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Volatile Components of Flower and Seed of Safflower

Sung-Hee Choi*, Sung-Im Im, Eun-Young Jang, and Young-Su Cho1

Department of Food Science and Nutrition, Dongeui University
1Faculty of Natural Resources and Life Science, Dong-A University

Volatile components in flower and seed of safflower were identified. Volatile flavor compounds of safflower
(Carthamus tinctorius L.) was extracted by simultaneous steam distillation and extraction method using Likens
and Nickerson’s extraction apparatus. Concentrated extract was analyzed and identified by gas chromatography
and GC-mass spectrometry. Main volatile components in flower were terpene compounds, including p-cymene,
limonene, α-phellandrene, γ-terpinene, camphor, 4-terpineol, selinene, β-caryophyllene, torreyol, β-eudesmol, and
10 acids including 3-methylbutanoic acid, 2-methylbutanoic acid, and acids of C2, C5-C11. Main volatile
components in seed and safflower were 20 aldehydes including hexanal (7.17%), (E)-2-heptenal (1.10%), (E,Z)-
2,4-decadienal and (E,E)-2,4-decadienal.

Key words: Carthamus tinctorius L., flower of safflower, seed of safflower, 3-methylbutanoic acid, 2,4-decadienal

� �

���(Compositae)� ��� ��(Carthamus tinctorius L.)�
2�� ���� 6-7���� �� �� 7-8��� �� �� 1
� � ���� ��� �� ������(Mesopotamia)���

���� ����, �� �� � �� ���� ���� �
��, �� �� �� �� �� ���� ���� ��. �
���� 0.3-0.6%� ����(carthamin)� 20-30%� ����

(safflower yellow)� ���� ��, ��, ���� ���	

carthamin
 ��(��)�� �� ���� ���� ��� �
����� �� ���� ����, ��, ��	� � ��

� � 
� �� �
 ���� ���� ��(1). ��, ��

� ���� �� ������ ����� ��, ��� ��

���� �� ���� ��(2).
��, ����� ��������(PUFA)	 linoleic acid�

� 70-78%�� ���� ���(3), ������� ����

���� 	� ����, ����, ��� �� ��� ��

� ��� ��� �� ��(4-6) � ��, ����, � ��

��� �� � ��� ���� � �� ��� �� 
��

�(7) � ���� ���� ��� �� ��� ��� 
�

� �� ��� �� ����� � ����� 	����

�� �� ���� � ����� ���� �� ����.
���� ���� � ��� ��� � 70-75%� �����

�	 linoleic acid(40-52%), linolenic acid(15-19%) � oleic
acid(3-8%)	 ��� ���� ��(8).
�  ��� �� 
���, ��� ���	 carthamin�

��� �� � ���	 ��(9), ��� ��� ���� �
�(10), ��(Carthamus tinctorius L.) �, � � �� ����

���� ��� ��� ��� 
�(11) �� ������

��� ��� �� 
���� ��. ��, ������ �
� ��� ������� ��(12), ��� ���� �� �
�� ��� ��� ��� �	(13)� ������� ���

��� �� 
��� � ���� ��� ����� �	 �
������� ������ �� 
�(14,15)� ���� �
�. �� �� ��� � ���� �� ������ ���

� �� 
�(5,6,11)� �� �� ���, �	� ��� 	�

� �� ����� �� ��. �� � 
���� ���

� ���� ��� � ���� � ���� ���� ��


�� ���� ���� �	� ��� ��, �����.

�� � ��

��

� ��� ��� ��� � ��� ��
 �� ��� �
� ����� �(2003� 4�)�� ���
(−20oC)���,
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��� �� �����. � �	���� ��� ��� ��

��, ����, �����, ��� � ��� �	��
 �
� limonene, 1-penten-3-ol, 1-octen-3-ol, hexanal, (E)-2-octenal,
3-ethyl-2,5-dimethylpyrazine (Aldrich, Milwaukee, WI, USA),
1-pentanol, 2-pentanol, (E)-2-pentenal, (E)-2-heptenal, phenylace-
taldehyde, nonanal, (E)-2-decenal, (E,E)-2,4-nonadienal, (E,E)-
2,4-decadienal, hexanoic acid, heptanoic acid, octanoic acid,
decanoic acid, dodecanoic acid(Wako, Osaka, Japan), nonanoic
acid, 2-phenylethylalcohol, 3-methylbutanol(Sigma, St. Louis,
MO, USA), � � ��
 Tokyo kasei, Fluka �� �� �
� 1� ��� �����.

��� �� ���� ��

��� � ���� �	��� ���� Likens� Nickerson
� 
������ ��(16)� �����. 
, ��� �� �
50 g� ��� 500 mL� Likens � Nickerson� 
�����

� ��� ������� �� �������� diethyl ether
50 mL� �� � 1�� �	 �� ���� �	� ��� �
����. 
�� �	���
 �� ������ �� ��


 �� �, diethyl ether� ���� ��, ���� 
�� �
	��� ���
 GC � GC-MS ��� �����.

��� ��� �� � ��


������� �� 
�� �	� �� ���� ��

� ��
 gas chromatography(GC)� gas chromatography-mass
spectrometry(GC-MS)� ����. GC� Shimadzu model GC-
17A(Kyoto, Japan)�� �����. �	� ��� 	���

FID(�����	��), ��
 HP-5(50 m�0.32 mm�0.52 µm
film thickness: Hewlett Packard, USA)� ������, column
��� 60oC�� 5�� ���� � 220oC�� 2oC/min� �
�� ������, GC��� ��� 220oC� �����.

Carrier gas� �����, ��
 1.2 mL/min, ��� split mode
� split ratio� 1 : 38� �����. GC-MS� HP 6890� HP
5973 Mass Selective Detector(Palo Alto, CA, USA)� 

�

�� �����. Carrier gas� helium� ��� �� ��

�� column� ��	�
 GC� 	�� ���� ���. MS
� ��� ��
 70 eV� ���. GC� �� ��� � peak
��� ��
 �	��� ��� ��(tR) � GC-MS�� 

�� 

 mass spectral library data� �	�� 		���.

�� � ��

��� � ��� ��� �	� ��� ��, ���� GC
� GC-MS� ��, �����. 
������� �� 
��

��� ���
 ����� ��� �� ��� �� ��

�
 ������ ��. ��� � ��� �	� �� ��

�� ��
 �� 31.92 mg%, 17.92 mg%� �
 �����,
GC � GC-MS ��
 �� 0.4 µL, 1 µL� ���. � ��

� ����	���
 Fig. 1� ��, �� �� ��� ��

�� 
�� Table 1� �����. Fig. 1� ��� �� ��

�
 peak ��� ���� 90� � ��� �	� ��� 	
����. ���� ���� ����
 ����� � �

�� ���� ��� �� peak� ��� �� �����.
���� �	� ����� α-terpinene �� terpene hydrocar-
bon� 9�, hydrocarbon� 3�, eugenol�� alcohol� 13�, 3-
methyl butanal �� aldehyde� 20�, 3-penten-2-one ��

ketone� 13�, acetic acid �� acid� 10�, acethyl furan �
� heterocyclic compound 3� � �� 7� � � 78�� ��

�� �� �� �����.
���� �	� �����, ���� ��� ��� �	

� ��� �� ��� ���� tetradecane�� ��� ��

��� 	 �� ���, p-cymene, limonene, α-phellandrene, γ-

Fig. 1. Gas chromatograms of volatile components from flower of safflower (A) and seed (B).
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terpinene, camphor, selinene, β-caryophyllene, 4-terpineol, torreyol
� β-eudesmol �� ���� ����� ��� ���. ��

� γ-terpinene� ��� �� ��� ��(17)��� �� ��

�� ���� ��� ����(18)�� ��� � ��� p-
cymene, selinene � β-caryo-phyllene �� �� �� ����

���� �� � ��� ������ ��� � ��(18,19).
β-Caryophyllene(20,21)� ��� ���, ������� ��

�� ����� ����� ������. p-Cymene(20)� �
� ����� �� ���� ����� ��, ���� 	�

�� ���� ��� ���� Bergamot�� ��� �� �
��� ���� ����. ����� ��� β-caryophyllene,
1,8-cineole � camphor(2-camphanone)� �� ���(22-24)�
��� ��� ��� �����. ���� �� �����

� ��� �� �	� ���� �� ��� �� � �� �
��(compositae) ���� ��
 � ��. ��, �� ���

� ���� ��� ����� ��� ����(23) ��

cineole� 
� ����(�)� ���� ��� �� ����

��� ��� �� ��� ���� ��� �� ��� 

����(25). Terreyol� ��(26) � �� ���� ����

��� ����� ��� � ��(27).
� � ���� ��, �� � ��� 	����(� 12%),

���(� 7%) � ��(� 3.9%)� ��� � � ��� ��

����� ���� ��� ������� ��� ��� �
����
 ��� ����. ����� �� ��� ���

� ���� β-caryophyllene(20,21), 2-phenylethanol(28-31), 4-
terpineol(18) � phenylacetaldehyde(21) �� ���� ��� �
�� ��� ��� ��� ���� ��� �� �� �(18-
21,29-32)�� �� ��� ��� �� ������ �� 

� ���� ����. �, ����� acetic acid� ��� 10
��� ��� ������ �� ��� �� peak ���

3.92%� ���� ���. ���(32)�� 2-ethylhexanoic acid
��, ���(29) ��� ��� ���� ���.
���� �� � �� �� ��� 3-methylbutanoic acid�

2-methylbutanoic acid� ��� 	� ���� ���� ��

��� �� ���� �� �
�� ��� ��� ���

�. ���� 	� �� ��� ���� �� ����� 	
� ���� ��� �� 
�� ���� �� �� ���

�	 ���� �� ������ ���� ��� ����

����� 	 ��� � ��� ���� ��� 
����

����.
��, ���� �� hydrocarbon� 3�, 1,8-cineole ��

alcohol� 8�, hexanal �� aldehyde� 20��, 3-octen-2-one
�� ketone� 4��, hexanoic acid �� acid� 4�, methyl
pyrazine �� heterocyclic compound 7� � �� 3� � �
49�� �� �� ���
�.
���� �� 	����� ��� �� ������ 87%

��� ���� ��� ����, � � (E,Z)-2,4-decadienal�
(E,E)-2,4-decadienal� �� peak ��� � 75%� ���
�.
�� 2,4-decadienal� ��� PUFA� ��� �� ��� 	
�	 ���(33) ���� 70%�� ��� linoleic acid(3)� �
����
 ��� �	��.
���� �������� ���� ��� ��� ���

� torreyol � β-eudesmol �� terpene alcohol�� �����

��� ��� �� ��� ��� ���� 3-methylbutanal
� 2-methylbutanal(34) �� ���� ��� ���� �
�

� ���. ���� ������ ���� ���� �� �
���� ���� ����� ���� 	� ��� �� �
���. ���, ���� 
	���� ���� �� 	 �
� �� �� ��	 � �� ��� ���� � �� ��

� �� ��� 
���� ����.

� �

���� � �� ��� 
� ������ ����� �
��� �� ��� � ���� ��� ��� �� ���


�. � �, ���� 	� ��� ����� ����


p-cymene, limonene, α-phellandrene, γ-terpinene, camphor, 4-
terpineol, selinene, β-caryophyllene, torreyol, β-eudesmol ��

�����. ��, phenylacetaldehyde, 2-phenylethylalcohol, 4-
terpineol, β-caryophyllene, γ-terpinene, α-phellandrene� ���

��� ��� 	����
 3-methylbutanal, 2-methylbutanal,
pentanal, hexanal, octanal, nonanal � decanal, 	��
 2-
pentanol � heptanol, ���� 3-penten-2-one, 2-heptanone,
2,6,6-trimethyl cyclohexanone �� ���� ���. � �� �
�
 acetic acid, heptanoic acid, 2-methylbutanoic acid � ran-
cid-cheese odor� �� 3-methylbutanoic acid(isovaleric acid)
�� ��� �
���. ��, ������ �� ��� �
�� �� ��� �� ��� ��� ����, ���� �
� �� �� �� �� ��� �� �
�
 �
�� ��

���. ��, ���� ��� hexanal, (E)-2-heptenal, (E,Z)-
2,4-decadienal � (E,E)-2,4-decadienal�� 	����� 	� �
�� ���� �����. 	��� � �� ��� � 30%
� ��� ���� ����, ���� ��� torreyol, β-
eudesmol �� terpene alcohol�, ��� �� ��� �� 3-
methylbutanal � 2-methylbutanal� �� ��� ��� ���

�, ��� �� �����
 (E,Z)-2,4-decadienal � (E,E)-2,4-
decadienal� �� ��� ��� � 75%� ���
�.
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