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Analysis of anthocyanidins components of black wolfberries from cold
and arid areas and their antioxidant activity
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Abstract ;. Black wolfberry (Lycium ruthenicum Murr.) from three typical cold and drought areas——Dulan county and
Qaidam county of Qinghai province, and Huade county of Inner Mongolia——were selected as experimental materials.
Anthocyanin components and types were analyzed using high performance liquid chromatography—electrospray
ionization—triple stage quadrupole /mass spectrometer (HPLC—ESI-TSQ/MS). Antioxidant capacities of anthocyanins
were assessed. The results showed that two types of anthocyanins and three types of anthocyanins glycosides
were detected in black wolfberry from all three regions. However, significant regional differences were observed
in anthocyanidins content. The highest total anthocyanidins content was found in Huade county (40.078 mg/L).
Samples from Huade showed the highest DPPH- and -O* scavenging ability of 2.24, 3.27 mg/mL, respectively. In
terms of -OH radical scavenging ability, the Qaidam sample exhibited the strongest effect (4.11 mg/mL). All three
samples demonstrated significantly stronger DPPH" scavenging activity compared to -OH and -O* free radical. and the
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radical scavenging rates showed a dose—effect relationship with extract concentration. This study provides preliminarily

insights into anthocyanidins composition and antioxidant variations of black wolfberry grown in different cold and arid

regions, offering a scientific foundation for the targeted development and utilization of black wolfberry resources in

China.
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REZMIRETERL >, BMEMACHE S “HHFR
ZE RUMEFROSERmHEY ), BE
R A S K BHE S S R R B e A
By, BeMobE. R IRIE R, P07 R
FRAY. 7, IRBEVE N — e fRR . 2SR
PRAK RN AEE RIS, BAER&EFRMN
H, CHCHIEF B 1217,

BT, k. RF AR, BT
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1 #R5FEE
11 M5

BN . FiBEAH=HE. FiBAH %L
AREARYE, NWEHEL =1H#X 9~10 H
B A T SR A A R e R AAD, A BROKE, TR
60 C AR T EHF RAnES (RHER
(HPLC = 97%). % % 3§ & (HPLC = 96%).
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H s SBR=M (ral) o KT R ik 2Eil
AIRATE s e,

1.2 UE5EHE

SP—TSQ Quantum Ultra & 4> % HPLC—ESI—
MS/MS B¢t H 1% . SHISEIDO, Thermo; BR4I &
Lo HL: Thermo; % 5 1H - FA—1004 B K.
s FE PRI AR AT s MSIREIR G
f8 . fEE KA AE ; WB100—2F % i 15 i K is
e BRI ERARRA T s UV-1600 251150
T RS RAER A R AT,

1.3 mEAFEENE
1.3.1 DPPH- &[RRI &

Z bR P, Fa R AE Y HRIE A Tk
THVEER S, FE @A P A 2 mL AN [R] v BE A A
SR BEWR 2 mL () DPPH ZEEVA W, 1RZS) 5
1E 20 min, F 517 nm 4b, MEWIGE, C1F 4.,
FEA RV AR AR BRI S 95% C R IR &
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AZHEET, ICE 4, FEARWRE R MR
5 2 mL 2 1 LIRA ) DPPH LT 95%
() SBT3 e Ao, A Ve iR
W, I E R RAE 6 Ik,

Ay — (A, — A

DPPH-?%%%/%=%><100 (1)
0

1.3.2  -OH JHERME

ZREFHPHE P OB REAE S S, RIRTE [
A A9 mmol/L 1) B B2 WK ¥ 1 mL, 9
mmol/L [¥J/K#%IR — CEEFEW 1 mL, AN[EWEER)
FE M BEWE 1 mL, 8.8 mmol/L iy X 48, 7K ¥ WE 1
mL, HHEBKERZE 10mL, F 35 C KA
10 min, PAZS HiAFIS L, 7E 510 nm L i
ElE 4., 2 ERFIROGIEICE 40, A Ve iR,
RIS HAE 6 K.

AO_Ax

- OH B R % /% = x100 (2)

0

13.3 -0 HiEERRNE

ZHCE R B TRESE D AR
3fy, HCH 25 mmol/L LRI = A TE 37 CHYTE
R EIR K, FEHEE T IIA 4.5 mL ()
0.1 mol/L {J Tris—HCI 5y #1 2 mL ZZ {f /K, T
37 CHEIRAKAEHTEIR KT 20 min, 7 6@
A 0.5 mL [ 25 mmol/L &8 = ¥ i, 1 hl
1 mL10 mol/L bR Ik ., TV 5] )5 BB
30 s 7£ 320 nm 2 & W OGAEICAE Ay, 25 EHX R
TR EECAE Aos LA Ve fORHIR, 18056 5 42 4
YE6 K,
AO — Ax

0

O* i BR % /% = X100 (3)

L4 EBEZERSESENE
1.4.1  BRUEFE I i #

RV EE K+ SRR (3 moL/L)
=312 1 PR RARHGE s 73 5IFRE 0.0500 g
HIPET SRR, RO E A % 5 mL, [
10 mg/L (9767 HARHER BRI, 77T —20 C
UKAE, BEGPRTE R . BURR IO JOR R U
10.00, 1.000, 0.500, 0.100, 0.050, 0.005 mg/L
HY PR HE AT, AR (X) M REAE by, Ieeqi AR
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(Y) AR ST AR 2R 7 R,
1.4.2  REfL b

5 FA AT = B T BE AR LR B, 4 80 H
i, H1.0 g BAACK KA T e g, A
BBUREAZE 100 mL, B 30 min; £EUS
T 45 CoKi K fi# 40 min, FR/KAEWR A2
iR, A 12000 r/min 2.0 10 min, B _E & @GS
0.45 pum FEFLIT IR IR, AR,
143 AHZME

I RS . ik . Waters BEH C18 (2.1 x
100 mm, 1.8 um) 5 AW . 525 nm; HEE .
40 'C 5 HFFEREL: 2L VEBUBREEANER 1,
144  JTikscff

iS4 . HEBIE TR . EETEL, B
MERE: 3.5kV; BEFIHIEE: 330 C; XN
SR Nys RERIK . Positive—PRM 5 {7
. m/z50 ~ 640,

Fz1 EBRBESENG

Table 1 Gradient elution conditions

P 1] W /(mL/min) 1% BERK /% I 1%
0 0.3 95 5
3 0.3 95 5
16 0.3 70 30
19 0.3 0 100
20 0.3 0 100
21 0.3 95 5
25 0.3 95 5

2 ZBR55H
21 EMRRESREEREESH
6 Fi {6 2 b i i, 7E m/z 50 ~ 64047 F
FUHT, BREFRERA, 6 MibE REIUAH
KRR B S TE) 30 R . RAERDER 8.66 min, KA
2 9.88 min, &EE 42 10.50 min, KL ZE 11.06
min, AJZ5 % 11.44 min, 5352 11.72 min, JLE 1,
#=H L EAE, LEE =AY B AT
TEHRBSY, 15 m/z 50 ~ 640 HIHKMAT, B
TIERY], ¥0El s ANAMIE, RO~ E R
BT FRICHA Si ~ Ss, WLE 2,
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o000 3 il = BT B S, AT S: O BER T 1
2 oo ﬂ ” FrEETIMIE, S, Al Sy 4RI AS IR AL 3
o VUL % e tmmmmmR e s A o
B Ti)/min AR AR B B Fn i il 2 /R, PSR i #R =
B1 AMESEELETRE B, fERBEMAARESREES AN
Figure 1 Total ion flow map of six anthocyanidins 2.964. 4.267. 9.060 mg/L ; i@y}%giﬁ»%ujﬁ
0.062, 0.082, 0.087 mg/L,
8000000 4 #fs24 H N
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2000000 Ssa e
% ALz 4 6 8 AIO o Te 5 HARESGWH, ITEaE R &Y ESLEF
g 2888888 b xR s2 ﬁﬁl%ﬁ@ﬂ EH‘ ﬁ%%ﬁigﬁ% ﬁf‘ﬁ'{% i”é
s o lis . A EHHF BT mz, 5% ORI BE
R E b E o non e n b R, O T miz ST E T me,
§§§§§§§ o feftt e BAFCACTE R ST
20000001 1, AL & A Si: S KRB T miz 2y 435.09, T
0 5 4 6 8 10 12 14 16 18 20 -
I} ) fmin B m/z 4 303.04 [M+H—-132]", WK 3c fiFw,
R 16 6 PR AL E A BT RIS, 5 SOk AR
Figure 2 Total ion flow map 0fLycmm ruthenicum B CMEFL R DA AT D23, HE A4 Sy SRR e
anthocyanidins in different regions TR —3-O— [ hi
. . (4 . R k) 465.10,
I 3 ATHLL Y S, So BT L ey IF S ScIIEE iz T 46510, FEY

TR, Ho S, BT miz 2 317.06, ey P 1 Mz 30304 [MyR-162]7, Al [ 3d B
BT m/z H 302.04, SiEFEL BB, K TN, A€ TR R W B2 2R A 0 T B S

WS, K EAE A2, I 3a iR, S, BT miz T, 5 0K R RE Y RO R T A B,
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11 |
2025115 |




vhlER S L .
China Food Additves 22 AL & I F 42

B 43 Ss: Ss WY B: B T miz Oy 449.10, B fy
B 7 m/z 3 287.06 [M+H—162]1*, & 3e i,
PIAERER Y R RN R R R S ]
SCHR P HRE 1 R A R OTAHAT B2, K
I3 Ss WRFEHR 30— HEME S HEREH
R —3-0— kI,

% HPLC—ESI-TSQ/MS %} 5 My 2 f6 F &=
roess, YREEH SHMIEFER, Ua%kE
g, REFER, CHEER 3-0— @i/
MR, KEHE 3-O0— AT/ L3 pE
T, KM R 3-O— WaE i/ LI e, &
EHFPEWE 2 Fin, ARF-HBMCET RS
B RS ERAIFAR IR Ry - AR > #2 B
>PEARHE, X EEIEH RPN ISR R LXK B A
5%, BARMREFRSEEZRKER, WER
Bt EESREEEH = E 364, wAULE
M RIERL R 30— fhi A& 2420
=HA 16 £, #=HE BT KRR —3-0—
IR /R E N &8 T SR ARTE AR LRI
fEE, =X E T R, AERIRE
K. TRAW., HEFHES®R, HIED
IR, 8 T A AR AR KRR IR, XHHE
HERUEAR —EREPW, BESE A=,
AU E T R AR, ERE TR TR
REftEZE XA, WAKRETEZ, REZELE SR
A, HHAESSHE, SR ER 5%
BRIWHEAIEMPER, EEE D ETH
WA LA XA BT RS EAER, 5
ARG 4 RS, BN [E X BB A A &=
TEEFRRK. HEREHE MG BN 2%
AR T HEEIE SRR, SENTE &£,
M2 i AR AR PR e B M B,

22 EWRREEEmELEE

PA Ve Ay B XS BR, % b =S b X SR A A R
HHRIG IR DPPH- -OH,-O* nyREf;, K 4 ~ K&
6 AIAE t, TERIWKEETLE N, =X B
AT RIE WK, Préafbae d g,
BEAPRMERCER, HERESRM R H .
MR R &, MY H B T AR, Ot
TR T RN BZREARE LN, X2H
HREIET R GBI R 2 8 TOUEATEE, ot
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Table 2 Three northwest region black wolfberry
anthocyanidins species and content

HHE HFEEZ  SEEAEAR s E
H 3R N
£ /(mgL) #/(mgL) H/(mgL)
KRR 2.964 4267 9.060
KR -3-0—
5.695 8.164 8.995
(TEnAISE FE3
REEIEH 0.062 0.082 0.082
REHE-3-0—
o i} 0.463 0.424 0.545
HIATHEEY / R
Mt —3—0— 22.849
;f;‘ R N 28.174 21.396
IR/ UM
Mo 37.358 35.786 40.078

FRARR B2 SR OG RE IS R 19 1B R & B HH KB
71 CHS, CHI, DFR %Ry, #EShiEH ZA
B, JCERI R ST RIRBBEUMEK, fE—E
JEEN, JCREHCE, AN EE SRR E
Bz By, fEHE R G R AP A b RE T
G,
2.2.1 DPPH-JEIRHRE

HE 4R, 7= BRI T BN
DPPH & [k ), (B E BAICIET %= DPPH- I
PR T Ve FAH AR P IX DPPH- {5 R %, [l
EHEWER B, b8 B A R UL B AL EFH
% DPPH- 5 4 2 22 BH J8 /)y, AF 4.5 mg/mL [,
DPPH- i [ A AH I, 15 B 253 718 90.44% Fil
88.94%, M EMFCIETH RWE < 2.5 mg/mL i,
#h = B BAM AL H R AT Ve iy DPPH- 3% R 3%,
L RMIICAETT RWCE > 2.5 mg/mL B, =HIX
BMACIEH R DPPHIE R H T Ve, MO
TP R G EA R0 —FpE B, fE—
JEE R, BHFCIET R DPPH-IERRAE/T5R T Ve,
2.2.2 - OH &EIRRES

Kl S JEon T =X ) B AC 67 % -OH i
PRAE ). MUE < 3.5 mg/mL i}, #f= B BT
16 = -OH VG BRAE /1R T Rt BAICHEF R,
e fE L BHACAEE R R, = DHX R
ReAEHF R OH G IRFL B H A RE, HIREN
4.5 mg/mL B, fiE B BMLET R -OH &R FE
EEW, HEm T HAP X, RS 2
MERRRE BB HIE SRR FE RN ER A
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Figure 4 The DPPH:- scavenging ability of
anthocyanidins in blackberries from different regions
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Figure 5 The hydroxyl radical (-OH) scavenging ability
of anthocyanidins in blackberries from different regions

BEC SRSB4, HR T RIRIE TR
B R AR, SR B Ve i k- OH fE 714
T R R, MR, TRES P
WHFEEB, Ve iR OH RE 1w T BT R,
SASLIRBTFTER L
223 - O* jEIREE

K6 o =AM K R AMACIE T 507 i R fiEg
J1, =B BRMIFCAET RO FRFMLT Ve A
L HABPIA X BHILET R, O MRS A
KRS BN, BT AN &8 ik
f-O* BUAH RALHLE T/ HE— B HRR, = MHXR
MIARCAETT RIEZ N 1.5 mg/mL i, (LEERAIEA
HRMILAT R O WERRST Ve igfli, Hifk
J&> 3.5 mg/mL i}, Ve {iBR-O* fESmT =
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X BMAATE, MKET S, EE Rl
WHEZE -0 {HIp%Y Ve BT, AN BHIFT
HR O HERFEEBAHE,
100
90 |- 1—=— T4 &R 2= F

2—— A AR
S0 s
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4 5 6
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Jor B3 /(mg/mL)
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Figure 6 The -O* scavenging ability of anthocyanidins
in blackberries from different regions

H TS U R RS A
3 1 2 18 By A R, E — 2 B IC (=
(DPPH 3%, -OH {4, -O* k) SHEBERGEZAINL
IRHMAH I L, ARG RE AIA T 1Cs,

(3—Pm—Pn )]

: (4)

lgIC50=Xm—I[P—

A: Xm . g BSGHIE; 12 g (RISHE/

HHLERE) 5 P HHEBHREZHM,; Pm. K
HHREFRE,; Pn: BUNEBREFRE,

R3 ZAAEIMKEMICEETRERBEERN IC, B
Table 3 ICs, values for free radical scavenging by
anthocyanidins in blackberries from three Northwest

regions
ICs i /(mg/mL)
AT
DPPH- -OH 0>
HipEHE =8 3.12 4.13 454
TR SRk AR ARt 2.80 4.11 3.54
WS LR 2.24 438 397

A FC LT R YA AL TEE T 4 R R,
A RS RILARE A —E &=
o TEIREWRETLE N, = RMILIET R
% DPPH- & 17 4> %I 24 3.12, 2.80, 2.24 mg/mL,
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SRTERR-OH A1-O* RE ), s B BMCIEH R
5 K4 DPPH- F1-O* 68 J1 43 5l 2~ 2.24 . 3.27 mg/mL,
SRT AL, X =S [R] PG A6 X SR ARAT A i
ICs (H 56T R o BT KR, &I 1Cs 1E
(-07) SREFEREMBENM X (P<0.01), %
B RS RE ERPUAMAY . 5Bk b
HREER—2, REIET R BA AR
AALTENE, REFERNTIANEIRTREES R,

3 ZitE5RE

TE=Fh B S e R AR R R
R, OWHER 3-O- WA/ EIAME. K
TR 30— WA M /LA B, KR
R -3-O- i/ LAMTEs MIEE R,
ARMXEETFRNMREAESR, BEEER
R, BAFEMX P B R R A
—EER, ICd (107) H5RZEZEZEMEZEN
X (P<0.01), FRHRAIFEZEFENITAIL
Wi, BA BRI,

RO R A 2R 2, AR PIEAALH
CE R4 B RO A AT VR L
HRAIEFFRA, WHRRREERWZOPU AN
ER, diaHS5HEHETERIES (ICx) ik
TR, REiEnHEER A hE, FER
LR BEEE RS (40 Nif2/ARE) WIERLS ; 3
Gh, BESR, REHEEHN V] REFEETRI
ML, HWEZSHSIEETNER, BSHEER
(T & AR ATEC 7 TR A BB, Kok FT IR E
SERHAN AT SUBFFT, TR H8 7 3 P 45 52 i B A
R RERN , AR EE 5 5 0 431 AL,
BEAL CPRHIWIUE - N TS 8k - IR SR
E, SEEUAERMEIE R I RE & M. B BTAA AL
S v AT IR = o ) A o s, 4 Bl SR AAT Pl )
it EEATH
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