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ABSTRACT: Objective To explore the differential marker metabolites of Lycium barbarum L. from different origins

by non-targeted metabolomics technology. Methods Taking the geographical indication protected products of Lycium
barbarum L. from different origins in Gansu Province as the research objects, non-targeted metabolomics analysis was
conducted on Lycium barbarum L. samples collected from Jingyuan County and Minqin County in Gansu Province
using high performance liquid chromatography-orbittrap quadrupole electrostatic field high resolution mass
spectrometry  (HPLC-Q-Orbitrap HRMS). Principal component analysis and orthogonal partial least
squares-discriminant analysis were adopted to analyze the differential metabolites of 2 kinds of Lycium barbarum L.
from different origins. Results A total of 102 differential metabolites were identified between Jingyuan and Mingin
Lycium barbarum L.. Taking Minqin Lycium barbarum L. as the control, 39 kinds of metabolites were significantly
up-regulated and 63 kinds of metabolites were significantly down-regulated in Jingyuan Lycium barbarum L.. The
differential metabolites were mainly flavonoids, followed by phenolic acids and their derivatives, amino acids and their
derivatives, efc. Ergometrine, histaminol and dehydro-$-ionone, efc. were differential characteristic compounds. Kyoto
encyclopedia of genes and genomes (KEGG) pathway analysis indicated that the differential metabolites were primarily
enriched in metabolic pathways such as flavonoid biosynthesis, flavone and flavonol biosynthesis, phenylpropanoid
biosynthesis, one-carbon pool by folate, alanine, aspartate and glutamate metabolism. Conclusion The research results
successfully screens out the differential metabolites of Lycium barbarum L. from 2 kinds of different producing areas
and clarified the core differences in metabolic composition among Lycium barbarum L. from each producing area.
Meanwhile, the characteristic marker metabolites that can be used to distinguish Lycium barbarum L. from the 2 kinds
of different producing areas are identified, which provide characteristic indicators and scientific and reliable technical
support for the origin identification and quality differentiation of Lycium barbarum L. from different producing areas.

KEY WORDS: Lycium barbarum L. from Gansu; non-targeted metabolomics; differential metabolites; metabolic
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and their derivatives

e o

sdim 1S
3 'lo-JY
0.5 = MQ
2
0
1 0.5
4 I»I.O
6 -1.5
9
4
7
8
5
IO T 2e Y TR
nEEE2g9999Y
= 2 =2 =2 =

T 1~9 BRI . 4L RF, HEE. RANEEE,
T RBEER . BRRTER. WAER. 6,7- "W E-4- 5
05
K9 FRNRIERE R RIEIE
Fig.9 Cluster heatmap of phenylpropanoid differential metabolites



16 B il 2 A iR A I A 4 CIRVES

R2 FREIFHICHHEE SRR

Table 2 Metabolites with characteristic differences among Lycium barbarum L. from different origins

Eiv]l AL Sl vip log»(FC) P AR

e Lo A 1.176 2.19 7.48x107° i

2H P 1.173 1.96 6.17x107 34

Wi S -p-5 B 22 PR R 1.171 2.05 7.09x107 i

IR RO R AT 1.165 2.59 3.48x10° sl

FH 5 5 A B WR I 2 A ) B 1.162 2.47 4.22x107 (87}

W51k 2, AT 2 IR YIS ESEY 1.195 -2.27 4.16x10 T

R R EUIES 1.191 -2.49 2.98x10°2 TR

EEER R AT 1.188 —-5.22 1.60x107 T

o] B iR RNEL 1.186 -2.64 1.23x1072 T

JY B-D-FE % 1. L TR TR WA 1.180 -1.13 3.86x1072 T
1 MQ iR EES 1.178 -2.96 6.17x10°° T
WL B-D-7 %) B R BT BRI &Y 1.175 -1.91 1.29x107 I

11 R IR 1.167 -1.67 7.18x107° T

A AS ML IE AT A 2 1.166 -1.02 2.72x1072 T

B AT B R PATE A Y 1.164 -4.53 2.04x107 T

N5 IR DS s T 5[ ATT A= ) 1.161 —1.24 2.46x10* T

SV TR -2-O- 4 4 A T R Ty R A 1.158 -1.52 1.07x1072 !
BB ZEE e R 1.157 ~1.18 1.84x10°2 T

—AMEE ERLES 1.152 -6.02 7.19x107* TH

o B R 1.149 237 1.57x102 T

BEZAL A P YA ([ ]
B B PR A 5 °
AWF%%EE% - )
— T 1Lﬁﬁf °
IR %ﬂﬁMW§£@Nﬁf °

LA LIRS
%ﬁﬁ#ﬁﬁtﬁ%;#ﬂ%t%Am-
TR SRR -
J:Llﬂiaifrﬂkl&l%ﬂﬂtﬂi -
HaER ., 28R -
B-NATRICHS - °
WEIREYA R °
RIRSCAEIR R FE °
AR AR
AR
W[ A= P ) A 40 K
$HﬁW%k YUERWAEY AR
E&M%&f%m¢%Amﬁ%—
HIREYA IR
14:}_ lﬂlh’%g@{ Rt F

AR

YerE FBAU

R

b m AR TR

LA RIS |

N TIREAHT -

H&Mﬁﬂ(ﬁ@ﬁﬂ%

e AR

AR ER B A=) 5 i

PO

B WP RRACHS

ZRRER IR AT AE )5 A -

KR 2R

mEE A

[ BEA A

B niaRA I -

1R B AR AER A A %

BACH BT A AL ‘ ,

0 2 4
BERT

5

0.6
0.4
0.2

000 o
o0 v A N T

K10 2500 KEGG il #% 5 Hr
Fig.10 KEGG pathway analysis of differential metabolites



el @3, A RO G- PR S PE B R BT A A U A ORI A R 17

BRSO TR T AT 2 b B A5 R AP 7 ot o S M A
() FNER B AL (MQ)R 22 AU 23 # o WFFE 4 SR A B TY
I MQ PIFIA ] s AC AT 102 Rz SeACsY, B 39
i, T 63 B, VIP HEFFHT 20 BURHIE2E SARE Y 2 B 2
PRI, ALAEE . B A5 A0 R O R L
FESFATR B TS, IR LAY AR . R . B
FET . BTELIR | p-D-H % WE L LRI . G R | IRz p-D-
AR . ISR . MEMOTE . DAY EhERAR . Ml
TR ARYEBCR TIR-2-O- M A MR 1Y . SR, &
BRI . R 22 S0 mT A Sy DX oA L 7 M By 32 A58
Yoo PO HAOARC 1 22 A Q) T B R AR B DAL S A
Yo, B S AR B LR A R, RN R AR S
J, R — R A, AR RA AR =R, TR
SRR, SRR AT AR A, S
FRAN IR, WHRRANARERL AL, H 2R . 2R
SRR SE R b S50 ERUHYA LR D
MR . WEERE. PIBRR . ST TR S MRS A
A5 0 126 46 AN [ b ot B A A P A 7 Al MDA 14 22 AR
Y, BRFCHASARUA 2 T2 ZACH I B, AN R AT I b
Jot 22 5 R M M B I S B A, RATAFE— A R 2
Abo o, AWFTEACERCT A B AT R b, SRR
ik, B T A A R, R RE 4 T S A [ A 25
DXL R AT MRS AU T AR ACRAE, IFFE 4 R AR
YA FritE— K HOR, KRB ARG R i 5 822
5, ATREX AR 4 R A B

SE

[1] VEEAS:, Je3s. Mifd WS . itk | ghHa s K 2 B bR it g
[7]. £ 5 R ERHE, 2022, 58(1): 131-135, 146.

Wang Mingjin, Long Ling. Research progress on extraction, purification,

structure identification and pharmacological action of Lycium barbarum
polysaccharides [J]. Sichuan Food and Fermentation, 2022, 58(1):
131-135, 146.

[2] JHBUR, RpeEE, @R, 5. LUMIAD . BEAAC AN BEAAC E R AR
[7]. " EERE, 2021, 40(10): 43-49.

Zhou Qile, Gong Linghui, Ji Fengdi, et al. Comparison of nutritional
constituents of red wolfberry, yellow wolfberry and black wolfberry [J].
China Brewing, 2021, 40(10): 43-49.

[3] Zhou Zhengqun, Xiao Jia, Fan Hongxia, et al. Polyphenols from wolfberry
and their bioactivities [J]. Food Chemistry, 2017, 214: 644—654.

[4] Qian Dan, Zhao Yaxing, Yang Guang, et al. Systematic review of
chemical constituents in the genus Lycium (Solanaceae) [J]. Molecules,
2017,22(6): 911.

[5] XK, JUE, H7Emn, 5. MACIE Y b A I A WE A )],
Pl iR, 2022, 67(4 T 1): 332-350.

Liu Jianfei, Gong Yuan, Yang Junli, et al. Advance on alkaloids of Lycium

genus [J]. Chinese Science Bulletin, 2022, 67(S1): 332-350.

[6] Wang Yajun, Liang Xiaojie, Guo Sujuan, et al. Evaluation of nutrients and
related environmental factors for wolfberry (Lycium barbarum) fruits
grown in the different areas of China [J]. Biochemical Systematics and
Ecology, 2019, 86: 103916.

[7] Bertoldi D, Cossignani L, Blasi F, et al. Characterisation and geographical
traceability of Italian Goji berries [J]. Food Chemistry, 2019, 275:
585-593.

[8] Cossignani L, Blasi F, Simonetti M S, et al. Fatty acids and phytosterols to
discriminate geographic origin of Lycium barbarum berry [J]. Food
Analytical Methods, 2018, 11(4): 1180-1188.

[9] Long Qiyuan, Zhang Changjian, Zhu Hui, et al. Comparative
metabolomics combined with genome sequencing provides insights into
novel wolfberry-specific metabolites and their formation mechanisms [J].
Frontiers in Plant Science, 2024, 15: 1392175.

[10] 2K, BEE, MAH, 5. BRI Z 0w s

ST B REE, 2024, 45(12): 52-58.
Lan Tian, Duan Guozhen, Qi Youzhao, et al. Widely targeted
metabolomic analysis of Lycium ruthenicum Murr and Lycium barbarum 1.
var. auranticarpum K. F. Ching fruits [J]. Food Science, 2024, 45(12):
52-58.

[11] EFTEE, EOREL Gk Y AG2E 27 B A P et v i o P B E F J
[7]. "R, 2019, 38(9): 1-6.

Wang Kejia, Qiu Shuyi. Advances in microbial metabolomics and its
application in Baijiu brewing [J]. China Brewing, 2019, 38(9): 1-6.

[12] AR, S8, XIFRME, 4. AUAHH AT £ SRk o (9 N f 0],
55 R, 2021, 47(5): 252-258.

Li Siyuan, Li Peiyu, Liu Yitong, et al. Application progress of
metabolomics in food science [J]. Food and Fermentation Industries, 2021,
47(5): 252-258.

[13] #AHM, s, FJ¥, 4. JLF UHPLC-QTOF/MS MAHAf i %
FARKEFIKT IS BIRIFFBOII]. 25524, 2016, 51(10): 1609-1615.
Chang Xiangwei, Li Dekun, Wang Tong, et al. Application of
metabolomics approach to study of different parts of Mountain Cultivated
Ginseng using UHPLC-QTOF/MS [J]. Acta Pharmaceutica Sinica, 2016,
51(10): 1609-1615.

[14] Shahbazy M, Moradi P, Ertaylan G, et al. FTICR mass spectrometry-based
multivariate analysis to explore distinctive metabolites and metabolic
pathways: a comprehensive bioanalytical strategy toward time-course
metabolic profiling of Thymus vulgaris plants responding to drought stress
[J]. Plant Science, 2020, 290: 110257.

[15] SKEZF, S5, FHES, 5 BT 0 FoTRaauyFid i s
[1]. fE¥ZRi, 2023(3): 66-74.

Zhang Yufen, Qi Jingkai, Wang Guiling, et al. Study on geographical
origin of buckwheat based on mineral element fingerprint [J]. Crops,
2023(3): 66-74.

[16] kK, SRILEL, BBEEA, 4. JETARSERSIL 2 AU I 9ot %
SIEARD. B iR, 2021, 42(18): 246-253.

Xu Bingbing, Zhang Jiukai, Zhao Guiming, et al. Authentication of sea
buckthorn oil based on non-targeted metabolomics [J]. Food Science, 2021,
42(18): 246-253.

[17] e, D5, KeE, & ET AR A BT R SR T B
e 2 FAEACEIPIL]. B 2B R AR, 2022, 13(24): 8083-8090.
Tang Lihua, Ma Xuemei, Zhang Yao, et al. Differential metabolites



18

1 it 2 A iR AR

Al LERVE

(18]

[19]

[20]

[21]

[22]

analysis on different varieties of Lycium barbarum L. based on
non-targeted metabolomics [J]. Journal of Food Safety & Quality, 2022,
13(24): 8083-8090.

ZRLEvE, WK, SEHARIA/RIGHE, 55, VUL =Rl A HAE SR o)
B2 AT 1), B SRR LA, 2025, 51(16): 351-362.

Feng Zongtao, Tian Mengle, Maidina Paerhat, et al. Differences in basic
nutrients and metabolites in three types of Lycium chinense in Tibet [J].
Food and Fermentation Industries, 2025, 51(16): 351-362.

Li Nan, Chen Wei, Wang Bin, et al. Arbuscular mycorrhizal fungi
improve the disease resistance of Lycium barbarum to root rot by
activating phenylpropane metabolism [J]. Frontiers in Plant Science, 2024,
15: 1459651.

TWSE, WI5E, IMVKE, 6. ZMEUITLIER[I]. R KA,
2025, 30(10): 177-192.

Ding Mingliang, Hu Rui, Sun Qiuyu, et al. Research progress on
Claviceps fungus [J]. Journal of China Agricultural University, 2025,
30(10): 177-192.

LRFAL, 5%, RARE, S5 T RSSO T 2 I E S
BEJE[T]. PR BEZ 244, 2026, 42(2): 315-322.

Ji Wuziyi, He Yao, Zhang Shaozhe, et al. Research progress on the
functional substances and medicinal value of Lycium barbarum L [J].
Journal of Nanjing University of Traditional Chinese Medicine, 2026,
42(2): 315-322.

FREET, DR H, V% RN T EAMACER S B R AR B
HAERCRD]. PEESRIFR, 2003, 11(3): 51-54.

Zheng Guoqi, Ma Hongwei, Xu Xing. The relationship between the
accumulation of salt ions and betaine, and the photosynthesis in leaves of
Lycium  barbarum L. Chinese Journal of
Eco-Agriculture, 2003, 11(3): 51-54.

TRPAR, A, AL, A AR R LR AR T AR AR TR
SRR 1 A0 05 P B T B ML (9], A I R 2, 2026, S1(8):
2310-2322.

under salt stress [J].

Zhang Weidong, Hua Feng, Zhao Quan, et al. Effects and mechanisms of

hesperetin in attenuating alcoholic liver injury by targeting mitochondria

[24]

[25]

[26]

[27]

[28]

[29]

[30]

to regulate hepatocyte pyroptosis [J]. China Journal of Chinese Materia
Medica, 2026, 51(8): 2310-2322.

Ji Mingming, Sun Jian, Zhao Jun. Verbascoside represses malignant
phenotypes of esophageal squamous cell carcinoma cells by inhibiting
CDC42 via the HMGBI/RAGE axis [J].
Toxicology, 2022, 41: 9603271221127429.

Human & Experimental

Du Youwei, Ma Huiya, Liu Yuanyuan, et al. Major quality regulation
network of flavonoid synthesis governing the bioactivity of black
wolfberry [J]. The New Phytologist, 2024, 242(2): 558-575.

Liu Ming, Xue Rujun, Jin Shuangzhen, et al. Metabolomic and
metagenomic analyses elucidate the role of intercropping in mitigating
continuous cropping challenges in tobacco [J]. Frontiers in Plant Science,
2024, 15: 1447225.

Zheng Xuexue, Hong Xin, Jin Youlan, et al. Characterization of key
aroma compounds and relationship between aroma compounds and
sensory attributes in different aroma types of Fu brick tea [J]. Food
Chemistry, 2022, 13: 100248.

SRELE, BRI, TR MIACR SR E IR | AL RS R AR
RIFEAEITI]. 2> TR TR, 2024, 22(22): 7515-7524.

Zhang Kaimin, Geng Guigong, Qiao Feng. Correlation of enzyme activity,
gene expression and flavonoid accumulation in Lycium chinense fruit
development [J]. Molecular Plant Breeding, 2024, 22(22): 7515-7524.
U, R, KR, S MR R SSRGS HEAR S p T S R
B G BUSEIALT]. B IEAMEEL, 2024(3): 69-77.

Li Ting, Xu Jun, Liu Xiaowen, et al. Effects of UV-B radiation on the
synthesis of flavonoids and carotenoids in Lycium barbarum [J]. Science
and Technology of Qinghai Agriculture and Forestry, 2024(3): 69-77.
Tiika R J, Duan Huirong, Yang Hongshan, et al. Proline metabolism
process and antioxidant potential of Lycium ruthenicum Murr. in response
to NaCl treatments [J]. International Journal of Molecular Sciences, 2023,

24(18): 13794.

(WAL 3 Shirsir Ru-fE)



