5 12% 455 1 4 i A A Vol. 12 No. 5
2021 43 H Journal of Food Safety and Quality Mar. , 2021

A AR, BB, IR
M BEA R M EER, T 510405)

W OE: Bm 87 e G (ultra performance liquid chromatography, UPLC)l € & M-+ 4 R 2 22 5 il
SR, I I 3 A AR T HL A 10 SR s SR b 4 R S R 255 5 R ACQUITY
UPLC BEH C g A @i (2.1 mmx50 mm, 1.7 pm), FFEEEEIRAN 0.5 %k BRVE W o e R i sh Al A 1 B b4 T80
PRIBE . A K B R 350 nm; AR E R 30 °C. SRHA] TB tools #AFHEAT o BT AERIE 0 dT . Z55R 4
TR ) R ot A A I S PR P 4 B R R O R (r>0.999); [ETIRCRE R 98%~102%, AR A ME fi 25
1.12%~1.86%. H 10 A7 Zkmt 4 Fhegi & 22 SRR, BRIy GROBIX M T Sk, %

BEF RN SRR, /0 20543, 6.801, 1.328. 3.645 mg/g; WIHE Z& M- op S B 1 09 & B AR, N
3.902 mg/g; HAx 3 ﬁﬁ@ﬁ%é%ﬂﬂﬁiﬂjtﬂﬁg HHRAR, 98T 10.021 mg/g. & =T 0.348 mg/g Fitil
KR 1784 mg/g. ERITFIERIIHEE R B8, R HA U R AHEE Sk, 8 ZO0r R ER o, S
), e, AIR KR HTA, FORRE = S0t i i 22 W, al Ve S 2k R 2%
KB R0l o SRR GRS, FRN T AR

Determination of 4 flavonoids in mulberry leaves from different habitats by
ultra performance liquid chromatography

ZHONG Yue-Kui', CAI Qing-Qun, QIU Zhen-Wen

(The First Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

ABSTRACT: Objective To establish a method for the determination of 4main flavonoids in mulberry leaves by
ultra performance liquid chromatography (UPLC), and to compare the content of 4 flavonoids in mulberry leaves
from 10 different areas by principal component analysis and thermography. Methods ACQUITY UPLC BEH Cig
column (2.1 mmx50 mm, 1.7 um) was used. Methanol solution and 0.5% phosphoric acid solution were used as
mobile phases for gradient elution. The detection wavelength was set at 350 nm and the column temperature was
30 °C. TB tools software was used for principal component analysis and heat map analysis. Results The 4
flavonoids showed good linear relationship in the corresponding concentration ranges (r>0.999).The recoveries were
98%—102%, and the relative standard deviations were 1.12%—1.86%. The results showed that the content of rutin,
isoquercitrin, astragaloside and quercetin in mulberry leaves from Anhui province wasthe highest, which was 20.543,
6.801, 1.328 and 3.645mg/g, respectively. The content of isoquercitrin in Hunan mulberry leaves was the lowest,

which was 3.902 mg/g, andthe other 3 flavonoids were the lowest in Hebei, with rutin 10.021 mg/g, astragaloside
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0.348 mg/g and quercetin 1.784 mg/g. The results of principal component analysis and cluster analysis showed that

mulberry leaves had obvious regional differences. Conclusion This method has the advantages of simple operation,

short analysis time and strong stability, which can greatly reduce the cost of analysis, and the quality of mulberry

leaves from different areas has obvious differences, which can be used as a reference for the selection of mulberry

leaves.

KEY WORDS: mulberry leaves; regions; ultra performance liquid chromatography; principal component analysis;

heatmap analysis
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Table 1 Sample information of mulberry leaves

X g i) 5 oRAE H
AH 1 TR M 20190705
AH 2 LM 20190707
HK 1 R & 20190710
HK 2 LR e 20190711

IS 1 TLINE T 20190715
IS 2 TLIME T 20190717
HB 1 b 20190719
HB_ 2 Wb 20190720
SD_1 L ZR I3 20190722
SD 2 AR I U 20190725
AR WL T 20190801
Z] 2 b RARSRY 3 20190805
SC_1 DI BB 20190808
SC 2 DI BB 20190812
IX_1 VLV 2 A 20190815
JX 2 PN %) €50 20190919
GX_1 IREE N 20190901
GX 2 IR T 20190903
HN_1 T 20191009
HN 2 W 20191011

1.2 KWHE
12.1 * BSR4 &

FEBEFRBOS BT . S . BR800 ML R
WEEE 10 mL AR, RS IR E S, MEsT
(0.998 mg/mL) . 5t fZ 4 (1.105 mg/mL) . 2 = FEIF
(1.036 mg/mL). HitEz Z(0.995 mg/mL) RS XF B i B
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Fig.1 UPLC Chromatogram of flavonoids in mulberry leaves
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Table 2 Linear relationship of 4mulberry leaves components

% Ial Iy r’ 2R Bl /(mg/mL) i R/ (ng/kg) 5 TR /(ng/kg)
T Y=62,535X-723,528 0.9990 0.5~8.5 0.3 1.0
S Y=56,588X-720,987 0.9990 0.1~2.0 0.8 2.7
HERIA Y=52,275X-370,351 0.9995 0.25~2.25 1.2 4.0
Witk = Y=54,442X-387,825 0.9997 0.075~1.45 1.2 4.0




1858

B ah % 4 B R I A i

12

224 FEMEE

KWL S A 1 pl, 43RBT 0. 20 4. 6. 8.
10, 12, 24 h P& 13K, iospim, HEAR T,
SEM AT B R IETT R E RSD 4351 0 1.68% . 1.86%
2.05%. 1.42%, FHZREA RIFAEt:.
225 FeAFEDE

Ko BRI FE S 6 17, 32 0.5 g, TR
/\ 4 ﬁﬁ@ﬂxﬁﬂﬁ%iﬁi, HERE 4 uL, UPLC W22, 10 ki

AN g = Ry T s O e 1 = T L LS DT

UH% 30 WNER 3 Fian, RO 4 R AL AR iR R
98%~102%, FHXFFRUEM 2 1.12%~1.86%, 3 UL
4 B B R

23 AEFMEMHRERSENELER
23.1 AR FHFETF 4 EE RS S E IR

HH 2% 4 AT, R[] H SR R 5 4 R R 2 4y
HAEBRMWESR, TE&EHR 10.021~20.543 mg/g, 5
Wi Bz A B TE 3.902~6.801 mg/g Z 18], ERBEFH
i fE 0.348~1.328 mg/g X [b), it B2 K A& &= AE
1.784~3.645 mg/g Z (8] o ML AL, AN [R) 77 b 5 K i p
4 0 E TR 43 1 B i v AR A R T > S B A > R 2>
HLRYAF, ILAN, KA T 10 MARF SR P, B
X St SO S R e, PRk, T R X SRt

SR R AR

=3 RM 4 WABA S MERRENESR

Table 3 The results of the sample recovery rates of 4 flavones in mulberry leaves

&Y ik /mg SR /mg W5 {8 /mg [ESR /% FHHE/ % RSD/%

0.9209 1.8710 99.78
0.9211 1.8683 99.47
0.9203 1.8705 99.79

=R E 0.9522 99.69 1.25
0.9210 1.8702 99.68
0.9208 1.8697 99.65
0.9207 1.8705 99.75
0.6564 1.3536 99.57
0.6526 1.3505 99.67
0.6505 1.3457 99.29

SEH Rz A 0.7002 99.94 1.41
0.6498 1.3610 101.57
0.6509 1.3488 99.67
0.6512 1.3504 99.86
0.1040 0.2530 99.20
0.1100 0.2622 101.33
0.1068 0.2545 98.34

LRI 0.1502 99.75 1.86
0.1021 0.2508 99.00
0.1089 0.2605 100.93
0.1125 0.2622 99.67
0.2540 0.5545 99.34
0.2485 0.5518 100.26
0.2561 0.5558 99.07

i e % 0.3025 99.57 1.12
0.2601 0.5614 99.60
0.2525 0.5530 99.34
0.2409 0.5428 99.80
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Table 4 Content results of 20 batches of mulberry leaves samples(mg/g, n=3)

g M Sedt R EKRTEAT Wit i %
AH_1 20.543+0.135 6.719+0.125 1.324+0.000 3.618+0.022
AH 2 20.385+0.713 6.801+0.026 1.328+0.102 3.645+0.107
HK 1 12.485+0.209 4.197+0.000 0.548+0.105 2.064+0.136
HK 2 12.479+0.735 4.155+0.023 0.529+0.054 2.056£0.116
JS 1 16.835+1.058 5.002+0.034 1.055+0.065 3.392+0.114
IS 2 16.655+1.026 5.0120.141 1.061£0.105 3.395+0.103
HB_1 10.02120.719 4.233£0.028 0.348+0.105 1.784+0.136
HB 2 10.0530.908 4.245+0.031 0.359+0.054 1.826+0.126
SD_1 13.42540.319 4.395+0.015 0.658+0.115 2.564+0.056
SD 2 13.5210.523 4.408+0.011 0.649+0.096 2.506£0.116
AR 16.023+0.359 4.991+0.031 1.035+0.201 3.258+0.104
71 2 16.004+1.738 4.985+0.082 1.047+0.108 3.263+0.162
SC 1 15.689+0.188 4.532+0.135 0.988+0.104 3.102£0.102
SC 2 15.747+0.997 4.488+0.000 0.975+0.201 3.115£0.105
IX_1 15.092+0.918 4.457£0.121 0.905+0.101 2.936+0.035
X 2 15.089+1.216 4.449+0.143 0.912+0.000 2.928+0.106
GX_1 17.25442.019 5.082+0.131 1.23240.059 3.518+0.129
GX 2 17.055+1.358 5.121+0.094 1.236+0.108 3.558+0.214
HN 1 13.273+1.234 3.902+0.067 0.718+0.105 2.764+0.156
HN 2 13.321+1.285 3.923+0.061 0.719+0.056 2.806£0.116
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Fig.2 Results of principal component analysis
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Fig.3 Heatmap of mulberry leave from different producing areas
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