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Composition differences of polyphenolic compounds in fruits of Lycium ruthenicum Murr. and Lycium
barbarum L.

WANG Qi', TANG Hui-ru®

1. State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan Institute of Physics and Mathematics Chinese Academy of Sciences, University
of Chinese Academy of Sciences, Wuhan 430071, China; 2. State Key Laboratory of Genetic Engineering, Zhongshan Hospital and School of Life Science, Human Phenome
Institute, Shanghai International Centre for Molecular Phenomics, Fudan University, Shanghai 200438, China

[Abstract] Objective - Both Lycium barbarum L. (LB) and Lycium ruthenicum Murr. (LR) belong to the Lycium genus of Solanaceae family but
their fruits have significant phenotypic differences in terms of color and shapes. This study is aimed to investigate the inter-species difference of
their fruit polyphenol composition. Methods - The polyphenol composition of fresh and dried fruits of two Lycium species were comprehensively
analyzed using ultra-high performance liquid chromatography-electrospray ionization-quadrupole-time of flight mass spectrometry (UHPLC-ESI-
Q-TOF-MS). Results - 35 polyphenolic compounds were detected and quantified in the fresh and dried Lycium fruits including phenolic acids,
anthocyanins and phenolamides (i.e., the amide-adducts of polyphenolic acids and polyamines). For both species, the dried fruits had more polyphenolic
compounds than their fresh fruits with significant inter-species difference; for both fresh and dried fruits, LR had more polyphenolic compounds than
LB. Conclusion - There are significant inter-species differences between these two Lycium in both fresh and dried fruits. These results offer essential
information for further understanding of the biological functions of these two Lycium fruits as phytomedicines and functional food.

[Key words] Lycium ruthenicum Murr.; Lycium barbarum L.; ultra-high performance liquid chromatography-electrospray ionization-quadrupole-time of
flight mass spectrometry(UHPLC-ESI-Q-TOF-MS); polyphenolic compounds
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o FRiM, bR 2 Fic R b 2 iR R . T
RN R vh 2 By B R B S AR GE . R 2R
SO R WA €. — W (liquid chromatography/
mass spectrometry, LC-MS) & M5 @ BiF o 24 i
FIRTATPERC AR . Bk, AR SCE TS o 280 A (o — HLmg
T U AT R RATIN A JFi B (ultra-high performance liquid
chromatography-electrospray ionization-quadrupole-time of
flight mass spectrometry, UHPLC-ESI-Q-TOF-MS) #% A,
RGIMEIE T BRARCIN T A EERFD TR rh 2 2ty
JRPIZ AR e 22 5, DA SApix 2 Ffpi e SR s i) A BREE PERF I
PR AR R AR .

1 SR E

L1 ARl e A 2%

AL, CHEFIP IR T Sigma-Aldrich (#h[E)
AIER A, ek (RFLFE KT 182 MQ/em) K H
Elix Advantage System (& [E] Merck Millipore A R 2 =] ),
SRR, WM. TR, BIRIRR. SRR
bt W B R T AR B iy A RS ]

IRAR T — TR R Se A Agilent 1290 4 i 3R AH
Z 58 H I Agilent 6530B Accurate-Mass Q-ToF Jiit, Hirp
JFRE AL E AT Jet steam EST B 1-J, HLERGETHRFIE T L
g —TERHE A IR A F,

1.2 FEMICA R AP

WL T B AR R AL 2 BIRE T T MR B R
X B R B B (RSB A b B BB e A A
g DR IRSE R ) o FEMChEMRL R AR B R A8 5 3 d
IR, Ho 2l ST, e, MRl 2
B, HEa", TR AE R TR T
Ao AR EIRFR R E#AFET —80 CHREDHT,

FE A B B F Sk B Btk i gy ik L
29 10 mg FY g AL FE S8 AE A2 TR R PR 4T WS BBy 5
A 200 pL T & #Y (=20 C ik #2) 80% HYEE K i i I 1
JiE 10 s, X EiRAES AR 90 s—{5 90 s—H&7% 90 s AUFE
PRt AT ke (20 Hz), FRokig# s (45 KHz) 154
g3 (75 1 min—{% | min— 7 1 min) 217 40 i %
W, FfJ5E5.0 10min (16 000x g, 4 C) B RiF, &
HA AR 3 AT IR ST, B0 e 4 (B K 08 1 %
BT IR EE R E, FHZAEEUY 100 uL 80% HfZ
KA, B0 10min (16 000x g, 4 C) B EiH,
022 pm fLEERI R U | C 4 (poly tetra fluoroethylene,
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PTFE) )5 B HT.

1.3 i — ik

AT A — BSR40 Agilent 1290 8
=R A 2258 B Ik Agilent 6530B Accurate-Mass Q-ToF Jiiis,
4, 1 £ A Agilent Poroshell 120 EC C18 (2.1 mm x 100 mm,
2.7 pm), AR A 35 °C, BEFEE 0.5 L, A A (&
A 0.1% HEHIKIEIKR) 5B (& 0.1% WERIN AR ,
{ii# A 0.6 mL/min, UL 2% B AWIAAEEEE, 15 min FEbTt
2 10% B, 17 min [} £& 4 T} 2 25% B, 20 min [ &4 T} 2
40% B, 22 min {75 90% B H-{R+F 4 min,

JRRER A RAER SO IE B K, EAE A 4 000V,
WL A 175V, W5 524 500V, skimmer HLE 2 65V,
JNAFHEA 750V, Wt S 0ok S0 psi, T AT
FAVEEE 43512 10 Limin 01 350 C, ¥ SCAY s RN B 20 B
12 L/min 1350 C, SRAEEH A BT mz 110 ~ 2000, —2%
JFHE(E ) Allion MS/MS HEACREEI THEBhEE, REfERE R
0. 10, 20140V, RFAH=A GRS 4 5KTEE

1.4 Bl s

141 SOKEHE BRI (SILEE) BT 130 CHA
BTG TR L h, JMETRS DS AERE, EE
FRPE2 Kk, BEE (2 KIFEABL 0.002g), F
fHICA W 8RJE, FREC—E B BB by R AR AL Bl 22
B ey, FRE, 04 W BERE IR ILFNAE S E T 130 C
HAHTER 2 h, ETRBDRAERE, EE LRPR
3k, BEE (S RIREANEE 0.002 g), FHEIILHA W,
M 2 7k & (moisture content, MC) FY it 5 2y 24 MC=
(We—wy) | (W—Ww,) x 100%™,

142 fvaeEttber @l brdEs. A FFKEE
(Metlin) FSCHk, ARMECRBERIE, BB 7. FB 55
5, {f A MassHunter % (- @35 17 7E P2 o Hr, SR
Xef I A O B I (R FNAR o St A T TR 884 T o

2 BER

2.1 MC

FATZ w0 BE 2 K BL AR AT Y B R MC
(77.98%+1.46%) & T B EHMAT (70.08%+1.55%), AHF
FRITERFCTRAAI MC (33.80%+2.11%) e T7&
KA (25.84%+£242%) (B 1), T 2 FACHI TR AN
BE R MC RIE], LA 5 (8 HUR A I 5 ReAE R
M T TEH—t.
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1 BRWIEMTEMRHTRMERHH MC (n=3)
Fig 1 MC of dried and fresh fruit in Lycium ruthenicum Murr. and Lycium
barbarum L. (n =3)

2.2 2 FikkC i 2 1 S IR 0 T B 45 B
B 2 R AR AAC BRI T AACEER (18] 2A) LA

Fe BB MR TR T Al TR (18 2B) & AR
PR AN S B W B ARl o Bk B R B 4
B, FE 2 A R SE i L R B EE S FRERER . 19 R
ERE AN 11 FhAE 75 32 KM UAE N Y 35 Fh 2 By e i,
e, 6 FRR 4 iU AT i b i U REAT R s
fle Py 5 T AN REFR A bl Al T AR P BE RS -, R, R
LA SRR B et S AR HEATHfE S . 3K 2 % i ey i
B R AR I S e R R E Y A AR, Herh
EHE R LY BUR THED R LB, RS 2 YR
S (BB ) wTRE S R A L, X
SeAE Y AR IO — E I BUR L TR, (H R R L e
FERE W 25 B D RE €T b v (1 B P A BEE P e 1 FHBIL AR5 A

yEEAA
HE o

=1 A= 107

9 10 11 12 13 14 15 It

bl fmin B

9 0 11 12 13 14 15 16

bl fmin

2 BRI (B3R4) MTEMR (AEL) R (A) TR (B) WESEFEERE (total ion chromatogram, TIC)
Fig 2 TIC of fresh (A) and dried (B) fruit in Lycium. ruthenicum Murr. (black solid lines) and Lycium barbarum L. (red dashed lines)

221 ZWERYIRKIEES T HE, MY 13 ki
@k — FORE oxunERR . SRR, H IR, R
I TR AT ZLIR 5 6 b AR AAE fn IEAT RS A A . SR
HW, EIEEFEAT, HFEK, & SRANSERIX 3

# 1 LR kRS ) UHPLC-ESI-Q-TOF-MS/MS £ illl 4%
Tab 1 Results of polyphenolic acid standards detected by UHPLC-ESI-Q-TOF-MS/MS

a AR X535
R CH,0, 168.049 5
W C,H,0, 180.042 3
[ C,H,,0, 182.057 4
2R C,H,0, 194.057 9
Piaew.vd C,H,,0, 224.068 5
2R C,H,0, 354.095 1

Py iRy IMAH]" B e, hmdEmR . BTBRAR AN TR
) IM+H-H,OI" F e (3% 1), i 5 knde S i IR B
I TR RO EE S - EE R B, 2 Bk R o v 8 A S SR i e
TR, b 4 FIHER & REIRM A 2R

+ESI” il i O B[] /min i PR B I ] /min
169.049 5 5.90 2.99
163.038 67 6.59 7.01
183.065 2 16.58 16.59°
177.055 4 13.10 /
207.063 6 15.01 8.88
355.102 4 6.98 7.00°

T MR IE B REAGI CREEh IMHH-H,OL s “FEM R R Shnik i —B.
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PRIt IR 5 Z e E &, BT 3& 1
15 BREAFEIRRI 1 5 115 8., WaHE L3115
B Hor, FUEEHVRES 2 miz 147.044 1, R KL
Fe FRE 8s T-] m/z 2y 146.033 65 WNMERE4FFEME B T4
miz 163.038 2, & F % v B iy B -1l m/z 7 162.031 7
M ERR A 524 m/z 165.056 15 BT BRIERDRHIEPE S5
2 m/z 177.055 45 PIEERERYFFAEME 8520 m/z 131.048 8,
T M . R RS e S Fy BRI N AR - 25 50 B A mi/z
131.128 4, 89.038 5 11 220.096 1/222.112 4",

168 2 20 AR 8 28 i B A% A AN [R] 50 4 R e R
. BEFOEMMEORT, KRR T2 54 m/z
303.050 5. 317.067 7 F11331.081 3™ Lyt itistiy
W UNE T AAFAE, S b 25 0 25 1208 7 A e
fEB . Blan, ek — A NBbE ST mz 2R 162,052 8
B8, Wik —A ST A mz 4 308.110 2 1y
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T B . MRIELL BB AR LA, AT
IR AT e b, Bilan, 22 th R RE g Tk
mlz 933.265 1, M4 m/z 317.067 7 T8 T4l H vl §E Rt
BHHEET, MEHHE B 1E B R IE Bk
B BRSO R M5 BOS AR BoR iz iR 3 A~ 31,
Horpr m/z 317.067 7 & R4 FNRHIEYE R -, m/z 771.214 0
BB R K A SR A R (IM—162.050 8]),
m/z 479.121 3 BB 12k K — A RERNE URERE F AV &
H(IM—308.110 2—146.033 6]°), [H I w] LA 4f & % ¥ R
TyE A3 - T - B - SRR, MR A IR
B G N v LR A A b - FLbE . H b E o 5
R, TEEAPRMESMIIEOLT, (UT BURE  HEA7 4050
AR M, EASCH, R I gaxd i v 5 & A f2
HE H (BHRZR 2 D Fp R s 3 KRB Z Id i
HK)

Tab 2 Identification of 35 polyphenolic compounds from Lycium fruits by UHPLC-ESI-Q-TOF-MS/MS

e 2
[IES
AT R CH,0, 16.59
2R C,H,0, 7.02
W S A C,H,0, 7.04
B R AR CH,0, 2.99
Fr R AR C,H,,0; 8.88
[

QR - Tk C,;H,N,0, 9.70
FTBRRE - LT M CH,N,0, 11.94
AL - C,HN,0, 5.53
[ - JE e C,H,N,0, 7.77
N- PIAERE - JE % C,.H,N,0 11.18
N- UHERRE - MRS -1° C,HN,0, 1.71
N- wnlf - RS -2° C,H,N,0, 2.08
N, N- oL . SR - 7S % C,H,N,0, 15.06
N, N- okt - A C,:H, N0, 16.26
N, N- Sunllt , 7 SOt - ke -1° C,.H,N,O, 16.16
N, N- “5tunmERE , & ok - WAz -2° C,:H,N,0, 16.42
N, N- 50 , wnnERE - TERS I - Rihl -1° C,H,NO, 1599
N, N- ZSnHERE , bR - RS - <Rk -2° C,H.N.O,  16.14
N, N- Z5UnHERE | ohnERE: - A - skl -3 C,H.NO,  10.70
N, N- R , iR - SRS - /< RHE -4 C,H,NO,  12.82
N, N- - Z0nHERE , oneERE - TR I - < hschl -5 ° C,H,N,O, 1373
N, N- = - ZUmmERE - e - o menl C,HNO, 1054
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bR+ FET EE PN
183.0652 139.0725, 124.083 6

355.1021 163.038 4, 145.028 5, 135.0442, 117.033 5

181.0492 163.038 3, 145.028 3, 135.043 8

169.049 1 125.0600, 151.038 5

225.076 3 207.0753, 192.041 3, 175.038 8, 119.049 2

277.1659 218.1193, 147.043 5, 131.1284, 114.1028 [23-24]
307.176 3 177.0554, 131.129 6, 114.102 5 [23,25]
235.1441 218.1176, 147.043 7, 119.048 5, 89.107 1 [23, 25]
265.1550 177.0554, 89.038 5 [23,25]
219.1484 131.048 8, 89.037 3 [23]
308.196 3 220.096 1, 163.038 2 [21,23]
308.1963 222.1152, 163.0382 [21,23]
4722445 222.1124, 163.0390 [21,23]
470.228 5 308.195 8, 220.096 5 [21,23]
456.2490 308.196 9, 220.096 4, 163.038 8, 147.044 1 [21,23]
456.2490 308.196 9, 220.096 4, 163.038 8, 147.044 1 [21, 23]
634.2970 472.2442, 220.096 6 [21,23]
6342964 472.2447, 220.096 1, 163.038 1 [21, 23]
6342964 308.196 9, 220.0964, 163.038 8, 147.044 1 [21,23]
6342964 308.196 9, 220.0964, 163.038 8, 147.044 1 [21, 23]
6342964 308.1969, 222.0964, 163.038 8, 147.044 1 [21,23]
798.365 5 636.310 9, 474.259 8, 384.165 4, 222.112 0, [21,23]

165.056 1
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oty 2
N, N- ufiHERE , Rt - R - o hehk C,HyN,O,,  10.82
N, N- = - ok - S - — oS hoehi C,H,NO,; 1250

A

KM - N C,H,0, 16.38
CRHER A - F L - AR C,H,,0, 16.90
TR (AR - AL - N C,H,,0, 12.46
CHETL (3 - bk - H AL - N C,H,,0, 16.64
SRR - hE - H L - SSIRRE C,H,0, 16.90
SRR G - T - H R - N CoHy, 0, 16.06
SRAE R - T - R C,H,,0, 15.99
SRR G - U - R - S ERhE C,H,0,, 16.62
BRI R - Tk - PR C,H,:0, 16.83
e - T - L - SRR C,.H,,0,, 17.12
BRI (R - b - S - N CyH,,05 16.36
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(%4 2)
bR+ FET EE PN
796.3494  634.296 3, 472.244 1, 382.1498, 220.096 3 [21,23]
7943340 632.281 3, 465.102 8, 220.096 8, 163.041 8 [21,23]
465.1033  303.050 5 [19-20, 22, 26]
611.1479  465.103 3, 303.050 5 [19-20, 22, 26]
7732131 611.1479, 465.103 3, 303.050 5 [19-20, 22, 26]
919.2545 757.2002, 465.1100, 303.0514 [19-20, 22, 26]
9332651 771.2140, 479.1213, 317.067 7 [19-20, 22, 26]

10953250 933.268 7, 771.214 2, 479.120 6, 317.067 7 [19-20, 22, 26]
787.226 6  479.1170, 317.064 5 [19-20, 22, 26]
949.2658 787.213 3, 479.1206, 317.067 7 [19-20, 22, 26]
801.2241 493.138 1, 317.066 6
947284 0 785.2310, 493.1353, 331.0827 [19-20, 22, 26]

1109.3361 947.2799, 785.2310, 493.133 6, 331.0813 [19-20, 22, 26]

e VSRR A bR SRR E  TE AR, R IR T CE S, B AR R REES TR TR, (H R BRI A

222 ZERPIRAIE RS 2 FAACHISERAT RS
Z T ARSI E B AVRUAHIE] . 2 FivkokC Y TR ANEER
h Z A IR E B A RAE R 3 g v TEAC R S
AP IR L, R 3 BRI AR S
29 M2y l, TR E A 35 Rl TR ARCEE R b 28
P EPII, TR E A 30 B, fERRMCER T, &
L - AT, PR - DT R, N, N- RS - AR

3 Ml R 2 BRI SR (AL, Im B X 10Ymg)

ZR AR R fe i s AEFLTARerb, N, N- g, gt -
KRG . A GRE - DT e, PTZERE - DT Rery & e, AE
TEAPCER A, N, N- ot , SR - s - N
RAcHE . N, N- - SRR - RS - —NRRBE. NON- -
WNMERSE - A I - ST bi R R e s (TR N, N-
WAL , SR - SEAE - TOSRRBE. N, N- phiRE, —
ZUMIMIRE - AR - 7S RACHEFAIMR B A 8 o

Tab 3 Quantitative results of polyphenolic compounds in Lycium fruits (peak areax10‘/mg dried weight)

g (x+s, n=10)

L&
BRI
[D1ES \ 628.0+198.4
1o R 22.8+4.5
YA 557.8+ 188.7
W S A% (A 10.1+3.3
7 LR AR 5.6+1.5
TR SR A 31.7+7.1
B ELRE 5468.2+2981.7
A LRE - T ke 1895.2+1661.6
PTRRAL - LT ke 1685.2+1389.5
LR - i 131.8+97.3
P ERRE - I M 163.5+81.4
N- PIRERLE - Ffe 20.6+12.5
N- gl - I -1° 21.9+11.4
N- Wil - ks 27 34.1+23.4

http://xuebao.shsmu.edu.cn

FR (x£s, n=3)
TEMR BRI TE M
53.6+£16.2 74.6+11.4 79.4+13
32.1£11.0 522+11.1 78.6 1.5
15+7.8 19.2+0.5 0.8+£0.1
0.7+£0.4 0.5+0.1 ND
3.7+£13 0.7+£0 ND
26+1.8 2.0+0.2 ND
12047.9+3 181.1 3837.3+234.2 440.0£11.1
9.6+£2.6 485.8+35.8 49+1.0
9.7+43 472.5+35.2 42+0.8
26+1.8 9.4+0.7 0.1+0
21.0+12.7 233+1.8 0.6+0.1
0.6+0.4 0.4+0.1 ND
1.4+£0.9 3.5+03 0.6+£0.1
0.6+£0.1 21.0£2.9 0.4+0.2
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(8:43)
R (x+s, n=10) T8 (x£s, n=3)
et
AR TR A BRI TR A
N, N- whnfRE , SR - A i 18.7+13.7 0.7+0.4 1811.4+99.1 555+9.9
N, N- nfnmEpf - S 1221.1+508.6 120+2.9 317.74£21.2 12.5+0.3
N, N- “SUnHERk , 75 Sk - ke -1° 26+12 1.0+0.6 18.6+1.6 0.9+0
N, N- “5nERE , & ok - WAl 27 8.6+4.9 1.7+0.8 49.5+4.1 0.4+0.1
N, N- ZnmERE , bR - SERE I - < Rihl -1° 89433 270.14160.8 13402 0.14+0
N, N- - SnHERE , o - ToRshE - <rhE 2° 4.6+2.0 69.5+41.5 0.4+0.1 0.4+0
N, N- - ZUnERE , odefE - TR - o hschl -3° 58422 225.0+88.0 82.6+7.3 96.5+2.7
N, N- SOnHERE , ol - A - FSrihE -4 87.0+48.3 114.9+81.8 3352+14.9 91.1+7.3
N, N- - OHERE , iRk - R - < hschl -5° 91.2+48.4 3.8+28 91.0+11.2 6.9+0.3
N, N- = - S0nmRE - TSI - — o Shohi 28.2+14.9 3027.2+694.3 67.6+6.9 438+1.3
N, N- wineflf , — Rt - SRS - 7S hhE 77.7+52.2 6124.9+1633.6 39.2+3.0 117.5+1.6
N, N- = - iHERE - ARG - oSk 11.7+6.2 2176.841063.9 6.8+0.9 3.740
wE= 95.6+39.5 111.9460.3 4393+7.8 10.0+2.2
TRMERL AR - R 2.1+1.1 0.8+0.3 13+0.1 0240
TR - K GRE - ASERRE 48.1+25.9 55.1+35.6 2.0+0.1 3340
TRMERL R - F UL - ONERE 7.7+4.1 23.0+15.7 9.7+0.1 1.3+0.1
TR - TR - L - ST ND ND 59+0.3 0.4+0
FRAEA (0 - T - B R - SSRobE 52+13.0 ND 330.6+5.3 34+15
B3R - Tk - B L - SRk ND ND 71.5+22 0.7+0.4
SRAE 0 - T - e 18+1.4 9.6+7.0 1.0+0 0.1+0
FRAEI (O - R - WNMERE - ST ND ND 5.7+03 ND
IEAE (a2 - R - PTBREE ND ND 37404 0.4+0
B - T - L - SRR ND ND 6.7+0.3 0.1+0
RS - B - B - ONRRbE ND ND 1.4+0.1 0.2+0.1

e O TR MR TR R B I 2 SR A ND ARG S

223 ML TREEERBMIREY RIVEA R IER: 2 Fity
FEREE RN T- R h IR A AL Bl B 22 5 (3R
3FE3A, B), Horp, KGRI - THE - B GRE - NIk
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Fig 3 Compositional characteristics for polyphenolic compounds in the fresh and dried fruits of two kinds of Lycium
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