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Abstract: Objective: To establish the polyphenol fingerprints of Lycium barbarum leaves from different origins in Ningxia,
and to clarify the differences in nutritional quality of Lycium barbarum leaves across distinct geographical origins.
Methods: Using UPLC-Q-TOF-MS to establish the polyphenol fingerprints of 95 batches of Lycium barbarum leaves from
3 origins (Zhongning, Yinchuan and Guyuan) in Ningxia. The similarity was evaluated and the common peaks were
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confirmed, and combined with hierarchical cluster analysis, principal component analysis, orthogonal partial least squares
and other chemometric methods for comprehensive analysis. The common peaks were analyzed qualitatively and
quantitatively, and the contents of 7 polyphenols were determined. Results: The polyphenol fingerprints of 95 batches of
Lycium barbarum leaves of different origins were established, with similarities of 0.488~0.839. 7 common peaks were
identified, namely rutin, chlorogenic acid, p-coumaric acid, naringenin, neochlorogenic acid, quercetin-3-O-rutinose-
(1—-2)-O-rhamnoside, and kaempferol-3-O-glucorhamnoside. Hierarchical cluster analysis clustered the 95 batches of
Lycium barbarum leaves into 4 categories: Class I consisted of samples from Zhongning-1 Goji cultivation base (ZN1),
class II from Zhongning-2 Goji cultivation base (ZN2), class III from Guyuan Goji cultivation base (GY), and class IV from
Yinchuan-1&2 Goji cultivation base (YC1 and YC2). Principal component analysis screened 3 principal components with a
cumulative contribution of 88.841%. Orthogonal partial least squares-discriminant analysis indicated that rutin, chlorogenic
acid and naringenin were the main landmark substances distinguishing Lycium barbarum leaves among the 3 origins.
Qualitative and quantitative analysis of polyphenols indicated that samples from Zhongning were characterized by the
enrichment of rutin and kaempferol-3-O-glucorhamnoside, samples from Guyuan by the high content of chlorogenic acid,
neochlorogenic acid, and quercetin-3-O-rutinose-(1—2)-O-rhamnoside, while samples from Yinchuan showed a significant
advantage of naringenin. Conclusion: This study establishes a research foundational for the nutritional quality assessment of

Lycium barbarum leaves in Ningxia.
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chromatography-quadrupole-time of flight mass spectrometry (UPLC-Q-TOF-MS)
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Table 1 Geographical information of the samples
iR TR JeH K (m) i SR
S1~S10 rh R T B A S B ZN1 1124.7 N37°31'13" E105°40'34"
S11~835 T T BB R LR A ZN2 1152.8 N37°27'57" E105°44'46"
S36~S65 [ JE o e X =B A A GY 1518.3 N36°18'10" E106°6'19"
S66~S85 FRNITTPEE XG0 k) R YCI1 1097.2 N38°39'33" E106°4'59"
S86~S95 BRI 22 Bk 4 S X YC2 1061.7 N38°44'7" E106°4'59"

BN 2S48 ) TDL-5-A B0 ML BigZe=Rl2f
XF%) 7 ; KQ-250DE MF I IEVERR  BRPTHLEE )1 24
B BR 2N 7] 5 ME203E/02 HE, T K5 Mg 4 il
—FEHIZ A W] 101-3 BRI PEIR S X TG i
IR M SRR A A TR F] .

1.2 SEWHE

1.2.1 FESHEE  HlkdE o5 fitkfe e, R A T
HeE | SR AR 3 A F=Hh, Yk 3~4 AERTIRE < T
B3R 157, REERITR] N 2022 4F 7 A, SREFNL N
FEAZHEATER 10 cm MIF5r. 3R 1 AR R E 2 .
SRAE AT B AL AR A I S8 = IS, 48 105 C &
B 1 min, #FE 70 C BOBFA PR =00 E, KRS
et 60 B, BT M TR A P = IR
1.2.2 fAEmnHlsE MeiRkE 0.5 g g
FIFIAC AR SRR, BRI 25 mL 70% H S U LA
55 °C. 125 W #75 30 min, #5755 A 10000 r/min 25
C> 10 min, B FIHWH 0.22 pm B HLIEEES, 72T
PR

1.2.3  $8stEEM g S 5T

1.23.1 %44 i ACQUITY UPLC BEH
Cig M (2.1 mm>100 mm, 1.7 pm); FBHAR LI
0.1% HPRBI/KREEB R A FH, & 0.1% P %) FH iss
W B AH; AN K 280 nm, FSHAHFIEE 0.3 mL/
min, F7E 30 °C, gEREE 1.0 pl. BHE PR N
22 iR,

K2 USRI
Table 2 Mobile phase gradient elution procedure

s i) WA FSHHHB s i) WBIHA  TEIHEB
(min) (%) (%) (min) (%) (%)
1.0 95.0 5.0 21.7 56.4 43.6
1.9 92.0 8.0 22.0 529 47.1
7.7 86.1 13.9 22.5 52.9 47.1
11.7 86.1 13.9 22.7 49.3 50.7
12.3 85.8 14.2 233 493 50.7
15.0 79.0 21.0 23.7 40.0 60.0
19.0 69.6 30.4 26.3 0.0 100.0
20.3 69.6 30.4 30.0 0.0 100.0
21.0 56.4 43.6 30.5 95.0 5.0

1232 &5 BOM AL i 8 R (S20) 4K 38
“1.2.27, “1.2.3.17iESRE 5 IR, SR WEAYAHNT
4 B8 BF ] 0 AR XF g e A, S AE SHC AR X s v i 22
(RSD),,

1.2.3.3 faaEtkilss  BOMAC A oK (S20) 2 K IE
“1.2.27 “1.2.3.174535I4E 0. 2. 4. 8. 12 F1 24 h #
1, SRAE A G B AR XA B ) Ta) A0 AR S e T R, 31
H: RSD fH.,
1.23.4 \EMIKLE  BOK AL R (S36) 1K 3E
“1.2.27, “1.23.17FEEEHAE 5 IR, SRAEIA WERYAEXT
AR EG B [ FIAH XU T AR, 1380 RSD {E.
1.2.3.5 FESAMHT  ARYE“1.2.3.17 IRk iy (s 4514,
Hi 95 FbA AT R AL S < 1.2.27 T A S AR
VW, XA T 355307, FRASAER g E I AL
i OiEFe S EEAHRUEE TN RS )(2012.1 O, =
TEGEECh S16 i, B8k A B IR E S R, £
SR IE 5 AT 05 g UG FC A B & S INnFE S E I .
LA R Z A, SRS BT EARRUEE, FEXT TSR
AR A e SR A W A2 TR ST
1.2.4 ZWyWiieE S 50T
1.2.4.1 (%54 [F“1.2.3.1750,
1.2.4.2 JFUESAE BT ESE AR, s T
L2 BRI 100 °C; Z546 <K 71 9.0 Ba; #EFL
HJE: 35 V; B E: 60 V; #EFL A E: 300 L/h;
MFEE TN 60 V; RISt : 1000 L/h; itz 5]
SRR 550 °C; MS HHETER: 100~1200 Da.
1.2.43 Ewmtiles Al rkmE 12,27, PR
BUFEARE 10 135, I atHE % -

Xof FE s A SR 48 PR EBGES 0 BR AL, A Bl AH
(% 0.1% HERAY W A WO 225, 145 1 mg/mL bruk
SRS AESATR, B T 4 °C vKEETh A, FALIGR AT
SRS 5. 10, 20, 50, 100 1%
1.2.4.4 HogigEeEtsadr a2 aakts sy
FARLEE P R G )(2012.1 ) VEREHA 145, 3T
TERTIM R IRI ZZ AESBGHATER G T . RIS
B BT HAT I LR B B R, £55 RS o, L
o SCHER AT ZH BRI It v Ak A4 o
1.2.45 HHWEESEIHT 2 71.2.4.37 WU AT B
ERU TR, FE 1.2 3.1 IEA AN . DAMRBERREE (0.2,
0.1, 0.05. 0.02. 0.01 mg/mL) NAEARER, DL AL
YAALBRAS B 7 FPARUE I RO PR A R, 3 i R i
SRR AR I 2 A A i AR B A B TR 1
W, A T EORE S H 95 HiduAT b2y S
1.3 #IEAIE

SEEGE 4 3 YR, 3% T Excel. Origin 22.0. SPSS
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22.0 F1 SIMCA 14.1 FAFXTS e - 70 3, 25
R R PHELARAEZE (SD), P<0.05 F/RZEF N E .
2 HBRE5ESH

2.1 IEWEREAIEIL RS

2.1.1 AEEEERE WS IESiRE 5 IRa A gy
AEXH R B B A R A XTI T AR Y RSD /T 1%, %
ISR 2 3 R AT

2.1.2 faxEtEiee 45 0. 2. 4.8, 12 F1 24 h i
AR i A5 AT 0 1 AE T3 B sk (8] ARTRE o) g o AL
RSD ¥j/NF 1%, RS S WAE 24 h e
=R/So

2.1.3 HEEMERE WSS 5 A AT IR
AHXH LR B B[] AR X TR Y RSD /T 1%, 3%
B 7y B M R AT

2.1.4 FESCEREE ST AT 95 HbAACT RS
b S NS S0 WL 1. 95 HEAYAT HERE S AR a2
8 AT W, o A5 FIE URAE O BN 04 T AR Y 32.98%~
55.12%, F W] 8 A HAG WG AE AN [W] ™ Hb FIAE 5 vp 27 i
FAAE2E 5 3R 3 0, SRR RS R AAHLUEE Ry
0.488~0.839(HJ{H 0.715+0.065), H:r 60 £ (63.2%)
AMEUEE =0.7, Ba 3 =i 95 HtAgFC e Z 1
Fe i b SR i R AA — B, (R S 30 =

7 (mV)
@
S

=5
H

—
S
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f
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BT RN 95 AL 221 UPLC 4880 U HE P
Fig.1 Control maps generated from UPLC fingerprints of polyphenols of 95 batches of Lycium barbarum leaves

from different origins in Ningxia

395 fitRER AL 2B UPLC $R 80K AH LU 45
Table 3  Similarity results of UPLC fingerprint spectra of polyphenols in 95 batches of Lycium barbarum leaves

iy AL Hifiy AL 2 AR 2y AL
S1 0.608 S25 0.707 549 0.755 S73 0.775
S2 0.625 S26 0.734 S50 0.765 S74 0.747
S3 0.623 S27 0.691 S51 0.678 S75 0.784
S4 0.646 S28 0.735 S52 0.767 S76 0.774
S5 0.615 S29 0.696 S53 0.747 S77 0.787
S6 0.616 S30 0.713 S54 0.721 S78 0.777
S7 0.592 S31 0.686 S55 0.606 S79 0.726
S8 0.651 S32 0.701 S56 0.743 S80 0.753
S9 0.682 S33 0.679 S57 0.693 S81 0.731
S10 0.659 S34 0.713 S58 0.584 S82 0.756
S11 0.641 S35 0.701 S59 0.675 S83 0.781
S12 0.728 S36 0.788 S60 0.579 S84 0.782
S13 0.663 S37 0.796 S61 0.771 S85 0.724
S14 0.642 S38 0.678 S62 0.773 S86 0.783
S15 0.629 S39 0.783 S63 0.786 S87 0.793
S16 0.636 S40 0.717 S64 0.806 S88 0.668
S17 0.488 S41 0.695 S65 0.808 S89 0.776
S18 0.667 S42 0.793 S66 0.793 S90 0.759
S19 0.645 S43 0.791 S67 0.794 S91 0.777
S20 0.668 S44 0.745 S68 0.728 S92 0.741
S21 0.604 S45 0.736 S69 0.727 593 0.776
S22 0.668 S46 0.698 S70 0.745 594 0.735
S23 0.715 S47 0.729 S71 0.747 S95 0.839
S24 0.701 S48 0.736 S72 0.716
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A 22 5 (P<0.05) o BRI &, 4R )17 B AR LU
i (FME 0.760+0.033), [& 5= 1#1(0.731+0.062) Fl
= (0.662+0.050) IR Z . ATBERH T T =i
B2 HugR (L Hb . Fr g e 2 ynl v AR D) Ay T 5
KBt S T B S s b i, R AR A 22 A it
BRAR R A TG AR ST, DT BEARAS [RIRE AR A1 532
A —SCENS S AR, B SR REAS (FHARLEE 0.488) 1Y
e vty 25 T BEVR B it PR B P30 5 | & 14 Qi i 5+
W, Bl A AR AR

2.1.5 FELUEREILA Wb aeE ol e —
2 W BHAS [R] = Mo A AL A 22 B3 1 25 5%, Xk 3 4=
Hu i 95 HEMyAL AL F R A HCA . PCA. OPLS-DA
AT,

2.1.5.1 HCA FIFARGERIHT, 7T LIARYEEHEXT
S (A ALY, R s B R 53R AS TR i AR L Bl e o,
AT S B B 19 432521, i Origin 22.0 144,
%) 3 A7 Hb 95 AibMyAC it Z Wy UPLC 8 8 B 1)
8 NI UEIATIRISATHr. HIE 2 1, 95 HbMFE it
FEm IS 4 25 55 1 282 S1~S10(ZN1 Hihh); 55
2528 S11~S35(ZN2 Fehh); 25 M2k S36~S65(GY

U
e

DRNDBNDDDNRDNNDNBANRLNADND
BRLLLoBL2BBoBnegegeeay vLPLRLHY

B2 95 dibuftnt 21 UPLC Hear s IR
PAIEEINE]
Fig.2 UPLC fingerprints of 95 batches of Lycium barbarum
leaves polyphenols with shared peaks clustering
analysis dendrogram

b ) s ZEIV S S66~S95, Hift S66~S85(YC1 #it
Hi), S86~S95(YC2 FeHh) . H 7= H Py By -3k Hb
(ZN1 5 ZN2) & 43 P 2IS, iR 1 T 5% A -1~ 5L b
(YC1 5 YC2)WIH K [Fl—2&, 33X —&5 5 5 R Hb X
P HBEHIAEE | SRR R A B VAR SC . M
SRIMIR LA AT, ZN1 Fedh Ab T35 n] e 2 e % X sk,
TSR LR ALRE T RAE R IRES -2 3, Hb R 7K
A7 35535 EL MR i b T K R, K SR AR R AR 5 1T
ZN2 FEH A 2] pp AR R, R AR IR ) )
Y+, BETEHERFH B K EA T IRER, v i 1 4%
PAFFEASEINS) P b B i (] — B H B 2R B N &y
12 km, {HiHh I 22 5 5 3OS 531k, 52 A Hb,
MRS ZZ Wy R A AR R . B A AR A 22 741,
PR M AR B A B it A TSR] . FESAE AR
LRpZs . vEME SR HE . m R F IS TFERSE T
T, #R T BEATAE AR B X 1, 3 SR A4 5357, N
Z N TR ANTR], S 2SS A AL 11 22 1y
ZH A RS Sy il 3 0 25 5, DNTTAE SRS oMbl dal 4y

T, YC1 i 5 YC2 Kt 3 2s (8] B 5%
AEAR (45 BE 224V 2 8.5 km), [FIAL4R )1 F R AZ O #l
o PR A3 JE BT P RO B rREIR +, pHLL AL
JoT i S R Sy VSRR B v B — 3, S ORI
RGE, KR | iERE T R M AR B A I A T AR E AL AR
PR SR AEAE 35.5 m 2255, (H S H iy i
B SRR A A TR, I hr i e RS
Jiti e RRREE S5 A T AT iad 22 Sk, 5w ik ic
nZ b sE e SR I AR, BN RIS R [R]—
eSSl

BT R R, GY e N AL A< 35 s gk
IR, (g B il 125 300~500 m), 4EI91RIE 1R 7 °C
HICFR IR, 22 2 1 A NS R, SOt
Z2 W 2H A5 B B I DX T At b, 2 ST TR A
T 25 4R 1] 5w = T D) K1 A< 4 B b BRI 18 AN (],
TEZ My B SRR ) R B R G255, 4351
BNENVIEME T~T 3, X5 R AEUE T 75
IR . Lo L A A5 W HE B R TR YR A AT T M
VEPAER, e B a2 5 5 T A B i v 3
AR - FA Y R G RAIE AR, E R/ NAS (]
R FIR B nT R i e a0 5. Rk, FRECE S
5 RISHTRERE S BILES r= b (P g RS AR B
T AR EERNE, ST YU [E— =k pg PR 5 SR 4547
RS = 5 N /= 2 s o G S TR 53 Ao 1 TR < L1 Y
LT A ZS X IR P 3 b i 22 2 AR, TR,
AR A AR IS L R 4 A A AR R e
PET Rl
2.1.5.2 PCA  FEWSr bt —RplEdgEge iR,
I AEIRFE AR AR, $R B SR H K, HE GFEn AR
JEFERREY, Rt ISY 3 s HAAC i E g 22 5,
{d FH SPSS 22.0 #A4xt 95 HbMyAL iHAE Firp 8 4t
ARG AT PCA. FHIEE KT 1 B FESH
3 A, HARARE 421N 3.786. 1.942 FI 1.379, X 4
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JT2ZE TR PN 47.326%. 24.280%. 17.235%, 2
THBTHR R 88.841%. W ad i Ky 22 8% R F 47
Tt b FRCT, A5 3 1 Bl 53 PR - 8 ey i P42 RNk 4
SYMTEE IR, 25 1 ERSTS 6~8 S ikl B A 1
KEIEAHR, 5 3 S50 AR g RS A G 56
2 BTS2 4 5 o g AR 3 R 5L T A G
53 Bisr S 3 1 5 S o g g A 4G R 5L TR AH
%, 5 1 SEpFE AR R kS

4 RS AR DT R R

Table 4 Rotated component factor loading matrix

%)
i
1 2 3
1 0.205 0.380 —0.825
2 0.310 0.784 -0.320
3 -0.555 0.188 0.686
4 0.008 0.914 0.259
5 0.408 0.289 0.782
6 0.846 0.491 -0.049
7 0.961 0.180 -0.079
8 0.962 0.008 -0.019

2.1.5.3 OPLS-DA 7E PCA B4l I, OPLS-DA
SEAL T AR = HL Y 95 HEAMATPRE L I ZH IR 22 5, A
T BRIHTZE H XA [R] 7= M A AL 5320 DT HR 3R 480 R A
Sy Syl SIMCA 14.1 54, HeAfg iheidg i AR
A, SR Z-score JrikARfEALAN AL S B . AR R
FE i H R 53 AN R 2 591, A4 2 AR U i F T OPLS-
DA. SrPre SRR, H B BEEE 18 AR R°X
R*Y 435120 0.988 Fl 0.942, 1M T € S1F6 45 O* N
0.936, XL 2 IIZAR Y HAT 358 i i FeUE M, B
ST R X 53 AS )P~ MR UR A H AT -

OPLS-DA 75843 1E (8] 3a) &7 [# 55 HoAfth p= b
PR 53 B, 3 — I 5 S L L IR AR PR A e 5%
LG N7 & B SN P D) N N VA = w =193 N i | g2 O 3 732
#£ 1500~2200 m, BH & 1 H 77 (29 1180 m) FIER 1|
(1010~1150 m) . = EIR - FEU) B S dm G g J
SR IR Z2E I ([ USRI 251K 11~15 °C), il
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Table 6 Mass fraction of polyphenolic components of Lycium barbarum leaves at different cultivation bases
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Fig.4 Box plots of 7 polyphenol contents of Lycium barbarum leaves at different cultivation bases
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