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Abstract: Ziziphi Spinosae Semen is the dried seeds of Ziziphus jujuba Mill. var. spinosa

(Bunge) Hu ex H. F. Chou, and its extract has broad application prospects in the development
of sleep-aid functional foods. However, the quality parameters of Ziziphi Spinosae Semen
extracts currently available in the market are not uniform and there is a lack of unified stand-
ards. Therefore, it is important to establish an accurate and comprehensive method for quality
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evaluation. In view of the problems that the UV responses of flavonoids and saponins in the
Ziziphi Spinosae Semen extracts vary dramatically and the saponin content in Ziziphi Spinosae
Semen water extract is very low, high performance liquid chromatography (HPLC) was used to
establish the fingerprint and quantify spinosin. The separation was carried out on a Waters XSe-
lect HSS C18 column (250 mmx4.6 mm, 5 pm), and the mobile phase was acetonitrile-0. 1%
(v/v) phosphoric acid aqueous solution for gradient elution. The eight common peaks in the
fingerprint of the Zizipht Spinosae Semen extracts, identified by HPLC-quadrupole time-of-
flight mass spectrometry, were attributed to flavonoids by reference substance identification,
literature comparison, and high-resolution mass spectrometry data analysis. Semi-quantitative
analysis of seven flavonoids and quantitative analysis of spinosin were conducted using the
established HPLC quantitative fingerprint. The contents of jujuboside A and jujuboside B were
determined by ultra-high performance liquid chromatography-triple quadrupole mass spectrome-
try. Chromatographic separation was performed on a Waters ACQUITY UPLC BEH C18 column
(50 mmx2. 1 mm, 1.7 pm) by gradient elution using a mobile phase of acetonitrile-0. 1% (v/Vv)
formic acid aqueous solution. The target compounds were analyzed in multiple reaction monito-
ring mode with positive electrospray ionization.

The semi-quantitative and quantitative data of the above-mentioned 10 components are dis-
played in the form of radar. Using the above methods, three batches of Ziziphi Spinosae
Semen water extracts prepared in the laboratory and 15 batches of extract samples obtained
from 15 suppliers were analyzed and compared. The results showed that although the raw mate-
rials of three batches of Ziziphi Spinosae Semen water extracts prepared in the laboratory were
from different enterprises, the overall difference was not significant. However, the component
contents of the samples provided by different manufacturers were greatly different, suggesting
that there are some problems associated with the different manufacturers, such as dilution of
excipients, adulteration of Ziziphit Mauritianae Semen, alcohol extraction, purification, and
enrichment. For example, the representative composition contents in the Ziziphi Spinosae
Semen extracts obtained from manufacturers B, C, E, F, G, H, I, and O were low, which
were approximately 1/10 of corresponding contents in the normal water extracts prepared in the
laboratory. It is speculated that to reduce the unit price of the product, the manufacturer used
fewer raw materials or a large number of auxiliary materials to dilute the Ziziphi Spinosae
Semen extracts. The contents of some flavonoids in the Ziziphi Spinosae Semen extract from
manufacturer N were slightly higher than that in the self-preparation Ziziphi Spinosae Semen
water extract, but it did not contain jujuboside A; thus, it was speculated that the Ziziphi
Mauritianae Semen might be used for extraction. The contents of 10 components in the Ziziphi
Spinosae Semen extract obtained from manufacturer D were all higher than the corresponding
ones in the self-preparation Ziziphi Spinosae Semen water extract. Combined with the quality
label of total saponin content > 20% and poor water solubility, it was speculated that the prod-
uct might be prepared by alcohol extraction or purified and enriched by using resin. These
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results provided the basis for the enterprise to establish internal control quality standards for

Ziziphi Spinosae Semen extracts and to select qualified suppliers.

Key words: high performance liquid chromatography ( HPLC); mass spectrometry ( MS) ;

quantitative fingerprint; Ziziphi Spinosae Semen extracts; radar-gram
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1 BECRIYHERER
Table 1 Sample information of Ziziphi Spinosae
Semen extracts

No. Manufacturer Batch Standard
1 self-preparation STW2006093 -
2 self-preparation STWO078190801 -
3 self-preparation STW19072202 -
4

A HS-A1102

jujuboside A+jujubo-
side B= 0.19%

5 B ZLSC2020071505 10:1 (raw materials :
extracts)

6 C T2004223 5:1 (raw materials :
extracts)

7 D C0360191002 total saponins= 20%

8§ E 20200301ZF total saponins= 0.1%

9 F ZJ100-200506 -

10 G NSMP20080381—- 1:1 (raw materials :

ZZP-10 extracts)

11 H 19052204 -

12 1 T20041701 jujuboside A= 0.03%

13 J 20051901 total saponins= 2%

14 K 51042009034 -

15 L 201001 -

16 M 20052601 jujuboside A+juboside
B=0.19%

17 N 200711 -

18 O 201203 -

—: no quality standard

1 000 mL ZF =i, 387 N 400 mL /K W [l i $2
B 6 BB E MR AR, R EE
RSB, F24), L 500 mL R A KR, e 46 &
100 mL, % VR4, 15 8] B HlRR KD,
1.2.2 EE#HAE B R & ER

R A SR I G B RZ) 1 g BT 25 mL
R, I 50% (v/v) HBEKIF IR ) 15 mL, Jk
Vi, 88 30 min i AR E SRR, R EEIRE
FH 50% (v/v) W BEK I WE 25, i 0.22 pm JEJE,
IFE
1.2.3 BB H 420 e K & ER
IR $E T, KGRI 2 0.1 g & T 100
mL M, 50% (v/v) ZIEKERZ) 50 mL,
Y7 , #7520 min {H 4R R SR L, B A 2= R
JaH50% (v/v) CHEKESBAEZS 13 0. 22 pm JEHE,
SIS
1.3 MRAEEENHEE

B i R R A TR B B X
4% 10 mg, 43 E T 10 mL 258, i B Es i
IR R ZIEE R 5, e A T R TR
A R B BRI,

14 SHEHE
1.4.1 HPLC —J F 2 30 4t fE 45 20 [ Fo R AE 14
LEERIAELESENE

Waters Alliance HPLC % 4t , Waters XSelect
HSS C18(250 mmx4. 6mm, 5 pm) (GREA:, i shAH
M (A)-0. 1% BB /K %W (B) Y8, 0~ 5 min,
10% A~15% A; 5~25 min, 15% A~20% A; 25~35
min, 20% A ~30% A; 35~40 min, 30% A ~95% A;
40~46 min, 95% A; i K 1. 0 mL/min; #EAE 7N
10 wL; AR 40 C s KK R 337 nm,
1.4.2 HPLC-QTOF-MS —— jf - &t B8 45 &t [ i #
AT B X

& H UHPLC #%:, 5 AB SCIEX X500 # 4]
QTOF Ji U H, LC 2R i sh A b WG (A) -
0. 1% H IR (B) , A &R 1.4.1 %, &1
ﬁ:ESI;ﬁ%¥*ﬁﬁ;%ﬁ%:24l kPa; Gas 1: 379
kPa; Gas 2: 379 kPa; i £ .550 C; & TfbE 7.
-4500 V, LK. -80 V; &AL F . m/z 50 ~
1 500; 24 HLJE . —40 V, CE Spread: 20 V,
143 UPLC-QqQ-MS — A TE2H#H ABWEE
R

Waters I-Class Xevo TQ-XS UPLC-QqQ-MS
i, Waters ACQUITY UPLC BEH C18(50 mmx2. 1
mm, 1.7 pm) @35, FaiR NG (A)-0. 1% H
FR/KIAHE (B) s BREEPENL :0~2 min, 19% A~23% A ;
2~4 min, 23%A~95%A; 4~7 min, 95%A; 7~7.1
min, 95% A~19% A; 7.1~10 min, 95% A~19% A,
LN 0.3 mL/min, #EiR Sl 30 C;#EFHEE N 2 pL,
B FUR L ESL IE B R A A, G F AL A
SRR A BAE HUE 3,00 KV IR FE 150
C, MRM WS, B4 Bk 240003k 2,

x2 BECEFANMBHRIESH
Table 2 MS parameters of jujuboside A and jujuboside B

Retention [M+H]* Daughter CV/  CE/

Compound

time/min  (m/z) ion (m/z) V eV

Jujuboside A 3.26 1207.64  455.41° 60 62
85.10 22

Jujuboside B 3.38 1045.58  455.41* 60 64
85.10 26

# Quantitative ion. CV. capillary voltage; CE: collision
energy.
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Fig. 1 HPLC fingerprints and their common pattern of Ziziphi Spinosae Semen water extracts
Mobile phase A: acetonitrile; mobile phase B: water containing 0. 1% (v/v) phosphoric acid. Column; Waters XSelect HSS C18 (250
mmx4. 6 mm, 5 pm). Gradient program; 0—5 min, 10% A-15% A; 5-25 min, 15% A-20% A; 25-35 min, 20% A-30% A; 35-40 min, 30%
A-95%A; 40-46min, 95% A. Detection wavelength: 337 nm. Injection volume: 10 pL. Column temperature; 40 C. Flow rate; 1.0

mL/min.
For peaks, see Table 3.

F3 BE(CKEWBEENLEE
Table 3 Identification of characteristic peaks of Ziziphi Spinosae Semen water extracts
I.’eak. No.lonization [ M-H]" Fragment ions (m/z) Compound
in Fig. 1 mode (m/z)
1 ESI” 593.1229 503.1137, 473.1072, 383.0766, 353.0653 vicenin-2
2 ESI” 593.1250 413.0817, 293.0450 glucosylvitexin
3 ESI” 607.1390 445.1130, 427.1019, 307.0610 spinosin
4 ESI” 783.1782 427.103, 307.0614 6" -feruloylspinosin
5 ESI™ 942.2246 762.1987, 427.0920, 293.0452 6"-0-(3-Glc-indole-acetyl) spinosin or its isomer
6 ESI” 942.2246 762.2038, 607.1740 6"-0-(3-Glc-indole-acetyl) spinosin or its isomer
7 ESI” 1118.2650 293.0479 6"-0-( 3-Glc-indole-acetyl ) -6"'-feruloylspinosin or its isomer
8 ESI™ 1118.3100 / 6"-0-(3-Glc-indole-acetyl ) -6"'-feruloylspinosin or its isomer

/: no fragment ions were detected.
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Fig. 2 HPLC fingerprints of 15 batches of Ziziphi Spinosae Semen extracts
Peak identifications: 1. vicenin-2; 2. glucosylvitexin; 3. spinosin; 4. 6”-feruloylspinosin; 5. 6"-O-( 3-Glc-indole-acetyl) spinosin or its
isomer; 6. 6”-O-(3-Glc-indole-acetyl) spinosin or its isomer; 7. 6”-O-( 3-Glc-indole-acetyl) -6"'-feruloyl spinosin or its isomer; 8. 6”-O-( 3-

Glc-indole-acetyl ) -6"'-feruloyl spinosin or its isomer.
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mEREEER ORI R AR R
B BYRRB A T I E , ISR (S/N) N 3~ 10
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TEHI45IE 19 0.6 .12 .18 24 h 43 3I3#E4T HPLC &,
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WIRE 24 h NAREME RLAF

AN BUE— AR K 6 i (45
STW2006093) , 53l il #5 ki , M & HPLC 3% 51,
IC T R R g T AR A 6 1 AT AR b it B i
K RSD H 0. 45% , FREAA 7 VL H G W4T

Ak E MR BRI KEEY) 6 1 (HE
STW2006093) , 547 0.5 g, ¥ % FRE, B T 25 mL
AR, MAWEZIER 1 mg, i 50% (v/v) HEE
IR 15 mL, #z3% , M5 30 min {7 4> F0 i 5
VL B A 50% (v/v) BB K IR BUE 4,
i 0.22 pm JEMR 5 #E 4T HPLC 5 , 45 3 W, W
R 2 I %N 90. 70% , RSD A 1. 16%

HaasNE X3 A R KRRk
[ 15 AR F B SR BU PR T 2T, D 5
Bt R aa SR 5, AR ER 18 HERE S
Wi Z S| IE 0~0.62% Z [0], & &l % /Y RSD
BINT 2%

F4 HHER BT CET AMBMNEEXRMEHETER

Table 4 Linear relationships and linear ranges of spinosin, jujuboside A, and jujuboside B

Compound Regression equation 7’ Linear range/ (mg/L)
Spinosin Y'=26592849.20X-91407.22 0.9998 19300.14-386002.80
Jujuboside A Y=167.702X+88.2103 0.9995 4.61-1845.00
Jujuboside B Y=316.106X+272.036 0.9992 4.48-1791.09

Y. peak area; X: mass concentration, mg/L.
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F5 BECREVHPHTEER BECEFAMBHAIER RSD (n=3)
Table 5 Contents and RSDs of spinosin, jujuboside A, and jujuboside B in Ziziphi Spinosae Semen extracts (n=3)

Contents (RSDs) /%

No. Manufacturer
Spinosin Jujuboside A Jujuboside B
1 self-preparation-STW2006093 0.43 (0.20) 0.16 (0.83) 0.08 (1.31)
2 self-preparation-STW078190801 0.40 (0.53) 0.18 (0.29) 0.09 (0.81)
3 self-preparation-STW19072202 0.51 (0.53) 0.18 (0.65) 0.09 (0.10)
4 A 0.24 (0.18) 0.09 (1.37) 0.13 (0.70)
5 B 0.01 (0.47) ND 0.01 (0.38)
6 C 0.14 (0.11) ND ND
7 D 0.62 (0.23) 0.42 (0.47) 0.22 (0.36)
8 E 0.04 (0.85) 0.01 (0.13) 0.01 (0.28)
9 F 0.05 (1.82) 0.01 (0.20) 0.04 (0.73)
10 G 0.06 (0.14) ND ND
11 H 0.05 (0.43) 0.02 (1.17) 0.01 (1.83)
12 I 0.03 (0.23) 0.01 (0.51) 0.03 (0.57)
13 J 0.17 (0.36) 0.01 (0.39) 0.02 (0.64)
14 K 0.03 (1.15) 0.01 (0.48) 0.01 (0.64)
15 L ND ND
16 M 0.25 (0.57) 0.08 (0.76) 0.12 (0.97)
17 N 0.52 (0.12) ND 0.01 (0.83)
18 O 0.03 (1.97) 0.01 (0.88) 0.01 (0.24)
ND: not detected.
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Fig. 3 Radar-gram of 15 batches of Ziziphi Spinosae Semen extracts

For peaks, see Table 3.
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