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Evaluating the differences in different parts of Lycium barbarum L. by
fingerprint-based chemical pattern recognition method and multi-index

determination

YAN Yan', GE Yuzhu', ZHANG Xiaogian', HUANG Shan’, ZHAO Quan’, WANG Jie'*, Yang Xiaofan'*
1. College of Chinese Medicine, Bozhou University, Bozhou, Anhui 236800, China
2. Zhongke Kebo Testing Co., Ltd, Bozhou, Anhui 236800, China

(Abstract] Objective To study the overall information and content differences of the main chemical components in different
parts of Lycium barbarum L., and comprehensively evaluate the quality and rational application of different parts of Lycium
barbarum L. Methods This study focused on Gougizi (Lycii Fructus), Gougiye (Lycii leafy), and Digupi (Lycii Cortex) from three major
producing regions as the subjects of investigation. HPLC fingerprints were established for these samples, and similarity evaluations
were performed using the chromatographic fingerprint similarity evaluation system for Chinese medicines. Clustering and principal
component analysis were conducted using SIMCA 14.1 software. The polysaccharide and total flavonoid contents were determined
through spectrophotometric colorimetric methods, while the betaine content was quantified using the HPLC method. Results Significant
differences were observed in the types and contents of chemical components among different parts of Lycium barbarum L. Gougiye
(Lycii leafy) and Gougqizi (Lycii Fructus) were found to contain richer chemical components. The contents of polysaccharides, total
flavonoids, and betaine were ranked in the order of Gouqiye (Lycii leafy) > Gouqizi (Lycii Fructus) > Digupi (Lycii Cortex).

Conclusion Gougiye (Lycii leafy) are richer in nutrients, the pharmacological functions and nutritional value may be superior to
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those of Gouqizi

(Lycii Fructus). Therefore, the multi-origin development of Gougiye

(Lycii leafy) as high—quality Lycium barbarum

medicinal herbs can be considered for the multi-path and multi-level development and utilization of Lycium barbarum L. resources.

[Keywords) Lycii Fructus; Lycii leafy; Lycii Cortex; HPLC fingerprint; chemometrics; polysaccharides; flavonoids; betaine
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Fig.1 Main nutrient and comprehensive application value of different parts of Lycium barbarum L.
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JOANLABWB100-4F KRR B 2Rl (W) A
FRZAF]];Milli-Q #B&l/K ARS8 (32 Millipore AF]) .
1.2 EEHYWSRF

T (4l =98% , 4it5 . DSTDL001701) | #it Kz
2 (4l =98% ,4it5 : DSTDH002802) A B 51 2% (4
J¥ =98% , 4t 5 . DSTDM003202) . J& 7K % 25 4 ( 4l
JF =98% , it 5 . DSTDWO000501 ) ., Fif 3 5 ( 21 fF =
98% , It 5 : DSTDT001202) % & iy 4 Iy [ A #f i S
FAEMHEARAIR AR, PEE OISR RY N ©
154l (32 [H Fisher 23] ) ; LBk KBy WERIR . TCK O
B BRIRANAEI R A sl (AL UL T, 10 Mtk
3 AHEBAL(F 30 Htb) MAL - ARSI LD R AR
W F =M T 25838 5 T, G N 2Bt da TERA
B8 R BHEY) T BRIAL Lycium barbarum 1.1
TR AR L HRTR B R BRI 1,

2 TESER

2.1 HREHEMSTEGRNEL

2.1.1 HPLC 880 EExF E Sh Al 25 43 He
T Mt E KRR RIS 1 mg, KEEFRE
BT 10 mL s, R 2 I T R A A
W KB 1 mL X BR S AEATT 10 mL S,
PP EEE 22 RIS T M R R B B MR 43 K
11.48.10.45 ,10.94 wg/mL AYTRA N IR Sh VAT

2.1.2  HPLC 88 B s il s 3l
IR AR 2 1 oGt 60 A ) KB hRE , B A
SEHEIE R ORI A BB 25 mL, B2 oo, A
ARFR ()R 200 W SR 40 kHz)45 min, BUH %
J& , PR EEAM R UG 1 it 4557, 3 0.22 wm AL

B RS B UG v VA

2.1.3 HPLC 8L EIE @GS/ ZORBAX Eclipse
XDB-Cs (234 (250 mmx4.6 mm,5 wm), Ji s AH
7 85% H BE/K T (A )-0.05% L FRIK IR (B) , B
YEBE ,0~15 min,30% ~45% A;15~50 min,45% ~
100% A;50~55 min,100% A;55~60 min,100% ~
30% A;60~65 min,30% A, Jii# 1.0 mL/min,FEiE
35 C, Kl 370 nm, AR 20 L,

2.1.4 KBRS $22.1.27 )5
MRS, 452,137 S AR R S A 6 W, id
SR P I A U 1 A X % B o [ R X
WETRIARAY RSD,, DL 7 SR RRZR N2 MR (S) 15
) 4% 32 AT W AE X R B B[R] RSD R 0.56% ~
1.18% , FHXTIE T AR RSD K 1.26%~3.38% , 2 HIY
AR B AT

215 EEMERE  BEFERRR  $72.1.27 500
T EFATHE 6 0, #52.1.37 500 R i Sk ub e
ST ISR TR, DL 7 SRR R R S IRIE(S),
15 31| 2% A W A XF O B i E] B9 RSD i 0.73% ~
1.24% , FAXHI T AR B RSD A 3.519%~4.37% , F W )5
B EE R

2.1.6  FUEMA BRSO RIE AR R2.1.27
Tkl S, T IR ORAE , 4300 T i e il
SERLY 0.4 .8.16.24 48 h BERE 521,37 (i 440
D e TR, DL 7 SRR R Z S 2 IR (S),
THER A% AT U 1) A X (% B BF TRD 9 RSD 2R 1.91% ~
2.37% , FARHIE R RSD K 4.50%~5.60% , 3¢ ik
A IARAE 48 h INFaEME RE,

F1 HEKEER
Table 1 Sample source information
7 R A FE bt i Pl R A FE it i P BB AL bt i
THEPT S8 Gl THEBT - Y1 THEPT MK P1
THEpT fSon G2 TEPpT - Y2 TEPT i P2
THEPT S8 G3 THEBT - Y3 THEPT MK P3
THEpT fSon G4 TEPpT - Y4 TEPT i P4
A S8 G5 FFH AL - Y5 FHFH A MK pP5
TFIFH A fSon G6 TR AE - Y6 A R P6
FFH A S8 G7 FFH AL - Y7 FHIFH A MK p7
HR N R G8 HR N nt: Y8 HR N (i:3573 P8
HRTN R G9 HA RN nt: Y9 HR N (i:3573 P9
HRN R G10 HR N nt: Y10 HR N (i:3573 P10
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22 ZEMSENE

2.2.1 ArAERNER AR AR 2 ) R -
T R 15 D S M ARG 22 M ) 5 17, LA TR A 2 A X
MR bR HE M SO L M )5 2R Y=57.737X -
0.003 5(R’=0.999 7).

222 MfLZHEEEINE 30 ALAALER S MK AR bR
W T 2 70k, B BRI 5% 4 B s Wi
1 mL7A2, fREETE 490 nm Y I AT 5 WG RE A
Pl 2 b At 2 W B A B Y H 8 (mg)
T RIS,

223 R WM, % e2.2.27 07
PSRN 6 K, OB A 0.510,0.516,0.508.,0.520
0.512.0.519,RSD 4 0.96% , = S 2% BAE 2 B KL 4
224 EmEMRE  BFE—FEEBKR(YT), 1T 6
0y, 53 i 2.2.27 J5 k4 RN E  WOGEE R 0.490
0.514,0.486.,0.517 ,0.526 .0.517 , i+ &N
(35.51+1.09) mg/g,RSD 4 3.23% , W L EE
PERLF,

225 RREMERE BB (Y7)iE & EE
EFE 2227 kAT T E RS FCE, 0 T
2 A 2 .4.6.8.12.24 hilE WG K 0.523
0.509.0.515.0.514.0.530.,0.517,RSD 41.43% , FW{it
AR IR T ACE 24 h IWRRUEME R A7

2.2.6 NFEFDCRIRES  FRICE I 1 i AL 2
MR (YT)6 43, 3 545 BR 2 1:1 (% BT it L m XS
PRSI, $“2.2.27 T VA I RN A2 | TR S 2 Y
TRE DR S5 R AN3E 2 B, 2050735 mDICR A
99.7% ,RSD K 2.79% , F W% )7 A BE R AT

23 BEMHSENE

2.3.1 ARfEMIZR Rl HOS T O RS AE E RE
PR, I EEC A 2 mg/mL YRS T R IR A £
K% R 10 mL, & 100 mL &P, Ik B 205,
FEAT, B 0.2 mg/mL 55T X FE S AT R 43 i B
X R SR 0.25.0.50.1.2 4.5 mL, 439 B 25 mL
FOE T, A I7KZE 6 mL, il 5% WASFREA M 1 mL,
RAGHCE 6 min, Jll 10% FEFREVATR 1 mL,1RE)
JETCE 6 min, NEALEIE IR 10 mL, K2
ZI P FEATE R 15 min, IR 25 (B, 7F
500 nm AN E W SERE  LANERE AR AR, 1R BE
BEAR AR, AR Mt T A5 2] H 7 #28 Y=10.61
1X+0.001 6(R?=0.999 9),

232 MUFCEVEER E R E S X FEER(h
] 247 L) v R ) T 1 0 Y R A A
B S E 30 HUAACHLIN A 1 o KSR, BRIT
PR rh, N 2 Bkl A, B el g 2 SR BOR TG € ik
B RCERR, FINHEE 90 mL, NFA Al Z2 4L

x2 RBEiE SEMAMHERELMERELE (=6)
Table 2 Recovery test of total polysaccharides, flavonoids and betaine (n=6)
sy Bl /mg TR /mg A5 /mg T IR % SR IR [T % RSD/%
M 35.29 35.00 70.75 101.3 99.7 2.79
3531 35.00 70.84 101.5
35.32 35.00 69.03 96.3
35.23 35.00 71.35 103.2
35.32 35.00 70.08 99.3
35.32 35.00 69.15 96.7
ST 19.10 19.00 37.53 97.0 99.1 3.15
19.00 19.00 37.22 95.9
19.20 19.00 38.73 102.8
18.70 19.00 38.31 103.2
19.10 19.00 37.74 98.1
18.60 19.00 37.13 97.5
FHE0 13.25 13.00 25.47 94.0 96.4 3.84
14.10 13.00 26.49 95.3
13.74 13.00 25.92 93.7
13.25 13.00 25.67 95.5
13.55 13.00 26.06 96.2
13.21 13.00 26.69 103.7
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WL, FE R 2 100 mL 2, P R0, $2
A KSR mL, B 25 mL W MR 2R
FUURA L, K E 6 mL &, 4RI 2 ok
JE, AR 2 B b (sl s b & T E
(mg) , 75, HITH

233 RpEmEE  [F -l iR 23,27
TIEESENE 6 I, WG HEE N 0.243 ,0.238 ,0.240
0.253.0.240.0.241 ,RSD N 2.22% , 3 WX 28 H A %
R AT

234 BEEMIRAE  [F—FEA R (G4)FATH 6
0y, 3 5 “2.3.27 I ekl A E  OGE R 0.239
0.247.0.228 ,0.250,0.230,0.244 , 8 K 85 1 5
18.69+0.39 mg/g, RSD N 3.82% , £ B )7 vk il H & 1k
[E5/S08

235 RREMRE WM (G4)iE & FEE
E H%42.3.27 ) A IR A B T B IR AR R E 2,
4.6.8,12.24 hilllsE , OB 0.240,0.247 0230,
0.228.,0.230,0.235,RSD 4 3.12% , i B A i i T
TEZ IR FHCE M 24 h R ENE AT

2.3.6  FEMDCRIAE  HE S AL 26 H
K (GA)6 0y, 45l IR 11 (19 & H I A G IR S v
W, 4%42.3.27 I BN E | THIAL R B TR 0 A [
ERANFR 2 FrR , B R - X RN 99.1%,
RSD 4y 3.15% , Wi 7 e B R 4F

2.4 EHIFEWEA HPLC SENE

2.4.1 HPLC (i 254 Agilent 1100 = RCAH (2%
1%, Zafex Supfex GQ ZFEETEH: (250 mmx4.6 mm,
5 wm), FENA K ZHE=15:85(V/V) , 25 FE VR .
Wi 1.0 mL/min, A3 30 °C, KM K 195 nm, 3
FERFR 10 pL,

242 FrAEfhZ R hls  BCHSRmO0 B ol K
BFRE KA 1 mL 3 1 mg AYEHSZ X IR 5
AR HCURHE X IR A 25 Y, DB 1,410 .40,
100,200,400 pg/mL A RIARAER UL . $5%2.4.17 55
T T SR U A5 A R e TR AR, AU
BURYNAbR e N AR, 55 2 RIS AR
2k, T 5 A REC Y=1.149 1X-0.015 7
(R=0.999 9),

243 HISEREEEIE  FREZY 1 g HEAS R EAR
E, A 50 mL H S BIF B ASCRIF B 3R i 75 42 B
45 min, B0 5 B EIE TR, RN 50 mL B A

Pe—W, BIFPIIR FIEW, HE A 2 100 mL, B
2 mL BVEWAMRKT VK ERZ 2 mL, it 0.22
P FFL I R LR B AS

244 AEEERE  [FHER R 240707
VRIS 6 IR, THREER S B4 R 1.33% |
1.28% ,1.30% ,1.26% .1.35% .1.37% ,RDS 4 3.22%,
TR OURE 5 E R AT

245 B\EMWIRE BEFE—FESR(GE), 1T 6
B3, 3 R 2.4 37 I EERIAE AN “2.4.17 5 EN € T
FHEHH &5 (13.0120.25) mg/g, RSD K 4.13% , 3%
B A M R

246 FEtEAs  BEGM R (G4)id &, A H K
2,43 I T E IR T CE , 430
BUl 52 2 . 4.6.8.12 .24 hillE, RS
H024 (13.0120.25) mg/g, RSD K 3.60% , 7= B fit
AR IR T AR PFCE 24 h NWERUETE R AT
247  IREIISCRIRTS  OREAREE U % i A
FRZTM R R (G4)6 13, 43 5l B 101 A o b A
Xof BRI, e IR “2.4.37 7 YA A8 R <2.4.17 D
E T SHEERAIFE R, G553 2 fios it
SEAR ) AIAE ISR Ry 96.4% ,RSD °h 3.84% , 3%
HZ R e AT

3 GERESH

3.1 HPLC 88 EiERRE I 55
3.1.1  FREUEE S M bR BURAL R
S FIAR B2 3 30 HEAEAS A il <2.1.27 5 il A%
PR VAR, 2. 1.3 Ak SR R ERE AT e SRt
P R A3 B RE i B S A 2 i a o RIS AR 21
FEPHN RS (2012 WO AT /0T, 43 5ILA G1.Y1 Fl
P1E R Z RS R AT P 80 I 18] 56 1 B
0.1 min, #4722 SR IE RN A S UC L, A x|
TR (R) , 52853 iy A AL SR S R B
BOCEIE , Horp 30 AtHORC RS S AR R R SRS
a8 A a5 ) B RS RT L B e
1.6.7 UM T MR ARBFR, Hrp 2
P 3R TR % TRl Y VR 245 6 5 R %o R R 43 11
HPLC (SR 2 PR o MoFC A s i FTR B2 A i
i) HPLC #5803 A EITE UL 3,
3.1.2 MRUESEM 30 HERMACIRSE (G1~G10) it
(Y1~Y10) R JZ (P1~P10)$E S &3 , LA IR 3% Ky



1198 1RE H EE 2GR 2224R hitp://hnzyydxxb.hnuem.edu.cn 2024 555 44 4
‘ 1
700
650
600
50 8
500 A 3
450 j Wl ? ! ’ - I ' |
N - La ~ M A Ao M A i
Esso r
300 . e
B e A P PSR e W S . -
200 h & ) L)
_— }l . I
— — \ HBS:
100
s TR
0
2 2 2 2 % 2% 2 2 M W M R B M B W W B® W A 4 42 43 44 4 46 4T 48
B [8)/min
B2 =aREA REXRMAFRINERERN HPLC BifE

Fig.2 HPLC chromatograms of blank solvent, reference solution and sample solution
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THAFCARLRE 450 W3R 3, 3% 3 Al Ml
S IR K2 1) HPLC 48 801 5 FHAH R G i 4
AL EGE AU KT 0.90, 2 B W] — 507 M AL 24
MAREAS )7 i 22 ] 1) 2 S5 350/, F2 B 0A i ) B AR A
1oL, 2% 7 MM AC o B AR o AACAS [] R 6 22 ] A A A
JERIINT 0.63, RUIFATIELEMIFC RS i SR B vh
22 550K

32 UFEITEZESH

321 EWSHT RA SIMCA 14.1 844, LA 30
HEMIFCZAF 8 A e g W TR AR o LU A 2 o, o i
RGP TRR AL AL ] | DL A R A B RN BT kR
MR (R 4) AT E RIS, H13R 4 AT 2
A F AR BURRE(E > 1, H BRI 2 5Tk R

£330 #MICTF MRCH B K HPLC FE8 B R IUE

Table 3 HPLC fingerprint similarity of fruits,leaves and root bark of Lycium barbarum L.

LUV ket B RIS IR B AL SRR S AL RIS R
0.996 0.992 0.928 0.624 0.602 0.580
0.984 0.997 0.932 0.631 0.604 0.576
0.944 0.990 0918 0.620 0.613 0.583
0.993 0.994 0.903 0.633 0.622 0.592
0.935 0.957 0.919 0.622 0.606 0.560
0.952 0.974 0.934 0.636 0.623 0.584
0.947 0.991 0.902 0.632 0.621 0.562
0.919 0.974 0.907 0.640 0.612 0.591
0.908 0.998 0.930 0.641 0.605 0.580
0.926 0.999 0.925 0.638 0.600 0.572
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84.0% , R &1l I WAACKHEA S B . LART 2 A~k
OYEESTARR R R AR AT TR LI 4, AR
SYEITTAL 3 AN 1 3 AR ALAIAL AR AR AT SRy 3 2K
RI(GI~G10) M (Y1~Y10) MREZ(P1~P10)#5 RN
— 2 UL R RN [T R 2 I 4 A2 i o 35 4
E—EXES,

F4 ETHSBEERIHE

Table 4 Principal component characteristic values and

contribution rate

S FEIE(E IR/ % SRR/ %
1 5.104 63.806 63.806
2 1.616 20.203 84.008
3 0.684 8.551 92.560
4 0.380 4.746 97.305
5 0.116 1.452 98.758
6 0.065 0.809 99.566
7 0.030 0.373 99.939
8 0.005 0.061 100.000
T 7 1 | | T @ HET
2 T —[ LA - N
E e [ B N ——r | @ et
pl |
|
s |
) ° ‘ |
= |
a |
" og
% ? '
o 0 |
£, 6 . l |

B4 30 HMEAE AR PCA FHE
Fig4 PCA scores of 30 batiches of samples from different
parts of Lycium barbarum L.
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U (0 0 T AR O LE DR AR i iE AT OPLS-DA #4543
Br, G55 IE 5 s, FRBE TS HOT i B R R 1Y)
R R2X=0.922, R2Y'=0.975 , B T T 0] 45 %% Q2
cum=0.969, ¥J KT 0.5, F/n BRI & R 47, 1 g
TIEGEP), 1 OPLS-DA 154> T LI i, 10 MR
3 ANHROATACHE A B O3 oh 3 28 R I RIAR R A
J—2, DA MG (variable importance for
the projection, VIP) KT 1 A4 HUER#E, HIE 5(B)
A, P T RSB R R R R 22 5 T .

3.3 HMRRSESENE

3.3.1 MRS EAE RO S I E 455 30 it
FOAESE IR Bz Hh 2080 S it e 25 R L3R 5. R
5 LA AR S i 3 2.74%~
3.37% .2.82%~3.53%, e TAREZH Y 1.929%~2.68% , 3%
KT 1.8% 456 (I 25 Sy Al 5 i Al 2 B Y
TR, AN, PR 8 AR R
W AT REXT 208 & i A, SRR | 1 AR
P 228 B f ey, HUOR T/ BUHN X 5 Z R
WFREE AR —BUWe, K, v 2% &2 Mot &
T AL A S R A T A DL IR R TR

332 ZFMESNT 30 HUAAC RS I RIAR KRR
rh B WY B N 22 S O B 4 R LR
6(A), HE 6(A)FTLUE ), [a]— = AN [FFf A 2
], AT 22 B A0 2 i R i > SRS SR, i S RS 2
(i) ) P i LA o S PR 2 25 S AR R R 2
5 AR S LY A B 2

w e

o

Var ID (Primary)

B 5 30 #tHIFEHEA OPLS-DA 54y (A) 0 VIP {&(B)
Fig.5 OPLS-DA score plot(A)and VIP values(B)of 30 batches Lycium barbarum L. samples
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Table 5 Determination of total total polysaccharides in different parts of Lycium barbarum L.

FEfh REHE 5/(mg/g) F i S B (mg/g) Fdih SEHE S B (mg/g)
Gl 29.08 Y1 30.97 P1 23.57
G2 29.36 Y2 31.56 P2 22.87
G3 29.79 Y3 31.06 P3 22.28
G4 30.43 Y4 30.32 P4 22.79
G5 33.72 Y5 34.38 pP5 26.50
G6 3325 Y6 3427 P6 26.77
G7 32.10 Y7 35.32 p7 25.46
G8 28.05 Y8 29.42 ] 19.19
G9 28.67 Y9 29.84 P9 19.64
G10 27.43 Y10 2822 P10 20.62
*Fo WMIEARMBLEHERMPSENELER
Table 6 Determination of total flavonoids in different parts of Lycium barbarum L.
B AT 5 i (mg/g) BEfh BB £ 5/ (mg/g) BEfh B £ (mgfg)
Gl 17.62 Y1 20.71 P1 475
G2 18.24 Y2 21.26 P2 5.01
G3 18.04 Y3 20.83 P3 5.23
G4 19.10 Y4 22.17 P4 4.89
G5 20.51 Y5 2321 P5 5.60
G6 22.16 Y6 25.07 P6 5.76
G7 21.87 Y7 24.39 P7 5.89
G8 15.02 Y8 19.24 P8 5.00
G9 16.14 Y9 18.10 P9 472
G10 15.93 Y10 18.89 P10 4.50
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Table 7 Determination of betaine in different parts of Lycium barbarum L.
B AR &t/ (mg/g) Fdh FHEE0 &/ (mgle) Fdh FHEEI &/ (mgle)
Gl 10.10 Y1 35.00 P1 6.987
G2 10.95 Y2 31.54 P2 7.109
G3 12.01 Y3 33.23 P3 7.023
G4 13.25 Y4 36.45 P4 7.341
G5 11.85 Y5 33.89 P5 5.980
G6 11.27 Y6 34.21 P6 6.913
G7 12.09 Y7 36.10 P7 6.574
G8 10.26 Y8 33.68 P8 7.015
G9 12.11 Y9 35.20 P9 6.976
G10 11.32 Y10 34.76 P10 6.540
A I ps: [ vy D v g N r: I wx ¢ I xx DN e D o
40 28 40
38 264 Aa Aa A Aa
36 1 Aa 241 34 = )
1 L] »] & A
34 . 30 4
T 324 Aa = 204 . Bb o
E 7 A i = ? 1 o ? 25
B8] 4 7 7 #
R 5] R 141 & 204
] i, ] L]
B 244 B = =
22 107 154
20 5 81 — . =
18] 64 L Ce c_c 104
i 4 o ce e G
1 : : ; 2 : : . 5 = : :
il il FE it i £l i i TH

Eo #MficF Mt MmERFESHEA) SEE(B)MEREE(C)SELE  HERERESHT

Fig.6 Contents range, mean value and difference analysis of total polysaccharides(A) flavonoids(B) and betaine

(C) in the fruits, leaves and root bark of Lycium barbarum L. samples

/NG FRERR BEYE, P<0.05, RS RN B3, P<0.01,

4 it

AT 52 T SO B RHR L
IR IR )6 A R0 BL3 ) $ BBOR0RE B e P 1 42
WU T /Y HPLC 20 7 ik M o, ik 2 i ik 45
RRAF AHRURE PE M 45 SR B e T AL M AT A
Mo B Z b2 A e e 22 5 S5 B k2T i
SEOYHIT TG TR R R A Ol R 25 ek
By . SRAFUACZNE R R AR SR B T L
AR i TS0 eI ) 0l K v S 1 A
FE2E 703 T R AALIE BTN, A7 B TR B8 U5 0% 75 4
FIHT, DA AERN 2 AR i Tk 2 oot &
IR S5 A R MRS [F] 24 P T s b e 1 56
e T HIES %

S 30k
(02 #, A& & SNE % 2RSS, s,

2019, 14(10): 2593-2597.

[2] 3k J%, REBHE % &, % FEF Web of Science SCHKTT 4}
Mt T E A FE IR & S g, 2022, 53(16): 5128-
5141.

[3] RHaMy, KIS, BIGHK, 55 MRCF el s M2 3 it
FEHE I K FORARE Y BIEIN SAT)]. EPIZ R, 2022, 37(2):
206-213.

(4] 81 F, 2 SKERFA, S ORIE SRR UMD T 20 AR
BRI E AL BT PP, 2022, 24(12): 2383-
2390.

[5] ffi=s, 5% % R BE, 4F. MARnT RIS R S e R AL R
FHJEED. hEBUCPZY, 2022, 24(1): 10-19.

[6] 4BSPIE, ZE4efh, 7™ WF, 45 MORCMERTETRZ b A2 E 22 AR ).
fPEBUCHZY, 2022, 24(1): 20-27.

(7] Bk, y5 B, SHEER, 45 EGE 2 B Ak A R 2 B
TEYERFFTUE ). PR 24, 2021, 46(12): 3066-3075.

[8] AT, BRuihs, #ih®e, 4. #F HPLC-Q-TOF MS 1% 1k
FARZF TR AR 2= TSR], iS4, 2022, 43(6):
792-803.



1202 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2024 4F5R 44 3

[9] Z=Fids, &= W, BHUR, 55 TR IIRT AR A K
AERR b Bz B 22 5 0]. P 2b, 2021, 44(8): 1901-1905.
[10] SUN Q, DU M, KANG Y, ZHU M J. Prebiotic effects of goji
berry in protection against inflammatory bowel disease[J]. Critical
Reviews in Food Science and Nutrition, 2023, 63(21): 5206-

5230.

[11] 5, AR, 22800, & T EARI2 IR 2 2% M 4 14
TSI O A £ S A 7 R BB AT, il 5 R
Tolk, 2023, 49(22): 199-207.

[12] LI X, HOLT R R, KEEN C L, et al. Potential roles of dietary
Zeaxanthin and lutein in macular health and function[J]. Nutri-
tion Reviews, 2023, 81(6): 670-683.

[13] DUAN W H, GUAN Q J, ZHANG H L, et al. Improving flavor,
bioactivity, and changing metabolic profiles of goji juice by se-
lected lactic acid bacteria fermentation[J]. Food Chemistry, 2023,
408: 135155.

[14] MAISTO M, IANNUZZO F, SCHIANO E, et al. Effects of forti-
fied laying hen diet with Moringa oleifera leaves and goji berries
on cholesterol and carotenoid egg content[J]. Foods, 2022, 11
(20): 3156.

[15] BENDJEDOU H, BENAMAR H, BENNACEUR M, et al. New
insights into the phytochemical profile and biological properties
of Lycium intricatum Bois. (Solanaceae)[J]. Plants, 2023, 12(5):
996.

[16] BEETE, & 8, FIESE, 5. 2207 PRk K a e iy A
BEEET]. P EBCTZY, 2020, 22(8): 1269-1286.

[17] A NRIURIE E R 25 M2 51 2. g NRILAIEZG 8 2020
AER—ERM]. dbmt: A EBEZRR Uk, 2020: 260.

[18] K&k, 58 &%, & DL, . Modd )@ AE 4 h RS s o I
REMMERF TR S = AL R ). P EEU 2, 2022, 24(1):
28-40.

[19] 3¢, BRAEHE, & M, 55 Mofd 200 A P S Ve AL
BT HERT]. Ak, 2021, 42(5): 349-359.

[20] & &, % Bk EESE, SF. MORCM B2 WX PO E I B
GBI /N B S K AR IR VE L. BBk, 2022,
43(11): 137-148.

[21] MA R X, SUN X Z, YANG C, et al. Integrated transcriptome
and metabolome provide insight into flavonoid variation in goji
berries (Lycium barbarum L.) from different areas in ChinalJ].
Plant Physiology and Biochemistry, 2023, 199: 107722.

Y, FTI7, DES, S5 ML EER S A sy Ot i
&m%fmﬁ'rﬁﬁ%m. B S5 EEET L, 2024, 50(1): 155-162.
1 B sk R, AR, SR MACRE 2N A, BT
b ST K E A RS ]. B Tl RN, 2023, 44
(17): 413-419.

[24] YU C X, CHEN Y H, AHMADI S, et al. Goji berry leaf ex-
erts a comparable effect against colitis and microbiota dysbiosis
to its fruit in dextran—sulfate —sodium—treated mice[J]. Food &
Function, 2023, 14(7): 3026-3037.

[25] & Bi, 58 B%, BhBYE, S Mokd g IR A A IR S IR
ST R, 2022, 24(1): 1-9.

[26] SkEaMe, MiHil, L2, . MAC I oo A2 BEAE T 5T
HER K TR BT AR 2T, 2024, 42(1):
174-183, 260.

[27] x| FE, T, ZEn0k, AR RTE AT T R 2 R
FILE B 122 5 LT, s Eleiki, 2019, 44(9): 1774-
1780.

[28] VT.3555, = W, ESHE T LC-MS AR dl A FiAR A h 254k
2T R RIRE ). EIBE 2SR, 2020, 17(25): 133-136.

[29] YUN J, CUI C J, ZHANG S H, et al. Use of headspace GC/MS

—

combined with chemometric analysis to identify the geographic
origins of black tea[J]. Food Chemistry, 2021, 360: 130033.
[30] BHATT M, TACOVO A D, ROMANAZZI T, et al. Betaine-The
dark knight of the brain[J]. Basic & Clinical Pharmacology &
Toxicology, 2023, 133(5): 485-495.
(A8 # %)



