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Abstract:In order to characterize the component differentiation from unripe and ripe Zizyphus juyjuba var. spinosa,the ap-
proach of mass spectrometric technology was adopted to make the coupled chemometric analysis in this experiment. Firstly , the
ultra performance liquid chromatography tandem time-of-flight mass spectrometry ( UPLC-Q-TOF-MS/MS) technology was u-
tilized to identify the main components from the unripe and ripe fruits. In addition,32 of the primary and secondary metabo-
lites from the two forms of fruits were characterized,and they were classified into 5 kinds of structures. Next, primary metabo-
lites and secondary metabolites from these two forms of fruits were clustered and their varied components were derived via the

principal component analysis (PCA). According to PCA analysis, the samples were divided into two categories and 10 of com-
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ponents were selected as the candidate variables to differentia those two forms of fruits. Then,the candidate components from

the primary metabolites to secondary metabolites were enriched in their metabolite pathways and biosynthetic pathways via

KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway enrichment analysis. At the same time, the candidate compo-

nents were determined by a mass spectrometry multiple reaction detection (MRM) based methodology. With a good linear re-

lationship from 0.002 3 to 800.00 wg/mL (r <0.99),the average recoveries were 96. 38% -104. 15% with the RSDs of

1.16% -2.46% (n=6). According to the established methodology, the effects related components from two growing periods

of Zizyphus jujuba var. spinosa were oleanolic acid and jujuboside B,which involved in triterpenoids pathways ;the flavor-re-

lated components were catechin and epicatechin, which involved in flavonoids pathways.

Key words : Zizyphus jujuba var. spinosa fruits ; UPLC-Q-TOF-MS/MS; primary metabolites ; secondary metabolites ; PCA
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Table 1  Batch number and origin of green and ripe Zizyphus jujuba var. spinosa fruits samples
B °F s e
Sample No. Sample No. Origin
GES TS 1 2020081801 HALE TR G T
Fruit samples of Zizyphus jujub .
ruit samples of green Zizyphus jujuba var 5 2020081802
spinosa in green fruit stage
3 2020081803
4 2020081804
5 2020081805
I 6 2020081806
ZLR IR
Fruit samples of ripe Zizyphus juuba var. 1 2019090201 b 44 T & T 5 #0 X I AK BUR I A

spinosa in red fruit stage

2 2019090202
3 2019090203
4 2019090204
5 2019090205
6 2019090206
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Fig. 1  Fruit samples of green and ripe Ziziphus jujuba var. spinosa
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1.4.1 SR SR & &

IR ERRBULZE R 1.52 mg RILK K 1.48
mg Mt R 1. 46 mg G 22 B3 1.54 mg T 1.36
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12 1.10 mg L-ANE L 1. 02 me  L-BEE % 0. 52 mg
X RE AL E 4 mL BELOAE T Bl TR 1. 521,48
1.46.1.54.1.36.0.97.1.38.1.10,1.02.,0. 52 mL
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Table 2 LC/MS-MS data for the 10 flavonoids,,amino acids,terpenes in green and ripe Zizyphus jujuba var. spinosa fruits
571 st Sy =
i e Ko e Paenon Dot T GGV xp(»)
('min) (Da) (Da)
1 7T Rutin 8.17 609.1 301.1 -107. 83 -38.08 5.77
2 Bz % Quercetin 12.03 301.0 151.0 -86.79 28.60 8.73
3 422 WkFF Hyperoside 8.51 463.0 300.0 92.82 30.75 9.05
4 JLZ# Catechin 5.45 289.1 108.7 -85.92 31.30 21.25
5 % JLLZ Epicatechin 6.56 289.0 136.9 -84.11 24.54 15.97
6 L-FE5J% L-Tyrosine 1.62 180.0 119.1 70.79 22.88 5.97
7 L-EH & L-Phenylalanine 3.05 164.0 103.0 -60. 00 22.00 -6.00
8 R A~ B4 B Jujuboside B 16.21 1043.6 911.5 -199. 67 47.50 31.97
9 BELLAR Ursolic acid 23.55 455.3 407.5 -183.98 -54.75 21.00
10 FFHUALHR Oleanolic acid 23.56 455.4 407.4 206. 90 54.50 -12.00
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Fig. 2 Extracted ion chromatograms of a mixture of blank,sample and 10 standards under negative ion

mode in green and ripe Zizyphus jujuba var. spinosa fruits
T AL B B BRACR PIREbL s C BRACR PIRE b (FRBE 10 4%) 5 D. 10 FhXg B A (1. L-BE AR 2. LA IR ;3. LA 4. RILKER;
#2;10. FEBLHEER) . Note: A. Methanol blank; B. Green Zizyphus jujuba var. spinosa

fruits; C. Ripe Zizyphus jyjuba var. spinosa fruits (dilute 10 times) ; D. 10 standards (1. L-Tyrosine;2. L-Phenylalanine ;3. Catechin ;4. Epicatechin;

5. Rutin;6. Hypericin;7. Quercetin;8. Jujuboside B;9. Ursolic acid;10. Oleanolic acid).
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Fig. 3

IDA total ion chromatograms with chemical composition characterization of the green

and ripe Zizyphus jujuba var. spinosa fruits by UPLC-MS/MS analysis

AL AR A (IEBS TR0 5B AR R I (188 TR0 s C B IR N (IERS T80 5D T RRAUR A (s T8I .

Note: A. Ripe

Zizyphus jujuba var. spinosa fruits ( Positive ion modes) ; B. Ripe Zizyphus jujuba var. spinosa fruits ( Negative ion modes) ;C. Green Zizyphus jujuba

var. spinosa fruits ( Positive ion modes) ;D. Green Zizyphus jujuba var. spinosa fruits ( Negative ion modes) .

x3 FABRTERAD 0 NEZLEHERMR S

Table 3 The 10 important common components between the green and ripe Zizyphus jujuba var. spinosa fruits

o lac 7B g gy T BT )7 8 T (m/2) ZERAE R PR
Fr5 X ; 22 30K
Compound Molecular Molecular Parent ion Fragment ion (m/z)
No. . . . Ref.
name formula weight (m/z) and structural information
LKA R ) 119 ([ M-CHO,-H ]-), 103 ([ M-
CoH,; NO
! L-Phenylalanine o 165.078 9 164 CO,NH;-H]-) 15
2 L-FEER L-Tyrosine CoH,,NO, 181.073 9 180 136 ([ M-CO,-H]-) 15
301 ([ M-Cy, Hy, Og-H |-) \257 ([ M-C
3 %7 Rutin CyyHy 046 610.153 9 609 ([M-Cyz Hap 0p-H ) 257 ([ M-Cs 16
Hy Oy -H]-)
FEECRRR 409 ([ M-CH,0,-H]-) 407 ([ M-CH,0,-
CyoHygO
4 Oleanolic acid 07483 456.360 3 455 H]-) 247([M-C;Hy0,-H]-) 16
409 ([ M-CH,0,-H]-) 407 ([ M-CH,0, -
e A olic aci C.H,c O .
5 REHLR Ursolic acid 30 Hyg O3 456.360 3 455 HI-) 349([ M-C,H g0, -H]-) 16
A f— B
¢ TALREB CoHyOy 1044550 5 1043 911 ([ M-CsH; 0,-H]-) 16

Jujuboside B
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7 b 2 . CoeH 0 302,042 7 301 273 ([ M-CO-H ]-) . 179 ([ M-C;H0,-
# Quercetin it ' H) 51 (MG G0, -H )
8  4x#BiF Hyperoside Gy HyO)y 464.095 5 463 300([M-CgH,; 05-H]-)
9 42 Catechi CsH,0 290.079 0 289 180 ([ M-CHs0,-H 1), 137 ([ M-
L3R Catechin 1571 e ' CyHg05-H1-) 125 ([ M-C, H0,-H]-)
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Fig. 4  Cluster analysis and PCA,KEGG of results of green and ripe Zizyphus jujuba var. spinosa fruits

A SR B PCA FIAIAL; C. o 455 415 D. 48 22 AU 9 KEGG |

W E LR Note: A. Cluster analysis plot; B. PCA

scatter plot;C. t-Test plot;D. KEGG pathway enrichment bar chart of 48 differential metabolites.
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FRAE. DAL 2 A = p o 7 305, 15 B B (I

K14B), MR LU T A S TRACR WA i R TE—
i, A AR AR R i R A — i, X — 4R 5 R
SIFTES R B U CARRACR TR AT
DES, @id MetaboAnalyst 43 7 5F & ¥ 4b 3 5
AR HEAT ¢ K5 (P <0.05) 522 5 AU KEGG
P AR ST, o R A ) 48 A 22 AR (LR
4C 3 4) , 23R KEGG i % & i85 14
KRR (LR 4D) o Z5RAGH] 2 A B 2 5
Y LANZIR S LB AR S 3 82U %
12 RN R I 2 R A 5 2R 1 A 6 A
TR = R A

R4 BFHRBERAS B ANERKEY

Table 4 48 differential metabolites in green and ripe Zizyphus jujuba var. spinosa fruits

o) R £ 8% o K5 P AR go R 2% K5 P A
ij—' Metabolite t-Test P value N ’ Metabolite t-Test P value
o name (P <0.05) o name (P <0.05)
1 L-Jfi& % L-Proline 2.01 x10™M 25 1Z 1% Pantothenic acid 1.99 x 107

2,5kl R Y
2 2,5-Furandicarboxylic acid 99010

3 B Sphinganine 1.12x10°
4 -V Jik#Z a-Linolenic acid 3.66 x 10710

2-FJE Eh BR R 9
3 2-Methylhippuric acid 2.10x10

6 W HE R Phenylacetylglycine 2.11 x10”
7 A T REWR Myristic acid 1.54 x10°
8 + JUBERR Nonadecanoic acid 2.03x10%
9 111431} Kaempferol 2.74 x10°®
10 ARFRHEZR Luteolin 2.74 x10°
11 4-FA 5L L 25 4-Methylcatechol 9.77 x10%
12 AIBIAK B Guaiacol 9.77 x10°%
13 ""%‘ﬁiai"*"‘?:@ 1.05 x107
cis , cis-Muconic acid
14 B TR Gallic acid 2.58 x 107
15 ZEPIMR Shikimic acid 3.13x107
16 13 % W Uvaol 1.04 x10°
17 HAk I Benzocaine 6.65x10°

3,4-T R s
26 3,4-Dihydroxymandelic acid 2.07x10

27 2- K H %% 2-Phenylglycine 3.40 x10°
28 RS Acetaminophen 3.40 x10°
2 ::z[iiijd—ii%butanoic acid 3.71x10°
30 fifilG MR Stearic acid 2.04 x10*
31 6-$Z i 6-Hydroxydopamine 2.09 x10*
32 Nt Pyridoxine 2.09 x10*
33 SR Senecioic acid 5.64 x 10

(8)-C+) -7

34 ( +)-(5)-Carvone 7.60 x 10*
35 L-Fg %2 L-Tyrosine 2.22x107
36 755k~ Hexadecanedioic acid 2.33x107
37 SIRME L 2R Tsovalerylglycine 3.59 %107
38 AR R Phthalic acid 3.94 x10°
39 N % Malonic acid 4.44 x10°
40 7-H I [ i 7 -Ketocholesterol 4.67 x107

41 Hit 2 % Quercetin 5.76 x 107
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213% 4 ( Continued Tab. 4)

i (NVIE7 R 7S ¢ A58 P AH o R £ ¢ K58 P {H
N 7? Metabolite t-Test P value N v Metabolite t-Test P value
o name (P<0.05) o name (P<0.05)
- . 7 a-f2 33 -4 R-58- IR )
TR AR - als 6 2
18 L- XN R L-Phenylalanine 6.65 x 10 42 7 - Hydroxy-3-ox0-5-cholanoic acid 1.35x10
19 H RS Glycyrrhetinic acid 6.87 x10° 43 [N 5 7% Nutriacholic acid 1.35x107
20 FER R Pyroglutamic acid 7.04 x10°° 44 WRATEZ Pipecolic acid 1.44 x 107
I 7 ) 2 2 % 4-F LN R 2
A Pyrrolidonecarboxylic acid 7.04x10 = 4-Hydroxyphenylpyruvic acid 1.79 %10
22 M2 Hz Z Phloretin 1.02x10° 46 Frf &) PTAK Aspirin 1.79 x10?
2 3 FRRH L e
23 letr2, %W,‘@%i‘ 1.40 x107 47 WIHERR Caffeic acid 1.79 x107
Adenosine 2’ ,3"-cyclic phosphate
24 IFHEARAE Cyclic AMP 1.40 x 107 48 3-CL 05 B2 3-Hexenedioic acid 2.07 x107
2.3 ERRBMEEFEFER YO AN e AN [) Jo e 94 B2 B B ) YR X R

R4l PCA i3 2R 22 AU E R, X e WL 0 AR @54, 0 sk (i 4] LMT/E‘/»&‘{&
SRR E 2R ) A SO A B AR S R (g/mL) AR R (X0) , 06 T AR A A A

FTERITIE A5 Pr(Y) bR 2k, T o A [l A 07 A A
2.3.1 A & R RAAR R IR . FRACR P 10 AR [RE & W) 9 LR L

REIRIRC L. 417 TR bR v TR, Bl o9 0.002 3 ~800.00 pe/mL, HAHSCRHIYKT 0.999, 3%
AFERRIR G AR A, SR RO R B R A IR IR AR R G 2R A, 5L B 4 T e
FTINRE o ARG bR VA WAL B ARG R RS DGR RIS R B R 1 PR AR WK S

®S5 10 MEME SER . GERUSYRMNET ELEH R LMECE . EERMENRER

Table 5 Linearity, regressions coefficents , limits of quantification of the 10 standards

bl B M) wppsgm SR KR
%5 fea?) "~ Linear equation L;near{imge Limit of Limit of
No. Compound ( correlation coefficient) (pe/ml) quantitation detection
(ng/mL) (ng/mL)
1 7T Rutin y = 4.34x10%x + 5.86 x10°(r= 0.999 4) 16.78 ~100.00  1.01 x 107 1.01 x10*
2 itz Quercetin y = 3.26x10° x =131 665.43(r = 0.999 0) 0.08 ~0.46 0.99 x10° 1.24 x10*
3 422 Bk Hyperoside y = 2.55%x10° x =73 359.88(r = 0.999 4) 0.11 ~0.66 2.02 x10° 8.42 x10°
4 JLZZ Catechin y = 6.15x10° x + 8786.43(r = 0.999 7) 10.07 ~60.00 2.45 0.25
5 2 )LZ5 % Epicatechin y = 5.36x10% x + 95508.25(r = 0.999 0) 13.42 ~80.00 100. 00 25.00
6 L-{& %2 L-Tyrosine y = 8.75x10% x —1404.71(r = 0.999 3) 2.35x10% ~0.01 1.03 x1073 5.42x10°
7 L-HWNEMR L-Phenylalanine  y = 1.21 x10° x -3 819.19(r = 0.999 0) 9.06 x10° ~0.05 0.98 x103 0.07 x10°
8 FRA " A B Jujuboside By = 3.26 x10° x -3 697.75(r = 0.999 2) 2.85~17.00 123.75 24.75
9 AESRR Ursolic acid y = 1.17 x10° x —20 743.86(r = 0.999 1) 134.22 ~800. 00 25.00 10.00
10 FRURLM Oleanolic acid y = 1.13x107 x =79 801.49(r = 0.999 7) 20.13 ~120.00 2.45 0.98 x 107
2.3.2 HEERE TR MR AR A b 10 A4k & W) i TE FR Y RSD 7

B[R — R o A B I S VR TR, 4291, 6. 17 T 1.92% ~6. 18% |, WX 2k S5 5 R4
TGRSR 6 AR ILAER RILER. 2.3.3 REBKE
Withe 28 A2tk dy 2 T R BT B U HURRR B[] — R AR A ) (R VR, e 1. 6. 17 T
RESRLTR | LT 2 R | L- 75 TN 2 T 45 6 1l 6 1) e 1 AL s A T A R 0.2.4.6,10 14 .20 .24 h
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W24 s 2T TS W B 7 SRR AR P LE B R R AR ) 25 S AR A RO RIS 833

HERE AR LR R RILAS R ML R G2tk
TR REAT B A BURRR REAL R | L R L L-
ARINR IR s AR TR AR A 10 Ffb &
YT AL RSD 75 1. 15% ~6.45% Z[A] , & W ik
AR RAE 24 h NERETE R AT
2.3.4 FHMHRE

R — PR SR N M R R 5 A, #51. 4. 27 T
T A B W S Oy, R L 6. 17 IR
g S5 B AR LR CRILR R MR &
ZZRRHT T R AT B O SRHUR IR (BER R L L-
&SR LR N R 5 g e mm A TR R R A h

10 Fhik & 4y 0 G AR RSD 78 1.48% ~ 3. 04%
], R R EE R AT
2.3.5 JmApepkRR

i 28 e M A ] — PR A SR TR P A it VA R
£ 0.5 mL, 3 I0KS B A 5 1 A SR A 3 1 45 ()
IR X A LR RILEER ML R &
BEH ST R TR B SRR BRI R | LK
AR L-EERR) , A1, 6. 17 T (a3 51 F sk ke,
THEINFE I, & o & i A & DL B e 15
SR MR N RSD (45 R WK 6.,

®O6 10 WEME EER GEXLSYREFNEME LK RIXELER(n=6)

Table 6 Recovery tests of quantification of the 10 standards(n =6)

fﬁ%‘ i oot o RD
No. Component ‘(’ %) (%)
1 JLZEZ Catechin 102.93 2.21
2 # JLZXE Epicatechin 98.01 2.46
3 ¥l 2 Z Quercetin 103.97 1.16
4 G2k Hyperoside 99. 84 1.24
5 75T Rutin 104. 15 2.46
6 iz 24 B Jujuboside B 100. 07 2.09
7 FIEHLR Oleanolic acid 102.50 1.24
8 REMLZ Ursolic acid 96.38 1.62
9 L-E& 2 L-Tyrosine 103.17 1.82
10 L-ZKNE PR L-Phenylalanine 99.52 1.74

2.4 ERBRSAENE

R Y SRS U R R , £ PCA b
PRI 22 U R B B R E R B M 22 I AR
AR B LA 47 52 B, LIRS A T 52
TSR AR AR A B 1 22 51, 45 1. 6. 17 30
TR 6,27 TR M &0, R Z
SR 1 i ( MRM) BEaE A7 i (W3R 2)
GRS,

e SRR BT VIRACR Y 22 S ) A
QB B E AU (B TRSRAL 5 9) 1Y & Ay
BRI (P <0.01) , =5 7 AR PR AT 22 50
LG (P>0.05) AR B LFTHUR
MRy & AT 2257 (P <0.05) (WA S), thaf RS
PCA 73 Hras R—2,

3 e
3.1 BEFEMERSHVEVERRES TR

iE
HRE“2. 17 fr RIS 5 A B 2E 85, 2

BT MR b LR RILRR., W
WA WA 1 A L EZE L, LR TR R N L8 2 R A
B A 538 2o A (] ) S PG A BB TR 26 A
ST (UL 6) 388 3t X 7 1R AT P R AR Y 11
A= 70 M, AR B PASSR A R LA R L-
S R 14 5 A DX 1], SRR SR A T 8 PR A
AR TR RRAUR A, i 5 B 15 2 2R
RAHT 2B MRS R E R T H R
RN PR SR, WP HIIE T ERRACR AT,
HIRA B AR AL B e rp B2 Ao A I A
e,

LSRR LAS R & AR Y Py
REAR, IR LZE R MR LR R EE A
TERSLHER B, IR BA BRI, LR R
e BAT VR SCRAT E IR, J 5 DR SR SV 28
JE PR A SRS LA B B i LS E R
TR RN B LR R MR LR R
(1 5 B R TG, 2R S0 58 4 U 5 A M1, P
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Fig. 5 Determination results of 10 standards in the green and ripe Zizyphus jujuba var. spinosa fruits
TEA T B R G 2B D. LB IR B LORINEIR FL LA G RILAEG H BRAYC BT B L AERIR: 1. PR IR, Note: A.
Rutin ; B. Quercetin ; C. Hyperoside ; D. L-Tyrosine ; E. L-Phenylalanine ; F. Catechin ; G. Epicatechin ; H. Jujuboside B;I. Ursolic acid;]J. Oleanolic acid.
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Fig. 6  Synthetic pathway of flavonoids
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JEURE 3 ANS : FE €0 38 25 BB s LAR : JC €4 76 €4 308 J5UA . Note: PAL:
Phenylalanine ammonia lyase; TAL: Tyrosine ammonia lyase; C4H:
Cinnamate 4-hydroxylase; CHS: Chalcone synthase; CHI: Chalcone
isomerase ; FNS; Flavone synthase; F3H: Flavanone 3-hydroxylase;
FLS ; Flavonol synthase ; DFR ; Dihydroflavonol-4-reductase ; ANS ;

Anthocyanidin synthase ; LAR ;: Leucoanthocyantin reductase.
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