& El M Lk Bob T
- 4 & Scopus B R B 01
‘a ,- I DOAJ M hEAHE DI FICSTPCD
VM EBSCO

M EE DA B FIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

HPLC-FP Rl J E 81 b B AT P 10M R R & &

FOg, Rk, K&, x#H, MER, NEH, KEY, K W, B M, LEE

Simultaneous Determination of Ten Nucleosides in New Selenium-enriched Bamboo Shoots by HPLC-FP

QIN Xinrui, NIE Xiaobing, YUAN Gaoyang, LIU Shihan, YANG Yuyu, LIU Zhixin, QIU Shouzhe, ZHENG Li, YANG Shuo, and FAN Baolei

TEZRIR]IE View online: https://doi.org/10.13386/1.issn1002-0306.2023040170

L] RO H A S R

Articles you may be interested in

ERGT T AR AT RIS R BOR BRI HPLCHE S i
HPLC fingerprint of flavonoids in Rosa davurica by principal component analysis and cluster analysis

i Tl RHE. 2017(24): 231-237  hitps://doi.org/10.13386/j.issn1002-0306.2017.24.045
HPLC T [F] I /MR SR AL S o 1 5 1

Simultaneous Determination of Eight Bases and Nucleosides Contents in Allium macrostemon Bunge.by HPLC

£ Tl BHE. 2018, 39(15): 249-254,259  hitps://doi.org/10.13386/j.issn1002-0306.2018.15.044

BT RIS RO (i 15 SRS DT
HPLC Fingerprints of White Tea Based on Cluster Analysis
B RS 2021, 42(16): 255-262  https://doi.org/10.13386/j.issn11002-0306.2020100150

A KR HPLCHR U BRI o
HPLC Fingerprint and Pattern Recognition Analysis of Aqueous Extracts from Ophiocordyceps sinensis
Brin Tl BHE. 2018, 39(22): 219-224  https://doi.org/10.13386/j.issn1002-0306.2018.22.038

HE TR T IR H ) R HPLCHS S 3 2B
HPLC Fingerprint Analysis of Morchella by lonic Liquid-assisted Extraction
B TkEHE. 2020, 41(19): 244-250,265  hitps://doi.org/10.13386/1.issn1002-0306.2020.19.038

BT BRI AN I Bk A A 7 i BN W
Evaluation of nutritional quality of red bayberry based on cluster analysis and principal component

5 TAlRHE. 2017(01): 278280  https://doi.org/10.13386/1.issn1002-0306.2017.01.047



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023040170
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.24.045
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.15.044
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020100150
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.22.038
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.19.038
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.01.047

5 45 % 4 8 ) i Tl B Vol. 45 No. 8
2024 4F 4 H Science and Technology of Food Industry Apr. 2024

FA, e, 7 I, 4. HPLC-FP i [A] I 5 5 it o 608 77 9% v 10 MR H M0 1 5 4t (9], B Tl BHEE, 2024, 45(8):
254-262. doi: 10.13386/j.issn1002-0306.2023040170

QIN Xinrui, NIE Xiaobing, YUAN Gaoyang, et al. Simultaneous Determination of Ten Nucleosides in New Selenium-enriched
Bamboo Shoots by HPLC-FP[J]. Science and Technology of Food Industry, 2024, 45(8): 254—262. (in Chinese with English abstract).
doi: 10.13386/j.issn11002-0306.2023040170

HPLC-FP 3700 &8 B AT 10 F
BHRBSHEE

Z0E, BRE 7R, XEHE,BEE, XEH, BEEL B wWLE B, BEEY
(1.3 AF F R 3%, R T 437100;
2.6 G T AR LA IR, # b T 4371005
3R PR AR SIF AN F R, BB T 437100)

B OE: B0 ZIRHNERERMEHEGF PR, KRB, B REB%, R FIRER. IRB%.
B3, M. BT 10 S F RS WA BN S A, Fk: A HPLC RN 21 A KB S A+ 45 £ 09 45 £ 4L
A&, &4 A Inertsil ODS-3 Cpp, A ABH CH-K (B LB , AN E KA 260 nm, A&k H
0.8 mL-min', &% 30 °C, #HAFEH 20 uL. 4# 21 #F maA F e BT MmERN, A Lh%,
B ERDDH . MEBESATAR LS 21 TR GHEAFOBRFT RIS D EEMN T ERHT O &% 104
M LR 30min RXB] 5 H, XEXERL (R7=09990) , #HEAL. AA2tk. AN, E45K%ERSD H
DT 2%0 RESAEAmAFEF 10 BT LIRS SEEEMILE RN L, S+ EEF RS RS ISR 542
HEARRREGAXE, BT ITRSOH, RIT 4ANERS, FHALTHE. MR-ER. BRE. 5FAH 408
AR, THA TN AR AP E Mg Fa R, BimXmod, FREERS5RF. 5F5M3F. BFSRTF
HARI AR XA &, AR M SZ 2T MHh; BIRESN, FHFTREANFLIEEYH—X, THLEF
R EmAF LT ESARE, Gib: BER T FRMERR, W@, TARLF, THT 21 #FAEAFF 10 43T
Ry oM, BB, M E 4R R4 F 0652 TF KA A AR 2SR IE,

KPR M £SO, A FE, HRuRMEEE (HPLC) |, 358U B %, £ R0 2, AL E'?':ﬁ'
HES S TS255.7 SCERARIRAS: A SCEHE:1002-0306(2024)08-0254-09 AW EER

DOI: 10.13386/.issn1002-0306.2023040170

Simultaneous Determination of Ten Nucleosides in New Selenium-
enriched Bamboo Shoots by HPLC-FP

QIN Xinrui', NIE Xiaobing', YUAN Gaoyang', LIU Shihan', YANG Yuyu', LIU Zhixin’>, QIU Shouzhe?,
ZHENG Li?, YANG Shuo>", FAN Baolei*"

(1.College of Pharmacy, Hubei University of Science and Technology, Xianning 437100, China;
2 Xianning Academy of Agricultural Sciences, Xianning 437100, China;
3.College of Nuclear Technology and Chemical Biology, Hubei University of Science and Technology,
Xianning 437100, China)
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determination was performed on Inertsil ODS-3 C,4 column with mobile phase consisting of acetonitrile-water (gradient
elution). The detection wavelength was set at 260 nm and the flow rate was 0.8 mL-min'. The column temperature was
30 °C, and the sample size was 20 pL. Fingerprints of 21 selenium-rich bamboo shoots were drawn for similarity evaluation
of common peaks. The nucleosides of 21 selenium-rich bamboo shoots were analysised by principal component analysis,
correlation analysis and cluster analysis. Results: 10 nucleosides were separated within 30 min, and the linear relationship
was good (R*=0.9990). RSDS of precision, stability, repeatability and accuracy tests were all less than 2%. Significant
differences in the contents and structure ratio of 10 nucleosides were found in different selenium-rich bamboo shoots, and
there were different degrees of correlation between nucleoside components. Four principal components were selected by
principal component analysis. Thymidine, thymine, adenosine and guanosine were identified as four core indexes, which
could be used to evaluate the quality of different selenium-rich bamboo shoots. The correlation between uracil and cytidine,
guanosine and thymidine, thymidine and adenosine was high, and the contents of these indexes would influence each other.
After cluster analysis, it was concluded that the new selenium-rich bamboo shoots were mainly concentrated in one
category, and the common selenium-rich bamboo shoots in the market are mainly divided into two categories. Conclusion:
The method was rapid, simple and reproducible, and could be used for the determination of 10 nucleosides in 21 selenium-
rich bamboo shoots. At the same time, the results would provide a theoretical basis for the efficient development and
utilization of bamboo shoots in the later period.

Key words: nucleoside compounds; bamboo shoots; high performance liquid chromatography (HPLC); finger-print;

principal component analysis; correlation analysis; cluster analysis
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Table 1 Basic information of 21 selenium-rich bamboo shoots

s P A SRAE M SKAE R[] AL

X1 B ATX2 T R X 2022.10.12 FR

X2 B3 JRT TR X 2022.10.12 FR

X3 WY1 JRT TR X 2022.10.12 HR

P p—— X4 EiY2 JCT TR X 2022.10.10 FR
X5 WATY3 BT R X 2022.10.14 FR

X6 EiTTCKI JHCT TR X 2022.10.02 HR

X7 EATTCK2 TR X 2022.10.09 HR

X8 W ATCK3 JHCT R R X 2022.10.11 R

S1 AT TR X 2022.09.24 R

S2 wT TR X 2022.09.24 R

S3 BET TR X 2022.10.10 R

S4 BERITT TR X 2022.09.14 R

S5 HAERIAT TR X 2022.09.25 BR

S6 farr TR X 2022.10.04 BR

DIk (SR EK(ER S7 FaXid) TR X 2022.10.06 BR
S8 (=Y CRETIPL T TR X 2022.09.28 BR

S9 Ly 2Epy BT TR X 2022.09.18 BR

S10 RISHAT T TR R X 2022.09.25 BR

S11 HHZ ST R X 2022.10.12 R

SI12 HET AT BT TR X 2022.10.07 R

S13 IS A T TR X 2022.10.07 R

DZF-6050 .25 T #4612 Bullun S0l AT R F]
BRIFESbR) s VM-B WERIEA# IR s A BR
INFE o

1.2 ZEWHE

1.2.1 #mmle

1.2.1.1 X RS TECH 43 B 55 PR BSOGT BR
RELMEE | PRIEBE . BT . YBTIEERS | PR . i s I
RRIEERS S BT BRI AS 10 mg 3 HIE T 10 4
10 mL Z55 0, N A B4k 2 25, e BB e
535)R 1 mg-mL™" B9 2A—XF BE S A 2 v, B 4k
i B AR BIAZ A ZE 5 S R 20 pg/mL IR AR
HE SR AE S, 248 0.45 um PRSI IE, BT IR,
it HPLC R&453#7.

1.2.1.2 fEE S ECH] B 21 FRASTELS A 8
ff B AT A2 4 g, K PRE, BRI &=L
20 mL M2k B TR, I0E 18 h 248, &S
30 min, i 3E. BEWITE 0.45 pm BRI, BB W AE AL
1A, 28 0.45 um DEASEEEDE, B3R, 2R
1.2.2 HPLC 3% 45{F F Shimadzu LC-16 &4,
Inertsil ODS-3, C ¢ 341 (4.6 mmx250 mm, 5 pm),
ARSLEGWE ] T AR sh A 72588, Zead ik, A
ZNE-K . FEE-ZK . FFEE-(0.02 mol- L) B — &4 .
ZJiE-(0.1 mol- L™ BiElE — &4 . HHEE-0.1% BEIRIK
ZNE-0.1% W5 /K W 351 T M shiAH B9 b B34 T Bt
ZMF e RE . B VRN )Y N 0~5 min, 1% B; 5~
10 min, 1%~5% B; 10~20 min, 5%~15% B;20~25 min,
15%~5% B; 25~30 min, 5%~1% B; % & #E & N

30 °C, A 0.8 mL-min ', KP4~ 260 nm,
A 20 pLl.

1.2.3  Jrikegiir

1.2.3.1 ZPEMIEHFR  WEWEUR SR R G
W 2. 10,20, 40, 80, 120 puL Z3r3'E T 2 mL IR
h, AR RS B R BUR AR, S FEAI T Ee )
B 1. 5. 10, 20, 40, 60 pg/mL IR A Xt 8 5L
W, FH 0.45 pm JEREEDE, e ABERE/ NI, $ R DT
e FH ARSI S 43R, A i R SR BB R S v
il 3 0y REARER (X)) R BT EHE, AAbn(Y) Sy iém
B, A TERE R ST .

1.2.3.2 #KHBR(LOD) fllE i R (LOQ) RS KR
EFRUE SR AT HPLC 4307, 1530 45 4% 5 % B
R e/ IR HE SR R /Nt BR o e/ IV HH B e /)
A PR S AE M E 4 S 2E T 3 R 10 X A9 aiE
(==

1233 MRS A% RBURE G b= HE s’
20 pL, Hl 6 I 1REHRIESIE L, FEORE S,
LU ARG RSD .

1.2.3.4 |EEMLE FE%SEEHAS B 40 pL,
HE 6 IR G hRUESRA I, R, ie SR AR, 5
FRALE Y & Bk FE N RSD.

1.2.3.5 MEWHREESLES  FE % I BCHHE SR 60 pL,
33 0y, HARSE I AR S FREM W 1. 20, 60 pL,
— 3 =T HPLC A543 4T, LATT S8 AH X A v
2(RSD),

1.2.4 ST ARG IEES, OB 21 B E TS
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[E] 8 PEREA 0.1 min, SR AFEIECAE ilox) B &, £
Z AL IE . Mark BEVCECAE B, 21 FpE Wi 55 G 151
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1.3 HiEAIE

24 21 B A4 S4B HPLC $5 208, SR A
25 ETEARUETEN R EE(2012 KR YA TAHRLUEE PF
M, W2 A 16 SR SPSS 27.0 #4347 i34
BT, Origin 2021 WRAKAFHESTAH L 53 HT FI 24347
MTXT 21 FEwarrsa s 10 FaZ 28 s sr & it T
HEERERISE
2 GFR5HH
2.1 HPLC FHaNEEMKL

LB R B 2t g R g il 3 s 7R ) i A
2, ARGV T ANFEF RS TS EE . HE RN
Kl 1 R, SWoRlEl—&4F, FEEVE A PUAHRT, S84
HEETE] 2R 25 min, ZAEVE A VLA, 584 1%
BJME]2A 28 min. AR HR BEAVE A HIAE B9 LR BE B ) /)N
T ZNEVE A PUAHRT AR B B ], (B R 15k

125

100 fk\ J\ JVU\ .

75

mV

K1 AR SIAHR) HPLC FHIER 5
Fig.1 HPLC characteristic chromatogram of different
mobile phases
H:a: ZHE-K, b HEE-/K, c: ZIE-0.1% BEER K, d: FHEE-0.1%
BElIK, e: (0.1 mol L™ BfR — S0, F. HIEE-(0.02 mol-L™")
WiR — S .

JEES B R /NTF 1.5, HERSESE, A AAESRA
HFEAE AV CHNEVE A YL SIAER A T,
AR PR NEVE A YL SIAR . BEAh, I ES . it
FAHM pH XMZ T 26-E Y 47 B8 A B v A i
S FENR o AE K AR R T AliK AR SR i sh AR ecrE T,
LAk ARG Ha RIS, e 28 FH NG -7KVE P
BEFLIAH, FEIE TRV . FE_ LRI SRAE T, BT
A AFMMEE Y ATLE 28 min NSE4SHIOY B . e
IS LK (A) -2 (B) it shAH, B R Geiif
J¥4 0~5 min, 1% B; 5~10 min, 1%~5% B; 10~20 min,
5%~15% B; 20~25 min, 15%~5% B; 25~30 min, 5%~
1% B.

22 FREFUIE

2.2.1 ZePEENEARE PSR B IR B, W
FLOY) 53k BE (X)) Z 8] B AT R4 i A SC P (R =
0.9990), F=HH] 10 FPAZTTFAS Al A1 LT AE 19 e B2 8 [
WERPEIC R R4, 255 Lk 2.

2.2.2 KHR(LOD) Al EIR(LOQ) L FHRA
F e VS W 22 IR B B 43 0154 T HPLC 430, 152 4%
AZ A X BBl 8 R e/ N HEH B R e 7N e BRI EL B 22
T 1:3, RIATEIZSAM T IS A9 45 FAR T HEw, 45
L 2,

2.2.3 K. fRsEtE. EEE. RIS AR
s 985 B SR 6 TR R T, 4% 4H 43 (T I % B8 Bt 1A
BIFE 0.05 min PN, £-4% 1 28 a4 i ALY RSD 78
0.31%~1.25% YEEIPN, FREHEIG % 2 R A7 AR
EME SO LS R R, DA AT A b G
RSD 7£ 0.75%~2.41% 75 Bl P9, ALl ¥ WAL 48 h
PR M R s AR TR R MRS g6 45 SR A B, TR AR
ah P AAZ T RIS Y& = 1) RSD 7E 0.43%~1.70%
YU FEI PN, FRUZ T P EE S M R A AR IR A B S 5%
25 LR B, A5 A [RIAC S JA (8 43 53 Ay ot s i
92.34 [REERBE 98.73. MITF 104.23 . YK EHIEENS 90.42 .,
R 106.20., JgRm5nE 96.45, JRIEN 104.21, 3
102.44 . 1 97.23 . IR 98.60, RSD {HIYTE 0.33%~
0.79% Ju I, 45 5 Wiz 7 X P 10 Fi B
B RUERRY, S5 ML 3,

F2 HIMEEYREIETEE, JuE 2R . LAETER, #:H R (LOD) FIE &R (LOQ)

Table 2 Regression equation, coefficient of determination (R?), linear range and LOD and LOQ of target compounds

LI (ng'mL™)

K HBR(LOD) (ng-g™) ERR(LOQ) (ng'g™)

AR LR ER B ] (min) bRl 405 R
lumaz iz 3.702 Y=44514X+33951 0.9990
PRIZIE 4.953 Y=66160X—15461 0.9998

Jiiu§zg 7.051 Y=55004X-20110 0.9998

WH RS 8.625 Y=67007X—125362 0.9997

PR 10.693 Y=56799X-17368 0.9997

i i e 12.793 Y=72393X-32142 0.9998
ik RS 17.217 Y=68469X+16655 0.9997

5 18.824 Y=98378X+334217 0.9991

Jilohsg 21.459 Y=61399X-23582 0.9999

73 24.204 Y=87253X+2946.1 0.9999

1.0~60 2.78 8.33
1.0~60 10.43 32.64
1.0~60 3.74 14.66
1.0~60 15.26 47.20
1.0~60 5.47 17.80
1.0~60 3.30 10.83
1.0~60 7.40 24.64
1.0~60 4.65 16.45
1.0~60 8.25 26.70
1.0~60 4.13 14.29
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(RSD%, n=6) 54.36
Table 3 Test results of precision, repeatability, stability and 48.32
accuracy (RSD%, n=6) 42.28
36.24
HFR Hh% Tt AN e 30.20
s 032 1.44 0.62 033 24.16
FRUEIE 0.54 1.83 0.96 0.79 ii(l)é
izhey 0.31 1.56 1.52 0.53 6.040
WKH IS 0.47 1.03 1.46 0.45 0.000
PR 0.74 241 0.43 0.38
i g s 0.56 0.75 1.28 0.41
IR GRS 0.53 133 1.70 0.74
A% 1.25 1.24 0.92 0.68
M 0.62 0.78 0.71 0.64
! K2 21 fhET SEHREST 10 FEYWHEE
Wt 044 0.94 053 043 & FVEATERES T 10 TN & &

2.3 HmBEESH

FRR 1.2.1 R R TR, FE AR 1.2.2 T Y
O35 S5 2F 43 SR 21 Fl e il AT S 00 SA AR IR 43 HEA T
HPLC & &587, ARPEE 211 10 FriZ 2 &9
LM T PRI, B AR B 00 B U A A5 SR L
24 FE 2,

FH3R 4 FIE 2 AT, AS[E SR E T84 10 F
PN S E2ZE SR, B Fs4514 b (45
AL IS P 5 2R A IS A LB WA
A, 21 FEEATSA R RERENE | PRIENE | MR . IR
WERG | PROEF . BRJUREIE | RIS | S R R
B E S 1 Y B B 43 0D 09311, 0.4965.,
0.8828. 2.1497. 1.2950. 32.5135, 0.2777. 0.9400.
18.2668. 3.0507. 59.8727 pg-g ', Hip, g fmsng

Fig.2 Contents of 10 Nucleoside Compounds in 21 Selenium-
enriched Bamboo Shoots

== e

BEiE, EHI &k 32,5135 pg-g !, M) Ji s i 0 ik
T P& E S 10 T RieEaYw EE B Em
84.81%, MMIMERE . FRERE , MY | PRIEERS | 1S
FEXTRAR, S BIER 5.89%.
24 EMPFESIENSANENL

F AN TR S o 1) s AT S B3R T vl A i
W AT HPLC 087, AR 2R &34
27 min BRI HE SR, B AriR &5 @i B S AL 2
P g 8 E S AR TP R G2 (2012 Ji) Y P e 474k
PE AP, A R AL G R S X R £ E 1, an
Kl 3,

b AN [F] i Bl 04 & AT SR AR AE BB A AT, R R
1~10 "5 UG Sk FIT A8 A i VA TR e 33 s v e o g e

420 FET RGP 10 RSN R (X2, n=3)

Table 4 Contents of 10 nucleoside compounds in 21 selenium-enriched bamboo shoots (X +s, n=3)

e fiamz g PRWENE Ji/oRzER WK IENZERS PRAF i) e JURAZERS B Pty 7§53
s (ngg!) (ng-g™ (ng-g™ (ngg™ (ng'g™ (ngg™) (ngg™) (ngg™) (ng'g™) (ng'g™)
X1 0724008  1.07+0.07 - 6.1120.02  0.09+0.00  42.11=5.03 _ 0.0720.00  0.09+0.00  22.01%1.04  2.14+0.02
X2 0.13£0.01  0.150.01  0.29+0.04  1.42+0.01 - 6.84£023 026001  0.18£0.02  2.08:0.04  0.68+£0.04
X3 045£0.09  0.02+0.00  0.04£0.00  0.61+0.00 - 7.02+0.31 - 0.07+0.01  1.73£0.00  0.18+0.01
X4 0.90£0.11  0.09+0.00 - 0.83£0.01  0.47£0.02  38.14+2.87 - 1.1240.03  21.7542.03  6.40+0.43
X5 2314008  0.25+0.02  0.50£0.01  336£041  4.50£0.09 4112032  0.16£0.02  0.42+£0.02  17.04+137  0.35+0.05
X6 0.82+0.01 - - 12.47+1.02 0.00 44874403 0255004  0.14:0.01  22.44+1.68  1.36£0.00
X7 1.0240.02  0.68+0.01  1.37+0.12  0.75£0.02  0.4240.05  60.26+8.54  0.1240.02  7.87£0.41 43314293  5.1440.02
X8  046£0.01  0.25%0.03  0.49£0.05  0.90£0.01  0.03£0.00  16.56£2.01  0.02£0.00  0.38£0.01  9.31+0.74  1.1240.01
SI  0.84+0.06  0.28+0.01  0.55:0.01  2.8840.34  3.6040.07 45674520  0.02+0.00 22.96+2.00  4.29+0.10
S2 0.76£0.01  0.19+0.01  037£0.02  7.96£0.73  5.75£0.03  37.35422.04  0.02+0.00 - 15.11£1.01  4.29+0.01
S3 043001  0.0£0.01  021£0.01  0.08£0.00  3.1140.01  42.79+4.82  1.04+0.03  0.64+0.02  23.00+2.04  3.84+0.01
S4  0.64£0.04  2.91+033  5.83£0.08  034£0.01  0.36+0.00  23.1643.04 - - 1.0940.00  2.59+0.02
S5 247£0.07  038+0.03  0.76£0.05  0.15£0.00  1.50+0.02  29.2543.02  0.04£0.00  124:0.04  17.33+3.81  3.760.14
S6  128+£0.13  1.27+0.01  2.54+021  1.71£0.13  0.70£0.01  40.413.23 - - 24.1942.43  3.84+0.05
S7  0.40£0.01  0.110.01  021£0.01  2.60£0.02  1.40£0.04 35024430  0.05£0.00  1.41£0.11  11.93+1.54  2.87+0.23
S8 1.1240.04  0.26+0.03  0.51£0.00  0.62£0.01  0.08£0.00  32.2843.79  3.46£0.01  0.43£0.02  12.88£129  3.17+0.39
S9  0.95£0.02  0.80+0.03  1.59£0.07  1.05£0.02  1.78£0.01  29.7542.01  0.06£0.00  4.48:033  22.21+0.98  3.21+0.24
SI0  0.76£0.02  0.60+0.01  1.20£0.02  0.29+0.01  0.88+0.00  59.68+3.93 0.00 028+0.02  40.43£320  6.12+0.64
SI1 1424005  0.18+0.01  0.3620.01 - 020£0.00  4.80£032  025+0.00  0.98+0.01  13.10£022  1.79+0.22
SI2  0.86£0.09  0.56+0.03  1.1240.02  1.03£0.02  1.56x0.07  31.55+3.21 - 18.76+1.23  3.04+0.24
SI3  0.83+0.03  0.29+0.03  0.59+0.01 - 0.77+0.01  51.184630  0.03+0.00 - 20.9442.01  3.87+0.09

T IR A RS Y.
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Fig.3 HPLC characteristic chromatogram of nucleosides in mixed standard and sample extracts
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Table 5 Retention time of common peak and peak number of common peak
544 1 2 3 4 5 6 7 8 9 10
tp(min) 2.815 4.180 5.613 8.089 12.826 15.944 18.075 22.146 22.837 26.675
RSD(%) 1.23 0.47 1.05 0.75 0.58 0.73 0.65 0.55 0.47 0.89
AR 22 21 19 20 19 22 16 18 18 22
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Table 6 Score coefficient matrix of principal components

Y b A TAR S PE ST, a5 R MR 7. A 7 Al g,
21 AR E AT SR 10 TFE AR Z B AH S AR 22
5o PR BE B f 5 M S S A TR AR 2 TEAH G
(P<0.01); JHfa Jm e 25 -5 M RN E 5 A e
FHIFARIC(P<0.05), M ARt AR fb A [R] 52 )
Jif g e S B AR S e S S AT
TEAHSG, Mt & B 5 IR S AR TR 3 IE AR G
(P<0.01). IEAh, PREEWE SHIH . S 5 Mg B
55 R S A O BB XE IS T 0.05, FEbRIE]AH G
PEES R o AHSCHE I BT S SRR, IR ARSI Y 21 Advag il
PrEaiy 10 Pz EFEPREIEA — & AR, PR RTEE
TR AR B E S, DR T 255 43 B, i e ax
21 A AAT S BT TSR
#7 AIRSFERITS 10 B AR
FHICHE A
Table 7 Correlation analysis of 10 kinds of nucleoside com-

pounds in different varieties of selenium-enriched
bamboo shoots

L 2 3 4 5 6 7 8 9 10

£t Tl FE5r2 FH5r3 F 54
g 0.094 -0.069 0.375 0.805
PR IE 0.087 0.926 0.234 -0.108

JiiiNzs 0.083 0.941 0.221 -0.002

IR IES ~0.056 —0.442 0.482 -0.507
PR 0.119 -0.352 0.689 0.220
Ji i e e 0.887 -0.071 -0.030 -0.351

IR ISy ~0.090 —0.145 -0.553 0.223

B 0.562 0.090 -0.234 0.304

JiogEs 0.918 —0.190 0.018 0.046

B 0.872 0.044 —0.042 -0.003

A

4 mX
— 31 LN
= 21 x3 @ x2 OS2 @
[=} . X5 S8
+ 1 X8 .ssn i .'sz
g 0 @6 3 SIZ’% st
g -1 x1 @ ¥ SB@si6 ®s:
=2 SO x4 @sio
=31

—4 X7
_5 | \ e | i —

—4 -3 -2 -1 0 1 2 3

1.01091 *¢[1]
B4 21 Feg T o460 320 e pr i R
Fig.4 Results of principal component analysis of 21 selenium-
enriched bamboo shoots
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Fig.5 Cluster tree diagram of 21 selenium-rich bamboo shoots



%458 % s

Z20AE , %5 HPLC-FP Ik [RINHINE B i S5 10 R il & = - 261 -

R4y Bl I Ao 3% W i AR LA 0 i) AR R, A
SPSS A, ¥ EPabriifb)s, R Ward BEgh7%, DA
SF-J7 Euclidean P 25 8 437 28K 8, #F17T R R 257
Br, S FNRISHLRIE LA 5. MEEE N 8 A, 21 Flve
AT AL SR TT 432 3 28, 88 T 2848 Y1, X3, CK3.,
HHZE Y3 FIECEAT, A T S CKR2. &l AT
S, 25 M 2 G & BH S HXSAT . aAT. JAEAT . 34T
LLUXGAT . B ZEAT . BT BEACPT . E AT, Y2,
1. X2, FIRSAT. CK1. AT UL, 3 ih & AT 54 22
SEATESE 125, iy bW ULAY AT 558 = B A 1e s
M 2EFEE ML,
3 Hg54%t

M A PUR RSP R 50% 2T
Y, VBT 25 RAZ T IS T s AR
SIS A T A RS, LRl AR 25 R A B R
PR S A R e Ak S ok SR A 20 24
PyrE B RAT S AR AT A i R AR e, B
T RAE T b FEAT BT REE B Sl AUV 10 BT
S, BT AT S R S PR
BE IR AR, B s PR L AL AR R S
P . ORI R e 2 PIWE I, R S AT S TR
Iy 22— ARSI X T E AT AT ISR
Sy S AT I A S AT TR, e fil
FHEIR BT E PLE I A IR R R R,
H ok —E 5 B B RN R G A H R B AR E R ST
PO S ARYECY, Sy E AT SR — 2 m RO &
FHAN ST S P22

VL Z2 Fhv g AT 55 1) AR ER AN Sl P8 48 ), d ik
HPLC X} 21 FhE il 55 A% - 25 S e A e P
RE AT, BAREERZE 1, A HPLC-FD. &=
FAT 5T . ARSSPES AT R AT X 2 Rk 25
WG T RO T, ST IR IR PRIk
DR AR IR

AHFGE R IR, 3X 21 P AlATEE I 10 FhAZ S
AW S FR AR BAH TR AR A AN R R B 1 AH DG o
it 3 RSO, SRECT 4 AT RSy, I E T K
T Mg RRmEnE | BT A 4 WO FERR, T T
PEANASE] i b g 08475 55 1) ot I s 3 ek AH SR 434, 79
H PRmENE S . S ST B S AR TS TE bRE]
SRR B, FE AR Z IR0 5 2 HAHSE i 3l o IR
SYAIT, A5 HUET A E AT S R AR RS 1 2K, T
W UL S AT 58 S AT TESS T ISFEE M2

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 30k
[1] #&, ER, Bk, F. B LT FETa AR 2L
R 5 G g F ke R K & [T]. Ak A4, 2022, 58(8): 109~
116. [ XU S, DONG Y W, CHEN S L, et al. Characteristics of car-

bon and nitrogen metabolism in sheath leaves and Its relationship
with taste quality of phyllostachys violascens prevernalis’ shoots un-
der mulching[J]. Scientia Silvae Sinicae, 2022, 58(8): 109-116. ]
[2] SINGHAL P, BAL L M, SATYA S, et al. Bamboo shoots: A
novel source of nutrition and medicine[J]. Crit Rev Food Sci, 2013,
53(5):517-534.
[3] #hth, 23, 22 4 Fifm LRI R ERAT LRI (T].
KR FEWATR 5L, 2012,24(8): 136-141. [ LIN Q, WANG Q,
LIU H Z. Research progress on deep-processing and functional ac-
tivities of bamboo shoot[J]. Natural Product Research and Develop-
ment, 2012, 24(8): 136-141. ]
[4] #0345 (Phyllostachys prominens) # vt #r F4L 5F %,
AL (D], A B Ak LA E B AR, 2016, [ XU X B. Chemi-
cal components of bamboo leaves and bamboo shoots from phyl-
lostachys prominens[D]. Beijing: Chinese Academy of Forestry,
2016. ]
[5] ek &, BRrara, 3, . R Bl SAP 40 8 R oA 5 43
SN [J]. & oe T kA3, 2023, 44(3): 262-268. [ CHEN Z A,
GENG Y Y, HUANG S, et al. Analysis and comprehensive evalua-
tion of nutritional quality of bamboo shoots from different cultivars
[J]. Science and Technology of Food Industry, 2023, 44(3): 262—
268. ]
(6] RAT#&, BAR, #HAK, F. 74 F & RET A AL
oA T, & s T kA3, 2018, 39(1): 208-213,220. [ ZHU X Y,
LU Y G, XIE J J, et al. Formula optimization and physicochemical
analysis of nutritious formula powder of bambocshoots of Chi-
monobambusa quadrangularis[J]. Science and Technology of Food
Industry, 2018, 39(1): 208-213,220. ]
[7] #hmd, FA4e, RIEV, . 4P FF LRI EIRRAL 1)
B ], & T A4, 2012,33(20):42-48. [LINLJ, LIJH,
ZHU D M, et al. Study on the nutritional components of superfine
power bamboo shoot head[J]. Science and Technology of Food In-
dustry, 2012, 33(20): 42-48. |
[8] #4, xlpeik, Z/REH, F. AT HPLC S A543 %£
BB N ERBRNAAL]. FE T H&E, 2023,
48(1): 114-125. [ FAN J, LIU X Q, MENG C X N, et al. Quality
evaluation of Galli gigerii endothelium corneum based on HPLC
fingerprintsand content determination of nucleosides[J]. China Jour-
nal of Chinese Materia Medica, 2023, 48(1): 114—125. |
(9] 3-%, =%, 2FF, ¥ HPLC Em 2 ¥ B G5 78 y-&
AT BAZF LR ], KA 5 &, 2021, 42(1): 153-158.
[GUO Y, LIJ H, LI X X, et al. Determination of y-aminobutyric
acid and nucleosides in chinese liquor by HPLC[J]. Food Research
and Development, 2021, 42(1): 153—158. ]
[10] R &, Fhor, RIF4E, . LB LA F 5 R IE ISR o 2
I LA B A4 AT (1] F B R ok &, 2021, 46(12):
328-329. [ WUL P, SUNH, ZHU T T, et al. Study on process op-
timization and functional properties of soluble dietary fiber from fer-
mented bamboo shoots[J]. China Condiment, 2021, 46(12): 328—
329. ]
[11 ] KANGH J, YANG H J, KIM M J, et al. Metabolomic analy-
sis of meju during fermentation by ultra performance liquid chro-
matography-quadrupole-time of flight mass spectrometry (UPLC-Q-
TOF MS) [T]. Food Chem, 2011, 127(3): 1056—1064.
[12] SUN J, DING Z Q, GAO Q, et al. Major chemical con-
stituents of bamboo shoots (Phyllostachys pubescens): Qualitative
and quantitative research [J]. ] Agr Food Chem, 2016, 64(12); 2498—
2505.
(137 ko, 2360, AT, . F ol 45 58 R x4


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/10408398.2010.531488
https://doi.org/10.3969/j.issn.1001-6880.2012.01.030
https://doi.org/10.3969/j.issn.1001-6880.2012.01.030
https://doi.org/10.3969/j.issn.1001-6880.2012.01.030
https://doi.org/10.3969/j.issn.1001-6880.2012.01.030
https://doi.org/10.12161/j.issn.1005-6521.2021.01.026
https://doi.org/10.12161/j.issn.1005-6521.2021.01.026
https://doi.org/10.12161/j.issn.1005-6521.2021.01.026
https://doi.org/10.1016/j.foodchem.2011.01.080
https://doi.org/10.1021/acs.jafc.5b05167

- 262 - £ Tl B4

2024 4 4 A

(7. &3 ##F 52, 2022, 40(3): 273-280. [ ZHU X, LIU Y J, WU
L M, et al. Comparative analysis of nutrients from bamboo shoots of
Chimonobambusa leishanensis[J]. Non-wood Forest Research,
2022,40(3): 273-280. |

[14] RIMBERT S, MOREIRA JB, XAPELLI S, et al. Role of
purines in brain development, from neuronal proliferation to synap-
tic refinement[J]. Neuropharmacology, 2023, 237: 109640.

[15] ZHOU N N, WANG T, LIN Y X, et al. Uridine alleviates
high-carbohydrate diet-induced metabolic syndromes by activating
sirtl/AMPK signaling pathway and promoting glycogen synthesis in
Nile tilapia (Oreochromis niloticus) [J]. Anim Nutr, 2023, 14: 56—
66.

[16] COSGROVE S, MILLER G. Advances in biocatalytic and
chemoenzymatic synthesis of nucleoside analogues[J]. Expert Opin
Drug Dis, 2022, 17(4): 355-364.

[ 17 ] DE C E. New nucleoside analogues for the treatment of hem-
orrhagic fever virus infections[J]. Chem-Asian J, 2019, 14(22):
3962-3968.

[18] HEL Q, WEI X L, MA X P, et al. Simultaneous quantifica-
tion of nucleosides and nucleotides from biological samples[J]. Jam
Soc Mass Spectr, 2019, 30(6): 987-1000.

[19] K. ARE M 30K SRS 3T R e T 5F
7 [D]. 4. ;T 3 K 5, 2020. [ ZHANG L. Study on drying and
processing of Radix astragali, Scutellariae radix and Bupleuri radix
in modern producing areas[D]. Zhenjiang: Jiangsu University,
2020. ]

[20] #K#mW, HRZE, & &%, F. UPLC-MS/MS [ B0l 2 #b
K 8AZERLS WS FI]. B £ E,2019,39(4): 608
614. [ZHANG Y L, YANG Y Y, BAI Z R, et al. Simultaneous de-
termination of eight nucleosides in Rehmanniae radix praeparata by
UPLC-MS/MS[J]. Chinese Journal of Pharmaceutical Analysis,
2019,39(4): 608-614. ]

[21] BB, T3 Xk, 5 FERALBHNE T EZHEL
g 2R 1] P B ERSF R E,2023,43(11): 1232-
1238. [ SHIK Q, WANG J, LIU H H, et al. Differential analysis of
7 main nucleoside components in Pinellia ternata andits processed
products [J]. Chinese Journal of Hospital Pharmacy, 2023, 43(11):
1232-1238. ]

[22] x335, m—F, BRI, F. REFREZT ST ELR
-0 547 [J]. &0 # F 4R, 2017,24(1): 72-76. [LIU Y F,
YING Y J, TANG Q J, et al. Bioactive component profiles of Gano-
derma sinense fruit bodies cultivated in three different regions[J].
Acta Edulis Fungi, 2017, 24(1): 72-76. ]

(23] ¥ 4e3®, hmif, Zu%, %. HPLC sl AR 1 P 49 JLA
kR 2 s F,2007(1):234-237. [ XIAO W Q,
HUANG B X, WANG X R, et al. Quantitative determination of sev-
eral kinds of nucleotides in Dimocarpuslongan lour by HPLC[J].
Food Science, 2007(1): 234-237. |

[24 ] NIRMALA C, MADHO S, SHEENA H. Nutritional proper-
ties of bamboo shoots: Potential and prospectsfor utilization as a
health food[J]. Compress Review Food Science and Food Safety,

2011, 10: 153-169.
[25] SINOKROT H, SMERAT T, NAJJAR A, et al. Advanced
prodrug strategies in nucleoside and non-nucleoside antiviral agents:
A review of the recent five years [J]. Molecules, 2017, 22(10): 1736—
1754.
[26] Z454%, 1k, 4w, 5. KA TALF 35 N8 ¢
Az b-dp i 2 [J]. vora Ak & F 4k, 2020, 37(8): 233-240.
[LITT, XU S, BIJL, et al. Determination of nucleoside com-
pounds in Fritillaria thunbergi Mig. tissues based onchemometrics
[J]. Journal of Shenyang Pharmaceutical University, 2020, 37(8):
233-240. |
[27] 7T, B E, AT2h, 5. MK E R 548 A3
kT ZRAB R FAAE W] A& T kA3, 2022,43(2):
686—695,741. [ WAN N W, LEI B X, HE J, et al. Optimization of
polysaccharides, nucleosides and terpenes production from herici-
umerinaceus by liquid fermentation and Its antioxidant activity [J].
Science and Technology of Food Industry,2022,43(2): 686~
695,741. ]
(28] 2R3, EEF, KA, F. HPLC kR EE T 8 7
B ERH 04 F U], 724, 2020,43(1): 137-140. [WUIF,
CUI H F, ZHANG W, et al. Simultaneous determination of eight nu-
cleosides in leek seeds by HPLC[J]. Journal of Chinese Medicinal
Materials, 2020, 43(1): 137-140. ]
[29] ZRE Ram KAF F —NEFETE>MFARL
Py e P8y 4 AP AR K R o UL P 25,2022, 53(19): 6180~
6186. [ WANG C C, BI Q R, ZHANG J Q, et al. Quantitative anal-
ysis of four nucleosides in Pinellia rhizoma and its adulterants by
the quantitative analysis of multi-components by a single marker[J].
Chinese Traditional and Herbal Drugs, 2022, 53(19): 6180—6186. |
[30] AW, RME, 23630, 5. 5N 11 AHFEHRARS
5 M7 Bon i e 2 [J/OL). 4 F # 40 F A+, 1-15[2024-01-19].
https://kns.cnki.net/kems/detail/46.1068.S.20220530.1433.006.html.
[WUML,DAIZ X, LIU Y J, et al. Analysis of nutritional compo-
nents and quality comparison of 11 edible bamboo shoots in
Guizhou Province[J/OL]. Molecular Plant Breeding, 1-15[2024-01-
19]. https://kns.cnki.net/kcms/detail/46.1068.S.20220530.1433.006.
html. ]
[31] HR, Z4, %%, 5. AT HPLC #54 A#E LA FHEXIR
MAE S o T HENERERNARL I T FEH,2022,
53(24).7887-7896. [ MENG R, WU Z, FENG W, et al. Quality
evaluation of dandelion based on HPLC fingerprint combined with
chemical pattern recognition and multi-component determination
[J]. Chinese Traditional and Herbal Drugs, 2022, 53(24): 7887—
7896. ]
[32] 4FmE 3, F0dh, R, F. AR SN BT 7 4H £ R
0 BN BRSNS [T]. 7 2544, 2021, 44(1): 140-145.
[SHUSN,LIHR, HU Y P, et al. Study on content determination
and quality evaluation of seven nucleosides in Dioscorea opposita
from different areas[J]. Journal of Chinese Medicinal Materials,
2021, 44(1): 140-145. ]


https://doi.org/10.1016/j.neuropharm.2023.109640
https://doi.org/10.1016/j.aninu.2023.03.010
https://doi.org/10.1080/17460441.2022.2039620
https://doi.org/10.1080/17460441.2022.2039620
https://doi.org/10.1002/asia.201900841
https://doi.org/10.1002/asia.201900841
https://doi.org/10.1002/asia.201900841
https://doi.org/10.1007/s13361-019-02140-7
https://doi.org/10.1007/s13361-019-02140-7
https://doi.org/10.1111/j.1541-4337.2011.00147.x
https://doi.org/10.3390/molecules22101736
https://doi.org/10.7501/j.issn.0253-2670.2022.19.024
https://doi.org/10.7501/j.issn.0253-2670.2022.19.024

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 溶液的制备
	1.2.1.1 对照品溶液的配制
	1.2.1.2 供试品溶液的配制

	1.2.2 HPLC色谱条件
	1.2.3 方法学验证
	1.2.3.1 线性回归方程
	1.2.3.2 检出限（LOD）和定量限（LOQ）试验
	1.2.3.3 精密度实验
	1.2.3.4 重复性实验
	1.2.3.5 准确度实验

	1.2.4 富硒竹笋指纹图谱的建立

	1.3 数据处理

	2 结果与分析
	2.1 HPLC条件的选择优化
	2.2 方法学验证
	2.2.1 线性回归方程
	2.2.2 检出限（LOD）和定量限（LOQ）试验
	2.2.3 精密度、稳定性、重复性、准确度试验

	2.3 样品的定量分析
	2.4 富硒竹笋指纹图谱的建立
	2.5 主成分分析（PCA）
	2.6 相关性分析
	2.7 聚类分析

	3 讨论与结论
	参考文献

