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Antimicrobial activities of ethanol extracts of marta rosemary (Rosemarinus officinalis L.) against Bacillus subtilis
and Salmonella typhimurium were investigated under conditions similar to processing of general food materials
to develop natural food preservatives. The strongest antimicrobial activities were shown against the tested
organisms at pH 7. In B. subtilis, the herbal extract extended the lag phase at low concentrations, and reduced
the specific growth rate during logarithmic phase at high concentrations. In S. typhimurium the herbal extract
reduced the specific growth rate even at lower concentrations. These trends were obtained at low pHs of culture
solution. Antimicrobial substances of herbs were efficiently extracted with low polar solvents. The thermal
stability of antimicrobial substances decreased with heating time at 100oC. S. typhimurium was more sensitive to
herbal extracts at 100 and 121oC than B. subtilis.
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� ��. �� �� ���� ���� �� ���� ����

dehydroacetic acid, sorbic acid, benzoic acid� ��� �, p-oxy-
benzoic acid ester �� ������ ���� ��. ��� �
���� ��� �� �� ��	�� ������ ��� �
����� ������ ����� ��� ���� �� �
�� ���� �� ��� ���� �	�� ��(1-12).
��� ��� ���� �� ��� sage, rosemary, allspice,

clove, oregano, thyme, cumin, nutmeg, ����, �� �� �
� ���(2-12) ��� ��� ����� ����� ���

��. � ����� 53�� 	� � ����� ���� 6�
� �� � ��� ��� ��� ��� ��� 	����

���(Saururus chinensis), ����� curry plant(Helichrysum
angustifolium)� marta rosemary(Rosemarinus officinalis L.)�
��� ����� �
 ��� ����(13). Marta rosemary
� ���� ��� ���� ���� ��� ����� �
� 
�� ���� 	�� ��� �� ���� �� 
�

����� ����� ��� ����.

� ����� 
�� ������ ��� �	� �� 	
�� 	� ��� marta rosemary� ���� ����, ��

��, pH, �
�� � ���	� ���� �� �����.

�� � ��

��� ����

Marta rosemary(Rosemarinus officinalis L.)� �����(�


� ���)��� ����� ���� 7� ���� 10� �
� ��� �� �����. �� � 2 g� ���� 20���

���� 95% ethanol, 1-butanol, hexane �� ���� 30oC,
150 rpm� ������� 1�
 �� �, �� mixer(Hanil Co.,
Korea)� 1�
 ���� Whatman No. 4(USA)� �����.
��, ��� �	� �� ���� 1-butanol� 60oC��, eth-
anol� hexane ���� 50oC�� rotary vaccum evaporator
(RE 200, Yamato, Japan)� �
���� 95% ethanol� 	�

�� Whatman No. 4� �����. � ���� 10 mL� �
��� 4oC� �����.

����� ��

Listeria monocytogenes 40307, Salmonella typhimurium
11863, Bacillus subtilis 11316, Escherichia coli 11234, Vibrio
parahaemolyticus 11965, Staphylococcus aureus 11335� ���

������(KCCM)��� ���� ����� �����.
��� E. coli, S. typhimurium, B. subtilis� Nutrient(Difco,
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USA)�, L. monocytogenes� S. aureus� BHI(brain heart infu-
sion, Difco, USA)�, V parahaemolyticus� ���(NaCl)� 3%

�� Nutrient(Difco Co.)� �����. � ��� 37oC� �
� ���� 16�
� 2	 ������ �����.

��� �� ��

��� ��: 6�� ����� �� ��� ����� paper
disc��� �����.

��� ��: ���
 ��� ethanol ���� 0.1, 0.2, 0.3,
0.4, 0.5, 1, 2, 4, 8 mL� ��� �� ��� ����(pH 7,
100 mL)� �� ����� ���� ��� �� �����

��		�(growth curve method)�� ����.

��� pH: �� ���� pH� 4, 5, 6, 7� ��� ��

��(0.1-4 mL/100 mL)� ���� pH� �� ����� ��

		��� ����.

����: ���, ethanol, 1-butanol, hexane�� �����

� 95% ethanol ���� ���
 ����� ��� �� �
���� paper disc��� �����.

���: �� ���� 100oC�� 0, 1, 5, 10, 20�, 121oC
�� 15�
 �
� �� ����(pH 7, 100 mL)� ����

�. 
��� �� ���� ���� B. subtilis� �� marta
rosemary 0.5%, curry plant 0.1%, ��� 2.0%� ��, S.
typhimurium ��� �� ��� ���� 4%� �����.
��� ����� ��		��� ����.

���� ��

Paper disc �: 15 mL� ��� ����(90 mm φ)� ��

�� ��� 80 µL� �����. �� �� �
 �� ethanol
���� ���� 2� �
�� 10 µL� filter paper disc(6.0
mm φ, Whatman No. 1)� ��, 	��� � disc� ����

� ��� ���� ��� �� �� 37oC�� 24�
 ��

�� disc ��� ��� clear zone� ��� ���� ���

�� �����. ����
 
��� �
� ���� ��

� 95, 70, 45, 20% ethanol� ���� �����.

����(growth curve) �: 2� ����� ���� ��

�� � 106 CFU/mL(OD660 = 0.01) ��� ���� ��� �
	� ��� �� ���� ��� 37oC� 150 rpm ����

��� 0, 3, 6, 12, 18, 24�
 ����� ���� �
��

660 nm�� ���� ��		� ������ �����

(specific growth rate)� ����.

�� � ��

����� �� ���

��� �� ���, ethanol, 1-butanol, hexane�� marta
rosemary� ���� 6�� ����� �� ���� paper
disc ��� ��� ��� Table 1� 
�. ��� �����

�� 78.5, 24.3, 17.8, 1.9��. ��	 ������ 95% eth-
anol� 	��� ���� 2�� �
�� ����� 	��

�� 
� ����� �����.
Marta rosemary� ���� ����� ��� �� ���

� hexane� �� B. subtilis, S. typhumurium, V. para-
haemolyticus ��� ��� �� 11 mm ��� �� clear
zone� �� marta rosemary� ����� ethanol�� butanol
�� hexane�� 	 � ���� ��� ����.

Michelle �(14)� 
�� � ���� ethanol� ether ��

�� ��� ���� ethanol ���� ether�� 2.5-8� ��

�� ��� ���� �����. �
	�� �� � ��

��� ���� ethanol� �� �����(1,15-17).

�� ��� �� ���

��� ����� 20��� ethanol� ��� ��� ��

� ���� �� %(v/v)� ����� � B. subtilis� S.
typhimurium� �� marta rosemary� ��	 ���� Fig. 1
� 
� B. subtilis� �� 1% ��� �� ��� �� ��

� �
 ���� ���. 0.25% �� � 3�
�� ���(lag
phase)� ����, 0.5% ����� �� ���� ����,
6�
 ��� ��� 	�� ���� ���� ��� ��

		� ���. B. subtilis� �	����� ��
� ���

�� 12�
 �� �
�� 

 ���� ��� �����.
S. typhimurium� ��� �� ��� ����� �� ���

����, �����(specific growth rate, µ = OD/hr)� ���

� µ = 0.071�� 2% ��� µ = 0.064, 4% µ = 0.027 ���



 �����, 8% ���� �� ��� �� ���� �
��. ����� 0.5%� �� ���� 12�
��� ���

� ��� ��� ���� 12�
 ���� �� ��� �
��� ��� �����.
��	��, B. subtilis� S. typhimurium�� ��� ���

��. B. subtilis� ��� ��� ������ ��� ���,
������ ��� �� � ����� �����, S. typh-
imurium� ���� ��� ���� ����� �����

�����. Park(5)� 4� ��� 
��(allspice, clove, oreg-
ano, thyme)� ����� 0-2% ���� �� ��� ���

Table 1. Antimicrobial activity of marta rosemary extracts with different solvents measured by a paper disc method (unit: mm)

Microorganisms
Solvents

Water Ethanol 1-Buthanol Hexane

Bacillus subtilis 6.0 8.6 8.3 11.3
Escherichia coli 6.0 7.7 8.6 6.0
Listeria monocytogenes 6.0 8.6 7.7 6.5
Salmonella typhimurium 6.2 9.8 8.7 11.5
Staphylococcus aureus 6.0 7.6 8.0 6.0
Vibrio parahaemolyticus 6.0 8.8 11.1 13.2
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�� ����� ���� ��� ��� ��� 
, 
���

��� ����� ��� ��� ��� ������ ��

�� �� �� ����� �����. �� ���� ���

���� ���� ��� 500 ppm ���� ���� ���

��� ����, SEM ���� ��� ����� ����

����� ���� ��� �� ���� ����, ���

�� ��� ���� ��� ���� ���� ���� �

�(18). ��� ���� �� ��� ��� 
 ����,

��, ��, ��� ��� ��� ���� ���� ��

� ���� ���(19).

��� pH� �� ���

B. subtilis� S. typhimurium� pH� �� ����� Fig. 2
� �����. 0.5%� ��� marta rosemary� pH� �� �
��� ��� 
, pH� ����� �� ������ ��

�� 
�� ������ � 0.01� ���� �� �� ��

��� ���. �� ��� pH 7��� B. subtilis� ���

� �� ����� 3�
�� ��� 6�
�� �����,
pH 6��� 18�
�� ���� ������, ������

pH 7� �� ����� �����. pH 5��� �� ���

��� �����. S. typhimurium� �� ������� pH
6� pH 7� 
� ��� ��		� ��� pH 5��	 ��

���� �
 ���� ������ pH 6� 7���� 0.015
�� �����. �� �� �, pH� ���� ��� ��

����� ���, pH 5��� ��� �
�� �� ���

��� �����. B. subtilis� S. typhimurium �� ����

� 	 ���� pH 4��� � �� �� ��� �����.
��	�� �� pH�� �� �� �	� ��� ���

��� ��� ����, pH� ����� �� ��� ��

���. ���� ���(20)� �� � �� � 50% �� �
�� ��� 
�� �� ��� ��� ������, 
�

���(21)� 
�� ��� �� ����� �����. �
�� ���� pH(4-10) ��� ���� ��� ���� �
��� �
�(21). � ����� �� �� �� ��� �
���� ��� 
��� ��� ��� ��� ��� ��

� �	���.

����� ����

Marta rosemary� ethanol ���� �� 100oC�� 0, 5, 10,
20�
 
���� B. subtilis� S. typhimurium� ���� �
�� ��� ��� Fig. 3� 
�.

B. subtilis� ��� 6�
� ��� ��� ��
 marta
rosemary� 
�� � ���(control)� ��� ������

��� ���� 
� ���� 3�
�� 	��, S. typhimu-
rium� ���� �� �� ���� ������ 0.040
�


� 
�� ��� ���� � 0.072� ���� �� ��

���� ���. Marta rosemary� B. subtilis� S. typhimu-
rium� �� 
���� �
�
� �� ���� �����

100oC�� 5� �� �
 � ���� 
� ���� ���

����.

Fig. 1. Effect of concentration of marta rosemary extracts on
growth inhibition of Bacillus subtilis and Salmonella
typhimurium in nutrient broth at 37oC.

Fig. 2. Effect of pH on antimicrobial activity of marta rosemary
extracts against Bacillus subtilis and Salmonella typhimurium in
nutrient broth at 37oC.
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�� ���� �
 ���	
 121oC�� 15�
 
���

����� ��� ��� Fig. 4� 
�. �� ��� 
��

�� ��� ����� 100oC ��� ���	 B. subtilis�
���� �� ���� ����� S. typhimurium� ���

� ���� ������ �����.
B. subtilis� marta rosemary� 
�� � ������� �

� ������ ��		 ��� �
�� ��� ���, �
��� �� ������ 6�
�� 3�
�� ����. S.
typhimurium(control µ = 0.091)� ��� 121oC�� 15�
 
�

�� �����(µ = 0.039)� ��		� �� �����

(µ = 0.039)� �� ��� 		� �� marta rosemary� ��

��� 
���� ���.
��	�� 121oC�� 15�� 
��� B. subtilis�� S.

typhimurium� �� � ��� ����� 
� 	 �����.
Lee �(19)� ���� methanol� ���� MIC �� 
��

�� ��� ���� 121oC�� 20�
 �� ��� ���

���� 	�� �
� ���� ��� ���� ���.

� �

�������� ��� �	�� marta rosemary� ���

�� �	� ���� �����. ��� �� ��� ��

marta rosemary� ���� S. typhimurium� B. subtilis� ��

� ���. ��	 ���� ��� �� butanol� hexane �

���� ���. ������ �� ��� pH 7�� �� �
��. ��� ���� ���� ��� B. subtilis� ��� �
����� ��� ���, ������ ��� �� � ��

��� ������� S. typhimurium� ��� ���� �
���� ����� �����. �� 
� �
� �� pH
��� ���� ����. ����� 100oC��� 
���

� �
�
� ��� ��� ���� ����� 121oC��

15�
� 
��� 
� ��� ���� B. subtilis�� S.
typhimurium�� �� ����.

��� �

� ��� ����� ���(�	��� ���
 ����:
KISTEP 00-B-WB-08-A-02)��� ��� �	����, ��

���
��.

� �

1. Oh DH, Ham SS, Park BK, Ahn C, Yu JY. Antimicrobial activity
of natural medicinal herbs on the food spoilage or foodborne dis-
ease microorganisms. Korean. J. Food Sci. Technol. 30: 957-963
(1998)

2. Shelef LA, Naglik OA, Bogen DW. Sensitivity of some common
food-borne bacteria to the spices sage, rosemary, and allspice. J.
Food Sci. 45: 1042-1044 (1980)

3. Chung CK, Park OK, Yoo I, Park KM, Choi CU. Antimicrobial

Fig. 3. Effect of thermal treatment to marta rosemary extracts at
100 on growth inhibition of Bacillus subtilis and Salmonella
typhimurium in nutrient broth at 37oC.

Fig. 4. Effect of thermal treatment to marta rosemary extracts
on growth inhibition of Bacillus subtilis and Salmonella
typhimurium in nutrient broth at 37oC.



54 ������	� � 37 � � 1 � (2005)

activity of essential oils of curry spices. Korean J. Food Sci.
Technol. 22: 716-719 (1990)

4. Seo KL, Kim DY, Yang SI. Studies on the antimicrobial effect of
Wasabi extracts. Korean J. Nutr. 28: 1073-1077 (1995)

5. Park CS. Effect of spices on the growth of pathogenic bacteria. J.
Life Resour. Ind. 2: 9-18 (1997)

6. Chen Q, Shi H, Ho CT. Effect of rosemary extracts and major
constituents on lipid oxidation and soybean lipoxygenase activity.
J. Am. Oil Chem. Soc. 69: 999-1002 (1992)

7. Kramer RE. Antioxidants in clove. J. Am. Oil Chem. Soc. 62:
111-113 (1985)

8. Vekiari SA, Oreopoulou V, Tzia C, Thomopoulos CD. Oregano
flavonoids as lipid antioxidants. J. Am. Oil Chem. Soc. 70: 483-
487 (1993)

9. Jhee OH, Yang CB. Antioxidant activity of extract from Bangah
herbs. Korean J. Food Sci. Technol. 28: 1157-1163 (1996)

10. Chang SS, Biserka OM, Oliver ALH, Cheng LH. Natural antioxi-
dants from rosemary and sage. J. Food Sci. 42: 1102-1106 (1977)

11. Ahn CK, Lee YC, Yeom CA. Antioxidant and mixture effects of
curry spices extracts obtained by solvent extraction. Korean J.
Food Sci. Technol. 32: 491-499 (2000)

12. Cuvelier ME, Berset C, Richard H. Antioxidant constituents in
sage (Salvia officinalis). J. Agric. Food Chem. 42: 665-669
(1994)

13. Choi HR, Choi EH. Screening of antimicrobial and antioxidative
herbs. J. Nat. Sci. Institute of Natural Science, Seoul Women's
University 15: 123-131 (2003)

14. Michelle MM, Schafer HW, Davidson PM, Zottola EA. Isolation

and identification of antimicrobial furocoumarins from parsely. J.
Food Prot. 60: 72-77 (1997)

15. Park UY, Chang DS, Cho HR. Screening of antimicrobial activity
for medicinal herb extracts. J. Korean Soc. Food Nutr. 21: 91-96
(1992)

16. Lee BW, Shin DH. Screening of natural antimicrobial plant
extract on food spoilage microorganisms. Korean J. Food Sci.
Technol. 23: 200-204 (1991)

17. Shin DH, Kim MS, Han JS. Antimicrobial effect of ethanol
extracts form some medicinal hervbs and their fractionates against
food-borne bacteria. Korean J. Food. Sci. Technol. 29: 808-816
(1997) 

18. Chung SK, Jung JD, Cho SH. Antimicrobial activity of Chopi
(Zanthoxylum piperitum DC.) extract. J. Korean Soc. Food Sci.
Nutr. 28: 371-377 (1999)

19. Lee IE, Cho SH. Antimicrobial effect of Aridtolochia contorta
Bge. extract on the growth of pathogenic and putrefactive micro-
organisms. J. Korean Soc. Food Sci. Nutr. 29: 1107-1111 (2000)

20. Kim HS, Shin JO. Isolation and antimicrobial activity of Xanth-
ium strumarium L. extract. Korean Appl. Microbiol. Biotechnol.
25: 183-188 (1997) 

21. Choi MY, Choi EJ, Lee E, Rhim TJ, Cha BC, Park HJ. Antimi-
crobial activity of pine needle (pinus densiflora Seib et Zucc.)
extract. Korean J. Appl. Microbiol. Biotechnol. 25: 293-297
(1997)

(2004� 12� 8� ��; 2005� 2� 16� ��)


