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ABSTRACT: OBJECTIVE  To establish a method of content determination of quercetin and kaempferol and establish the 
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fingerprint of flavonoids ingredients in Brassica rapa L. seed, provide a basis for quality control of Brassica rapa L. seed. 

METHODS  The contents of quercetin and kaempferol and the fingerprint of Brassica rapa L. seed were determined by HPLC 

with ODS C

18

(4.6 mm×250 mm, 5 µm) and detected at 254 nm. The mobile phase was methanol(A)-0.4% phosphoric acid 

solution(B) with gradient elution, and the flow rate 0.7 mL·min

−1
, column temperature 30 �. RESULTS  The contents of 

quercetin and kaempferol were 0.013 1−0.035 6 mg·g

−1
 and 0.022 0−0.048 0 mg·g

−1
. The average recovery were 102.0% and 

99.5%. There were eleven common peak in the fingerprint. The similarity of fingerprints of 10 batches of Brassica rapa L. seed 

samples were compared, and the similarity was higher. CONCLUSION  The method was good reproducible. It had a strong 

feasibility, and can be used to control quality evaluation for Brassica rapa L. seed. 

KEY WORDS: Brassica rapa L. seed; HPLC; fingerprint; quercetin; kaempferol 

 

��������	
����
���

���������������������

������� !"#$#%&�'()*+

&#),-.#/012#3456�78�9

:;<#.=#2>#?@#ABC/#4D#

EF����GHIJK����LMNOPQ

RKSTU�VMN(����WQ)O�MN�X

(��� YZ[\ β-]^_�`a[ bM�

cdef�Lgh�[hbMRbijk�Gl

MNCmn�CoNpqrsef����L�

gh��tuv�wx�����yzRgh�

u{�|s}~\ef����Lgh����

��� 10�C��s����L�2���W

[1-4]

�l�h�[

[5]

����bijk

[6-10]

�����

�����/�\ghef������� 

1  ����� 

LC-20A �8���k�(����)� ¡¢

£¤¥�¦§¨©ª�«V(�¬�VT
fV¥

[­�®¯°100081-200907�±²°99%)§³´

µ�«V (�¬�VT
fV¥[­�®¯°

110861-200405�±²>98%)§¶_#·¸��k

±�¹�º±¹�»¼½¾¿�WÀ±����

ÁÂ\Ã#ÄÅ#ÄÅÆÇÈ#ÄÅÉÊÈ#Ë

ÌÍÎ$È#ËÌÍÏÐ�#ÏÑÒÓ#ÔÕ#

Ö×#ØÑÙ�C�sÚ���ÛV¿Ü���

�Ý|�|ÞT�ßàáâãä·ËCåæßçZ

[�����	
������ 

2  ����	 

2.1  �kèé    

ODS C

18

(4.6 mmê250 mm�5 µm)�ëì

30 í§îï�°¶_(A)-0.4%·¸¹ð�(B)�ñ

²òó°15 min�45%A�30 min�55%A�35 min�

60%A�40 min�70%A�50 min�75%A�60 min�

85%A�65 min�100%A�¥�ôõ� 254 nm�î

ö� 0.7 mL·min

−1
��Ûh� 10 µL��kj÷j 1� 

 

� 1  ��� 

A−����B−���1−H I�2−)JK� 

Fig. 1  HPLC chromatograms 

A−standard; B−sample; 1−quercetin; 2−kaempferol. 

2.2  ð�fø 

2.2.1  �«Vð�fø  Wùú×ûü¨©ªR

³´µ�«Vý 5.0 mgþ 10 mLh���{¶_

ð+�[�������¨©ªR³´µ

0.5 mg·mL

−1
��«V�ø�� 

2.2.2  �½Vð�fø  ú×ûü� 60.	��

��
 5.0 g(60 í�
��
)�þJ 250 mL��

���{ 30 mL����º� 20 min�����

���ð¾���� 50 mLh���{ 70%¶_

30 mL�J 40 í�º��ü 30 min������

50 mLh������{� 25% HCl 8 mL�º�

30 min(50 í¹�)��ö �áì�� 70%¶_

[��� 0.45 µm!"�#�ø�� 

2.3  �h�[ 

2.3.1  MN$%�f&  Wùú×hü'P³´

µR¨©ª�«V�ø�ý 1.0 mLJ 10 mLh�
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��{¶_()�*²�����+²� 50 µg·mL

−1

�³´µR¨©ª,-�«Vð��Wù�Û 2.5�

5�7.5�12.5�17.5�20 µL�'�«Vð�+²�

./M�014�2/M3fMN$%��4¨

©5\¨©ª�% 67Wù� y=3 012.1x+17 945 

(r=0.999 2)�y=3 260.6x+10 850(r=0.999 3)�% 

89Wù� 0.125~1.0 µg\ 0.125~1.0 µg� 

2.3.2  ú×²½�  üÄÅ:���
 1 ;�<

=2.2.2>?@fø�½Vð��
A�Û 5 B�

�[�¨©ª014� RSD� 2.0%�³´µ01

4� RSD� 0.80%� 

2.3.3  
A ½�  üÄÅ:���
 5 ;�<

=2.2.2>?@fø�½Vð��C=2.1>?@�

kèéWù�[��¨©ª014 RSD� 2.3%�

³´µ014� RSD� 2.6%� 

2.3.4  D[ ½�  ü
A ½�fø��½V

ð��WùC 0�2�4�6�8�12�24 h�Û 10 µL�

EF014�GH¨©ª�h� RSD� 2.8%�³

´µ�h� RSD� 1.9%�IJK-�ÛVC 24 h

LD[� 

2.3.5  {ÛMHN½�  ú×ûüOP³´µR

¨©ª�h�ÉÊÈ����
 1.0 g�Q 9 ;�

JR 3 ;�Wù{� 0.02 mg·mL

−1
¨©ª�«V

ð� 0.2�0.5�0.8 mL\ 0.025 mg·mL

−1
³´µ�

«Vð� 0.2�0.4�0.6 mL�<=2.2.2>?@fø

�½Vð��$l�[ 3 B�EF014�S�

MT67GHMHN�IJ÷K 1� 

� 1  �����	
(n=3) 

Tab. 1  Results of recovery experiments(n=3) 

LM 

����/ 

µg 

���/ 

µg 

���/ 

µg 

���/ 

% 

��� 

��/% 

RSD/ 

% 

24.9  4.00 29.0 102.5 

24.7  4.00 28.8 102.5 

24.8  4.00 28.6  95.0 

24.4 10.0 34.5 101.0 

24.3 10.0 34.6 103.0 

24.9 10.0 35.4 105.0 

24.4 16.0 41.5 106.9 

24.5 16.0 41.3 105.0 

H I 

24.8 16.0 40.3  96.9 

102.0 3.8 

37.0  5.0 42.1 102.0 

37.1  5.0 41.9  96.0 

36.8  5.0 41.6  96.0 

36.7 10.0 46.9 102.0 

37.2 10.0 47.1  99.0 

37.3 10.0 47.2  99.0 

36.6 15.0 51.8 101.3 

37.2 15.0 52.1  99.3 

)JK 

36.8 15.0 51.9 100.7 

 99.5 2.3 

2.3.6  ÛV�[  Wùú×Uü'Pfø���

�ý®BÛV 10 µL�Û��[014�GH 10

®B����³´µR¨©ª�h÷K 2� 

� 2  ��
���������������(n=3)       

Tab. 2  The contents of qercetin and kaempferol of various 

origin Brassica rapa L. seed samples(n=3) 

NO �� H I/mg·g

−1
 RSD/% )JK/mg·g

−1
 RSD% 

1 PQR 0.024 9 2.1 0.037 0 1.3 

2 STR 0.028 5 2.5 0.022 0 2.5 

3 UVW 0.013 1 0.90 0.048 0 0.95 

4 1234 0.027 9 1.7 0.033 7 2.1 

5 XYR 0.029 7 2.9 0.023 0 1.9 

6 Z[R 0.017 3 1.2 0.045 3 2.7 

7 \]R 0.027 0 0.89 0.043 0 1.5 

8 P^R 0.020 0 2.8 0.041 3 2.1 

9 _`T 0.019 0 0.85 0.022 0 1.6 

10 ab 0.035 6 1.6 0.030 0 2.5 

2.4  ����Lbijk��� 

2.4.1  Q(0p[  Wùú×Uü 10®B�½V

ð� 10 µL�Û�EFý®Bjk��ý®B�½

V­��k0�lWÀ�VWD[ Xv#UH

Y#Z[-\��k0&�Z[bi0�Qp[

t 11�Q(0�j 2���ÄÅÉÊÈÛV��

kj� 
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Fig. 2  Characteristic fingerprint peaks 
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Tab. 3  Relative retention time and relative retention peak area of common peaks of 10 batches of Brassica rapa L. seed 

samples 

cdefg�hijk cdefg�elm 

N

O 

1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 

S1 0.180 0.264 0.305 0.397 0.467 0.642 0.737 0.816 0.834 1.000 1.167 11.120 39.309 5.810 4.644 1.025 0.245 0.197 0.339 2.370 1.000 0.229 

S2 0.184 0.274 0.304 0.418 0.463 0.667 0.766 0.805 0.901 1.000 1.171 23.060 57.439 8.517 2.135 1.633 0.070 0.163 0.025 3.204 1.000 0.133 

S3 0.178 0.255 0.304 0.404 0.473 0.654 0.754 0.827 0.856 1.000 1.178  7.553 27.060 4.594 1.574 0.810 0.134 0.246 0.056 1.700 1.000 0.275 

S4 0.186 0.272 0.304 0.411 0.459 0.676 0.411 0.987 0.872 1.000 1.173 15.700 46.896 7.084 1.749 0.969 0.891 0.409 0.515 2.830 1.000 0.306 

S5 0.178 0.284 0.303 0.402 0.464 0.653 0.402 0.996 0.841 1.000 1.184 18.289 61.808 9.801 3.126 1.655 0.337 0.818 0.213 3.560 1.000 0.169 

S6 0.182 0.274 0.303 0.412 0.471 0.675 0.412 0.807 0.904 1.000 1.165 17.320 37.846 0.521 1.026 1.192 0.435 0.453 0543. 2.695 1.000 0.215 

S7 0.184 0.273 0.303 0.405 0.469 0.657 0.405 0.809 0.873 1.000 1.181 25.140 54.652 8.184 1.580 1.765 0.132 0.209 0.062 4.706 1.000 0.284 

S8 0.185 0.271 0.304 0.393 0.478 0.678 0.393 0.812 0.847 1.000 1.179 10.840 40.623 7.099 4.320 0.793 0.055 0.008 0.023 2.177 1.000 0.174 

S9 0.176 0.269 0.304 0.401 0.465 0.645 0.401 0.803 0.851 1.000 1.164 22.047 59.080 5.742 1.540 1.800 1.052 0.565 0.137 3.500 1.000 0.669 

S10 0.183 0.274 0.303 0.409 0.468 0.643 0.409 0.809 0.862 1.000 1.160 17.380 51.969 8.846 2.252 1.080 0.069 0.160 0.025 3.000 1.000 0.133 

 

 

� 3  10"#���$%�� �� 

Fig. 3  HPLC fingerprint for 10 batches of Brassica rapa L. 

seed samples 

2.4.2  �i²WÀ  10 ®BÛV�½j�k�

K���kbijk�i²}~lmO2004 n A

o�i²pé��l�i²�}~�ýÛV�i

²¿>0.95�C��s�Ljk'(q���r �

IJ÷K 4� 

2.4.3  6s|�t   

2.4.3.1  ú×²½�  u'Pfø�ÉÊÈÛV

ð��CV[��kèé@J��vL\C�v

(5 d R��[ 1 B)Wù�Û 5 B�EF�k0�

'³´µ�w`��\014��«�GHýQ

(0��w`��\��014�L RSDWù� 

� 4  ��
���$%(01      

Tab. 4  Similarity of various origin Brassica rapa L. seed samples 

 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 ��no`p 

S1 1.000 0.992 0.993 0.995 0.998 0.983 0.981 0.995 0.997 0.994 0.998 

S2 0.992 1.000 0.989 0.990 0.990 0.993 0.972 0.986 0.991 0.989 0.997 

S3 0.993 0.989 1.000 0.989 0.988 0.975 0.974 0.995 0.987 0.986 0.992 

S4 0.995 0.990 0.989 1.000 0.997 0.980 0.979 0.994 0.997 0.997 0.997 

S5 0.998 0.990 0.988 0.997 1.000 0.979 0.979 0.994 0.999 0.996 0.997 

S6 0.983 0.993 0.975 0.980 0.979 1.000 0.998 0.974 0.981 0.978 0.991 

S7 0.981 0.992 0.974 0.979 0.979 0.998 1.000 0.973 0.980 0.978 0.990 

S8 0.995 0.986 0.995 0.994 0.994 0.974 0.973 1.000 0.992 0.992 0.994 

S9 0.997 0.991 0.987 0.997 0.999 0.981 0.980 0.992 1.000 0.996 0.997 

S10 0.994 0.989 0.986 0.997 0.996 0.978 0.978 0.992 0.996 1.000 0.995 

��no`p 0.998 0.997 0.992 0.997 0.997 0.991 0.990 0.994 0.997 0.995 1.000 

 

0.20%~2.1%\ 0.60%~2.0%��� RSD Wù�

1.2%~3.9%\ 1.8%~3.6%� 

2.4.3.2  
A ½�  ü�®wxÈ����L 5

;�<=2.2.2>?@6sfø�½Vð���[

�GHýQ(0��w`�� RSD<1.1%���0

14 RSD<2.0%�y-6s
A zv� 

2.4.3.3  D[ ½�  u'P
A ½�fø�

�½Vð�J 2�4�8�16�24 h�l�[�ý�

k0��w`�� RSD<1.5%\��014

RSD<2.0%�K-ÛVC 24 h LD[� 
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3  �� 

3.1  ¥�ôõ�VW   

�¨©ªR³´µ�l 200~400 nm�{|}

~��GC 360 nmR 254 nm �(�ÝUH�¥

�ôõ� 254 nm ��0jX��W�Xv��¯

��Y²�������VW 254 nm &����

bijkR�h�[�¥�ôõ�Ü��[11]q

P�v��
�2���W�{|�k( 300~400 

nm \ 240~280 nm ��Z[UHS�Ü�q��

���bijk��ÝUW�k0�2���-


��bijk9���t����L�2��

�-
�W���� 

3.2  îï��VW  

��t'¶_#���îï�� A��' 0.1%

·¸¹ð�#0.4%·¸¹ð�#¶¸¹ð��î

ï�� B��IJK-�¶_� A�\ 0.4%·¸

¹ð�� B ������2���WW�8J�

v�0��û�bijkIJD[�
G v� 

3.3  ëì�VW  

ëì� 25�30�35�40 í��ÛV�l�t

WÀ�IJK-�ëì����k0�w`��

�A�gý�k0���þ�( ��W�²e

�(\h¡ �¢�V� 30 í&�W�ì²� 
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