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20.12 mg·g
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ABSTRACT: OBJECTIVE  To optimize the extraction technology of total flavonoids from pomelo peel by combining 

surfactant with microwave technology. METHODS  As an indicator of total flavonoids, orthogonal test was used to study the 
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extraction conditions to extract flavonoids from pomelo peel. RESULTS  Optimum condition for extraction of pomelo peel was 

as follows: mass percentage of 2% lauryl sulfosuccinate disodium(AK-201) for the extraction solvent, microwave power 160 W, 

extracted twice for 1 min each time and the solid to liquid ratio was 1�40. Using this technology, the extraction yield increased 
by 6.36% as compared with that using microwave technology alone. CONCLUSION  This extraction process is steady, feasible 

and reproducible which can be used for extraction of total flavonoids from pomelo peel. 

KEY WORDS: surfactant; microwave extraction; pomelo peel; total flavonoids 

 ��(Citrus grandis)������	
������������������������� ��!��"��#$�%&�'()*+��, -./�-012�-3�45�-67�89:�89;�<=>?@AB/�)*�CD���EFG�HIJK�LMN+OPQRST�UVWXYZ[�\]^_`OP�abcd, ef�ghijklmij� ���nop�qrstud vwxyq�0z{|qr�}~z{|qrk}���r����qr���cd��)*x��wGd�^_��)*x��qr���nop������� L���)*x��qr���2)*+����[1-4]�`����]w ����)*x�
���w��� ¡¢ vwx^_)*+��qr�£RR8¤qr+¥�¦q�qr§[5]�̈ ¥©ª«¬ 7(��)*x®/qr¯���nop�i�^_Y°±�²«`qr��, ³´�wi����)*x�¦������)*x��0zqr¯��nop�µ¶�·¸¹ºµ¶��abcd`OPq»©ª¼½� 

1  ����� 

1.1  ¾2k¿x ¯��(��À���Á)�l���Â¾RÃ¾ÃÄÅÆ1ÇÈÉ¸������	�Á¯�
Citrus Changshan-huyou Y. B. Chang�ÊË��ÌÍÎ(�Ï¾Ð12ÑÐÒ¸\�ÓÔÀ110737- 

200414�Õ�À98%)ÌÖ× 80(Tween-80)�ØØÙ�ÚÛÜ�(PEG)�ÝÞ:!(APG)�ß�$àáâÜÛ�ãä(CDEA)�åæ�çÞèéâêëÜìí(AK-201)�ß$ãäÞîÞïðñ(CAB)�òâëóí(AEP)(ôõö÷12/µ øùú�/ÃÕ)Ì¡¢¿xû��üÕ� 

1.2  ýþ 

SPS402F ����Ø[���-�c'(��)�

	
�� øùúÑN]Ì TU-1900������������(���ü�dýþ ø��ùú)� 

2  ����	 

2.1  AÐw�Ñ� ����������Ê� !"� 60 C²��d�#·�r�� 1 g�Ù$E¸%��&���)*x
w�'�()*�0zqr�b¦qr��+,-AÐw�� 

2.2  .#/0�Ñ�[6] #·��ÍÎ1Ð 3.8 mg¸23 50 mL�-+�� 0.076 mg·mL
−11Ð4���#5�r1Ð4�� 0�1�2�3�4 mL��6'� 10 mL7�8��Ù 5%9:âìw� 0.5 mL�;' 5 min�Ù 10%:â<w� 0.5 mL�=>";' 6 min�Ù

1 mol·L
−1?./ìw� 4 mL�@Ù 60%Û�¸23 10 mL�]AB¿x�CD�� 508 nmzEJF¸G���]G���HI.�+��JI.�KÑ.#/0�-LMN�� Y=0.049 6X+0.000 4�

r=0.999 6(n=6)�©ªO��³ÍÎ+�� 7.6~30.4 

µg·mL
−10*P�ef� 

2.3  ýþ#5�¿ª #5�r1Ðw� 3 mL�' 10 mL7�8��QR2.2STUN�Ø_F¸ 6V�RSD=0.56% 

(n=6)�W³`N�ýþ#5�ef� 

2.4  X¸*¿ª #5�rAÐ� 3 mL�YZ 15 minrA�QR2.2STUN�F¸�O��³AÐ� 30 min[X¸*ef� 

2.5  	\*¿ª r�EÓ�� 6]�^_ 1 g�#5�¸�QR2.2STUN�F¸G�`��aAÐ���O��³�6 VF- RSD � 4.31%�W³`N�	\*ef� 

2.6  ÙALb¿ª #5�r�c����� AÐd 6 ]�Ù
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$E¸��ÍÎ1Ð�QR2.2STUN�Ñ+»¿Ðw��F¸¡����aLb§k RSD`�O��³�6VF-�ØûLb§� 94.78%�RSD� 2.16%�W³`N�Lb§ef� 

2.7  L���)*x(enopqr§�fg h¸��)*x+� 1%�qrij 3 min�0zk§ 160 W�qrV& 3V�l�° 1�30��6�L���)*x(emnUqr�O��� 1� � 1  ��������	
������ 

Tab 1  Effects of surfactants on flavonoids extraction 

efficiency ÍÎÏ¾ÐÑÒ ''Ó AK-201 CBA APG AEP § ÔÕª A 0.143 0.771 0.112 0.279 0.331 0.064 oO��c�L���)*x(e¯���nop�qr§fgpR�q
A°�ûrs^Gd�¡�d AK-201 qr§¹R�\]«
AK-201G�qrw�� 

2.8  tu¿ª «r0zv§�AK-201+��qrij�l�°�w&�Yxw&« 3x
Ø�Q L9(3
4
)tu�
�¿ª�tu¿ªw&
Ø��� 2�O��� 3k� 4� � 2  ��������� 

Tab 2  Factors and levels of orthogonal test  ¦� §' 
A 

(Ö�×*)/W 

B 

(AK-201Øª)/% 

C 

( ¡��)/min 

D ÙÚÛ 

1 160 1 1 1Ü20 

2 320 1.5 2 1Ü30 

3 480 2 3 1Ü40 

� 3   L9(3
4
)������ 

Tab 3  Results of orthogonal experiment ¦   � $�" 

A B C D 

 ¡*/Ý 

1 1 1 1 1 2.72 

2 1 2 2 2 3.54 

3 1 3 3 3 4.43 

4 2 1 2 3 3.14 

5 2 2 3 1 2.61 

6 2 3 1 2 3.76 

7 3 1 3 2 2.16 

8 3 2 1 3 3.17 

9 3 3 2 1 2.31 �% 1 3.563 2.673 3.217 2.547  �% 2 3.170 3.107 2.997 3.153  �% 3 2.547 3.500 3.067 3.580  Ã� 1.016 0.827 0.220 1.033  � 4  ��� � 

Tab 4  Analysis of variance ¦� &�'�¹ º»ª FÛ FpÞ% ¼½¾ 

A 1.577 2.00 20.750 19.000 ** 

B 1.026 2.00 13.500 19.000 * 

C 0.076 2.00  1.000 19.000  

D 1.618 2.00 21.289 19.000 ** À.F(0.1)=98F(0.05)=19 

Note: F(0.1)=9, F(0.05)=19 oO��c�¹ºqrmn� A1B3C1D3�y½©ªO�¥©ªz«�¹ºµ¶�À0zk§� 160 W�AK-201+� 2%�qrij 1 min�l�°� 1�40� 

2.9  °¿ª r�EÓ�� { 6]�y½z/µ¶mn� 3 ]�� {^_nopqr�|r 3 ]QêÕ0zqr 2V��6�aqr§�O��� 5�oO��c���)*xqrz/µ¶X¸�}�d��)*x��0zqrµ¶°Md0z�qr¯���op�qr§�ÙY 6.36%�� 5  �!����(n=3) 

Tab 5  Results of sample determination with contrast test(n=3)  ¡�� Ö�×*/W  ¡¨�  ¡��/min ÙÚÛ  ¡�Ð '� ¡*/Ý RSD/Ý ÍÎÏ¾ÐßàÖ� ¡ 160 2 1 1Ü40 2% AK-201 4.35 2.18 Ö� ¡ 160 2 1 1Ü40 § 4.09 1.92 

 

3  
� ~�AP��[7-8]nop^_��F¸�¥©ª�60zv§�AK-201+��qrij�l�°�^_Y���·¸]0zk§� 160 W�
AK-201+� 2%�qr 2V�YVqrij 1 min�

l�°� 1�40i�qr��nop���¹��¥©ªud¾�N��l NaNO2-AI(NO3)3-NaOH´%"�ÍÎk����nop� 508 nmJ,û ¹RGb��£��¡�+��Ê�� ��)*x��0zqrµ¶°Md0zq



 

�274�         Chin JMAP, 2013 March, Vol.30 No.3                                  �������� 2013	 3
� 30�� 3 

r¯���op�qr§q��¡�w�£���)*x, �¸���O���8¤¯�����q
w�j�������
w��2���^$���[��Uq�Y��y�i£kqr§�w����)*xq0z�qr¯��nop�µ¶�, ��iB��´�q�qri��d��)*x��0zqrµ¶°Md0z�qr¯���op�qr§�ÙY 6.36%�o����`�������£8¤+¥�iq�qr§�`-^E���q� � 
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 �����  �����(Cynanchum chinense R. Br.)���	
������  �� AB-8������������
LX2000 ����Sephadex LH-20 �������� �!"�#$%&'�()*+�,-./�	
  0������	 70%1234-5��67 98�,-��9*+:;<=>(�)?@A>(�)?β-BC2(�)?β-DEFG(�)?HIJ(�)?KLM(�)?KLM-3-O-β-D-NOPQRG(�)?STUJ(�)?STUJ-7-O-β-D-PQRV>G(	)�	� �,-�?�?	:WX0YZ[-5��67!�,-�?�?�\	:WX0Y[-5��67� ������!HIJ!STUJ!STUJ-7-O-β-D-PQRV>G ������R284.1       ������A       �����1007-7693(2013)03-0274-04 

 

Study on the Chemical Constituents of the Aerial Parts of Cynanchum Chinense R. Br. 
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ABSTRACT: OBJECTIVE  To study the chemical constituents of the aerial parts of Cynanchum chinense R. Br. METHODS  

The compounds were extracted and purified by AB-8 macroporous resins, silica gel column chromatography, LX2000 resin and 

Sephadex LH-20 columns. Their structures were elucidated on the basis of physico-chemical properties and NMR spectral 

analysis. RESULTS  Nine compounds were obtained from 70% aqueous ethanol extract of Cynanchum chinense and elucidated 

as n-hexadecanioc acid ( ), salicylic acid ( ), � � β-sitosterol ( ),�  β-sitosterolglucoside ( ), apigenin ( ), kaemperol ( ), � � �
kaemperol-3-O-β-D-glunoside ( ), tricin ( ), � � and tricin-7-O-β-D-glucuronide ( ). 	 CONCLUSION  Compounds �, � and 

 were obtained from this genus, and compounds , 	 � �and �−  were isolated f	 rom this plant for the first time. 

KEY WORDS: cynanchum chinense; apigenin; tricin; tricin-7-O-β-D-glucuronide 
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