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ABSTRACT: Objective
shaped by geographical terroir. Methods

To systematically evaluate the multi-dimensional quality attributes of Lycium barbarum L.
This study conducted a comprehensive assessment of 95 representative
Lycium barbarum L. samples from the 4 major production areas in northwest China, namely Gansu (GS), Ningxia (NX),
Qinghai (QH) and Xinjiang (XJ). The morphology, nutritional components, flavor metabolites and antioxidant capacity
were analyzed, and the analysis was carried out using multiple chemometrics methods. Results The longitudinal
diameter of the fruits in the QH region was the most prominent, averaging 21.86 mm, which was significantly higher
than that in other regions (P<0.05). However, the fruits from the XJ region were relatively short in longitudinal
diameter (averaging 16.40 mm); the QH region demonstrated the highest standard of commercial quality, followed
closely by the XJ region. Analysis of the basic nutritional components of Lycium barbarum L. from 4 production
areas: samples from the XJ production area showed lower moisture content (average 12.39 g/100 g) and protein content
(average 12.86 g/100 g), and their ash content (20.15 g/100 g) was significantly higher than that of the other three
regions. The crude fat content (average 0.61 g/100 g) was the lowest among the 4 production areas. The content of
vitamin C was relatively high. Lycium barbarum L. from all production areas had demonstrated excellent free radical
scavenging capabilities, but they showed different free radical preferences. The sensory quality showed significant
characteristic differences in different production areas (P<0.05). The aroma and taste of Lycium barbarum L. from the
XJ production area were significantly higher than those from other regions (P<0.05), and the color showed obvious
abnormal pigment deposition or a tendency of browning of the fruit skin. Conclusion There are significant
morphological differentiations among different production areas, and this variation is influenced by the interaction
between genetics and the environment. This study identify 12 key biomarkers driving regional differentiation, providing
a scientific basis for the origin traceability, quality standardization and variety screening of Lycium barbarum L. in

different ecological environments.

KEY WORDS: Lycium barbarumL.; terroir effects; morpho-physiological traits; metabolic profiles; origin traceability
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At (Lycium barbarum L.), HiBtZ4EEEMREAR, 24
BREAFAEY, T zamFriEEIETRERET 2K,
T LI (GS). THENNX), 7 H(QH) L H H(XI) W%
O XU MRCE S 2 A MR B
22 R 2R R n R P iR, X eehRElk
A5 AR BRI S 2 ) DR S, TR AR B AR AL
FUA 1 B R BB o MO AT ST T R AL T D S50k L T
K. RIS S WA A R Rim, H R
X et A% - PRI RE A A ] HL AR B Bl SRS S T 3 Ak e AL
Tk = 2R S0P B AR AT -

R R M T RS S R oy, AR A1 R B A5 Y
F RO IBPE, X Fhast 15 5 35 5% B /E (genexenvironment
interaction, GXE)M IR FE L F M EAFEW RS2 T
JUIZAESEP R A R R, M I AR X E
W X5, SRELREIMRITE R T RN GER 12 1 B
Wi, AT R A RRE R T 45%0 . FE M
FoimHER 5 | Rl R, DR SR HA A (AnRg s
PR A R A A= (Al R 5 SRR RR I C L) R AR T &
GrEOnRs, LA MR sl A A RO s
RE P ARG 5 b, FEFEE RS 2 WIEA R

AR TR, MY 8 o RS L
SRR ORI IR R R, A FRIBK A& W) 70 T 2
Bl AH) 22 e (AN S AL RS B i A AR B, LAAERR AR s ¥ 41
fugadstt,

X Hu AR BROR ki i b, U i A T . AR T 2
(FHELZEH R 20 °C) LR 3 1 £ - 3 (pH>8.5), FIR T
— MBI FE A A A A R AR S e a2 AR X R
Al [ 4 it H#1 47 (Gossypium  hirsutum L.)F1# %% JK (Cucumis
melo L.JMWFFIESE, S AR S5 B0, #as
LA TBE TR RS S G R, TR Al
Mg R RIS XTI A A B A AT, (L H
A RUAEA 7l BE b F= AR 5 | F B NX 7 XA < T AL &
LR S, I eSS EL N TR T XTI AR T, B
IR I G TR I AP R e TS S S a2
] S T B AP, X BIR RIE Ak IS A SR Bl R R
R SR AL A ] LA K AU 5T 5 PR T R T I R
ROV, HELE TR A RRAEUEN T R, AR
AN ARG S AN B A BT, PR T X R EE A, B E
EHMIEE L,

AFFFRLL 95 MACRIEREA, R A AE 1575 (liquid
chromatography, LC). FEAL/r#rik K ARSNIT E AL IS PEEMY,
254 F R4 50 M (principal component analysis, PCA) ., fi#x
JN3RF 543 BT (partial least squares discriminant analysis,
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OPLS-DA)S Zufb it T B, & iiFAh e 53R 55E
TELRG b BE AL TP A BTk G EE o DU R A M A AC AR s A
b NIRRT AN (D b N B YA AT L DN BN | B
77 DA st JEORE HE R 428 LA B MAC BT R M 23 SR (R B AR

1 MR5ERZE

1.1 #REMNEE

MIFSRE SRR T BRI GS. NX. QH & XJ 4 1~F
ERRET 95 rEANFREMMREA, BirEET
—20 °C VKFRTRAF o

W, ZIE(aisal, #E Merck AR]); AL,
95% LT, BBRHE . A1l al, A AR A AR L
IR ), bR . BRER . IRR(DLR A, T MIAE2Ei )
J7); FoK CBECGTal, RET SR L TARA R, o6
TR al, fRROREV AR RA R, FRR(GI%L) .
1,1- 7 28 3 2- = filf 3 78 Bk (1,1-diphenyl-2- picrylhydrazyl,
DPPH)(4Li & = 97.0%)(_ i BT HL T AE LR B 78 BR A7),
2,2°- Bk - W (3- £ F& 7% It WE 18 Ik -6- it 1R )[2,2°-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid), ABTS](Zli =98.0%,
IR R R IR A FD); ALUEAE(0.22 pm, FiEEZE
SERRL B FRA FD); SEER KA —20K

UN260 2l BAfE IR TR 40 (38 28 R 4 A 2 A PR w));
BCE2241-1CCN BU4Hr K% 0.1 mg, FEZFIHiRl#
R ALEOABR 2T FO610C Y i i T 36 0 (B DA 4
BHEH PR AT, 8420 4 [ B G2 Z UL G L Foss 747
A BR2AF]); Spectra Max i3 B2 DR FLAASIN RG24
AL (FHEDABRAE; B-811 T4 [ 3R AR BUY Gt
1 Buchi AIRZAF]); Agilent 1260 i HH a3 1% (3
Agilent A 1]); ACQUITY ACR FY =34 yiAH (315 { (32 [E] Waters
/AF]); CAPECELL PAK MG S5 Cg #:(4.6 mm»250 mm, 5 um,
H A B A= /8wl )
1.2 LETE
1.2.1 REHBELH LFLFAE

RSN ASHER S B R RV A 12
LR SARAT, 0 IR (I ) AR AR (58 B FF 11 S i
oo Bl FFriES I SN/0878—2000 (I H HIARAT 746
ISHAR ) AT, CFEINE A e R S A E R LA SO ST
50 g FESRFPIASRL R, TR TEASSAME Y ER 3K, D
w b= XIRBER Rk T RS0 AR
122 AmEiomsbgtiaos

T B E R GB 5009.5—2025 (£ hh 24
FhrdE A E AT E ) PP E AL, HARN
R AE T GB 5009.6—2025 { & 524 E K ARE &5
HTE D N A ) R R RO . KA I E R
GB 5009.3—2016 { S Eh LA FEGARME BT KA HE )

MBI TR, BIRS&RERINE R A GB 5009.4—2016 (£
A E A B EIE ) PR T 4R
ZRI M AE R ] GB 5009.82—2016 (£ i ZE A E bRt
aRPYEA:E AL D, EMIIZE) . GB 5009.86—2025 { &/
ZLEFAE &P IERIE ) . GB 5009.84—2016
CEMb R FAE P gEE R B IEEE 158
M) ) . GB 5009.85—2016 & dh 24 E K hriE £
L By BIMNE ) P SRR (357 (high performance
liquid chromatography, HPLC),
1.2.3 Rk Kt 4 m 2

AR ER . 3R, R R, AR, 85
15 K0 47 BR) A6 12 B GB 5009.157—2016 £ &h2é 41
FARME A LRI E ) BT . Bl S (T2 R
B 404 SR PR K 45 & HPLC A 43 89 1  MERRFRI 2.0 g
FERMAR, £ 90 CHKIB &M T AT ZHEHR IS /K A AL 3,
Wit 5 A1) B 407K R 2530 3 e L el 08 e bR o %
S5 B3R CAPECELL PAK MG S5 Cg #1:(4.6 mm
x250 mm, 5 pm). VRENAH: I 0.1%BEMR I - H 5=97.5:2.5
(V:V) L A SRS AE 2 B R B8 10 min, AR5 R0 10 et 1] A3
B R EEAE A B 100% I T Smin, A5 SIAH TR
0. 1% MR VAT - FF iE=97.5:2.5 (V:V)II L, “F-4F 5 min, A
R 40 °C; HEFERE 20 uL; KUK 210 nm.
1.2.4 A wEFREE TG

AN EALE E S DPPH B A A ABTS A 3
THBRIETEAL . FREL 0.1 g FESBZR T 5 mL 60% & B,
I FH B 75 Il 4 B3R I 30 min, XF DPPH A HiBEME, ¥
YL 5 100 umol/L ) DPPH L BVARIR S, TEZE I#t
SR RN 40 min, JETE 516 nm ARG
ABTS™ H FH 3 175 5 52 56 J0) R FH 48 v 2 0 198 40 380055 A A 1
ABTS 459K, #AE 5L 7E 734 nm R RBOGIE L. B H
FEIE B FA O R R AR B T, LIPS A7 X MAT B
AR AR E P
12.5 BEHFMNIKE

5 &% A G AR B PEAN INHAERR IR SE 5 =
MREARMATREEE . TPIRA 1~4 555900, FEARMEN
W AENELI G MHBERLOA 4, TRANFEIHEAE
IVEH TR ), BRI R G ), AR
BRIt 1 40 TR R TR VRLIAE B B RV A ik 5 (DA 31 T4l
i 4 B 1 SRRFIES . AR T R8T I
WL, AR PR IEA 25 SR 1 &

1.3 HIEAE

B Ab B P GraphPad Prism 10.1 7R EES T .
7 IR ) ) S 2 1 25 SR FH B Ry 2 e Tl A AR 58, Bl
HEAT Tukey )5 2 M LR T . AHOCHE M 4% 4 7 5 F
Pearson FH5& R4, (UAR A & TE P<0.05 HAXT{E|r|=0.3
F I, 08 B Gephi 0.10 #E47 nI Ak . ZEHEFT PCA FiI
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FH1TE

OPLS-DA 73#rHll, BT A st ih B 14 28 B0 )5 22 4 i ik
T R FRINAE S8 200 OB S I HATIRAE, 4
HAR B B E M (importance of variable projection, VIP)

KT 1.0 WA LR .
2 HBRE5SM

2.1 RIESHESHRFRNTHSH

Xt AN [] 7 X MIAC AR AR (T 25 2 S B0 AT 40 b, 45
mE 1 R, RS NAE SRR A I A A B R
(P<0.05). QH = X (ARSI IE A A5, SF-H435%] 21.86 mm,
T HAM X (P<0.05); 1M XTI 7= XAREBERAENE
AXT A CEYS 16,40 mm), {HHAEAR(FEED)RBH I R
B, FHEE 8.96 mm, TR T M TER AR . X
FIEAS I A R S K FE e A5 81 T B BIE: GS . NX
M QH = IX B SE LI AT 2.40, J8 T AR 2K, AL
ZF, XI PR B K TE AR 1.83, BT MR,

Rl R PEM 45 R R, ANRFXIA 50 g ki
FEAE R 5 B0 QH 77 IX R HY o e HUAK O 7 Ak, P38 4

50 g {07 169.06 Fr, EERFEAIYFE G FRILIrUE XT 7™
KBRS, FERECh 191.24, Hih 92.5%R9REAR X F)
THRHEFARME . GS 5 NX PR SRS, SFEHME S
HA 248.17 1 282.93, FRATEEAMEAN T R E PRI
XA EOREE RS AR 2 TR TE: GS 77 X H i
P ERIEEHTE 21.52 g /247, NXFZIX R 21.65 g, T QH FlI
XI =X E R B, ik E] 32.61 g F127.36 g,

3 b XA [ R AR AS ) PR R ) SR B AT R R, 4o
Kl 2 PR, 2R ER TR ds g e . T2
10 S (NQIO#H)TE NX JFy = Hh i E AL AL Ny 22.12 g, 151 Fh
EXJI G, HEREDEKRAE 3325, HEKSHMA QHAT
W10 2,71 KIRFEZ 1.96, 33X Pt 5 5 ¥4 1 [0 ) AR {7
KX6082 ffh EFEAELE, JAE XTI IR NI HRLE(34.26 g)
B BAL T HAE GS BIRI(26.70 g). 4R, FEAEFTA FiFh#s
T X XT REE R IE S R, TS 7 5 (NQTHTE XTI 34
BRI EREN N 13.45 ¢, HA 50 g kigtmis 389 ki,
PR LT NX e, X E XT BRHA
KO GEIR ST, (H A A Ak 3 2 e E 2, NQIO#FI
KX6082 JFE 3 11 B AL ) P 3 I

]
A 12} B = | =1 =
o 600 Ed;'.' ...... ;ﬁt éi ....... ®..o..-..
10} e e o § =, 2 % g
[/ © -
: W e 2 : , o
E o5t 4 e e 42400
i o’ % i SRR PR o cicicimim = w
¥
= o’ 8o o o = [ I o o0 T
o g . eGs i ceclegreccfygprerccnca LT
= = i e R
i ° ONX 2200r # .’. s e GS
equ ¥ ' o] :o. o NX
L4 [ ® e
ol e XJ i i o o ®QH
. , i : 0 ! ) L 0XJ
10 15 20 25 30 1 2 3 4
A B /mm K@
B ORTR P X AAS TR SRR AE S 7 dh SR BT
Fig.l Analysis of the morphological characteristics and commercial grades of Lycium barbarum L. from different production areas
50 GstEA 50 NXHEA 80 - QHFEA 50 XIREA
40 - 40 - 60 L a 40 + .
o & @ c ab ab
v 30 I T i 30 = w30 T
=20 | T =20 - % bbb % 20| be be
e 1 i [ & | bbbyl o i .
10 10 - 20y 10
0 0 0 0
EEEEEASN S = oEoE s g TaaEEpE R TER BT C
o000 =Tg 9o o O O = 9 [eedejedejeoi-Rulodel O‘O‘OS%O 1
ZZZZ%E Og Z Z Z % & ZZZZZZ% [edeg zzzzéhg
=
R 2 il = A s P =

0 AFEVNG FREFR AN HAT B2 7(P<0.05), K3 [F. NQI#UHETIE 1 9; QQIHMLEFIT 1 5, KX60824{CERHD 6082 5 JQ4#

fUERKEAC 4 5, DALZEHE . JT AR, GQ ARTHL, 1734 URFE I FY, unknown OB, TE . HIRIEAR KM
B2 GS. NX. QH HIl XJ [l i il () E ks 2 22 53 40 A7
Fig.2 Analysis of differences in hundred-grain weight among different cultivars such as GS, NX, QH and XJ
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22 EBEFES #HERESERMANEINEETN

4 A7 X MIRC I BEAE SR AT A R AN 3, DX
KA XTI RAC P (R R B 3 5 (P<0.05), XT 7
X AREA RIS BRI K 40 & = (P34 1239 /100 g)FisE
&2 (CFEY 12.86 g/100 g), AT GS F= XN FIFK
F(14.83 /100 g)W&H FRE. SR, XTI 77 XA K4 & &
(20.15 g/100 g)i 2 & FIHAh 3 MH1IX (P<0.05). 14, XJ
PR LIS & RGP 0.61g/100 @)7E 4 A7 X H A,
BEMT NX 7K H 1.51 g/100 g (P<0.05), XiE—HKH
e XT MR KA . AR T PR SRR . TEROK AL
Yor i, 25 KGR E R R K, b NX P R R
(63.95 g/100 g), T XJ 77 [X(54.96 g/100 g)/EH i 5 Hfth ™
XA [ (i g et 2 oA 2, D 22 5 0T e 5 LR A I e s
PRSI BR K AL G 1 A A M e A A G

Y R ORI E SR T XT M E R S
nn T T, B XT IR R A (6.44 pg/100 @) FI4EA: R
E (0.91 mg/100 )¥EMLT GS 7 IX, (HHAEAFR C & ibAHxT
i, FH4F) 12,01 mg/100 g, 5 GS 77X (12.20 mg/100 g)
FA24, JFE T NX P71X(10.32 mg/100 g). X —Z5 53, XJ
A St 14 5 8 2 R 2R AR B T R AR 0 T SR SE AR i
BRI A RS 4R MILZ T, 44 % B RAES T X A 1922
S8/ A3 A T AR, R A o A2 i A A
PRI, PR U A

PRANGL AR TS PR PR 45 R R, & X M AT 35 J B
R B R R EE T, (R R TRIY A B R AT .
QH /=X DPPH HMHHEERR%E N 8.19 mg/mL, XJ j”IX
DPPH A i 535 B %(5.34 mg/mL)ik T 48K F, NX 72X
7 4.93 mg/mL, HATAAEN ST QH Ml XJ HilX, 7
ABTS" A i IHERS2I6 P, XI P2 XA FRM (.77 mg/mL) 5
QH Fl NX 7= X (#7 1.80~2.00 mg/mL 2 [b])4 KT .
XL AR T P ) 22 S R R S TP R 4 4 D) AR
X, RMET XTI 77 X e 44w KOS A A B A R 2 7 T 1Y)

Xf KUARACE ) (B HLRR SR AT R b, 4R
JRT XTI P AT R AE . 4550 B R, X 72 X R
FEACTE F7 5 R AN S SR PR S5 %0 A5 HLIR 8 b b R B 2%
FIIEACE 4, XIRT T XT AT R 0 R AH - . 1t
Sh, FLRRAIE DIRTE 280 X At e 3 B i L
FaF 5 NX 7 XA 1 AR SRR R AN R, XT MoAR
T KT R BE YT, BT B Ry 5 4 1 KGR RT3
DR RUACI Y R E R L, 8 TR XT JE, MifRrE
TN TR SRR A h, JLPIAE R R A AR AR
A

23 EFRESESMENEMER XSS KB ML
N T TRAFE AN [ DXMIARC AL b 5 DR 3% ] 9 A

L, B3R T Pearson A2 R FR TG4 4 S5t
FALRE ISR NS (B 4). 7E GS HUIX, MZEE5H 2B
AR — B, 4RBR K SR AP Z R R B
FR 58 1) TE AR S (r=0.852, P<0.001), M7 1 % XK 74
TR ARG = AR B E A EH . RS, DPPH A H
FLVEBRAE 1 5 HE B R R (r=0.548, P=0.012) L b2 ABTS A ih
FETEERBE J1 (r=0.499, P=0.025)% BEIEMX, RWTE GS
FES BT AL DTk, A PRSI T RE R 42 T 2
A1

NX Hiy XA 5 B R0 445 00 266 B 14 B Ay 5 43 1 4 Qg B
Bl Bl R, S5 A WS 2 0] FE AR A 5R A IE A 3G
(r=0.955, P<0.001), St T YENIEGAZ O X, NX HFLTE
Wiy AL S B B P S R . i X A
% C MR 538 (r=0.824, P<0.001) & L. # (r=0.695,
P=0.004)2 i # IEAH %, MiPiAILAE I (ABTS A %
iR 5 8 & a2 A A0 B 9 50 Y £ A 56 (r=—0.718,
P=0.003), XML T NX Hi X IR A A A Beskms, B
PR ALALRE T RESE SO TR 2/ NV PR AL R

QH 5 XJ Hb X (14 P 25 Rl A T 343858 1 %A Gt
AT . QH ALY B FHMERAEAER C kG R
IR 38 725 (r=0.801, P<0.001), HFBERR 51 4 W2 a)JE
T AR B S B (r=0.798, P<0.001), X Al BEIH X T i i3k
Hh B B SR ZE T BRAS W T PRI FE . AHLLZ R,
XT HiL X 25 S s IR RO BT BB S TR, Ko
5w oK b A& W Z A A B E R R 36 (r=—0.916,
P<0.001), & RIUESE T AR T XTI b0 LA HT, 77
W e B T REXRE A3 ik BERR R AR T A TR R
s RSP . SR, XO AR A E RS RS ABTS A
H3(r=0.521, P=0.001)%% DPPH H 1 5:(r=0.429, P=0.006)
R BEIEMX, X5 NX 7 RERMR, BRTE XTIk
Ui T RIS RS P (A R R e ) AT RE S
BN PR B ok 1N 5 i
24 WMIRREGRITEN S XEEHERE S

BE T TV S PO AR AT R S (RO AR A, AN
A" X R W R E 22 5. X T A AR i S AR E T
iR (& 5), XT 7 X AHIASLE KR A 3R e 3] 1
e, ARSI EL 3.74, WERIRAMiL 3.76, BEST
GS (3.14/3.14) . NX (3.07/3.14)#1 QH (3.18/3.24),, It4h, XJ
FE XA (1.74) R (2.74) )7 RS T i X
TR A H (SR B RAAE 5 AR 25 h XD AR B R
T HE R A R AR E Y TR RS A,
T XTI RS T R A5 SO0 RO 4R TR
DR MR BE

T L X R E P AE R TR 7 DK N A R BN, 1R
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