 o 1 n 2 8
THE PR, 76 45 °C ISR m . Z)akiEi
HSRLRE (A, A5-SR 2 B0 R 3, OB D 2SR
TR, ER XSS N 2R IR IR I
T IR, 3 S B N R A e

W25 £ T I 14 184 R RN B st [ ) S 4, 75
SRR ETGHI RS R TR i a s i MR
JE— AR R B, BN 2 WA e R B A S B
TE CO, W, MITHE R IS8 N 2R 750, 1
SRS e G A B G R O 745, (H B 2 HE BT TR] Y
SEA, AL TR EN T IO, SCRIFAGRRAIR, SRRl N
TR, T B O ds iz, i = 5 H B
5t BV TR T (A REFE LB RS, SR HSAS A A BT E A,
S IREARE G P RASA, £ A AR HE A EE
() T, PBE IE AR IS ARSI T T 2 Ak .
23 IEXRELERS
2.3.1 IEACIREGLER LIRS Y R B AR Py
Fabr. 2 3 SR, TEARSK I L THUS R 3
HUKSEF, S T 2460 A,B,C3D,, 25 K&
B SRR AR SR U C>A>B>D, B Z BN+
>HEHSIR > HE B 7> HE BT TR]
2.3.2 uFRAE  ARIEIEASAEIIZER, HIE A CO,
PR AL S HEY) IR A T2 444 A,B,C5D;,
F ARG S5 EVEA T S6AIE, 45 BB I S RIORIAC R 7%
PERI TR ISR 8.56%, i T 1SR U0 4521 ik g4t
e, RIPZARAL T ESMLE vl 55, B SR GRS
g 45 °C, FEEUE J1°4 30 MPa, ZEEGINEH 15%,
PRELATE] 2R 1.5 h BTHIAC B E ) BT AR = o
2.4 TICREIAMEYIRAORR 5 T

Ry P S AN RO NG VAR P B ) B, B ER 9 ZH IE

24 26 28 30 32
JE77 (MPa)

6.0

57

sal V% . .

R (%)

S5.1r

4.8

45 1 1 1 1
35 40 45 50 55
A (°C)
7.0t .

6.5t "

6.0

5 (%)

557

5.0

45}

0 5 10 15 20
LTERINE (%)

6.6} D

6.4}

6.0 -
5.8+
5.6+
54+
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015 liO 1:5 210 2i5
IRFTH] (h)
K1 SR E AR B R B 5
Fig.1 Influence of single factor on the yield of fat soluble
substance from Lycium barbarum L.

1 S AARIE AR ) R A TS % D3R
FEITR A& AN 53T

2.4.1 MPRCIRETER R RS E bR Rt
) e S P e R 25T HPLC 34T, MoAd
NEHETEY) B B D 2R A R i R UL

R 4, AR R B2 DRSSy 22
SRR, Hrp IS N ZRA 2 BB Z AR
HAWRTR, FR53 1 2226 F T PRI NRH P sh A 3]
AR - N ER, BT D RS RN 17.59~
39.52 mg-g ', i B KRBT Z XSRS 5 B2 %
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Table 3 Results of Ly(3*) orthogonal experiments

A 45.01%~82.07%, 1E 6 528 T 24514 F 345
PR R, SIS N E SRS 39.52 me/g,

Hk N 8 588 T 24 R 3RAF I NR I 5T,

o L iy HIY N 37,64 mefe, TR HLT
SRR (C) $2HUT 1 (MPa) ZESRIIE (%) i (h) 2o, HURZSAS D EHEEAU 32.75 me/g.

; i ; ; ; 2:23 2.4.2 MFCHREEY B IR ER MRS T BN T

3 1 3 3 3 573 iR S E ok 3 FHIACAT, MUAC K P R E&A 12%~

4 2 1 3 2 7.71 17% YNGR, Horh 2 90% o ANt g g, H 3=

; ; : ; R P43 g ST H TR R , 5 B4 9 63%~T72% il

7 3 | ) 3 561 15%~21%729), AN[EIHRESRAT T BRI LH 43 i

8 3 2 3 1 8.55 A Rr2e5, BHREE EA K A HhEs s s £ ke

A o e T ARRIITRESTIRR. BEAT SRR I A,

K op o5 o cos SR NEITIR EF IR 2 R, TIRREET | 427

K, 6.64 568 733 6.18 SRR IE TR H YR IG S CO, IR RS

R 1.34 1.12 2.06 0.68 K, FELRBUT MG BT 25 Sy gl JR B P51, ARBIFTE R

JH GC-MS 4347 THBIG A CO, $RE HFC g - HE

4 KB PRE P RS IR R4S A e, AAC S AR B P S

Table 4 Results of carotenoids contents FRRPAE TN & N 5 ims, ASEERECT 2 54 F #y

L B KRR s g ORISR BRSSP Sk

(mgg!)  FBaMR(mgg’)  (mgg") 5 12 (%) M ABERE 10~11 B, Ho AME IR A 5 Bl A

1 - 1486 7588 5742 YR FIAR TR 5 SRR 7 5210 79.83%~87.94% 1fd

2 1.23 20.54 35.24 58.29 FNRWITRA 6 P, MEFINE TR 5 AN AIAE Ui iR i L

) ) o - o {4 13.71%~25.26%. HIFCHESIARIHVEY) TP iR

5 - 3.46 17.59 48.10 PR S it e ey A 43R IV TR . TR AR, 43~ 1)

6 1.32 2842 39.52 71.91 RN ITER S 55.53%~65.50% . 17.78%~19.11%

: ) o o o i1 8.26%~14.30%. 1E 8 5528 T 25418 F 4k 4539

9 2.85 16.34 36.30 45.01 Y B, HIAB TR &b, N 92.061%, ANPLFI

Ptk sis - 26.50 32.75 80.92 HEWATR & BB IR & 1Y) Eb it i, i 87.94%; 7E

TE: R AR E]; 250

AT 2226 R HARINRHF R o, OISR & fE it
T 8 S T 2451

5 MACHRE R P IR R AL 5

Table 5 Composition and content of fatty acids in fat-soluble substances of Lycium barbarum L.

— NEIAR & 1t (%)
1 2 3 4 5 6 7 8 9 Ak s

W RER(C ) 0.100 - 0.066 0.073 0.040 0.075 0.074 0.095 0.052 0.042
FERHIR(C, ) 7270 2.590 4.260 4.960 2.600 5.280 5310 7.600 3.460 2277
FERRAR (C e,y 0.300 0.074 0.132 0.200 0.071 0.158 0.247 0.308 0.110 0.071

BB (C o) 0.117 0.067 0.096 0.125 - 0.098 0.093 0.067 - -
BRI (C g,) 1.540 0.459 0.968 1.240 0.372 1.240 1.360 2.240 0.616 0.856
AR (C g 10) 12.500 3.780 7.570 10.100 3.460 9.760 11.000  17.400 5.640 7.060
MR (Cg2n60) 42700 11900  27.300  32.800 10100 33200  38.600  60.300  18.000 30.610
HEATR(Chp) 0.354 - 0.149 0.360 0.132 0.303 0.267 0316 0.068 0.110
y-TEIRRIR (C 5.306) 1.060 0.298 0.650 1.000 0.243 0.846 0.968 1.440 0.432 0335
HE TR (Cy,y) 1.440 0.686 1.040 1.270 0.646 1.170 1.080 1.510 0.824 1.046
AR (Cyp) 1.120 0.295 0.341 0.713 0.524 0.499 0.594 0.785 0.567 0.119
SR 68.501  20.148 42572 52841  18.188 52630 59592 92061  29.769 44577
MR R 10.501 3.411 5.880 7.471 3.668 7.496 7.697 11.103 4.763 5.455
ARG i 58.000 16738 36.692 45370 14520  45.134  51.895 80958  25.006 39.122
MO FRE TR AR AR R 18.11 20.38 16.03 16.47 25.26 16.61 14.83 13.71 19.05 13.94
ENRE iy iz 84.67 83.07 86.19 85.86 79.83 85.76 87.08 87.94 84.00 87.76
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£ b, AREISEBCT. 254 N HAC g a4 )5 v
IR INAT BRI 25 5, XF HE 9 4H1E A8 S B Al Ak
SIS, TE 8 L AR N AR R T AS Ry
8.55%, ALK FAALSEES:, Wi H b (AR 7 2 & Gd e,
ASHE NG U5 R R D IR B 1 B ) B v
87.94%, WASHEHEY N9 EAEXIES S, S 37.64 mg/g,
% T 225 F AR B AN TS T R 5 B FILE
SR DR S EBE T T2 R, fELE A IE

B PR IT AR AN S T IR LT, B AT IRV T
PITARA BT 2000 2GR 50 °C, J577 30 MPa,
CBEGINR 15%, $EEATE] 1.5 he
2.5 HMREEEARPE MREFHHIE

JH RO S i A M AT A A9 o 1) 2 225

B NFEAS T, T ZOREE R TR b o i 5 40 55

I 9 HPLC (i & WL 2, th & 2 afhl, T K EZE XL
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