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ABSTRACT: OBJECTIVE  To establish optimal propolis pretreatment methods by comprehensive evaluation. METHODS  

Single-factor and orthogonal experiment was designed with the content change of total flavonoids, galangin and chrysin as 

evaluation index to screen the best pretreatment methods. RESULTS  The optimal pretreatment condition was as follows: 95% 

ethanol was used as extraction solvent, ultrasonic extraction was applied at 50 � for 2 times, 30 minutes for each time. 

CONCLUSION  The method was scientific and reasonable which can be used in pretreatment of propolis. 
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1  �� 

Agilent 1100"G�w?¤±(õ� AgilentÇÈ)�DAD ì¿²ÁUV-2550 ÉÊ-�¯IËËÌÍ(Î�öý)ÁKQ-100DBÚ÷øcùú)û²(üý¼cù±² ÆÇÈ)Áþ�(ðñò0080-9504��Ìò91.7%):"ç¤À(ðñò111699-200501��Ì>98%):<èÀMY�(ðñò111701-200501�

�Ì>98%)¨������	
��ì}�Á���?¤���
´µ¨�I��4 ´V#������:��:à�:ý�F�É��¢�� ��OP�è§�¥¦§}�É£4 

2  �	�
� 

2.1  UV¿}ñÝó7�[8]
 

2.1.1  MY�;��d�  ÄÅ��þ�MY�
10.4 mg��ZÒ��;udHXÌ� 0.208 

mg·mL
−1�;��*+4 

2.1.2  è2TU���  I�ÄÅ(�	2.1.1
î%�MY�;� 0�1�2�3�4�5�6 mL�$
50 mL����� 95%��`ñ��� 15 mL��c���B�;�(0.1 g·mL

−1
)1 mL�
B�;�

(9.8 g·L
−1

)1 mL��Ò`�Ì�8"��$ 1 h4N
415 nm@��´µ3<����¿}(ËÌ4�ñÝó7����è(X)�(ËÌ���è(Y)�+��.{òY=0.615 2X−0.000 2�r=0.999 9�U]yz� 0~1.248 mg4 

2.1.3  �´�;��¿} 
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2.1.3.1  �����  ���Ó�(z 65 K�)�
0.3 g�ÄÅ�}�$�������ÄÅ�� 95%�� 50 mL����cù�� 2c�hc 30 min��ê����� 95%����g��8"�'z�*+4 

2.1.3.2  �´�;����  ÄÅ(�	2.1.3.1
î%��;� 1 mL�$ 50 mL����� 95%��`ñ��� 15 mL�X	2.1.2
î%��4 

2.1.3.3  3<´V  ÄÅ(�	2.1.3.1
î%'�
1 mL�$N 50 mL����� 95%��`ñ��� 15 mL��Ò��`�Ì�8"4 

2.1.3.4  ¿}  �3<´V ���* 415 nm@¿}(ËÌ��þ�Í!�ñÝó�7�4 

2.2  HPLC¿}"ç¤À&<èÀ�7� 

2.2.1  ?¤Ä�  ?¤"òWelchrom C18 "(250 

mm#4.6 mm�5 µm)Á$%wò����$%w A�� 0.15%nB;��$%w B�X° 1�®}PQ&Ìû'Áì¿úxò268 nmÁ$âò1 mL·min
−1Á"Ñò30 (4*Â)Ä�%�<èÀ:"ç¤À�9*fFI��� 18�22 min�)�+÷^qN 3 000�"ç¤À:<èÀ³�
äI,WEUIÞ�¯| 14 � 1  ��������	
 

Tab 1  Gradient elution schedule of mobile phase ��/min ��	 A/% ��	 B/% 

 0~24 64 36 

24~25 75 25 

25~32 75 25 

32~33 64 36 

33~38 64 36 

 � 1  HPLC��
 

A−��GxB−��Gx1−P��x2−���� 

Fig 1  HPLC chromatograms 

A−control; B−sample; 1−chrysin; 2−galangin 

2.2.2  MY�;����  ÄÅ��"ç¤À:<èÀMY�-�����;u��Hh 1 mLI�7� 18�23 µg�Ñª;����ÑªMY�;�Áb�<èÀMY��ÄÅ�}����;u�Hh 1 mL�7 30 µg���<èÀMY�;�4 
2.2.3  �´�;����  �	2.1.3.1
î%��;��ÄÅ(� 2.5 mL�$ 10 mL����� 95%��}Ý`�Ì�8"��$�# 0.45 µm�./'0z'��k'��*+4 

2.3  L@)./��� 

2.3.1  ��;1��2  ���Ó�(z 65 K�)� 0.3 g�ÄÅ�}�I�$�������ÄÅ�� 95%��:80%��:65%��:ió:��
50 mL����50 (cù�� 2c�hc 30 min��ê����I��^_���;1��g��8"�'z�*+4X	2.1
[	2.2
î%¿}4{� 95%��³ió:�����G�w3�4¢5½9.6�7��2 95%������;1�¯° 24 � 2  �������� 

Tab 2  Results of different solvents �c� P�� ���� �� ��/ 

mg·g
−1

 

RSD/ 

% 

��/ 

mg·g
−1

 

RSD/ 

% 

��/ 

mg·g
−1

 

RSD/ 

% 

95%�� 100.5 1.89 20.17 1.21 16.78 1.33 

80%��  96.42 0.76 19.96 1.19 16.43 1.26 

65%��  95.48 0.81 19.84 0.89 16.39 0.89 �� 100.0 1.57 20.19 1.02 16.70 1.11 �� 100.6 1.12 20.15 1.66 16.77 1.88 

2.3.2  ��./��S  ���Ó�(z 65 K�)� 0.3 g��}�ÄÅ�� 95%�� 50 mL(s8�� 100 mL)����I��#�%./��ò930 (cù�� 2c�hc 30 min���g�Á:�$ 1 h4���g�Á;s8��`Z?�>��� 95%��;u}Ý` 50 mL�8"�'z�*+4X	2.1
[	2.2
î%¿}4{�cù/��S<r�=>B?Q�¯° 34 

2.3.3  @A´V 

2.3.3.1  UVBÍ  �¡C}É£�=ócù��Ä���ñÝó:"ç¤À[<èÀ���¥è��#D¿ÀDÒ¹°* L9(3
4
)°McùfF

(A):cùc÷(B):ÑÌ(C)3¡¿ÀPQ@A´V��¿À¨C}� 3¡Ò¹�¯° 44 
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Tab 3  Results of different extract methods �c� P�� ����  ¡�� ��/ 

mg·g
-1

 

RSD/ 

% 

��/ 

mg·g
-1

 

RSD/ 

% 

��/ 

mg·g
-1

 

RSD/ 

% ¢£ ¡� 101.5 0.56 20.63 0.73 16.02 0.98 (� ¡�  95.61 0.97 20.11 1.25 15.98 1.52 ¤¥ ¡� 100.4 1.91 18.77 1.76 15.14 1.83 

2.3.3.2  @A´V./³{�  � 9 ¡´Vñ�#É£��Ó��� 0.3 g�ÄÅ�� 95%��
50 mL����X° 4�´VàEI�PQcù�

���ê����� 95%����g�4XñÝó:"ç¤À&<èÀ7�¿}./PQ¿}�´V{�¯° 54 � 4  ������
 

Tab 4  Levels of factors ¦      � §' ¢£��(A)/min ¢£¨�(B)/¨ ©ª(C)/« 

1 10 1 30 

2 20 2 40 

3 30 3 50 

� 5  L9(3
4
)��� !����"#$%&
 

Tab 5  L9(3
4
)orthogonal design and results ��" A B C D(¬P) 

�c���/ 

mg·g
-1

 

������/ 

mg·g
-1

 

P����/ 

mg·g
-1

 

��­® ¯°±²(yi) 

1 1 1 1 1 97.42 20.65 15.45 105.0 

2 1 2 2 2 102.4 20.96 15.79 108.1 

3 1 3 3 3 103.7 20.68 15.58 107.6 

4 2 1 2 3 102.1 20.49 15.20 105.8 

5 2 2 3 1 104.5 20.58 15.48 107.4 

6 2 3 1 2 101.0 20.22 15.08 104.7 

7 3 1 3 2 101.2 21.67 15.52 108.2 

8 3 2 1 3 102.2 21.33 15.23 107.3 

9 3 3 2 1 102.5 21.54 15.34 108.0 ³j 320.70 319.0 317.00 320.40 ´j 317.90 322.80 321.90 321.00 µj 323.50 320.30 323.20 320.70 ³j
2
 102 848.49 101 761.00 100 489.00 102 656.16 ´j

2
 101 060.41 104 199.84 103 619.61 103 041.00 µj

2
 104 652.25 102 592.09 104 458.24 102 848.49 ³j

2
/3 34 282.83 33 920.33 33 496.33 34 218.72 ´j

2
/3 33 686.80 34 733.28 34 539.87 34 347.00 µj

2
/3 34 884.08 34 197.36 34 819.41 34 282.83 

Rj 102 853.72 102 850.98 102 855.62 102 848.55 

Sj 5.23 2.49 7.13 0.06 

G=962.10 

G
2
=925 636.41 

CT=102 848.49 

 

2.3.3.3  .�I�  K° 5 �@A´V{�PQ.�I��{�¯° 64 � 6  �'()
 

Tab 6  Analysis of variance ��¶· ¸�'�¹ º»ª �� F% ¼½¾ 

A SA=S1=5.23 2 2.61  87.00 * 

B SB=S2=2.49 2 1.24  41.33 * 

C SC=S3=7.13 2 3.56 118.66 ** ¿� Se=S4=0.06 2 0.03   À.F0.01(2, 2)=99.0xF0.05(2, 2)=19.0xF0.10(2, 2)=9.0x*
F0.05<F<F0.018Á¼½¾�Âx**

F>F0.01(2, 2)8ÁÃ¼½¾�Â 

Note: F0.01(2, 2)=99.0; F0.05(2, 2)=19.0; F0.10(2, 2)=9.0; 
*
F0.05<F<F0.01, 

significant; 
**

F>F0.01(2, 2), most significant 

2.3.3.4  {�I�  M° 5� 3¡��¥èñÝó7�:"ç¤À7�&<èÀ7��#w_�F�PQòª�I�NM�j:�j:�j %PQGHI��¿À A�j>A�j>A�j�B�j>B�j>B�j�C�j>C�j>C�j�=ó�L@)Ä�.I� A3B2C3��S R%���JK{Ì C>A>BÁ° 6 �.�I�{�°Øò
F0.01(2�2)>FA:FB>F0.05(2�2)�¿À A:B �Ò¹�[MUV{� >L]JKÁFC>F0.01(2�2)�¿À C �Ò¹�[MUV{� !>LJK4¿»�cù���=ó.M� A3B2C3�*ò��cù�� 2c�hc 30 min���ÑÌB� 50 (4 

2.3.3.5  @AVN´V  �É£��Ó� 3O��
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� 0.3 g�$�������I�ÄÅ�� 95%�� 50 mL����XÂ)��P�L@)./PQQ��I�¿}ñÝó:"ç¤À[<èÀ7�4{�°Ø�ñÝó¹¨7�� 102.6 mg·g
−1�RSD� 1.46%Á"ç¤À:<èÀ7�I�� 16.02:

20.12 mg·g
−1�RSDI�� 1.76%�0.82%4 

3  �� �UVMÉ£ñÝó7�¿}:"ç¤À[<èÀ7�¿}�./�PQ¡���MñÝó7�¿}./PQ¡ÄÅÌ:R}]:�þ]:���HS����RSD ¨<1.57%Á"ç¤À[<èÀ7�¿}./�ÄÅÌ:R}]:�þ]:���HS´V+P RSD¨<1.72%�TØI./R}�������¥èMÉ£L@)./PQòª�$4 M$%w��UPQ���?V���-0.15%nB(64W36)�$%w�IÞSX=Y�ó�JI�Z[SxÁR�#&Ìû'�¼aa�\]I�fF�_ ¡��:
�4 
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Study on Microwave-surfactant Extraction of Total Flavonoid from Pomelo Peel  
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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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