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Abstract 
Termites play a major role in reducing and decomposing woody materials within terrestrial ecosystems by 

degrading lingo-cellulosic materials with the help of the microbial community of their guts. We isolated the 
lignin-degrading bacteria from Anacanthotermes vagans (Hagen) using liquid and solid media containing wheat 
straw and lignin hydrochloric acid. Cellulose-degrading bacteria were also isolated using liquid medium 
containing filter paper, agar-cellulose and Congo red agar-cellulose. By conducting various experiments, 16 
bacterial species were isolated and subjected to different biochemical tests for comparing their growth rates. The 
genera Enterobacter and Klebsiella showed the highest growth rate among the rest species of isolated lignin-
degrading bacteria. The species Staphylococcus lentus and Bacillus subtilis were isolated from the media 
containing cellulose. 
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ƫ�ƲŤƃřŵǀƴĮǀŻ�ƲƿŵŚ���ƵŵŚƠŤſřŶƃ��Ƹţ�ƵŚĩ� řŶŤŝř�ºǀƶ����Śºŝ�ƵŶºƃ

ſō�Żř�ƵŵŚƠŤſřǀ�ƵŻřŶƳř�Źŵ�śŚÒ�å�ŤƳŚſƾ�Ŷƃ�ŵźų�źŤƯ���ƪŞƣ
ƶŝ�Ʊō�Żř�ƵŵŚƠŤſř�Żř�řźŤƀŝƺſ�ƱřƺƴƗƽ�Ŷƴģ�ƵŚĩ��ŶƃŹƿƲ��ŹŚŝ

�řŶºººū�ƝŶºººƷ�Śºººŝ���śō�Źŵ�ƩƺºººƬŰƯ�ŵřƺºººƯ�Ʊŵźºººĩ
�ƷƺŝźĩǀšřŹŶ�ŚƷƽ�ƩƺƬŰƯ���ƵŹŚºƈƗ�Ɓƺū�śō�Śŝ�ĭ�ºǀźƽ�

Ŷƃ��ƶŝ�ƽŹƺƏ�ƶƧ�źųō�ŹŵƿƶƬůźƯ�Ʋ��ŝ�śōƾ���ĬºƳŹ�ºƿŵźĭŶ��
ƵŹŚƈƗ�ƵŚĩ�žĜſ�ĭǀźƽ��šŶƯ�ƶŝ�ƵŶƃçÑ�ŚºƯŵ�Źŵ�ŢƗŚſƽ�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���è���ÎÐîç���������������������������������������������������������������������������������������������������������������ÐÔ 

ìå��ƶºººūŹŵ�ƽ�ºººƀƬſǀ�Ŷºººƃ�ĨºººƄų�Ʊƹō�ƱƹŹŵ�Žƺ�� �
(Kerr et al., 1983)���

�ƽřźŝƶǀƸţ�ƽ���ƿŹŶºƿźƬĩƹŹŶǀƷ�Ŷǀºſř�ƲǀƴĮǀƫĨ����ƵŚºĩ
ſōǀśŚ��ºſř�Żř�ƵŵŚƠŤſř�Śŝ�ƵŶƃǀƷ�ŶǀźƬĩƹŹŶ�ºƿŹŶƿ�Ĩ��ƱŻƹ

�ƅƺƈŴƯæî�æ��ŚƯŵ�Źŵƽ�Ò�ƶūŹŵ�ƽ�ƀƬſǀƶŝ�Žƺ��šŶƯ
ƹŵ�ƶŝ�ŢƗŚſ�ſƹǀƶƬ�ƽ��ƮºƷ�ƏŚƴƜƯ�ƱŻǀ�ºƀƾ��ŹƹōźºƟƽ��Ŷºƃ��

žĜſ��ƶūŹŵ�Śţ�Ŷƃ�Ƶŵřŵ�ƵŻŚūř�ƽ�ŚƯŵ�ƶŝ�šŹřźůƽ���ơŚºţř
Ŷſźŝ����ƍƺƬŴƯ�ƶŝ�Ʊō�Żř�ŶƘŝƿ�ƶƟŚƋř�ŲŶƿŵźĭ�ƶŝ�ƹ���šŶºƯ
æí�ŚƯŵ�Źŵ�ŢƗŚſƽ�ƶĮƳ�ơŚţř�Źřŵƽ��ŶƳŶºƃ���ř�Żř�žºě�ºƿ�Ʋ

šŶƯ�����ƵŶºƃ�ƶƟŚºƋř�śōƫ�ƹǀ�ºƴĮǀ�Ʋ�ƶºŝ��ºſƹǀƶƬ�ƽ��ƟŚºƇƾ�
Ɩưū�Źƹōƽ�Ŷƿŵźĭ���ƶƬƇŚů�śƺſŹ�Żř�žě��ƶŤºƀƃ�ƱŶºƃ�

Ŷƃ�ƵŶƳŚƃƺū�śō�Źŵ�ƶƧ�Ʋƿř���ŹŚºƧ��řżºƟř�Śºŝƿ�ŹŶºţ�ƂƿŬƾ�
Ŷſ�šŚƴŝźĩƿ�ƮƳŚƯŻŚţƾ�Ũƴų�ƍƺƬŴƯ�ƶĩƾ��ŵƺºƃ��ìpH = ��

ŢƟźĭ�šŹƺƇ��ŚƸƳŹŵ�ºƿŢ��ƫǀ�ºƴĮǀ�ƶºŝ�Ʋ��ºſƹǀƶƬ�ƽ��ƟŚºƇƾ�
ƠƈţǀŶƃ�ƶ�(Kerr et al., 1983)���

��
ƽźŤĩŚŝ�ƽŻŚſřŶū�ƶƿżŬţ�ƽŚƷ�ƵŶƴƴĩ�ƽ�ǀƴĮǀƫƲ 

ř�ŹŵƿƶƬůźƯ�Ʋ��çå�ŹƺƯƿƶƳŚ�ƽ�Ƭě�ƪųřŵ�ƶŝ�źĭŹŚĩǀ�Ţ
ƃǀƶƄ�řƽ�źƏ�Żř�ƹ�ƵŶƃ�ƪƤŤƴƯ�ºƿ�ƷŵŚƯźºſ�Ƣƾ���ŚºƯŵ�Źŵƽ�Ñ�

ƶūŹŵ�ƽ�ƀƬſǀƶŝ�Žƺ��šŶƯæå�ƣŵǀ�ºŝ�ƶƤƾ���ŶƳŶºƃ�ƁƺºƷ��
žĜſ���řŶŤŝřŹƺƯ�ƱŶŝ�ŮƐſƿƶƳŚ�ƶŝ�ŚƷ�ſƹǀƶƬ�ƽ�ţř�ƪĪƫřǀƬ�Ʀǀ
îÓ��ƺƄŤƀƃ�ŶƇŹŵ�Ƶŵřŵƶŝ�Śţ�Ŷƃ�źŤſř�ƪƯŚĩ�ŹƺƏƿŵƺƃ�ƪ�

ŶƘŝ�ƹ�Ʊō�ƱŶŝ�ŮƐſ�ŰƯ�Źŵ�ŚƷǀźŤſř�Ǝƿ�ƪ(Terrific broth)�
(TB)�ƹŚůƽ�èåå�Ưǀ�ºƬƾ��ƫ�ƭźºĭǀ�ºƴĮǀ�Ư�źºƷ�Źŵ�Ʋǀ�ºƬƾ�ƫǀ��źºŤ

ƶŝ�ƵŹŚŝƹŵ�Ŷƃ�Ƶŵřŵ�ƺƄŤƀƃ�ƪƯŚĩ�ŹƺƏ���ºŰƯǀ�ƎTB��ƪƯŚºƃ�
Ŷſ�ƭźĭ�ƹŵƿƳƺƯō�ƮǀƷ�ƭƺǀ�šŚƠƀƟ�ƱĥƹŹŶÑ���ƶŝōƿ�ƭźĭ�Ĩ

ŵƽ�ƷǀſŚŤě�ƱĥƹŹŶǀ��šŚƠƀƟ�Ʈè�å�ƴƯ�šŚƠƫƺſ�ƭźĭǀżƿ�Ʈì�
��ƶŝōæ�å�źƬĩ�ƭźĭƿŶſ�Ŷƿ�ƹ�Ʈååç�å�ƀƬĩ�šŚƴŝźĩ�ƭźĭǀ�Ʈ

ƫ�źƷ�Źŵǀ�źƐƤƯ�śō�źŤŵƺŝ���ř�Żř�žºě�ºƿ�ƶºƬůźƯ�Ʋ���ƶºƫƺƫ�ƽ�
ƶŝ�ƁŹřƺĭ�ſƹǀƶƬ�ƽ�ƿ���ħƺºƳ�žƴºě�ŢºƠū�Ĩ�ţ�ºǀ��ƱŶºŝ�Żř�ż

�ũŹŚų�Ŷºƿŵźĭ���ƪºųřŵ�ƹ�ºƿ�ƶºƫƺƫ�Ĩ�ƽ��ŚºƯŻōƿ�źŤºſř�Ƃƿ�ƪ
ƺŤŰƯƽ�Ò�ƯǀƬƾ�ƫǀŰƯ�Żř�źŤǀ�ƎTB�řŹřŵƽ�èåå�Ưǀ�ºƬƾ���ƭźºĭ

ƫǀƴĮǀƯ�źƷ�Źŵ�ƲǀƬƾ�ƫǀƶŝ�źŤ�ƳĥƺưƷ�ƹ�ƶƫ�ƪƯŚĩ�ŹƺƏǀ�Ŷºƃ�Ƶż��
ƶŝ�ř�ºƿƲ�ţźţ�ºǀŜ���ºƿ��ƹŚºů�ƩƺºƬŰƯ�Ĩƽ�ƺŤŰƯ�ºƿƵŵƹŹ�šŚ�ƽ�

ŹƺƯƿƶƳŚ���ŚºƷ�ƶºŝ���ŶºƯō�Ţºſŵ���ºƀƫƺƯřǀ�Ʊƺ�ƶºǀƸţ����ƽřźºŝ�ƵŶºƃ
ƂƿŚƯŻō������ƽŚºƯŵ�Źŵ��ƽŻŚºſřŶū�ƶºŝ�ƍƺºŝźƯ�ƽŚƷæ��tèå�
ƶºººūŹŵ�ƶºººĮƳ�ŹƺţŚºººŝƺĪƳř�Źŵ�ŽƺǀºººƀƬſ�ƽ��Ŷºººƃ�ƽŹřŵ� �

(Kato et al., 1998)���
ƶŝ���ƽźŤĩŚºŝ�ƽŻŚºſřŶū�ŹƺƔƴƯ��ŚºƷ�ƶºƿżŬţ�ƽ��ƵŶºƴƴĩ��ƽ
ƲǀƴĮǀƫ���ŢƄĩ�ƎǀŰƯ�ƕƺƳ�ƹŵ��ŢºƄĩ�ƎǀŰƯ�ƪƯŚƃ��ƖƿŚºƯ

��ƵŚĩ�ƹ�ƲǀƴĮǀƫ�ƽƹŚů�ƹ�ŢƄĩ�ƎǀŰƯŶƯŚū��ƶŝ���ƶºŤƟźĭ�ŹŚĩ
Ŷƃ��ƶǀƸţ�ƽřźŝ�ƽ�ƖƿŚƯ�ŢƄĩ�ƎǀŰƯ�ƵŚĩ�ƹ�ƲǀƴĮǀƫ�ƽƹŚů��

�ƶºƿŚě�ŢƄĩ�ƎǀŰƯ�řŶŤŝř�ƽ��źŤºſřƿ�ƪ�ºƿ�ºŰƯ�Śǀ�ƎM9�Ƹţ�ºǀ�ƶ
ƿŵźĭŶ��ƲƿŶŝ�ƶƧ�Ŝǀţźţ��ƪųřŵƿ��ƲºƫŹř�ĨÒåå��ºſƾ����ƾºſ

�ŹřŶƤƯæ�è�ŵ�ƭźĭƽ�ŶſƿƷ�Ʈǀ���šŚƠºƀƟ�ƱĥƹŹŶÒ�æ���ƭźºĭ
ſŚŤěǀŵ�Ʈƽ�Ʒǀ��šŚƠƀƟ�ƱĥƹŹŶÒ�å�źƬĩ�ƭźĭƿƳƺƯō�Ŷǀ�ƹ�ƭƺ
ÏÒ�å�źƬĩ�ƭźĭƿŶſ�ŶƿƳ�Źŵ�ƮǀƮ�ƫǀŹ�źƐƤƯ�śō�źŤƿ�ƶŤŴ��Ŷºƃ
�ƹƹŹ�ƵŚĮŤſŵ�ƽ�šŹřźů�ƽřŹřŵ�ƮºƷ�ƏŚƴƜƯ�ƱŻǀ�ºƀƾ���Źřźºƣ

ŢƟźĭ�(Kato et al., 1998)����žĜſ�ƩƺƬŰƯƿŢųřƺƴĪ�ƵŶƃ�
���ºŰƯǀ�ƎM9�����źºƄŝ�ƹŵ�ƶºŝçÒå��ºſƾ��ºſƾ��ƮǀºƀƤţ��ƶººŝ�ƹ

��ƭřŶĩźƷæçÒ�å�ƫ�ƭźĭǀƴĮǀ�Ʋ�ŚƿƵŹŚƈƗ�ƵŚĩ�ĭǀźƽ����Śºŝ�ƵŶºƃ
�Ŷºƃ�ƶƟŚƋř�Ɓƺū�śō���ŚƷźºƄŝ�ƹŹ��ƵŚĮŤºſŵ�ƽ��šŹřźºů

�ƽřŹřŵƮººƷ�ƏŚƴƜƯ�ƱŻǀººƀƾ�ŶƳŶººƃ�Ƶŵřŵ�Źřźººƣ���ƭřŶººĩźƷ�Żř
ƍƺƬŴƯ�ŚƷƽ�ƶŝ����ƶºŝ�ƵŶºƯō�Ţſŵ�ŢºƄƷ��ƶºƫƺƫ�ƽ��ŚºƯŻōƿ�Ƃ
źŤſřƿ�ƪƤŤƴƯ�ƪŶƿŵźĭ��ņŹŵ��ƶƫƺƫ�ŚƷƽ�ŚƯŻōƿ�Ƃ��ƶºŞƴě�Śŝ��ƶŤºƀŝ

�Ŷƃ�ƹ��ƱŶƃ�ƪƿźŤſř�ŢƸūƶŝ��šŶƯçå�ƣŵǀ��ƹǈĩƺºţř�Źŵ�ƶƤ
�ŶºƴŤƟźĭ�Źřźƣ�(Kato et al., 1998)����Ĩºƴų�Żř�ŶºƘŝ����ƱŶºƃ

ƶƫƺƫ�ŚƷƽ�ƹŚůƽ�ŰƯǀƶŝ�ŢƄĩ�Ǝ��šŶƯÏÑ����ƪºųřŵ�ŢƗŚºſ
�ŚºƯŵ�Źŵ�ŹƺţŚŝƺĪƳřƽ�æ�t�èì���Ŷºƃ�Ƶŵřŵ�ŹřźºƣŶƳ��Śºţ���ƭŶºƗ

ĭŵƺƫōƾ�ŰƯǀƎ�řźƃ�ƹ�ŚƷƿźŤſř�ƎƿƬǀſřżǀ�ƱƺſŹźŝƾ��ŵƺºƃ��
��žĜſ�Ʋƿřƶƫƺƫ�ŚƷ�ŚƯŻō�Źŵ�ƵŵŚƠŤſř�ŢƸūƿƂ�ŚƷ�ƽŶºƘŝ�ƽ�
�ƱƹŹŵƿƶĮƳ�ƩŚĤŴ�Źřŵƽ�ŶƳŶƃ�(Quinn et al., 1994)���

ŰƯǀ�ƹŵ�ƶŝ�ŶƯŚū�ŢƄĩ�ƎŹŚĭō�šŹƺƇ��ƫǀ�ºƴĮǀ�ƹ�Ʋ
ŹŚĭō�Ƹţ�ƭŶƴĭ�ƵŚĩǀŶƃ�ƶ��ŶŝƿƲ�ŹƺƔƴƯ���ƲƫŹř�ƹŵ�ƱƹŹŵ�řŶŤŝř



ÐÕ                                               ƱřŹŚƨưƷ�ƹ�ƾƫǈū��ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƽŻŚſřŶū�ƮƷ�ƽŚƷ�ƶƳŚƿŹƺƯ�ƁŹřƺĭ�ƵŚĮŤſŵ�Źŵ�ŢƀƿŻ�ƽ������

źŤſřƿ�ŹřŶƤƯ�ƪÒ�Ñ��ƹ�ŹŚĭō�ƭźĭçÒ�å�ƫ�ƭźĭǀƴĮǀ�Ʋ�ƹ��ƵŚºĩ
ƵŹŚƈƗ�ĭǀźƽ����Źŵ�Ɓƺºū�śō�Śºŝ�ƵŶƃèåå���ºſƾ��ºſƾ��śō
�źƐƤƯŶƃ�ƶŤŴƿŹ�ƹŹ�ƹƽ�ƮƷ�ƏŚƴƜƯ�ƱŻǀƀƾ�Śţ�ŢƟźĭ�Źřźƣ�

ƶŝ�ƍƺƬŴƯ����ƪºƯŚĩ�ŹƺºƏƿ��ºƃ�ŢºųřƺƴĪƺŵ���žĜºſ����ƲºƫŹř
�ƶºŝ���šŶºƯçå�ƣŵǀ�ƶººƤ��ŢºƸūźŤººſřƿ�ƪ��ƱŶºƃ�ƹǈĩƺººţř�Źŵ

Ŷƃ�ƶŤƃřŸĭ���Ĩºƴų�Żř�žě���řźºƃ�Źŵ��ƱŶºƃƿ�źŤºſř�Ǝƿ��ƪ
ŰƯǀƎ�ŚƷƽ�źŤſř�ŢƄĩƿƪ��ƵŶƃ�ƶŝƬě�ƱƹŹŵǀŢ�ŚƷƽ���ŢºƄĩ
źŤſřƿ�ƪƤŤƴƯ�ƪƹ�ŶƳŶƃ�ŶƘŝ��ŻřƱŶƃ�ƶŤƀŝ�ºſŹźŝ�ŢƸū��ƾ�

ĭŵƺƫō�ƭŶƗƾ�ƶºŝ�����šŶºƯçÑ�����Źřźºƣ�ŹƺţŚºŝƺĪƳř�Źŵ�ŢƗŚºſ
ŶƴŤƟźĭ��žĜſ����ŚºƯŻō�Źŵ�ƵŵŚƠŤºſř�ŢƸūƿƂ��ŚºƷ�ƽŶºƘŝ�ƽ�
�ƪųřŵƿƶĮƳ�ƩŚĤŴ�Źřŵƽ�ŶƳŶƃ�(Quinn et al., 1994)���

��
�ŢƄĩƽźŤƧŚŝ��ƽŚƷƶƿżŬţ�ƵŶƴƴĩ�ƽ�ƲǀƴĮǀƫ��

�ƽřźŝƎǀŰƯ�Źŵ�ŢƄƧ�����ƹ�ƲǀºƴĮǀƫ�ƽƹŚºů�ƖƿŚºƯ�ƽŚƷ
ƵŚĩ��ƶƫƺƫ�ƶŝ�ƾƬǀƯ�Ĩƿ�ƪƿźŤſř�Ǝƿřźƃ�Źŵ�ƂƿŚƯŻō�ƽŚƷ��źŤǀƫ

�ƶºǀƸţ�ƱƺǀƀƫƺƯř�Żř��ƵŵƹŹ�Żř�ƵŶºƃ����ƶƟŚºƋř�ƶºƳŚƿŹƺƯ�ƽ�Ŷºƃ��
žĜſ���ƎǀºŰƯ�����ƽŚºƯŵ�Źŵ�ŢºƄĩ�ƽŚºƷæ��tèì��ƶºūŹŵ��ƽ

ƶŝ�ŽƺǀƀƬſ��šŶºƯ��ºƿ��ƶºŤƠƷ�Ĩ�Źŵ��ŹƺţŚºŝƺĪƳř�ƶºĮƳ�Źřŵƽ�
�ŶƳŶƃ�(Kato et al., 1998)��źŤĩŚŝ�ŶƃŹƽ����ƶºƳřŻƹŹ�ƶºƫƺƫ�Źŵ

ſŹźŝƾ�Ưƾ�Ŷƃ���Żř�žěƿ�ƹ�ƶŤƠƷ�Ĩ�Śŝ���šŹƹŶºĩ�ƵŶƷŚºƄƯ
�źŤĩŚŝ�ŶƃŹƽ���ŢƸū�ŻŚſřŶūƽƆƫŚų���ŻŚſƽ�Ƙţ�ƹǀǀ�Ʋ

ƺƷƿźŤĩŚŝ�Ţƽ�ŚƷƽ�ŰƯ�Źŵ�ƵŵźĩŶƃŹǀŚƯ�ƎƿƖ���ŹřŶƤƯæåå�
ƯǀƫƹźĪǀř�Żř�źŤƿŰƯ�ƲǀƎ��ƹ�Ŷƃ�ƶŤƃřŵźŝ�ŚƷƹŹƽ�ŰƯǀƎ�ŚƷƽ�

ŹŚĭō�ŶƯŚū��ƫǀƴĮǀŹŚĭō�ƹ�Ʋ��ƵŚĩ�ƭŶƴĭ�ŢƄĩŶƿŵźĭ���
�ƽřźŝƎǀŰƯ�Źŵ�ŢƄĩ���ǀºƴĮǀƫ�ƽƹŚºů�ŶƯŚū�ƽŚƷ�ƹ�Ʋ

ƵŚĩ���ŹřŶƤƯæ�å�ƯǀƬƾ�ƫǀƵŵƹŹ�ƩƺƬŰƯ�Żř�źŤ�ƽ��ƹŹ�ƵźºƄůƽ�
źƷƿƬě�Żř�ĨǀŢ�ŚƷƽ�ƺŤŰƯƽ�ŹŚĭō��ƫǀƴĮǀ�Ʋƿ�ŹŚºĭō�Ś����ƵŚºĩ

�Ƶŵřŵ�Źřźƣ�ƭŶƴĭ�Ŷƃ��žĜſ��ŰƯǀƎ�ŚƷƽ���ŚºƯŵ�Źŵ�ŢºƄĩƽ�� �
æ�t�èì�ƶººūŹŵ�ƽ�ººƀƬſǀƶººŝ�Žƺ��šŶººƯººƿ�ƶººŤƠƷ�Ĩ�Źŵ

�ŹƺţŚŝƺĪƳřƶĮƳ�Źřŵƽ��ŶƳŶƃ���šŶƯ�Ʋƿř�Źŵ�źŤĩŚŝ�ŶƃŹƽ���ŚºƷ
ƹŹƽ�ƬěǀŢ��ŚºƷƽ��ŹŚºĭō���ºſŹźŝ�ŵŹƺºƯ�Źřŵƾ���ŢºƟźĭ�Źřźºƣ��� �

(Kato et al., 1998)��řźŝƽ�ƶƳƺưƳ�źƷ��ƿŰƯ�Żř�ŹřźĪţ�Ĩǀ�Ǝ
�ŢƄĩŹŚĭō�ŹŚĭō�ƹ�ƭŶƴĭ�ƵŚĩ��ŢƟŚƿ�ƅŚƈŤųř�ƲǀƴĮǀƫ���
��

ƽźŤĩŚŝ�ƽŻŚſřŶū�ƶƿżŬţ�ƽŚƷ�ƵŶƴƴĩ�ƽ�żƫƺƬſ��
��ŹƺƔƴƯ�Ʋƿř�ƽřźŝ��ƾºƴǀƘƯ�ŵřŶºƘţ���ƶºƳŚƿŹƺƯ��ƶºŝ�ƱƹŹŵ

ƶƄǀƃ�ŢǀƬě�Ʊō�ƱŶŝ�ŮƐſ�ƹ�Ŷƃ�ƪƤŤƴƯ�ƽř����ƺºƄƀŤƃ�Śºŝ�ŚƷ
�ƪĪƫř�Źŵìå��ƪƿźŤſř�ŶƇŹŵƿŵźĭŶ���žºě����Ʊŵźºĩ�řŶºū�Żř

ƶƳŚƿŹƺƯ�źƷ�źſ��ħƺƳ�žƴě�Śŝ��ƵŚĮŤſŵ�żǀţ��ũŹŚºų�ƁŹřƺĭ
Ʊō�ƾƯŚưţ�ƹ��ŶƳŶƃ�ƲĮưƷ�ŚƷ(Upadhyaya et al., 2012)���
ƶŝ��ƽźŤĩŚºŝ�ƽŻŚſřŶū�ŹƺƔƴƯ��ŚºƷ�ƽ�ƶºƿżŬţ��ƵŶºƴƴĩ��ƽ
żƫƺƬſ��ƎǀŰƯ�Żř���ƖƿŚƯ�ŢƄƧ�ƽŚƷŹŚĭō�����ŹŚºĭō�ƹ�żƫƺƬºſ
żƫƺƬſ���żƯźƣ�ƺĮƴĩ�ĬƳŹ�Ŷƃ�ƵŵŚƠŤſř��ƶǀƸţ�ƽřźŝ��ƽ�ƎǀŰƯ

ƖƿŚƯ�ŢƄĩ���ƃ�ƝƹźºƓ�ƱƹŹŵǀ�ƶºƄ�řƽ�Ò�ç��Ƴ�ƭźºĭǀ��šřźºŤ
Ŷſƿ��Ʈç�ƭźĭ��ºſŚŤěǀŵ�Ʈƽ�Ʒ�ºǀ���šŚƠºƀƟ�ƱĥƹŹŶç���ƭźºĭ

ƴƯ�šŚƠƫƺſǀżƿ��Ʈç�źƬĩ�ƭźĭƿŶſ�Ŷƿ�ƹ�Ʈæ�å�źƬĩ�ƭźĭ�ºƿ�Ŷ
ƀƬĩǀ�ƮÓ��Źŵ�ƶŝōƿƫ�ĨǀƺŤŰƯ�źƐƤƯ�śō�źŤƽ�ƟŚƇ�ŸƛŚĩƾ�
��ƵŹŚưƃ�Ʋưţřƹ�ƽ�ƿĨ���ƶŤŴƿŹŶƃ��žĜſ���ƝƹźƓ��ŢºƸū

źŤſřƿ�ƪ�ƱŶƃƶŝ��šŶƯçå�ƣŵǀŶƃ�ƶŤƃřŸĭ�ƹǈĩƺţř�Źŵ�ƶƤŶƳ�
(Gupta et al., 2012)���
�ŢƄĩ�ƎǀŰƯŹŚĭō����żƫƺƬſ��ŻřÒ�å�ſŚŤě�ƭźĭǀŵ�Ʈƽ�

Ʒǀ��šŚƠƀƟ�ƱĥƹŹŶçÒ�å��ƴƯ�šŚƠƫƺºſ�ƭźĭ�ºǀżƿ��Ʈç���ƭźºĭ
��żƫƺƬſæÒ�ŹŚĭō�ƭźĭ�ƹ�ç�ţǇĥ�ƭźĭǀ�Źŵ�Ʋ�ºƿƫ�Ĩǀ��śō�źºŤ

ĪƄţ�źƐƤƯǀŶƃ�ƪ��řźŝƽ�ưƏřǀŚƳřƺţ�Żř�ƱŚƴƾƿ��źŤĩŚºŝƽ��ŚºƷƽ�
żŬţƿƶ�ƵŶƴƴĩ�ƽ�Ʊō��żƫƺƬſ�ŰƯ�Źŵ�ŚƷǀżƫƺƬſ�ŹŚĭō�Ǝ����ĬƳŹ

ŶƳŶƃ�Ƶŵřŵ�ŢƄĩ�żƯźƣ�ƺĮƴĩ��řƿŰƯ�Ʋǀ�ƎƪƯŚƃ�Ò�å��ƭźĭ
ººſŚŤěǀŵ�Ʈƽ�Ʒººǀ��šŚƠººƀƟ�ƱĥƹŹŶçÒ�å��šŚƠƫƺººſ�ƭźººĭ

ƴƯǀżƿ��Ʈç����żººƫƺƬſ�ƭźĭæÒ�����ŹŚºĭō�ƭźºĭç���ƭźºĭ��ĬºƳŹ
�ƹ�żºƯźƣ�ƺºĮƴĩç�ţǇĥ�ƭźĭǀ�Źŵ�Ʋºƿƫ�Ĩǀ��źººƐƤƯ�śō�źºŤ

Źŵ�ç�ì�í�ÓpH = �ŵƺŝ�.(Gupta et al., 2012)���
��
��
��



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���è���ÎÐîç���������������������������������������������������������������������������������������������������������������ÐÖ 

�ŢƄĩƽźŤƧŚŝ��ƽŚƷƶƿżŬţ�ƵŶƴƴĩ�ƽ�żƫƺƬſ��
ƺŤŰƯ�řŶººŤŝřººƿƲººĮưƷ�šŚ�ƵŶººƃ�ƽ�ƶººƫƺƫ�ƽ��ƁŹřƺººĭ

ŹƺƯƿƶƳŚ��ºŰƯ�ƶŝ�ŚƷǀ��ŚºƯ�ŢºƄĩ�Ǝƿ��Ŷºƃ�ƶƟŚºƋř�Ɩ���žĜºſ��
ƶŝ��šŶƯƿ�ŚºƯŵ�Źŵ�ƶŤƠƷ�Ĩƽ�èì��ƶºūŹŵ�ƽ��ºƀƬſǀ�Źŵ�Žƺ

ƶĮƳ�ŹƺţŚŝƺĪƳř�Źřŵƽ�ŶƳŶƃ��ř�Żř�ŶƘŝƿšŶƯ�Ʋ���ęƺƫ�Ǝſƺţ
źŤſřƿƪ��ŰƯ�Żř�ŢƄĩǀŚƯ�Ǝƿ�ƶŝ�Ɩ�ƽƹŹŰƯǀƎ�ŚƷƽ��ŹŚºĭō���

�ƹ�żƫƺƬſ��żƫƺƬſ�ŹŚĭō������żºƯźƣ�ƺºĮƴĩ�ĬƳŹ��ŢºƟŚƿ�ƩŚºƤŤƳř��
ƫŚƘƟǀźŤĩŚŝ�Ţƽ�ŚƷƽ�żŬţƿƶ�ƵŶƴƴĩ�ƽ���żƫƺƬºſ�ŦºƗŚŝ�Ɯţ�ºǀǀ�ź

�Ŷƃ�żƯźƣ�ƺĮƴĩ�ĬƳŹ(Gupta et al., 2012)���
��

ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ũřźŴŤſř�ƽŚƷ�ƵŶƃ��
ƽźŤĩŚººŝ�ƾƿŚººſŚƴƃ�ũřźŴŤººſř�ƽŚººƷ��ƵŶººƃ�ŽŚººſřźŝ

�ƽŚƷŵŹřŶƳŚŤſřBreed et al. (1957)��ƹQuinn et al. (1994)�
ŢƟźĭ�ƭŚŬƳř��ƾĭĦƿƹ�ƶƴĭźě�ƽźƷŚƓ�ƽŚƷ��ŶºƃŹ�ƽŚƷ���ƶºŤƟŚƿ

�ƎǀººŰƯ�ŮƐººſ�źººŝblood agar����ƵŻřŶººƳř��ƪĪººƃ��ĬººƳŹ
ƾƏŚŴƯ�ƹ�ƾĮŤƀūźŝ�Ʊŵƺŝ��ƶŝ�ƩŚƈţř�ƕƺƳ�ƹ���ŹŚºĭō�ŮƐſ

ƾƯ�ƪƯŚƃ�řŹ�Ŷƃ���ĬºƳŹ�ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�Ưō�ºǀżƽ��ƭźºĭ��
źŤĩŚŝ�ƪĪƃƽ�řŹō��ŚƷƿƱō�Ƃ�Ƴ�ƹ�ŚƷǀ��ŢºŞŨƯ�ƭźĭ�ż�ºƿ�Ś��ƭźºĭ

ƠƴƯƾ�Ʊō�Ʊŵƺŝ�Ƙţ�ŚƷǀǀŶƃ�Ʋ���ŚºƯŻōƿƂ��ŚºƷƽ�ŝǀ�ºƃƺǀưǀŚƾƿ�
ƀĩř��ŻǇŚţŚĩ�ƱƺƯŻō�ŶƴƳŚƯǀƵŹƹř��ŻřŶ�Ʒ��ŻōǀƫƹŹŶǀ�ºţǇĥ�żǀ��Ʋ

ſǀſ�Ʊƺưǀ�ºŰƯ�Źŵ�ŢƄĩ��šřźŤǀ��Ŷºƴƣ�ƶºſ�Ǝƽ��ƲºƷō��Źřŵ
(TSI)�������ƩƹŶººū�ƶººŝ��ƽŚººƷÑ�æ�ŵƺººƃ�ƕƺººūŹ��ƹŹƽ�
źŤĩŚŝƽ�ŚƷƽ�ũřźŴŤſř�ŢƟźĭ�ƭŚŬƳř�ƵŶƃ��ƶŝ�ř�ºƿ��šŹƺºƇ�Ʋ
ƶŝ�ƶĩ�ſƹǀƶƬ�ƽ��ęƺƫƿžƳō�Ś��źŤſřƿƄŴŝ�ƪƾ�ƶƴĭźě�Żř��ŚºƷƽ�
źŤĩŚŝƽ�ŰƯ�Źŵ�źƔƳ�ŵŹƺƯǀƎ�ŚƷƽ��ºƤƬţ�ŹƺĩŸƯǀ��ƹ�ŶƳŶºƃ�Ů

�Żř�ŶƘŝÑí�çÑ�ſŚŝƺĪƳř�ŢƗŚſǀŚƯŵ�Źŵ�Ʊƺƽ�èì�ƶūŹŵ�ƽ�
ƀƬſǀƫŚƘƟ��ŽƺǀźŤĩŚŝ�Ţƽ�ƶŝ�ŚƷ�Ɯţ�šŹƺƇ�ºǀǀ��ĬºƳŹ�ź�ºƿ�Ś

Ŷƃ�ƾſŹźŝ�ƎǀŰƯ�ĬƳŹ�źǀǀƜţ�ƭŶƗ����
��

ŪƿŚŤƳ��
ƽźŤĩŚŝ���ƵŵŚºƯ�ƹŵ�Żř�ƵŵŚƠŤºſř�ƶŝ�ŹŵŚƣ�ƽŚƷ�ƽ���ƾƿřŸºƛ

ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ��żƫƺƬſ�ƹ�ƲǀƴĮǀƫ����ƹ�ƾƿŚǀưǀºƃƺǀŝ�ƽŚºƷ

ĬƳŹ�žƴū�ŮƐſ�Śţ�ƭźĭ�ƽżǀƯō�������ŮƐºſ�Śºţ�żºǀƳ�ƾºųźŝ�ƹ
��ŶƳŶºƃ�ƾƿŚºſŚƴƃ�ƶƳƺĭ���ƂƿŚºƯŻō�Źŵ���ƭŚºŬƳř�ƽŚºƷ��ƶºŤƟźĭ��

ƽźŤĩŚººŝ��ƽŚººƷEnterobacter cloacae��E. aerogenes��
Enterobacter sp.��Klebsiella pneumoniae�K. oxytoca ��

�Klebsiella sp��Pseudomonas sp.��Actinobacillus equuli��
A. ureae��Actinobacillus sp.��Corynebacterium sp.��ƹ

Rhodococcus spp.�ƶººƿżŬţ�ƶººŝ�ŹŵŚººƣ��ŶººƳŵƺŝ�ƲǀººƴĮǀƫ�ƽ
�ƩƹŶºººū�ƽŚºººƷ��è��æ���ƲǀºººưƷ�ŹƺºººƏ��ƽźŤĩŚºººŝ��ƽŚºººƷ

Staphylococcus lentus�ƹ��Bacillus subtilis��ƾƿŚºººƳřƺţ
ƎǀŰƯ�Żř�ƵŵŚƠŤſř�����ŶƴŤºƃřŵ�řŹ�żƫƺƬºſ�ƽƺºŤŰƯ�ŢƄĩ�ƽŚƷ

��ƩƹŶū�Ñ����
��

ŦŰŝ��
ƾººſŹźŝ���Żř�Ƶƹźººĭ�ƶººſ�ƶººĩ�Ţººſř�Ƶŵřŵ�ƱŚººƄƳ�ŚººƷ

�ƶºººƿżŬţ�ƶºººŝ�ŹŵŚºººƣ�šřŵƺººūƺƯ��ŵřƺºººƯ�ƾĪƿĥƺºººƫƺǀŝ�ƽ
ƾƯ�ƽżƫƺƬſƺƴĮǀƫ�ġŹŚƣ�ƪƯŚƃ�ƶĩ�ŶƴƃŚŝ�ƵŶǀſƺě�ƽŚƷ���Źřƺų

ƭżǀƳŚĭŹřƹźĪǀƯ�Żř�ƾƌƘŝ�ƶƳŚƿŹƺƯ�żǀƳ�ƹ�ħŚų�ƹ�śō�ƽŚƷ��ŚƷ
ŶƴŤƀƷ��ƶƳŚƿŹƺƯ�ƶƿżŬţ�ŚƷ������ƹ�ƵŵźºƯ�śƺºģ�źºţźŝ�ƱŚĭŶºƴƴĩ

��ƽżƫƺƬºſ�ƖŝŚƴƯ�źĮƿŵ�ŶƴŤºƀƷ���ƶºĩ�Ǝºſƺţ��ƽźŤĩŚºŝ���ƽŚºƷ
ƮººƷ�ƵŵƹŹ�Źŵ�ŢººƀƿŻ�ƾººƬě�źººǀưŴţ�Śººŝ��ŵƺººų�ƽ�źººƯ��ƽŚººƷ

��Ʊō��śƺºģ�Źŵ�ŵƺºūƺƯ�ƽżƫƺƬſƺƴĮǀƫ�����ƽŚƷŶºƴƣ�ƶºŝ�řŹ�ŚºƷ
ƾƯ�ƪƿŶŞţ�ƵŵŚſ��Ŷƴƴĩ(Kato et al., 1998)���ƽźŤĩŚºŝ����Śºŝ�ŚºƷ

ƮƿżƳō�Ĩưĩ�ƶŝ�řŹ�ƱĥƹŹŶǀƷ��ŵƺų�ƽŚƷ����ƩƺºƈŰƯ�šŹƺºƇ
ƾƯ�Ŷǀƫƺţ�ƾƗźƟ�Ŷƴƴĩ��Ŷǀƫƺţ�Ʊĥ�ƹ�ƮƿżƳō�ƾƿŚſŚƴƃ��ƵŶºƴƴĩ��ƽ

ĥƹŹŶǀƷƯ�Ʊƾ�ř�ŶƳřƺţƿōźƟ�ƲƿƺƤţ�řŹ�ƵƺƤƫŚŝ�Ŷƴƿĩ�ŢŶƴ��Źŵ�ƹ
ŵŚƤƯƿŹŚŬţ�źƽ��ƷǀŻ�Żř�ƱĥƹŹŶƿŢƀ��Ƶŵƺţ�ƽ���ŝƺºģƾ�řƿ��ŵŚºŬ
ŵƺƃ��ƳǀŚƷŻŚƽ�ŻƹŹ��Śºū�ŜŞſ��ƱŚƸū�ƱƹżƟřƿżĮƿƴƾ���ƖºŞƴƯ
ĥźƳřƽ��Ţųƺºſ�Żř�ƵŵŚƠŤſř�ƹ��ŚºƷƽ�Żƿ�Ťºƀƾ���Ţºſř�ƵŶºƃ��
ƶººŝ�ŹƺººƏƽ�ººƀŝ�źººƋŚů�ƩŚººů�Źŵ�ƶººĩǀŹŚƽ�ŚƷŹƺººƄĩ�Żřƽ�

ƶƘſƺţ�ƿ��ƶºŝ�ƕƹźƃ�ƶŤƟŚƫƺţ�ºǀ�Ż�ƩƺƳŚºţř�Ŷƿ�Ťºƀƾ����Ĩºưĩ�ƶºŝ
źŤĩŚŝƽ�ŚƷƽ�ƮƷ�Żƿ�żŬţ�Ţºƀ�ºƿƶ��ƵŶºƴƴĩ�ƽ�ƫǀ��Źŵ�żƫƺƬºſƺƴĮ

ţřŵƺūƺƯƾ�ŹƺƯ�ŶƴƳŚƯƿƶƳŚ�Ƶŵźĩ�ŚƷ�ŶƳř�(Brune et al., 1995)�� �
��



ÑÍ                                               ƱřŹŚƨưƷ�ƹ�ƾƫǈū��ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƽŻŚſřŶū�ƮƷ�ƽŚƷ�ƶƳŚƿŹƺƯ�ƁŹřƺĭ�ƵŚĮŤſŵ�Źŵ�ŢƀƿŻ�ƽ������

��

�ƩƹŶūæ��ƇƺƈųǀįźŤĩŚŝ�šŚ�żŬţ�įŚƷƿƶ��ƵŶºƴƴĩ�ƫ�įǀ�ºƴĮǀ�Ʋ�Enterobacter��ƹKlebsiella���ŹŵAnacanthotermes vagans���Śºŝ
ŚƯŻō�Żř�ƵŵŚƠŤſřƿƂ�ŝ�įŚƷǀƃƺǀưǀŚƿİ� 

Table�1.�Characterization of the lignin-degrading bacteria �Enterobacter and Klebsiella) in Anacanthotermes vagans 
using biochemical tests. 

 
Klebsiella sp. K. oxytoca K. pneumonia Enterobacter sp. E. aerogenes E. cloacae Test 

� � � � � � Gram reaction  
Rods Rods Rods Rods Rods Rods Shape 
� � � � � � Oxidase 
+ + + + + + Catalase 
� � � � � � H2S production in TSI1 
+ + + + � + Gas production in TSI 
� � � + + + Motility 
+ + � � � � Indole 
+ + + + + + Citrate 
� + + � � � Urease 
� � � + + � LD2 
� � � � � � PD3 
+ � � � � � MR4 
� + + + + + VP5 

+/+ +/+ +/+ �/+ +/+ +/+ OF6 
+ + + + + + *URZV�RQ�0DF&RQNH\�ғV 

 1. Triple sugar iron, 2. Lysine decarboxylase, 3. Phenylalanine deaminase, 4. Methyl red, 5. Voges Proskauer, 6. Oxidative/Fermentative. 

��
řŚŝƿƲ�ƩŚů��ŹƺƯƿƶƳŚ�����ƱŚưŤųŚºſ�ƶºŝ�ƶºƬưů�ƭŚºĮƴƷ�ŚƷ���ƹ�ŚºƷ

ĭ�šǇƺƈŰƯǀƷŚƾ�ƶŝ��ƱřƺƴƗƿŚưƳ�ŢƟō�Ĩ�ºƿ�ºƯ�ƱŚƾ��ƳƺºƃŶ�
(Ohkuma & Brune, 2011)���

��ŵƹŶůçååå��Żř�ƶƳƺĭ�ƶƳŚƿŹƺƯ��ƶŤųŚƴºƃ�ŚƷ�����ƶºĩ�ƵŶºƃ
ƵŵƹŹ�ŹƺƬƟ�ŚƸƴţ�Ʊō�Żř�ƾưĩ�ŵřŶƘţ�ƽ���Źřźºƣ�ƾſŹźŝ�ŵŹƺƯ�ŚƷ

ƶººŤƟźĭ��ŶººƳřO'Brien & Slaytor, (1982)��ƶººƳŚƿŹƺƯ��ƽ� �
A. vagans�Ƃǀŝ�Źŵ�ƮǀƬƣř�ƹ�ƢƏŚƴƯ�źţ�����ŵƺºūƹ�ŹƺºƄĩ�ƽŚºƷ

�ƶºŝ�ƱŚŤſŻƺų�ƱŚŤſř�Źŵ�ƹ�ƶŤƃřŵ������ƮºƸƯ�ŢºƟō�Ĩºƿ�ƱřƺºƴƗ
�ƾººƳřƹřźƟ��ƾƳŚưŤųŚººſŵŹřŵ�ƽŵŚººƿŻ���ŹƺººƬƟ�ƅƺººƈųŹŵ

ƵŵƹŹ���Ţºſŵ�Źŵ�ƾƃŹřżĭ�ƶƳŚƿŹƺƯ�Ʋƿř�ƽ�ŢºƀǀƳ����Ʋºƿř�Źŵ
ƢǀƤŰţ��ƂƿŚƯŻō�ŽŚſřźŝ�ŢǀſŚƀů�ƹ�ƾƿŚǀưǀƃƺǀŝ�ƽŚƷ��ƶŝ
ĬƳŹ�Ưōǀżƽ���ƭźĭæè�źŤĩŚŝ�ƶƳƺĭƽ�żŬţƿƶ�ƵŶƴƴĩ�ƽ�ƫǀ�ºƴĮǀ�Ʋ
�ƹƹŵ�źŤĩŚººŝ�ƶººƳƺĭƽ�żŬţººƿƶ�ƵŶººƴƴĩ�ƽ�ƶººƫƺƫ�Żř�żƫƺƬººſ�ƽ�

ŹƺƯ�ƁŹřƺĭƿƶƳŚ�ƽ�Ŷƃ�ũřźŴŤſř�ŹƺĩŸƯ��řƿ�ƲŚƯŻōƿƂ���ŚºƷ
ŰƯ�ŹŵǀƎ�ŚƷƽ�ƇŚƈŤųř�ľǈƯŚĩ�ŢƄĩƾ��ŹřźºĪţ�Źŵ�ƹ��ŚºƷƽ�

ŻƿŵŚƽ�ŢƟźĭ�ƭŚŬƳř��ŝǀƂ�źŤĩŚŝ�źţƽ�ŚƷƽ����ƭźºĭ�ƵŶºƃřŶū
ƠƴƯƾ�ŝ�ƹƾ�ŻřƺƷƽ�ŤųřǀŹŚƽ�ŶƳŵƺŝ���ŚºƸŤƳř�ƂŴŝ�ƶģźĭřƾƿ�

�ŹƺƯ�ƁŹřƺººĭ�ƵŚĮŤººſŵƿ�ººŝ�ƶººƳŚƾ�ŻřƺººƷƽ�ººƯƾ�ŶººƃŚŝ�� �
(O'Brien & Slaytor, 1982)��ǇŚŝ�ŢŞƀƳƾƿ�źŤĩŚŝ�Żřƽ�ŚƷƽ�

řŶū�ř�Żř�ƵŶƃƿźŤĩŚŝ��Ţưƀƣ�Ʋƽ�ŚƷƽ ŻřƺƷƽ�ŝ�ƹƾ�ŻřƺƷƽ�
ŤųřǀŹŚƽ�žƴū�ŶƴƳŚƯ�ŚƷƽ�Staphylococcus��Enterobacter�
�ƹKlebsiella�ŵƺŝŶƳ��ƀĩřǀźƏ�Żř�ƱĦƿŵ�ƢƿƵŹřƺ�ƽ�ƫƺƬſƾ��ƶŝ

ƶƫƺƫ�ƱƹŹŵ�ƽ�ŹƺƯ�ƁŹřƺĭƿ����šŹƺºƇŹŵ�ƹ�Ƶŵźºĩ�ŷƺºƠƳ�ƶƳŚ
Ư�ũƹźų�ƭŶƗƾ�řźŝ�ŶƳřƺţƽ��źŤĩŚºŝƽ��ŚºƷƽ��ºŝƾ��ŻřƺºƷƽ��Ʊō

�ŶººƃŚŝ�ƵŶƴººƄĩ�(Brune et al., 1995)��źŤĩŚººŝƽ�ŚººƷƽ�� �
Serratia marcescens��ƹE. aerogenes���Żř�ƵŵŚƠŤººſř�Śººŝ

ƁƹŹ�ŚººƷƽ�ŝǀººƃƺǀưǀŚƾƿ�ƶººƫƺƫ�Żř�ƽ�ŹƺƯ�ƁŹřƺººĭƿƶººƳŚ�ƽ�
Coptotermes formosanus (Shiraki)�ŚſŚƴƃƾƿ��ƵŶºƃ��ŶºƳř��

řƿźŤĩŚŝ�Ʋƽ�ŚƷƽ��ºŝƾ��ŻřƺºƷƽ�Ťųř�ºǀŹŚƽ����Źŵ�Ţºſř�ƲºĪưƯ
ũŹŚų�ƀĩř�ƱŵźĩǀŷƺƠƳ�ƱĦ�ƿƶƫƺƫ�ƶŝ�ƶŤƟŚ�ƽ����ƂºƤƳ�ƁŹřƺºĭ
�ƶŤƃřŵ�ŶƴƃŚŝƶŝ�ƹ�źŧŒƯ�ŹƺƏƽ��ºŰƯǀ�ƶºƫƺƫ�Ǝ�ƽ���řŹ�ƁŹřƺºĭ

ººŝƾ�ŻřƺººƷƽ�ŶººƳŹřŵ�ƶººĮƳ�(Adams & Boopathy, 2005)��
żŬţ�ƶģźĭřƿƶ�ƽ�ƫǀ�ºƴĮǀ����ºſƹ�ƶºŝ�ƹŵ�źºƷ�żƫƺƬºſ�ƹ�ƲǀƶƬ�ƽ�

ƯǀƳŚĭŹřƹźĪǀƭż�ŚƷƽ�Ư�ơŚƠţř�ħŚųƾ�żŬţ��ŶŤƟřƿƶ�ƽ�ƫǀ�ºƴĮǀ�Ʋ
ÎÍ�Ñ�ƶŤƀƷō�źŝřźŝ�żŬţ�Żř�źţƿƶ�ƽ�Ţſř�żƫƺƬſ���ºƴĤưƷǀƲ��

Crawford (1978)�řźººŝƽ�ººƫƹřǀƲ��ŹŚººŝƺººſƿƶ�ŚººƷƾƿ��Żř
ŚƯƺŤěźŤſřƿƀǀ�ž�řŹ�ƶºŝ��żŬţ�ƱřƺºƴƗ�ºƿƶ��ƵŶºƴƴĩ�ƽ���ƹ�żƫƺƬºſ

ƫǀƴĮǀƟźƘƯ�Ʋƾ�ŵźƧ���
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��

�ƩƹŶūç��ƇƺƈųǀįźŤĩŚŝ�šŚ�żŬţ�įŚƷƿƶ�ƵŶƴƴĩ�ƫ�įǀƴĮǀ�Ʋ�Pseudomonas�ƹ�Actinobacillus���ŹŵAnacanthotermes vagans�
ŚƯŻō�Żř�ƵŵŚƠŤſř�ŚŝƿƂ�ŝ�įŚƷǀƃƺǀưǀŚƿİ���

Table 2. Characterization of the lignin-degrading bacteria (Actinobacillus and Pseudomonas) in Anacanthotermes 
vagans using biochemical tests.  

 
Test Pseudomonas sp. A. equuli A. ureae Actinobacillus sp. 
Gram reaction � � � � 
Shape Rods Rods Rods Coccobacill 
Oxidase � � � � 
Catalase � � � � 
H2S production in TSI � � �  
Gas production in TSI � � �  
Motility � � � � 
Indole � � � � 
Citrate � � � � 
Urease � � � � 
LD � � � � 
PD � �   
MR � � � � 
VP � � � � 
OF �/� 0/+ 0/+ 0/+ 
*URZV�RQ�0DF&RQNH\�ғV � � � � 

 See table 1 for acronyms. 

��
ŚƯŻō�ŽŚſřźŝƿƂ�ŚƷƽ�ŝǀƃƺǀưǀŚƾƿ���ƶºŝ�ƍƺŝźƯ��ŹƺºƬƟ

ƶƫƺƫ�ƽ���ƶºƳŚƿŹƺƯ�ƁŹřƺºĭ��ƽCoptotermes curvignathus 

(Holmgren)��ƽźŤĩŚŝ���ƽŚºƷE. cloaceae���E. aerogenes��ƹ
Corynebacterium sp.���Ŷººƃ�ƾƿŚººſŚƴƃŶƳ���ƾƿŚººƳřƺţ�ƶººĩ

ƶººƿżŬţ��řŹ�żƫƺƬººſƺƴĮǀƫ�Źŵ�ƾƫƺººƴƟ�ƞººƬŤŴƯ�šŚººŞǀĩźţ�ƽ
��ŶƴŤºƃřŵ(Ramin et al., 2008)�����ƲǀºƴĤưƷ�ƽźŤĩŚºŝ���ƽŚºƷ� �

E. cloaceae�ƹ�E. aerogenes�ƶƫƺƫ�Żř��ƁŹřƺĭ�ƽƶƳŚƿŹƺƯ�ƽ�
C. formosanus���ƎºſƺţAdams & Boopathy (2005)�ƹ�

ƶººƳŚƿŹƺƯ��ƽŚººƷNasutitermes nigriceps (Haldeman)�ƹ�
Mastotermes darwiniensis (Froggatt)��Ǝºººſƺţ�żºººǀƳ

Kuhnigk et al. (1994)��ƾƿŚſŚƴƃ�ƹ�ƽŻŚſřŶūƳŶƃ�Ŷ�ƶºƧ�
ƽźŤĩŚŝ�Ʋƿř��ƶºƿżŬţ�ƾƿŚƳřƺţ�ŚƷ����řŹ�ƲǀºƴĮǀƫ�ƽŚºƷźƯƺƳƺƯ�ƽ

ŶƴŤƃřŵ��ƽźŤĩŚŝ�K. pneumoniae��Żř�ƵŵŚƠŤºſř�Śŝ���šŚºƘƫŚƐƯ
ŝǀººƃƺǀưǀŚƾƿ �ƁƹŹ�ƹSDS-PAGE�ŚººſŚƴƃƾƿ�Ƙţ�ƹǀººǀ�Ʋ

ƺƷƿ�ŞŨţ�Źŵ�Ʊō�ƂºƤƳ�ƹ�Ŷƃ�Ţ�ºǀŢ Ƴǀ��ƶºŝ�ƱĥƹźºŤ��ºſƹǀƶƬ�ƽ�
ŰƯ�Źŵ�ŢƄĩǀ�ºĪưƳ�Ǝƾ��ƹŚºůƽ�NaMo��ƹFe2(SO4)3��Źŵ

řźƃƿŝ�Ǝƾ�ŻřƺƷƽ�ſŹźŝƾ�Ŷƿŵźĭ�(Doolittle et al., 2007)���
žƴººū�ŚººƷƽ�Corynebacterium���Agrobacterium��

Pseudomonas��Klebsiella��ƹEnterobacter�ĩźţ�ŻřǀšŚººŞ�

ƫǀƴĮǀƴƾ�ŻŚſřŶūƽ�ƵŶƃ��ƹ�ŶºƳř��ŚºƳřƺţƾƿ�żŬţ�ºƿĩźţ�ƶǀ��šŚºŞ
ƫƺƴƟ�ƞƬŤŴƯƾ��řŹřŵŶƳŹ��Ʋƿř�ŚƷ�ƫǀ�ºƴĮǀ��ŚƷŶºůřƹ�ƶºŝ�řŹ�Ʋƽ�

Ĩģƺĩ���ŶºŞţ�źºţƿ�ºƯ�ƪƾ���Ŷºƴƴĩ(Deschamps et al., 1980)��
ƴĤưƷǀƲ��ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷƽ�ŝǀƺ�ƃǀưǀŚ�ƾƿ�Żř��ƶºƫƺƫ�ƽ�� �

��
�ƩƹŶūè���ºƇƺƈųǀ�įźŤĩŚºŝ�šŚ��żŬţ�įŚºƷ�ºƿƶ��ƵŶºƴƴĩ��į

ƫǀƴĮǀƲ��Corynebacterium�ƹ�Rhodococcus��Źŵ�ƶƳŚƿŹƺƯ�ƽ�
Anacanthotermes vagans����ŚºƯŻō�Żř�ƵŵŚƠŤºſř�ŚºŝƿƂ���įŚºƷ

ŝǀƃƺǀưǀŚƿİ���
Table 3. Characterization of the lignin-degrading 
bacteria (Rhodococcus and Corynebacterium) in the 
termite Anacanthotermes vagans using biochemical 
tests. 
 

Test Rhodococcus 
sp. 

Rhodococcus 
sp. 

Corynebacterium 
sp. 

Gram 
reaction 

+ + + 

Shape Rods Rods Rods 
Oxidase � � � 
Catalase + + + 
Esculin � � + 
Sucrose � � � 
Urease � � � 
Maltose + � + 
Glucose � � � 
Nitrate � + � 
OF �/� �/� �/� 



ÑÏ                                               ƱřŹŚƨưƷ�ƹ�ƾƫǈū��ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƽŻŚſřŶū�ƮƷ�ƽŚƷ�ƶƳŚƿŹƺƯ�ƁŹřƺĭ�ƵŚĮŤſŵ�Źŵ�ŢƀƿŻ�ƽ������

ŹƺƯ�ƁŹřƺĭƿ�ƶºƳŚ��ŚºƷƽ�M. darwiniensis��N. nigriceps��ƹ
Reticulitermes santonensis (Feytaud)��źŤĩŚºººººŝƽ�

Pseudomonas aeruginosa��Ƴ�ƹººººǀ�Żř�żƶººººƳŚƿŹƺƯ�ƽ�� �
R. santonensis��źŤĩŚŝƽ�B. subtilis�ŻŚſřŶūƽ��ƭŚŬƳř�Śŝ�ƹ

ŚƯŻōƿƂ�ŚƷƽ���ŚºƳřƺţ��ƞºƬŤŴƯƾƿ�Ʊō��żŬţ�Źŵ�ŚºƷ�ºƿƶ�ƽ���ƶºſ
ĩźţǀƫ�ƞƬŤŴƯ�ŜǀżƫƺƬſƺƴĮƽ�ſŹźŝƾ�Ŷƃ���
��

�ƩƹŶūÑ���ºƇƺƈųǀ�įźŤĩŚºŝ�šŚ��żŬţ�įŚºƷ�ºƿƶ��ƵŶºƴƴĩ��į
��żƫƺƬºººſ�Staphylococcus��ƹBacillus��ƶººººƳŚƿŹƺƯ�Źŵ��ƽ

Anacanthotermes vagans����ŚºƯŻō�Żř�ƵŵŚƠŤºſř�ŚºŝƿƂ���įŚºƷ
ŝǀƃƺǀưǀŚƿİ����

Table 4. Characterization of the cellulose-degrading 
bacteria (Staphylococcus and Bacillus) in the termite 
Anacanthotermes vagans using biochemical tests. 
 

Test S. lentus B. subtilis 
Gram reaction + + 
Shape Coccus Bacill 
Oxidase + + 
Catalase � � 
Coagulase �  
Motility  + 
Gelatin  + 
Dnase �  
Urease � + 
Mannitol + + 
Maltose �  
Citrate  + 
Esculin +  
Nitrate  + 
Glucose  + 
Arabinose  + 
OF  �/� 

��
źŤĩŚŝƽ�ŚƷƽ�ŤųřǀŹŚƽ�żŬţƿƶ�ƵŶƴƴĩ�ƽ��ƮºƷ�Żƿ��Źŵ�Ţºƀ

ƵŵƹŹ�ƽ�ŹƺƯƿƶƳŚ�ƽ�Reticulitermes hesperus Banks��ƪƯŚƃ
žƴººū�ŚººƷƽ�Bacillus���Arthrobacter�ƹ�Serratia���ƹ�żººǀƳ

Īģƺĩ�Ƶƹźĭƾ�źŤĩŚŝ�Żřƽ�ŚƷƽ��ºƠƴƯ�ƭźĭƾ�ưŴţǀ�ƵŶºƴƴĩź�ƽ�
śƺģ��Ǝſƺţ�Thayer (1976)��ºƟźƘƯƾ��ŶƳŶºƃ����ŽŚºſřźŝ

ƭŚŬƳř�šŚƘƫŚƐƯ��ƶºŤƟźĭ���ŤºſźƸƟƾ��ƶºƳƺĭ�Żř��ŚºƷƽ���ƞºƬŤŴƯ
źŤĩŚŝƽ�ŚƷƽ�ƮƷ�Żƿƶƫƺƫ�Źŵ�Ţƀ�ƽ�ŹƺƯ�ƁŹřƺĭƿŚſ�ƹ�ƶƳŚƿ�ź

ŝƾ��žƴū�ƪƯŚƃ�ħŚų�Źŵ�ŵƺūƺƯ�ƱŚĭźƸƯBacillus��Ƴ�ƹǀ�ż
ƶƳƺĭ�ƽ�B. subtilis��Ƹţǀ�Ŷºƃ�ƶ�Ţºſř�Ƶ�(Konig, 2006)���Źŵ

ƶƘƫŚƐƯ�ƽ���źºƋŚůƳ�ºǀ�ƶºƳƺĭ�ż�ƽ�subtilis�B.��ŻŚºſřŶūƽ��ƹ

ŚſŚƴƃƾƿ�Ŷƃ�Ư�ƶĩƾ�ŚưƳ�ŶƳřƺţƿƱŚ�ř�źĭ�ºƿ����ƶºĩ�ŶºƃŚŝ�źºƯř�Ʋ
ƌƘŝƾ�žƴū�Żř�ƶŝ�ŚƷ�ƶƳƺĭ�Źŵ�ħźŤƄƯ�ŹƺƏ�ŚƷƽ���ƞºƬŤŴƯ
ŹƺƯƿƳ�ƹ�ŶƳŹřŵ�ŵƺūƹ�ƶƳŚǀƌƘŝ�żƾ�ƶƳƺĭ�Żř�ŚƷƽ�źŤĩŚŝ�ºƿŚƾƿ�
�ŹŵƶƳƺĭ�ƽ�ƾƯ�ŜƫŚƛ�ƾƇŚų�ŶƃŚŝ���

�ƶƳƺĭ�Ʋǀŝ��ƵŵřƺƳŚºų�ƹ�ƽźŤĩŚŝ�ƽ�ƽ���ƶºƐŝřŹ�ƶºƳŚƿŹƺƯ��ƽ
ŵŹřŵ�ŵƺūƹ�ƾĪƿŵżƳ��ƶŝ�ƽŹƺƏ��žƴū�ƶĩEnterobacter��Źŵ

ƶººƳŚƿŹƺƯ��ƵŵřƺƳŚººų�ƽŚººƷ�ƽ�Rhinotermitidae��žƴººū�ƹ
Staphylococcus�ƵŵřƺƳŚººų�Źŵ�ƽ�Termitidae�ƶººŝ�ººƳřƹřźƟƾ�

ƿ�ŢƟŚƾƯ�ŶƳƺƃ�(Waller & Lafage, 1987)��ƶƳƺĭ��ƾƿŚºƷ��Żř
źŤĩŚŝƽ�Arthrobacter�řŶū��ƵŶƃ�ŻřƹŹƽ�ƫ�ƕřƺƳřǀƴĮǀ��ƶºĩ�Ʋ
ƶŝ�ƬŝŚƣ�Ʋŝźĩ�ƖŞƴƯ�ŚƸƴţ�ƱřƺƴƗǀŶƃŹ�Ţ�řŹ�Ʊō�ƽƹŹ����ƶŤºƃřŵ

�Żř�ŶºººƘŝæå�ƵŹƹŵ�ŻƹŹ�ƽ�ºººſŚŝƺĪƳřǀ��ƱƺÒ�Ó��Żř�ŶºººƇŹŵ
řżūřƽ�Ƭěƾ�ŹŚĩŚſƿŶƽ��ƹî�ç��ŶƇŹŵ�Żřřżūřƽ�ƫǀƴĮǀƴƾ��řŹ
żŬţƿŶƳŵźĩ�ƶ�(Kerr et al.,1983)��ưƷǀƲ�ŹƺƏ��žƴū��ŚºƷƽ�

Citrobacter���Enterobacter�ƹ��Cellulomonas��żºººǀƳ�Śºººŝ
ƁƹŹ�ŚƷƽ�ŝǀƃƺǀưǀŚƾƿ��ũřźŴŤſř�żƯźƣ�ƺĮƴĩ�Żř�ƵŵŚƠŤſř�ƹ
ŶƳŶººƃ�(Upadhyaya et al., 2012)��Ư�ŵŹƺººƯ�Źŵººǀ�ƹ�Ʊřż

źŤĩŚŝ�ŶƃŹ�ŢƗźſƽ�ŚƷ��ƤƤŰƯǀŝ�Ʋǀŵźĩ�ƱŚƵ�ŶƳř����ƱŚºƯŻ�ƶºĩ
ŹƹōŵřŻƽ�ƿźŤĩŚŝ�Ĩƽ�ŰƯ�ŹŵǀƶƳƺĭ�ƶŝ�ŶƃŹ�Ǝ�ƽ��źŤĩŚºŝƽ�
ĮŤƀŝƾ�ŵŹřŵ�(Mohan & Manuselis, 1995)ƶƘƫŚƐƯ�Źŵ����ƽ

�źƋŚů��žƴū�ƹŵEnterobacter��ƹKlebsiella����ƶºŝ�ƢºƬƘŤƯ
ƵŵřƺƳŚų�ƽ�Enterobacteriacae��ŵ�ƶºŝ�ŢŞƀƳƿ��ƶºƳƺĭ�źºĮ���ŚºƷ
źſ�ŶƃŹƿźţ�Ɩƽ�ŶƴŤƃřŵ���

ſŹźŝƾ��ŚƷ�Ư�ƱŚƄƳƾ���ºƳřƹřźƟ�ƶºĩ�ŶƷŵƾ��źŤĩŚºŝƽ��ŚºƷƽ�
żŬţƿƶ�ƵŶƴƴĩ�ƽ�ƫ�ƹ�żƫƺƬſǀƴĮǀƀŝ�Ʋǀŝ�ŹŚǀƂ�ģ�Ʊō�Żř�źţǀżƽ�

����ºƯ�Źƺºƈţ�ƶºĩ�Ţºſřƾ���Ŷºƃ(O'Brien & Slaytor, 1982; 

Mohan & Manuselis, 1995)���řźŝŚºƴŝƿƲ��Śŝ�ºƿ��šŚºƘƫŚƐƯ�Ŷ
ŝǀƂ�źţƽ�ŚſŚƴƃ�ŢƸū�Źŵƾƿ�źŤĩŚŝ�ƪƯŚĩƽ�ŚƷƽ�ƮƷ�Żƿ�Ţƀ
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