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Microwave Irradiation Coupled to Solvent Reflux Extraction of Monocrotaline in Crotalaria Sessiliflora L 
 
ZHANG Yufan1, FAN Qingya1, HUANG Xiaowen1, HUANG Yong2, FAN Huajun1* (1.College of Pharmacy, 

Guangdong Pharmaceutical University, Guangzhou 510006, China; 2.Guangzhou Top Scientific Instrument Limited, Guangzhou 
510080, China) 

 
ABSTRACT: OBJECTIVE  Through microwave irradiation caused the cells ruptured, and then monocrotaline in Crotalaria 
sessiliflora L was extracted by solvent reflux method to improve extraction yield of the alkaloid. METHODS  The material of 
crotalaria Sessiliflora L containing a certain amount of water was irradiated by microwave. Using methanol as solvent, 
monocrotaline was extracted and determined by high performance liquid chromatography. RESULTS  Optimum experimental 
conditions ware: 80 mesh of particle size, 21.0 mL of water volume added, 40% of microwave power, 2 minutes of irradiation time, 

80 � of extraction temperature, 2 h of extraction time and 1:20 of ratio of material to solvent. CONCLUSION  The extraction of 

monocrotaline in Crotalaria Sessiliflora L was performed successfully by using microwave irradiation couple to solvent reflux 
extraction. The alkaloid yield was higher than conventional solvent reflux extraction and ultrasonic extraction, and the method is 
simple, easy to operate. 
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LC-10A µ¶·¸¹(º»¼½¾¿)ÀUV-1101

ÁX#ÂÂ]Ã(ÄÅÆÇ�!¹È�É¾¿)À

HH-6 ÊËÌÍÎ(ÏÐÑÒÓÔ¹ÈÕ)ÀpHS-25

Ö×pHÃ(ÄÅØ��!¹È�É¾¿)ÀRE52CS-1

ÙÚÛÜÈ(ÄÅÝÞ� ¹ÈÕ)ÀP8023CTL-K4

cdß(1050 kW�àáâ¾¿)ÀDL-360A ãäå

æÈ(ÄÅçè¹È�É¾¿�35 kHz)$ 

���/0éêë(New Jersey¾¿�USA�ì

] 99.9%)À/í(·¸ì�Merck ¾¿)À/í�3

í�î���Ì�ï3ð�ñ��òó ô�óõ�

3�3ö(#´ì�÷ø !ù£Õ)$ 

���/0éêë¢µ9êú2h���/0

éêë 10.0 mg�H/í¢û¦¬üý 10 mL-þ

&��"�]� 1.0 mg�mL−1
�éê��µ��x 4 �

��	
�$ 

0.5 %ï3ðÌ¢µ(pH 7.0)9h 2.5 mLï3ð

x 500 mLÌ&�Hñ��ý pH� 7.0$ 

2  ��	
 

2.1  �ë�gh 

h�������y�x���&����

�����������x�È&��H$ 

2.1.1  cd������-¢£°±gh  2h�

��y� 5.0 g(80�)x���&�Q� 21.0 mLÛ

�Ì�� !"�#R���$% 20 min����

�cdß&� 40%cd&a�� 2.0 min���Ú�

'þ&�Q� 100 mL /í�® 80 �ÌÍ°±gh

2 h�gh 2(�¤)��¦)µ$ 

2.1.2  ãägh  2h���y� 5.0 g(80�)��

x:*+,þ&�Q� 100 mL/í�®ÌË 40 �

§¨-ãä(`a� 35 kHz)gh 20 min�gh 2(�

U.)µ$ 

2.2  ghµ�/  

0Ä1���ghµÙ�H 50 mL 0.1 mol�L−1

î�¢µ¢û$2À��H 20 mLóõ3h 3(�

456���¢µH�Ì�ý pH 10711��Hó

õ3h 3(�8( 20 mL��¦óõµ�9MÛ

¢£�H/í¢û¦¬üý 2 mL��H$ 

2.3  �-«¬ 

0Ä1��¤����ghµ:¤ 0.45 µm )

;�® LC-10A µ¶·¸¹Ä<-1§¨ ¡«¬$

·¸=9UltimateTM C18(4.6 mm×250 mm�5 µm)À

±>¶9/í-0.5 %ï3ðÌ¢µ(pH 7.0)(30�70)À

?«d@9216 nmÀ=Ë9AËÀ±B90.8 mL�min−1
À

 �-910 µL$ 
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3.1  HPLC#´§¨ 

�/í�CD¢µ?���/0éê¢µ ¡

�ÁXEF�ÜG���/0® 216 nm �_UH

I�op 216 nm G�?«d@À�ï3ðG�E

F£�op/í-ï3ðÌ¢µ�±>¶�ùB�J

K�D� pH?#L�MN�OPQR 1$ 
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Fig 1  The chromatograms of monocrotaline standard solution (A) and extraction solution of Crotalaria Sessiliflora L(B) 
1�monocrotaline 

OP78�/í� 0.5%ï3ð(pH 7.0)¢µ�D

S� 30�70[����/0��.q�#L�%


T[U� 11.282 min�N���/0��]® 3.07

100 mg�L−1
	�·¸VWXYGZq[>\��%°

]^¥9A = 4 852.3 C + 4 213.9�r_0.999 5�N^`
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�VË�yVÃÄÌÍ\ÃÄÎÏ��;ÇÈÐÑ

ÒÓ;ÔÕ Ö³¬×�fg� 

3.2.1  ÃÄÌÍ\ÃÄ���fg  ÃÄÌÍ\

ÃÄÎÏ��HÐÑÒÓ�'s]³�ÃÄ$ÐÑ

Ø���ÁÙÂ~>À���Úµdy�ÛyÜÑ

ØÝ�Þßà���á<Úµ�âãAäUåÒÐ

Ñæ\ÐÑÓ�qrÃç�èé\êë�8 UA

&r��ìí¬×�îtÆ3�cï�ÃÄÌÍ\

ÃÄÎÏ��;ÔÕ Ö³¬×�fg�8�ðÃ

ÄÒÓ�&����ñò 2\ò 3� 

Tò 2\ò 37ó�ôõÃÄÌÍ�¬×Íö

d��ÃÄÌÍ÷�øCÌÍ 40%�¬×Í��ù

O�WXÌÍú¬×&�NS��ûW 40%øCÌ

ÍúÎÏÇÈ�ÎÏ��öË�¬×Íöd�÷�

2 min¬×Íüýúù�]^ÃÄÎÏ��8 2 min 
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Fig 2  Effect of power of microwave on extraction yield of 

monocrotaline 
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Fig 3  Effect of microwave irradiation time on extraction yield 

of monocrotaline 
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A'��A=þ��íy��u���k�¬×&

��ît�ûÃÄ��� 2.0 min�ÃÄÌÍ�øC

ÌÍ� 40%� 
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Fig 4  Effect of water volume added on extraction yield of 

monocrotaline 
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Fig 5  Eeffect of granularity on extraction rate of 
monocrotaline 

3.3  gh§¨©  

���¤¢£ªo��/íG�gh¢£�ª

H«¬ABÃ L9(3
4)?¢£°±�ghË]�g

h[UK®µD ¡�© �ABÃKABOP

#¯Q7 1�7 2�7 3$ 
� 1  ������ L9 (3

4) 

Tab 1  The orthogonal test design L9 (3
4) 

�� 
�� 

A/� B/h C/g:mL 

1 70 1.0 1:10 

2 80 2.0 1:20 

3 90 3.0 1:30 

��A�	
�����	
�������� 

Note: A�extraction temperature�B�extraction time�C�ratio of material to 

solvent. 

� 2  L9 (3
4)������ 

Tab 2  The orthogonal test result L9 (3
4) 

No A/� B/h C(g:mL) ��/mg�mL−1 

1 1 1 1 16.231 

2 1 2 2 24.322 

3 1 3 3 25.429 

4 2 1 2 23.556 

5 2 2 3 28.569 

6 2 3 1 25.220 

7 3 1 3 18.962 

8 3 2 1 23.362 

9 3 3 2 23.962 

K1 21.994 19.583 21.604  

K2 25.782 25.418 23.947  

K3 22.095 24.870 24.320  

R 3.788 5.835 2.716  

� 3 � ������ 

Tab 3  The results of variance analysis 

�� 
∑

2d
 fi F F0.1 (2,2) P 

A 27.946  2 0.812 3.14 > 0.1 

B 62.299 2 1.810 3.14 > 0.1 

C 13.001 2 0.378 3.14 > 0.1 

Error 103.25 6    
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����/?,- !@ABC� 80 D�EFG

21.0 mL�78HI 40%�789:#$ 2 min��

�"� 80 J���#$ 2 h�%&' 1�20( 

3.4  ���� 

KLM� 5.0 g���@A�NOP�Q�RS

T789:-��=>��U�V��=>Q��W

XY��Q��������Z�R[\�E]

�����^_\`ab���Q�E^=cI�

defg 4( 

� 4  ��������	
�(n=3) 

Tab 4  Results of extraction of monocrotaline in Crotalaria 
Sessiliflora L(n=3) 

���� �����/mg�g−1 RSD/% �	
��/% 

���-��
� 0.045 0 0.58 97.6 

���� 


� 
0.031 5 1.1 96.0 

���� 0.039 5 1.8 99.7 

hg 4
��789:;<-����Q��I

ijklmn���=>���Q�oklXY�

��Q�pgiST789:qr;<�Qst@
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Study of Separatation and Purification for Geniposide and Gardenia Yellow from Gardenia 
Simultaneously with Macroporous Absorption Resin 
 
ZHU Qi, YU Qi, ZHOU Danying(Zhejiang Research Institute of Traditional Chinese Medicine Co.Ltd, Hangzhou 310023, 

China) 

 
ABSTRACT: OBJECTIVE  To study the separatation and purification for geniposide and gardenia yellow from gardenia 
simultaneously with macroporous resin. METHODS  Comparing the the static adsorption capacity of gardenia yellow was used to 
investigate different macroporous resin, and get the optimum purified process with the best macroporous resin. RESULTS  The 
best macroporous resin: HPD-100 macroporous resin; and the purify process: the extracted solution(absorbency at 440nm was about 

60) was passed through HPD-100 resin chromatographic column with flow rate of 1-3 mL·min−1, after which�eluted it with distilled 

water (8-10 times volum), 25% ethanol (double volum) and 70% ethanol to be almost colorless. CONCLUSION  The percent of 
yield of geniposide was 70%, and that of gardenia yellow (color price between 100 to 500, the OD less than 0.8 or even 0.3) was 
80% (equivalent to the content of medica gardenia), all proves that the technique condition is reasonable. 
KEY WORDS: separation and purification; macroporous resin; gardenia yellow; geniposide 
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