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ŶǀƨģƵ��
Źŵ�Ʋƿř�ƂƷƹĦě�ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�ƽř�ƭźƧ�ƵŚĭƺƬĭ�ŹŚƳř�ƽƹŹ�ƶſ�ƮƣŹ�ŹŚƳř�ƪƯŚƃ�žƬƯ�ƶƳřŵ���ƵŚǀſ�ƽźŞĭ�ƹ�ŹřƺƸƃ��Źŵ�

Ǝƿřźƃ�ƩźŤƴƧ�ƵŶƃ��ƽŚƯŵ�Î�t�ÐÍ�ƶūŹŵ�į��ŽƺǀƀƬſ�ŢŝƺƏŹ�ƾŞƀƳ�Ò�t�ÔÍ��ŶƇŹŵ�ƹ�ƵŹƹŵ��ƽƽŹƺƳ�ÎÓ�ŢƗŚſ�ƾƿŚƴƃƹŹ�ƹ�Õ�
ŢƗŚſ�ƾĪƿŹŚţ��Ŷƃ�ƶƘƫŚƐƯ��ƮƿżƳō�ŢǀƫŚƘƟ�ƶƫƺƫ�ƽŚƷ�į�řƺĭƹŹǇ�Źŵ�ƾƳŚǀƯ�ƁŹ�ƁŹƹźě�ƽŚƷ��ƶŤƟŚƿ�ƮƣŹ�ƶſ�ƽƹŹƳ�ŹŚƳřǀ�żƶƀƿŚƤƯ�Ŷƃ��

�ƾŞƀƳ�ƝźƈƯ�űźƳ� ƶĩ� ŵřŵ� ƱŚƄƳ�ŪƿŚŤƳ(RCR)�ƶŝ�ƾƴƘƯ� ŹƺƏ�ŵƺŝ�šƹŚƠŤƯ�ƭŚƣŹř�Ʋǀŝ� Źŵ�ƽŹřŵ� ��ƾŞƀƳ� ŶƃŹ�űźƳ� ƱřżǀƯ�ƲƿźţǇŚŝ
(RGR)�ŹŚƧ� �řƵŵŹƺų�ƽřŸƛ�ƪƿŶŞţ�ƾƿ�� ƵŶƃ(ECI)��ŹŚƧ� ƹřƮƌƷ�ƽřŸƛ�ƪƿŶŞţ�ƾƿ�� ƵŶƃ(ECD)�ƮƣŹ�ƽƹŹ�Ŷƃ�ƵŶƷŚƄƯ�ŹřƺƸƃ��

ƮƌƷ�ƾŞƿźƤţ�ƆųŚƃ��ƾĭŶƳƺƃ(AD)��ſ�ƶƳřŵ�žƬƯ�ƮƣŹ�Źŵǀŝ�ƵŚǀƂ�Ţƃřŵ�řŹ�ƱřżǀƯ�Ʋƿźţ��Ƃǀŝ�Ʋƿźţ�ŢǀƫŚƘƟ�ƮƿżƳō�ƽŚƷ�ŚƠƫō�ŻǈǀƯō�
ƹ�ŻŚĜǀƫ�Źŵ�ƶƫƺƫ�į�ƁŹřƺĭ�ƽŚƷƹŹǇ�ƁŹƹźě�ƿƶŤƟŚ�ƽƹŹ�ƮƣŹ�ŹřƺƸƃ�ƵŶƷŚƄƯ�Ŷƃ��Źŵ�ƾƫŚů�ƶĩ�ŚƷŻŚŘţƹźě�Ʈĩ�Ʋƿźţ�ŢǀƫŚƘƟ�řŹ�Źŵ�Ʋƿř�

ŚƷƹŹǇ�ƱŚƄƳ�ŶƳŵřŵ���ƶƘƫŚƐƯ�ŵŹƺƯ�ƭŚƣŹř�Ʋǀŝ�Źŵ�ŹřƺƸƃ�ƮƣŹ�ƶƧ�ŵřŵ�ƱŚƄƳ�źƋŚů�ŪƿŚŤƳ�ƽřźŝ�ƽźţǇŚŝ�ƾƿřŸƛ�ŢǀƠǀĩ�Żř�ƵŚĭƺƬĭ�ƭźƧ�
ŹŚƳř�Ţſř�ŹřŵŹƺųźŝ���
ĥřƹƱŚĭ�ƽŶǀƬƧ��ƆųŚƃ��ŹŚƳř�ƵŚĭƺƬĭ�ƭźƧ�ŻŚŘţƹźě��ŻŚĜǀƫ��ŻǈǀƯōŚƠƫō��ƶƿŸƜţ�ƽŚƷ��

Abstract 
In this research nutritional indices of pomegranate neckworm on the three cultivars of pomegranate 

including Malas-Daneh-Sia, Gabri and Shahvar were studied under controlled conditions (30 ± 1ºC, 70 ± 
5% RH and 16L: 8D). Enzymatic activity in the midgut of larvae reared on these cultivars was also 
compared. Results indicated that the relative consumption rate (RCR) was significantly different among 
three cultivars. The highest amounts of the relative growth rate (RGR), efficiency of conversion of 
ingested food (ECI) and efficiency of conversion of digested food (ECD) were observed on Shahvar 
cultivar. The approximate digestibility (AD) on Malas-Daneh-Sia was the highest. The highest enzymatic 
activities of á-amylases and lipases were observed in the midgut of larvae reared on Shahvar cultivar. In 
contrast, proteases demonstrated the lowest activity in these larvae. The present findings showed that the 
shahvar cultivar has a higher feeding quality for pomegranate neckworm.  
Key words: pomegranate neckworm, nutritional indices, á-amylase, lipase, protease 
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ÖÏ                                  ƕŹřŻ�ƱřŹŚƨưƷ�ƹ��ƯƶƀƿŚƤ�ƆųŚƃ�ƽ�ƶƿŸƜţ�ƽŚƷ�ƽř�ƮƿżƳō�ƹ�İƃŹřƺĭ�ƽŚƷ������

ƯƶƯŶƤ��
Ʊřźƿř�Śŝ�ÔÍÍ�ŹřżƷ�Ʋţ�Ŷǀƫƺţ�Źŵ��ƩŚſ�ƲǀŤƀŴƳ�Ŷǀƫƺţ�ƵŶƴƴĩ�į�ŹŚƳř�ŚǀƳŵ�ƾƯ�ŶƃŚŝ�� �

(Sheikhali et al., 2009)� �ƮƸƯ�Ʋƿźţ�ƪƯŚƗ�ƂƷŚĩ�ƾưĩ�ƹ�ƾƠǀĩ�ƩƺƈŰƯ��ŹŚƳř�ƭźĩ�ƵŚĭƺƬĭ�ŹŚƳř��
Ectomyelois ceratoniae (Zeller)��Ţſř�ƶƧ�ƱřżǀƯ�šŹŚƀų�Ʋƿř�ŢƟō�Źŵ�ƙŚŝ�įŚƷ�ŹŚƳř�ƾƘŝŚţ�Żř�ƮƣŹ�

ƹ�Ǝƿřźƃ�ƶŝ�ƾƗřŹŻ�ƾƯ�ŶƃŚŝ�(Shakeri, 2003)��ƭźƧ�ƵŚĭƺƬĭ�ŹŚƳř�ƵźƄů�ƽř�ŶƴģƿƲ�Źřƺų�ƹ�Źŵ�ƢƏŚƴƯ�
ƞƬŤŴƯ�ƱŚƸū�ŢƟō�ƮƸƯ��ŹŚƳř��ƶŤƀě�ŚƯźų�ƹ�ƭřŵŚŝ�ƾƯ�ŶƃŚŝ�(Dhouibi, 1982; Echlin, 1982; 

Shakeri, 2003; Norouzi et al., 2008)� �ƱřżǀƯ�šŹŚƀų�Ʋƿř�ŢƟō�Źŵ�ƭŚƣŹř�ƞƬŤŴƯ�ŹŚƳř�šƹŚƠŤƯ�
ōźŝŵŹƹ�ƵŶƃ�Ţſř�(Shakeri, 2003)��ƭźƧ�ƵŚĭƺƬĭ�Źŵ�Ʊřźƿř�Śŝ�Ɩưū�ƽŹƹō�ƽŚƷŹŚƳř�Ƶŵƺƫō�ƽ�
ƾƣŚŝ�ƵŶƳŚƯ�ƶƧ�ƱŚƨƯ�ƱŚŤƀƯŻ�ƾƳřŹŸĭ�ŢƟō�ƾƯ��ŶƴƃŚŝ�ƩźŤƴƧ�ƾƯ�ŵƺƃ� �ƵŵŚƠŤſř�Żř�ƭŚƣŹř�ƭƹŚƤƯ�ƹ�Śƿ�

ƵŵŚƠŤſř�Żř�ƭŚƣŹř�Śŝ�ŢǀſŚƀů�ƮƧ�źţ�ƮƸƯ�Ʋƿźţ�ƹ�ƲƿźţźŧŒƯ�ƁƹŹ�ƩźŤƴƧ�ƭźƧ�ƵŚĭƺƬĭ�ƶŝ�ŹŚưƃ�ƾƯ�Ŷƿō�
(Shakeri, 2003)� �ƪƯřƺƗ�źŧŒƯ�ƽƹŹ�ŶƃŹ�ƹ�ƺưƳ�ŢƟō��ŢǀƠǀƧ�ƶƿŸƜţ�ƽř�ĭǀ� ƵŚƯƱŚŝżǀ�� �

(Navarro et al., 1986; Al-Izzi et al., 1987; Al-Rubeai, 1987; Al-Izzi et al., 1988)�Ŷǀſř�ƽŚƷ�
ƶƴǀƯō�į�ƅŚų�(Al-Izzi & Al-Maliky, 1996)��ŢŝƺƏŹ�ƾŞƀƳ�(Cox, 1976; Moawad, 1979)�ƹ�
ƱřżǀƯ�ƺƏŹŢŝ�ƱŚŝżǀƯ�źƧŷ�ƵŶƃ�Ţſř���

Śŝ�ƵŵŚƠŤſř�Żř�ƆųŚƃ�ƽŚƷ�ƾƨƿĥƺƫƺƿżǀƟ�Żř�ƪǀŞƣ�ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�ƽř�ƾƯ�Ʊřƺţ�ŢǀſŚƀů�
ƭŚƣŹř�ƞƬŤŴƯ�Ʀƿ�ƵŚǀĭ�řŹ�ŢŞƀƳ�ƶŝ�ƾŤƟō�ƅŚų�ƆŴƄƯ�ŵźĩ� �ƶŝ�ƱřƺƴƗ�ƩŚŨƯ��Źŵ�ƾƤǀƤŰţ�Śŝ�

ƵŵŚƠŤſř�Żř�ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�ƽř�Spodoptera frugiperda Smith�ƽƹŹ�ƶƳ�ƮƣŹ�Ʋưģ�ƿŚƤƿźƟōƾ��
Cynodon dactylon (L.) Pres.��ƮƣŹ�ƽŚƷ�ƭƹŚƤƯ�ƹ�ŽŚƀů�Żř�ƮƷ�ƦǀƨƠţ�ŶƳŶƃ� �

(Jamjanyn & Quisenberry, 1988)� �ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ��Źŵ�ƲǀǀƘţ�źŧř�ŢƯƹŚƤƯ�ƵŚǀĭ�ƽƹŹ�
Ţųƺſ�ŻŚſƹ�ƹ�ŹŚŤƟŹ�ƵźƄů�ƮƸƯ�ƾƯ�ŶƴƃŚŝ�(Kogan, 1973)���

ƱřżǀƯ�ƮƿżƳō�ƽŚƷ�ƾƃŹřƺĭ�ƹ�ŢǀƫŚƘƟ��Ʊō�ŚƷ�ƶŝ�ƖŞƴƯ�ƾƿřŸƛ�ƵźƄů�ƾĮŤƀŝ�ŵŹřŵ� �
(Slansky, 1982; Dow, 1986)� �Żř�ƮƸƯ�Ʋƿźţ�ƮƿżƳō�ƽŚƷ�ƶƫƺƫ�į�ƁŹřƺĭ�ƾƳŚǀƯ��šřźƄů��ŚƷŻǈǀƯō�

ŚƷŻŚĜǀƫ�ƹ�ŚƷŻŚŘţƹźě�ƾƯ�ŶƴƃŚŝ� �Śŝ�ƆŴƄƯ�ƱŶƃ�ƱřżǀƯ�ŢǀƫŚƘƟ�ƮƿżƳō�ƽŚƷ�ƾƃŹřƺĭ�ƾƯ�Ʊřƺţ�Śŝ�
ƵŵŚƠŤſř�Żř�ƵŶƳŹřŵŻŚŝ�ƽŚƷ�ƾưƿżƳō�ƹ�ƱŚƷŚǀĭ�ƶŤŴƿŹřźţ�ƽ�ƽřŹřŵ�Ʋƿř�ŵřƺƯ�ƵŶƳŹřŵŻŚŝ�ƁƹŹ�ƽŚƷ�ƩźŤƴƧ�
šŚƟō�řŹ�ƁźŤƀĭ�ŵřŵ�(Zibaee et al., 2008)���
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ����������������������������������������������������������������������ÖÐ 

ƝŶƷ�Żř�Ʋƿř�ƢǀƤŰţ�ƲǀǀƘţ�ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�ƽř��ƹ�ƲǀƴĤưƷ�ƱřżǀƯ�ŢǀƫŚƘƟ�ƾųźŝ�
ƮƿżƳō�ƽŚƷ�ƾƃŹřƺĭ�ƭźƧ�ƵŚĭƺƬĭ�ƽƹŹ�ƶſ�ƮƣŹ�ƽŹŚŬţ�ŹŚƳř�ƪƯŚƃ�žƬƯ�ƶƳřŵ��ƵŚǀſ�ƽźŞĭ�ƹ�ŹřƺƸƃ��
ƽřźŝ�ƾŝŚƿŻŹř�ƱřżǀƯ��ŢǀſŚƀů�Ʋƿř�ƭŚƣŹř�ƶŝ�Ʋƿř�ŢƟō�ƾƯ�ŶƃŚŝ� �Ʋƿř�šŚƗǈƏř�Źŵ�śŚŴŤƳř�ƮƣŹ�
ƽřźŝ�ťřŶůř�ƙŚŝ�ŹŚƳř�ƹ�ƲǀƴĤưƷ�ƶƯŚƳźŝ�ƽŚƷ�ŢƿźƿŶƯ�ŢƟō�ƶŝ�ŹŚƧ�ƾƯ�Ŷƿō����

��
ŵřƺƯ�ƹ�ƁƹŹ�ŚƷ��

ƁŹƹźě�ƭźƧ�ƵŚĭƺƬĭ�ŹŚƳř��
ƽŚƷŹŚƳř�Ƶŵƺƫō�į�ƶſ�ƮƣŹ�ƪƯŚƃ�žƬƯ�ƶƳřŵ��ƵŚǀſ�ƽźŞĭ�ƹ�ŹřƺƸƃ��Żř�ƱŚŤſŹŚƳř�īŹżŝ�żƿźƸƯ�

Ɩƣřƹ�Źŵ�ƱŚŤſř�ŵżƿ��ŹƺƿźƸƃ�ŹŵÎÐÕÖ�Ɩưū�ƽŹƹō�ƹ�ŚƷƹŹǇ�ƽŻŚſřŶū�ŶƳŶƃ��ƽŚƷƹŹǇ�ƍƺŝźƯ�ƶŝ�
źƷ�ƮƣŹ�ƶŝ�šŶƯ�Ð�ƪƀƳ�Źŵ�Ǝƿřźƃ�ƾƷŚĮƄƿŚƯŻō��ĨƣŚţř�ŶƃŹ�Śŝ�ƽŚƯŵ�Î�t�ÐÍ��ŽƺǀƀƬſ�

ŢŝƺƏŹ�ƾŞƀƳ�ÒtÔÍ�ŶƇŹŵ�ƹ�ƵŹƹŵ��ƽƽŹƺƳ�ÎÓ�ŢƗŚſ�ƾƿŚƴƃƹŹ�ƹ�Õ�ŢƗŚſ�ƾĪƿŹŚţ����ƶŝ�ŹƺƏ�
ƶƳŚĭřŶū�ƽƹŹ�ƶƳřŵ�ƽŚƷ�ƭŚƣŹř�ŵŹƺƯ�źƔƳ�ŹŚƳř�ƁŹƹźě�ƿŶƴŤƟŚ�ƹ�žě�Żř�ƽźĜſ�ƱŶƃ�ƪƀƳ��ƭƺſ�
ƽŚƷƹŹǇ�ƪƀƳ�ƭŹŚƸģ�Źŵ�ƂƿŚƯŻō�ŚƷ�ƶŝ�ŹŚƧ�ƶŤƟźĭ�ŶƳŶƃ���

��
ƦƄų�ƱŵźƧ�ƶƳƺưƳ�ŚƷ��

ƶŞſŚŰƯ�ƽ�ƱŻƹ�ƦƄų�ƽŚƷŹŚƳř�ŵŹƺƯ�ƶƿŸƜţ�į��ŚƷƹŹǇ�šǇƺƌƟ�ƹ�ƽŚƷƹŹǇ�ƶŝŚƄƯ�ƽŚƷƹŹǇ�
ŝƶ�ŹŚƧ��ƶŤƟŹ�Źŵ�ƂƿŚƯŻō�Śŝ�Źřźƣ�Ʊŵřŵ�Ʊō�ŚƷ�Źŵ�ƽŚƯŵ�ÓÍ�ƶūŹŵ�į�ŽƺǀƀƬſ�ƽřźŝ�šŶƯ�ÑÕ�ŢƗŚſ�

ƭŚŬƳř�Ŷƃ�ƶƧ�ƽřźŝ�żǀƷźě�Żř�ƵŚŞŤƃř�žě�Żř�ƾƏ�Ʋƿř�šŶƯ�ƹ�ƲƿŻƺţ�ŵřƺƯ��ƦƄų�ƹŵ�ŢƗŚſ�ŶƘŝ�
Ʋƿř�ƲƿŻƺţ�ƵŹŚŝƹŵ�Źřźƨţ�Ŷƃ�(Lazarevic & Peric-Mataruga, 2003)����
��

ƲǀǀƘţ�ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�ƽř��
ƽŚƷƹŹǇ�Ʋſ�ƮŬƴě�ƶĩ�Ʈĩ�źţ�Żř�ÏÑ�ŢƗŚſ�Żř�ƱŚƃŹƺƸƓ�ƶŤƃŸĭ��ŵƺŝ�ƶŝ�šŶƯ�Ñ�ŢƗŚſ�

Ƃǀě�Żř�ƕƹźƃ�ƂƿŚƯŻō�źĭƶƴſ�ƶĮƳ�ƶŤƃřŵ�ŶƳŶƃ�Śţ�šŚƿƺŤŰƯ�ƵŶƘƯ�ƽ�Ʊō�ŚƷ�ƾƫŚų�ŵƺƃ��ƂƿŚƯŻō�Śŝ�
ƶſ�ŹŚưǀţ�ƪƯŚƃ�ƶſ��ƮƣŹ�Ūƴě�ŹřźĪţ�ƹ�Źŵ�źƷ�ŹřźĪţ�Ƃƃ�ŵŶƗ�ƹŹǇ�Ʋſ�ƮŬƴě�ƭŚŬƳř�Ŷƃ� �źƷ�
ƹŹǇ�Źŵ�ƾƟźƓ�ŤſǈěǀİĪ�ƶŝ�ŵŚƘŝřÑ�����Ó���Õ�ƾŤƳŚſ�źŤƯ�Źřźƣ�Ƶŵřŵ�Ŷƃ��źƷ�ƓƝź�ƽƹŚů�ƿĨ�ƭźĭ�
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ÖÑ                                  ƕŹřŻ�ƱřŹŚƨưƷ�ƹ��ƯƶƀƿŚƤ�ƆųŚƃ�ƽ�ƶƿŸƜţ�ƽŚƷ�ƽř�ƮƿżƳō�ƹ�İƃŹřƺĭ�ƽŚƷ������

ƶƳřŵ�į�ŹŚƳř�Żř�ƭŚƣŹř�ŵŹƺƯ�ŚƐƯƶƘƫ�ŵƺŝ� �ƪŞƣ�Żř�ƕƹźƃ��ƂƿŚƯŻō�ƶƳřŵ�ƽŚƷ�ŹŚƳř�řŶŤŝř�ĨƄų�ƹ�žĜſ�
Ǝſƺţ�śŚǀſō��ƶŝ�šŹƺƇ�Źŵƺě�ŶƯōŹŵ�ƹ�Źŵ�ƂƿŚƯŻō�ŚƷ�ŵŹƺƯ�ƵŵŚƠŤſř�Źřźƣ�ŢƟźĭ��ƹŹǇ��ŚƷ�Żř�žě
ƵŻřŶƳř��ƹ�ƽźǀĭƿ�ŢƃřŵŵŚƱŻƹ�ƶǀƫƹř���Ţƣŵ�Śŝ�ƽƹŻřźţ�ÍÍÍÎ�Í�ƭźĭ��Źŵ�ƝźƓ�ŚƷ�Źřźƣ�Ƶŵřŵ�ŶƳŶƃ��
šŶƯ�ƂƿŚƯŻō�ŹŚƸģ�ŻƹŹ�Źŵ�źƔƳ�ƶŤƟźĭ�Ŷƃ� �ƂƿŚƯŻō�Źŵ�Ǝƿřźƃ�ƩźŤƴĩ�ƵŶƃ�ƽ�ƾƷŚĮƄƿŚƯŻō�

�ƽŚƯŵ�Î�t�ÐÍ�ƶūŹŵ�į��ŽƺǀƀƬſ�ŢŝƺƏŹ�ƾŞƀƳ�Ò�t�ÔÍ��ŶƇŹŵ�ƹ�ƵŹƹŵ��ƽƽŹƺƳ�ÎÓ�ŢƗŚſ�
ƾƿŚƴƃƹŹ�ƹ�Õ�ŢƗŚſ�ƾĪƿŹŚţ���ƭŚŬƳř�ŢƟźĭ� �ŶƘŝ�Żř�ƱŚƿŚě�ƲǀƯŹŚƸģ�ŻƹŹ��ƹŹǇ�ŚƷ�ƶŝ�šŶƯ�ÑÕ�
ŢƗŚſ�Źŵ�ƽŚƯŵ�ÓÍ�ƶūŹŵ�į�ŽƺǀƀƬſ�Ʊƹō�Źřźƣ�Ƶŵřŵ�ƹ�žĜſ�ţƲƿŻƺ�ŶƳŶƃ� �šǇƺƌƟ�Ŷǀƫƺţ�
ƵŶƃ�Źŵ�ƽŚƸŤƳř�źƷ��ŻƹŹ�Ɩưū�ƽŹƹō�ƹ�žě�Żř�ĨƄų�Ʊŵźĩ�Źŵ��Ʊƹō�ƱŻƹ�ŶƳŶƃ��ƽřŸƛ�ŚƷƹŹǇ�
żǀƳ�źƷ�ŻƹŹ�ƊƿƺƘţ�ƹ�ŶƘŝ�Żř�ƦƄų�ƱŵźƧ�ƲƿŻƺţ�ŶƳŶƃ���

ƽřźŝ�ƲǀǀƘţ�ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�ƽř�ŚƷƹŹǇ��ƽŜƃ�Ƶźě��ƽƭźĩ�ƵŚĭƺƬĭ�ŹŚƳř�Źŵ�ŵŹƺƯ�űźƳ�ŶƃŹ�
�ƾŞƀƳ�Żř�ƶƐŝřŹ��ƽřŹřƿƶ�ƵŶƃ�ţƎſƺ�Huang & Ho (1998)�ƹ�ŵŹƺƯŹŵ�źƿŚſ�ƆųŚƃ�ŚƷ�Żř�ƎŝřƹŹ�

řŹřƿƶ�ƵŶƃ�Ǝſƺţ�Scriber & Slansky (1981)�ƶŝ�ŭźƃ�źƿŻ�ƵŵŚƠŤſř�Ŷƃ����
�� RGR = (Fw � Iw) / (Iw × T) �� RCR = I / B × T 
�� ECD (%) = (B / (I - F)) × 100 �� ECI (%) = (B / I) × 100 

 ��� AD (%) = ((I - F) / I) × 100 
ƩƺƯźƟ�Ʋƿř�Źŵ���ŚƷRCR�űźƳ�ƝźƈƯ�ƾŞƀƳ��I�ƱŻƹ�ĨƄų�ƪĩ�ƽřŸƛ�ƵŵŹƺų�ƵŶƃ�ƶŝ�ƽřŻř�źƷ�ƹŹǇ�

�ƭźĭ�� �B�ŽŚƯƺǀŝ�ƹŹǇ�ƿŚ�šƹŚƠţ�ƱŻƹ�ƹŹǇ�Źŵ�řŶŤŝř�ƹ�ƽŚƸŤƳř�ƂƿŚƯŻō��ƭźĭ�� �T�šŶƯ�ƱŚƯŻ�
ƂƿŚƯŻō��Ñ�ŻƹŹ���RGR�űźƳ�ŶƃŹ�ƾŞƀƳ��Fw�ƱŻƹ�ĨƄų�ƹŹǇ�Źŵ�ƽŚƸŤƳř�ƂƿŚƯŻō��ƭźĭ�� �Iw�

ƱŻƹ�ĨƄų�ƹŹǇ�Źŵ�ƽřŶŤŝř�ƂƿŚƯŻō��ƭźĭ���ECI�ƾƿřŹŚĩ�ƪƿŶŞţ�ƽřŸƛ�ƵŵŹƺų�ƵŶƃ��ECD�ƾƿřŹŚĩ�
ƪƿŶŞţ�ƽřŸƛ�ƮƌƷ�ƵŶƃ� �F�ƱŻƹ�ĨƄų�ƪĩ�šǇƺƌƟ�Ŷǀƫƺţ�ƵŶƃ�Ǝſƺţ�źƷ�ƹŹǇ�Źŵ�źƷ�ŹřźĪţ�

�ƭźĭ���ƹAD�ƆųŚƃ�ƾŞƿźƤţ�ƮƌƷ�ƾĭŶƳƺƃ�Ţſř���
��

ƶǀƸţ��ƽƶƳƺưƳ�ƽřźŝ�ƾſŹźŝ�ŢǀƫŚƘƟ�ƮƿżƳō�ŚƷ��ƽƾƃŹřƺĭ��
ƾſ��ŵŶƗƹŹǇ�Żř�ƹŹǇ�ƽŚƷ�ŻƹŹ�ƭƺſ�Ʋſ�ƭŹŚƸģ�ƁŹƹźě�ƿƶŤƟŚ�ƽƹŹ�źƷ�ƮƣŹ�ƶŝ�ŹƺƏ�ƾƟŵŚƈţ�
śŚŴŤƳř�ŶƃŶƳ��Ʋƿř�ƹŹǇ�ŚƷ�Źŵ�śō�źƐƤƯ�ŵźſ�ŮƿźƄţ�ƹ�ƶƫƺƫ�ƽ�ƁŹřƺĭ�Ʊō�ŚƷ�Śŝ�žƴě�ũŹŚų�Ŷƃ��
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ƶƫƺƫ�ƽ�ƁŹřƺĭ�ƾƳŚǀƯ�řŶū�ƹ�Źŵ�śō�źƐƤƯ�ŵźſ�ƶŤƀƃ�Ŷƃ��ƽřźŝ�ũřźŴŤſř�ƮƿżƳō�ƽŚƷ�ƾƃŹřƺĭ�Żř�
šŚƿƺŤŰƯ�ƶƫƺƫ�ƽ�ƁŹřƺĭ�ƾƳŚǀƯ��ƶƳƺưƳ�ŚƷ�Śŝ�ƵŵŚƠŤſř�Żř�ŹżƿŚƳĥƺưƷ�Ťſŵİ�ƲĮưƷ�ŶƳŶƃ� �Źŵ�Ʋƿř�

ƶƬůźƯ�ƶƳƺưƳ�ŚƷ�Źŵ�ŹřŶƤƯ�ƾƴǀƘƯ�śō�źƐƤƯ�Źřźƣ�Ƶŵřŵ�ŶƳŶƃ�ƹ�žĜſ�ƶƳƺưƳ�ŚƷ�Źŵ�ƝźƓ�ƽƺŤŰƯ�ƿŲ�
ƲĮưƷ�ŶƳŶƃ� �Źŵ�ƶƬůźƯ�ƽ�ŶƘŝ�ƶƳƺưƳ�ŚƷ�ƶŝ�šŶƯ�ÏÍ�ƶƤǀƣŵ�Źŵ�g�ÎÐÍÍÍ�Źŵ�ƽŚƯŵ�Ñ�ƶūŹŵ�ƽ�

�ŽƺǀƀƬſ�ĥƺǀƠƿźŤƳŚſ�ŶƳŶƃ��Żř�ƲǀƄƳƹŹ���Źŵ�ƪůřźƯ�ŶƘŝƽ�ƵŵŚƠŤſř�Ŷƃ���
��

ƵŻřŶƳř�ƽźǀĭ�ŢǀƫŚƘƟ�ŚƠƫō�ŻǈǀƯō��
ƽřźŝ�ƵŻřŶƳř�ƽźǀĭ�ŢǀƫŚƘƟ�ŚƠƫō�ŻǈǀƯō�(EC 3.2.1.1)�ƩƺƯƹźĪǀƯ�Ŝƀů� źŝ��ƶƤǀƣŵ��ƾƬǀƯ��ƭźĭ
�ƲǀŘţƹźě�Żř�ƁƹŹ�ƽŵ�ƹźŤǀƳ�ĨǀƬǀƀǀƫŚſ�Ŷǀſř�(DNS)�(Bernfeld, 1955)�ƵŵŚƠŤſř�Ŷƃ� �Ƃƴĩřƹ�Źŵ�
ƎǀŰƯ�ƽźƟŚŝ�šŚƠƀƟ��Î�Ô��  pH�ƹ�M�ÍÏ�Í�� �Źŵ�ŚƯŵƽ�ÐÒ�ƶūŹŵ�ƽ�ŽƺǀƀƬſ�Śŝ�ŹřŶƤƯ�ÏÍ�

źŤǀƫƹźĪǀƯ�ƩƺƬŰƯ�ƲĮưƷ��ƵŶƃ�ÑÍ�ƹźĪǀƯ�źŤǀƫ�ƩƺƬŰƯ�ƶŤſŚƄƳ�ƽ�ƿĨ�ŶƇŹŵ�ƶŝ�ƱřƺƴƗ�řźŤƀŝƺſ�ƹ�
ÎÍÍ�źŤǀƫƹźĪǀƯ�źƟŚŝ�šŚƠƀƟ�ƽřźŝ�šŶƯ�ÐÍ�ƶƤǀƣŵ�ƭŚŬƳř�Ŷƃ��žĜſ�Ƃƴĩřƹ�Śŝ�ƶƟŚƋř�Ʊŵźĩ�ÎÍÍ�

źŤǀƫƹźĪǀƯ�ƝźƘƯ�DNS�ƞƣƺŤƯ�Ŷƃ�ƹ�ƶŝ�šŶƯ�ÎÍ�ƶƤǀƣŵ�Źŵ�śō�Ɓƺū�Źřźƣ�ĭŢƟź��ŶƘŝ�Żř�ŵźſ�
ƱŶƃ�ƶƳƺưƳ�ŚƷ�Źŵ�ƽŚƯŵ��ơŚţř�ÎÍÍÍ�źŤǀƫƹźĪǀƯ�śō�źƐƤƯ�ƶŝ�Ʊō�ŚƷ�ƶƟŚƋř�ƹ�ÏÒÍ�źŤǀƫƹźĪǀƯ�Żř�

ƩƺƬŰƯ�ƪƇŚů�ƪųřŵ�ŢǀƬěƹźĪǀƯ�Źřźƣ�Ƶŵřŵ�Ŷƃ�(Stat Fax 3200, Awareness Technology, USA)��
śŸū�ƽŹƺƳ�Źŵ�ƩƺƏ�ũƺƯ�ÒÑÍ�źŤƯƺƳŚƳ�ƵŻřŶƳř�ƽźǀĭ�Ŷƃ���
��
ƵŻřŶƳř�ƽźǀĭ�ŢǀƫŚƘƟ�ƮƿżƳō�ŻŚĜǀƫ��

ƱřżǀƯ�ŢǀƫŚƘƟ�ƾƬǀƯ�Ŝƀůźŝ�ŻŚĜǀƫ�ƩƺƯ��ƶƤǀƣŵ��ƾƬǀƯ�ƢŝŚƐƯ�ƲǀŘţƹźě�ƭźĭ�ƁƹŹ�Tsujita et al. (1989)�
ƵŻřŶƳř�ƽźǀĭ�Ŷƃ��źƷ�ÏÍ�źŤǀƫƹźĪǀƯ�Żř�ƶƳƺưƳ�ŚƷ�ƹ�ÑÍ�źŤǀƫƹźĪǀƯ��p����ƪǀƴƟƹźŤǀƳ�šřźǀţƺŝ�ƶŝ�ƱřƺƴƗ�řźŤƀŝƺſ�

Śŝ�ÎÍÍ�źŤǀƫƹźĪǀƯ�šŚƠƀƟ�ƶŝ�ƱřƺƴƗ�źƟŚŝ�ƍƺƬŴƯ�ŶƳŶƃ� �ƍƺƬŴƯ�ƪƇŚů�Źŵ�ƽŚƯŵ�ÐÔ�ƶūŹŵ��ƽ
ŽƺǀƀƬſ�Źřźƣ�ŢƟźĭ�Śţ�ŢǀƫŚƘƟ�ƮƿżƳō�ƞƣƺŤƯ�ŵƺƃ��žĜſ�ƶƳƺưƳ�ŚƷ�ŵźſ�ŶƳŶƃ�ƹ�ŹřŶƤƯ�śŸū�

Źŵ�ƩƺƏ�ũƺƯ�ÑÒÍ�źŤƯƺƳŚƳ�Ţŗřźƣ�Ŷƃ��ƿĨ�Ŷůřƹ�Żř��ƮƿżƳō�ƿĨ�ƩƺƯƺƳŚƳ�p��ƩƺƴƟƹźŤǀƳ�řŹ�Źŵ�Ĩƿ�
ƶƤǀƣŵ�ŵŹ�Ô� �pH��Źŵ�ƽŚƯŵ�ÐÔ�ƶūŹŵ�į�ŽƺǀƀƬſ�Śŝ�ƵŵŚƠŤſř�Żř�ƽřźŤƀŝƺſ�p��ƴƟƹźŤǀƳƩƺ�šřźǀţƺŝ�

ƽŻŚſŚƷŹ�ƾƯ�Ŷƴĩ���
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ÖÓ                                  ƕŹřŻ�ƱřŹŚƨưƷ�ƹ��ƯƶƀƿŚƤ�ƆųŚƃ�ƽ�ƶƿŸƜţ�ƽŚƷ�ƽř�ƮƿżƳō�ƹ�İƃŹřƺĭ�ƽŚƷ������

ƵŻřŶƳř�ƽźǀĭ�ŢǀƫŚƘƟ�ŚƷŻŚŘţƹźě��
ƱřżǀƯ�ŢǀƫŚƘƟ�ƮƿżƳō��Ŝƀůźŝ�ŻŚŘţƹźěOD��ƶƤǀƣŵ��ƾƬǀƯ�ƲǀŘţƹźě�ƭźĭ�Śŝ�ƁƹŹ�Cohen (1993)�

Śŝ�ƾưĩ�šřźǀǀƜţ�ƵŻřŶƳř�ƽźǀĭ�Ŷƃ��ƽřźŝ�ƵŻřŶƳř�ƽźǀĭ�ŢǀƫŚƘƟ�ŻŚŘţƹźě�Żř�ƽřźŤƀŝƺſ�ƲǀŗŻŚĩƹŻō�Î��
ƵŵŚƠŤſř�Ŷƃ��ÎÍÍ�źŤǀƫƹźĪǀƯ�źƟŚŝ��šŚƠƀƟ�ÑÍ�źŤǀƫƹźĪǀƯ�ƲǀŗŻŚĩƹŻō�ƹ�ÏÍ�źŤǀƫƹźĪǀƯ�ƶƳƺưƳ�ƮƷŚŝ�
ƍƺƬŴƯ�ŶƳŶƃ��ƍƺƬŴƯ�ƪƇŚů�ƶŝ�šŶƯ�ÓÍ�ƶƤǀƣŵ�Źŵ�ƽŚƯŵ�ÐÍ�ƶūŹŵ�ƽ�ŽƺǀƀƬſ�Ʊƹō�ƶĮƳ�ƽŹřŵ�

Ŷƃ�)�(Ranjbar et al., 2011� �žĜſ�ƶŝ�ƶƳƺưƳ�ŚƷ�ÎÒÍ�źŤǀƫƹźĪǀƯ�ƽźţ�ƹźƬĩ�ĨǀŤſř�Ŷǀſř�(TCA)�ÐÍ��
ƶƟŚƋř�Ŷƃ�Śţ�Ƃƴĩřƹ�ƞƣƺŤƯ�ŵƺƃ� �ƶƳƺưƳ�ŚƷ�Żř�žě�Źřźƣ��źĭƶŝ�ƲŤƟ�šŶƯ�ÎÒ�ƶƤǀƣŵ�Źŵ�ƽŚƯŵ�Ñ�
ƶūŹŵ�ƽ�ŽƺǀƀƬſ�Źŵ�ƩŚĤŴƿ�Źŵ�g�ÎÍÍÍÍ�ƶŝ�šŶƯ�Ò�ƶƤǀƣŵ�ĥƺǀƠƿźŤƳŚſ�ŶƳŶƃ��ÎÍÍ�źŤǀƫƹźĪǀƯ�Żř�

ƍƺƬŴƯ�ƪƇŚů�Śŝ�ÎÍÍ�źŤǀƫƹźĪǀƯ�NaOH�Î�ŹǇƺƯ�ƍƺƬŴƯ�ƹ�Źŵ�ĨƷŚģ�ƽŚƷ�ƹźĪǀƯ�ŢǀƬě�ƶŤŴƿŹ�
Ŷƃ�ƹ�Źŵ�ŢƿŚƸƳ�ƱřżǀƯ�śŸū�ƶƳƺưƳ�ŚƷ�Źŵ�ƩƺƏ�ũƺƯ�ÑÎÍ�źŤƯƺƳŚƳ�ƵŻřŶƳř�ƽźǀĭ��Ŷƃ���
��

ƵŻřŶƳř�ƽźǀĭ�ƱřżǀƯ�ƲǀŘţƹźě�ƪĩ��
ƽřźŝ�ƵŻřŶƳř�ƽźǀĭ�ƲǀŘţƹźě�ƪĩ��ƁƹŹ�Bradford (1976)��ŵŹƺƯƵŵŚƠŤſř�ŢƟźĭŹřźƣ��Żř�ƲǀƯƺŞƫō�

ƭźſ�ƽƹŚĭ�ƶŝ�ƲǀŘţƹźě�ƱřƺƴƗ�ŵŹřŶƳŚŤſř�ƵŵŚƠŤſř�Ŷƃ��ƶƳƺưƳ�ƽŚƷ�żƿŚƳĥƺưƷ�ƵŶƃ�ƶŝ�šŶƯ�Ò�ƶƤǀƣŵ�Źŵ�
g�ÎÍÍÍÍ�Źŵ�ƽŚƯŵ�Ñ�ƶūŹŵ�į�ǀƀƬſŽƺ�ĥƺǀƠƿźŤƳŚſ�ŶƳŶƃ� �žĜſ�ÎÍ�źŤǀƫƹźĪǀƯ�Żř�ƲǀƄƳƹŹ�Śŝ�

ÖÍ�źŤǀƫƹźĪǀƯ�śō�źƐƤƯ�ƹ�Ò�Ï�ƾƬǀƯ�źŤǀƫ�Ŝǀĩźţ�ƾĮƳŹ�ƾſŚƯƺĩ�ƺƬŝ��ÎÍ�ƾƬǀƯ�ƭźĭ�Źŵƺě�ƾſŚƯƺĩ�
ŢƳŚǀƫźŝ�ƺƬŝ�(G250)�Źŵ�Ò�ƾƬǀƯ�źŤǀƫ�ƩƺƳŚţř�ÖÓ��ƪů�ƹ�ŹřŶƤƯ�ÎÍ�ƾƬǀƯ�źŤǀƫ�Ŷǀſř�ĨƿźƠƀƟ�ÕÒ��ƶŝ�

Ʊō�ƶƟŚƋř�Ŷƃ�ƹ�ƮŬů�ƩƺƬŰƯ�ƪƇŚů�Śŝ�śō�źƐƤƯ�ƶŝ�ÎÍÍ�ƾƬǀƯ�źŤǀƫ�ƵŶƳŚſŹ�Ŷƃ��ƍƺƬŴƯ�Ŷƃ��
śŸū�Źŵ�ƩƺƏ�ũƺƯ�ÒÖÒ�źŤƯƺƳŚƳ�ƵŻřŶƳř�ƽźǀĭ��Ŷƃ����

��
ƶƿżŬţ�ƹ�ƪǀƬŰţ�ƽŹŚƯō��

ŢƸū�ƶƀƿŚƤƯ�ƽ�ŚƷźŤƯřŹŚě�Żř�ƶƿżŬţ�� ƽžƳŚƿŹřƹ�ƿĨ�ƶƟźƏ�(one-way ANOVA)�ƹ�Źŵ�
šŹƺƇ�ŵƺūƹ�šƹŚƠţ�ƾƴƘƯ�Źřŵ�Ʋǀŝ�ƲǀĮƳŚǀƯ�ŚƷ�Żř�ƱƺƯŻō�Ŷƴģ�ƶƴƯřŵ�ƽ�ƲĪƳřŵ�Źŵ�ŮƐſ�Ò�ŶƇŹŵ�
ƵŵŚƠŤſř�Ŷƃ� �ƶǀƬĩ�ƽ�ƶƿżŬţ�ƽŚƷ�ƽŹŚƯō�Śŝ�ƵŵŚƠŤſř�Żř�ƭźƳ�ŹřżƟř�SPSS 18�(SPSS, 2004)�ƭŚŬƳř�
ŢƟźĭ����
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ����������������������������������������������������������������������ÖÔ 

ŪƿŚŤƳ���
źǀŧŐţ�ƶſ�ƮƣŹ�ŹŚƳř�źŝ�ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�į�ƭźƧ�ƵŚĭƺƬĭ�ŹŚƳř��

ƆųŚƃ�ƽŚƷ�ƶƿŸƜţ�ƽř�ƭźƧ�ƵŚĭƺƬĭ�ŹŚƳř�ƪƯŚƃ�űźƳ�ƝźƈƯ��ƾŞƀƳ�űźƳ�ŶƃŹ��ƾŞƀƳ�ŹŚƧřƾƿ�
ƪƿŶŞţ�ƽřŸƛ�ƵŵŹƺų��ƵŶƃ�ŹŚƧřƾƿ�ƪƿŶŞţ�ƽřŸƛ�ƮƌƷ�ƵŶƃ�ƹ�ƆųŚƃ�ƾŞƿźƤţ�ƮƌƷ�ƾĭŶƳƺƃ�ƽƹŹ�
ƶſ�ƮƣŹ�ŹŚƳř�ƶŞſŚŰƯ�ŶƳŶƃ��ƩƹŶū�Î���ŚŤƳƿŞƀƳ�ƝźƈƯ�űźƳ�ƶĩ�ŵřŵ�ƱŚƄƳ�Ūƾ��žƬƯ�ƮƣŹ�ƶſ�Źŵ

ſ� ƶƳřŵǀźŞĭ� �ƵŚƽ�řŹřŵ� ŹřƺƸƃ�ƹƽ�ƾƴƘƯ�ƝǈŤųř��ŮƐſ� Źŵ� ŹřŵÒ�ŵƺŝ�ŶƇŹŵ� ��ƮƣŹ� Źŵ� ŹřŶƤƯ�Ʋƿř
Ƃǀŝ� ƵŚǀſ�ƶƳřŵ�žƬƯ��ƹ�źĮƿŵ�ƮƣŹ�ƹŵ�Żř�źţ� Śŝ�źŝřźŝÔÓ�Í�t�ÖÕ�ÎÍ�ƭźĭ�ƭźĭ�ŵƺŝ�ŻƹŹ� �Ʈĩ��Ʋƿźţ

ƶŝ�ŹřƺƸƃ�ƮƣŹ�Źŵ�ƮƷ�ŹřŶƤƯ��ŶƯō�Ţſŵ�ÏÏ�Í�t�Ó�Ñ�ƭźĭ�ƭźĭ�ŻƹŹ����ƮƣŹ�ƕƺƳ�ƶĩ�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ
ƯǀŧŐţ�ƱŚŝżǀƴƘƯ�źƾ�Źřŵƽ�ƹŹƽ�ŞƀƳ�ŶƃŹ�űźƳƾ�Ţƃřŵ�ŢƟō�ƹŹǇ��ŝǀƂ��ƮƣŹ�ƶŝ�ƍƺŝźƯ�ŹřŶƤƯ�Ʋƿźţ

Ʈĩ�ƹ�ŹřƺƸƃ�źţƿřŵ�žƬƯ�ƮƣŹ�ƶŝ�ƍƺŝźƯ�ŹřŶƤƯ�Ʋſ�ƶƳǀŵƺŝ�ƵŚ��ŹŚƧ�ƶŝ�ƍƺŝźƯ�źƿŵŚƤƯ�Ʋǀŝř�ƪƿŶŞţ�ƾƿ
ƵŵŹƺų�ƽřŸƛ�ŹŚƧ�ƹ�ƵŶƃřƮƌƷ�ƽřŸƛ�ƪƿŶŞţ�ƾƿ�ƾƴƘƯ�šƹŚƠţ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƮƣŹ�ƶſ�Źŵ�ƵŶƃ��ƽŹřŵ
Ţƃřŵ�ŵƺūƹ���ŹŚĩřƵŵŹƺų�ƽřŸƛ�ƪƿŶŞţ�ƾƿ��Żř�ƵŶƃÎÍ�Í�t�ÑÔ�Ï��ƵŚǀſ�ƶƳřŵ�žƬƯ�ƮƣŹ�Źŵ�ŶƇŹŵ

�ŚţÏÒ�Í�t�ÔÒ�Ò�ƜŤƯ�ŹřƺƸƃ�ƮƣŹ�Źŵ�ŶƇŹŵǀŵƺŝ�ź��ŹŚƧřƮƌƷ�ƽřŸƛ�ƪƿŶŞţ�ƾƿ��žƬƯ�ƭŚƣŹř�Źŵ�ƵŶƃ
ƶŝ� ŹřƺƸƃ� ƹ�ƽźŞĭ� �ƵŚǀſ� ƶƳřŵ��ŜǀţźţÎÑ�Í�t�ÒÏ�Ð� �ÏÒ�Í�t�ÍÏ�Ó�� ƹÒÐ�Í�t�ÏÓ�ÎÎ��ŶƇŹŵ

ƾƴƘƯ� šƹŚƠţ� źƿŵŚƤƯ� Ʋƿř� Ʋǀŝ� ƶĩ� Ŷƃ� ŵŹƹōźŝ�ŵƺŝ� Źřŵ� �ƮƌƷ� ƾŞƿźƤţ�ƆųŚƃ�ƶŝ� ƾĭŶƳƺƃ��ŹƺƏ
ƴƘƯƾ�Źřŵƽ�ſ�ƶƳřŵ�žƬƯ�ƮƣŹ�Źŵǀŝ�ƵŚǀƂ�ŵ�ƮƣŹ�ƹŵ�Żř�źţƿƶŝ�źĮ��ŶƯō�Ţſŵ���ƮƣŹ�ƶŝ�ƍƺŝźƯ�ŹřŶƤƯ�ƹ

ƶŝ�ŹřƺƸƃ�ƾƴƘƯ�ŹƺƏ�Ʈĩ�ƽŹřŵ�ŵƺŝ�źĮƿŵ�ƮƣŹ�ƹŵ�Żř�źţ��ƮƷ�Ƃǀŝ�ƶĩ�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ�Ʋǀƴģ��ƱřżǀƯ�Ʋƿźţ
ƵŵŹƺų�ƽřŸƛ�ƵŶƃ��źŞĭ�ƮƣŹ�ƶŝ�ƍƺŝźƯƽ�Ʈĩ�ƹ�źţƿƯ�ƲǀřŸƛ�Ʊřżƽ�ƵŵŹƺų��žƬƯ�ƮƣŹ�ƶŝ�ƍƺŝźƯ�ƵŶƃ

ſ� ƶƳřŵǀŵƺŝ� ƵŚ� �ŚƷƹŹǇƽ�ŸƜţƿƶ�ŝ� ŹřƺƸƃ� ƮƣŹ� Żř� ƵŶƴƴƧǀƂ�Ʋƿźţ��řżƟř�ƹ� ŶƳŵřŵ� ƱŚƄƳ� řŹ� ƱŻƹ�Ƃƿ
Ƃǀŝ�ŸƜţ�ƭŚĮƴƷ�ƹŹǇ�šǇƺƌƟ�Ʋƿźţƿƶŝ�ƮƣŹ�Ʋƿř�Żř�ƶ�ŶƯō�Ţſŵ��ƽŹŚƯō�źƔƳ�Żř�ƽźŞĭ�ƮƣŹ� Śŝ�ƶĩ

ƾƴƘƯ�ƝǈŤųř�ŵřŶƳ�ƱŚƄƳ�ƽŹřŵ���ƩƹŶūÏ����
��

ƮƿżƳō�ŢǀƫŚƘƟ�źŝ�ŹŚƳř�ƮƣŹ�ƶſ�źǀŧŐţ�ƪƧ�ƲǀŘţƹźě�ŹřŶƤƯ�ƹ�ƾƃŹřƺĭ�ƽŚƷ��
ŚƠƫō�ƮƿżƳō�ŢǀƫŚƘƟ�ƁŹƹźě�ƽŚƷƹŹǇ�Źŵ�ŻǈǀƯō�ƿ�ƶŤƟŚƹŹƽ�ſ�ƶƳřŵ�žƬƯ�ƮƣŹ�ƶſǀźŞĭ��ƵŚƽ��ƹ

ƶŝ�ŹřƺƸƃ�ƴƘƯ�ŹƺƏƾ�Źřŵƽ�ŵƺŝ�šƹŚƠŤƯ� �Ƃǀŝ�ƁŹƹźě�ƽŚƷƹŹǇ�Źŵ�ƮƿżƳō�ŢǀƫŚƘƟ�Ʋƿźţ�ƿ�ƽƹŹ�ƶŤƟŚ
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ÖÕ                                  ƕŹřŻ�ƱřŹŚƨưƷ�ƹ��ƯƶƀƿŚƤ�ƆųŚƃ�ƽ�ƶƿŸƜţ�ƽŚƷ�ƽř�ƮƿżƳō�ƹ�İƃŹřƺĭ�ƽŚƷ������

Ŷƃ�ƵŶƷŚƄƯ�ŹřƺƸƃ�ƮƣŹ��ƩƹŶūÐ���Ƃǀŝ�ŹřƺƸƃ�ƮƣŹ�Źŵ�ŻŚĜǀƫ�ƮƿżƳō�ŢǀƫŚƘƟ��Ţƃřŵ�řŹ�ƱřżǀƯ�Ʋƿźţ
ƶŝ�ƹ�ƾƴƘƯ�ŹƺƏ��ƶƳřŵ�žƬƯ�ƮƣŹ�Źŵ�ƮƿżƳō�Ʋƿř�ŢǀƫŚƘƟ�Żř�ƽŹřŵƂǀŝ�ƵŚǀſ��ŢǀƫŚƘƟ�ƱřżǀƯ�ƾƫƹ�ŵƺŝ�źţ

ŵ�ƮƣŹ�ƹŵ�Śŝ�ƽźŞĭ�ƮƣŹ�Źŵ�ƮƿżƳō�ƲƿřƿƴƘƯ�šƹŚƠţ�źĮƾ�Źřŵƽ��ŢƃřŶƳ�ƩƹŶūÐ����
��
�ƩƹŶūÎ��ƆųŚƃ�ƶƿŸƜţ�ƽŚƷ�ƽ��ƲǀĮƳŚǀƯ�t�ŵŹřŶƳŚŤſř�ƽŚƐų��E. ceratoniae��ŹŚƳř�ƮƣŹ�ƶſ�ƽƹŹ

�ŹŵƾƷŚĮƄƿŚƯŻō�Ǝƿřźƃ���
Table 1. Nutritional indices (Mean ± SE) of E. ceratoniae on three pomegranate cultivars at 

laboratory conditions. 
 

Nutritional indices Malas-Daneh-Sia Gabri Shahvar 
RCR (g / g / day) 10.98 ± 0.76 a 7.25 ± 0.23 b 4.60 ± 0.22 c 
RGR (g / g / day) 0.194 ± 0.013 c 0.382 ± 0.018 b 0.469 ± 0.018 a 
ECI (%) 2.47 ± 0.10 c 3.55 ± 0.11 b 5.75 ± 0.25 a 
ECD (%) 3.52 ± 0.14 c 6.02 ± 0.25 b 11.26 ± 0.53 a 
AD (%) 70.15 ± 0.62 a 59.79 ± 0.96 b 51.58 ± 0.91 c 

Different letters in the rows indicate significant differences within various cultivars (DMRT, P < 0.05). 
RCR = Relative consumption rate; RGR = Relative growth rate; ECI = Efficiency of conversion of ingested food; ECD = 
Efficiency of conversion of digested food; AD = Approximate digestibility. 

��
�ƩƹŶūÏ���ƲǀĮƳŚǀƯ�t�ŵŹřŶƳŚŤſř�ƽŚƐų� �ƵŵŹƺų�ƽřŸƛ�ƱřżǀƯ�� ƵŶƃ(I)ŚƠţ� ��ƱŻƹ�šƹ(B)��ƱřżǀƯ� ƹ

Ŷǀƫƺţ�šǇƺƌƟ�� ƵŶƃ(F)��ƽŚƷƹŹǇ�ƎſƺţE. ceratoniae��Źŵ� ŹŚƳř� ƮƣŹ� ƶſ�ƽƹŹ�Ǝƿřźƃ
ƾƷŚĮƄƿŚƯŻō���

Table 2. Mean (± SE) of ingested food (I), weight gain (B) and frass (F) of E. ceratoniae 
larvae on three pomegranate cultivars at laboratory conditions. 

 

Cultivar 
Ingested food 

(g/larvae) 
Weight gain 

(g/larvae) 
Frass 

(g/larvae) 
Malas-Daneh-Sia 0.0262 ± 0.0010 c 0.000667 ± 0.00004 c 0.0079 ± 0.0004 b 
Gabri 0.0407 ± 0.0015 a 0.00146 ± 0.00007 b 0.0166 ± 0.0008 a 
Shahvar 0.0358 ± 0.0022 b 0.00195 ± 0.00008 a 0.0175 ± 0.0013 a 

Different letters in the columns indicate significant differences within various cultivars (DMRT, P < 0.05). 

��
ƶƀƿŚƤƯ�ƽ�ƫŚƘƟǀſ� ƶƳřŵ�žƬƯ� ƮƣŹ� ƶſ� Źŵ� ŻŚŘţƹźě� ƮƿżƳō�ŢǀźŞĭ� �ƵŚƽ�ƶŝ� ŹřƺƸƃ� ƹ��šŹƺƇ

ŞƀƳƾ�ŢƟźĭ�ƭŚŬƳř� �ƫŚƘƟǀżƳō�ŢƿƷƹŹǇ� Źŵ�ŻŚŘţƹźě�ƮŚƽ�ƁŹƹźě�ƿƹŹ�ƶŤƟŚƽ�ſ�ƶƳřŵ�žƬƯ�ƮƣŹǀ�ƵŚ
ŝǀƂ�Ư�ƲƿźţǀƮĩ�ƹ�Ţƃřŵ�řŹ�Ʊřż�źţƿƯ�ƲǀƫŚƘƟ�Ʊřżǀŵƺŝ�ŹřƺƸƃ�ƮƣŹ�ƶŝ�ƍƺŝźƯ�Ţ��Řţƹźě�ŹřŶƤƯǀ�ƪĩ�Ʋ

ŚƷƹŹǇ�Źŵƽ�ƁŹƹźě�ƿƹŹ�ƶŤƟŚƽ�Ʈĩ�ƵŚǀſ�ƶƳřŵ�žƬƯ�Ƃǀŝ�ŹřƺƸƃ�Źŵ�ƹ�Ʋƿźţ��ŵƺŝ�Ʋƿźţ�ƩƹŶūÐ����
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ����������������������������������������������������������������������ÖÖ 

� ƩƹŶūÐ���ƮƿżƳō� ŢǀƫŚƘƟ�� ƽŚƷ� ƪƧ� ƲǀŘţƹźě� ƹ� ƾƃŹřƺĭ�ƳŚǀƯƲǀĮ�t�ŵŹřŶƳŚŤſř� ƽŚƐų� ��Źŵ� �
E. ceratoniae�ŹŚƳř�ƮƣŹ�ƶſ�ƽƹŹ���

Table 3. Activity of digestive enzymes and total protein (Mean ± SE) in E. ceratoniae on 
three pomegranate cultivars. 

 

Cultivar 
á-amylase activity 

(µ mol/min/mg 
protein) 

Lipase activity 
(m mol/min/mg 

protein) 

Protease activity 
(OD/min/mg 

protein) 

Total protein 
(mg/dl) 

Malas-Daneh-Sia 18.65 ± 0.93 c 0.975 ± 0.073 b 46.71 ± 6.9 a 0.1 ± 0.002 c 
Gabri 21.47 ± 0.36 b 2.035 ± 0.50 ab 35.73 ± 3.72 ab 0.2 ± 0.003 b 
Shahvar 34.24 ± 0.75 a 2.735 ± 0.192 a 24.39 ± 4.25 b 0.30 ± 0.001 a 

Different letters in the columns indicate significant differences within various cultivars (DMRT P < 0.05). 

��
ŦŰŝ��

ƵŻřŶƳř�ƵŵŹƺų�ƽřŸƛ�ƱřżǀƯ�ƽźǀĭ�ƮƌƷ��ƵŶƃ�ƾƯ�Ʊō�Żř�ƵŵŚƠŤſř�ƹ�ƵŶƃ�ƆŴƄƯ�ŶƳřƺţ�ƵŶƴƴƧ��ƽ
ƆųŚƃ� Ǝſƺţ� ƶƧ� ŶƃŚŝ� řŸƛ� ŢǀƠǀƧ�Ɯţ� ƽŚƷƾƯ� ƲǀǀƘţ� ƶƿŸ�� ŶƳƺƃ(Rezaei et al., 2006)��

ƆųŚƃ�ƽŚƷ��ƶƿŸƜţ�� ƵźƄů�ŹŚŤƟŹ�ƹ�ƮƀǀƫƺŝŚŤƯ�ƽƹŹ�ƵŚǀĭ�ŢƯƹŚƤƯ�źŧř�ƲǀǀƘţ�Źŵ�ƽřƳŹřŵ�ŢǀưƷř�Ŷ
(Kogan, 1973)��ƶƿŸƜţ�ƱřżǀƯ�ƽƹŹ�řŸƛ�ŢǀƠǀƧ�į��źŧŒƯ�ŢƟōŢſř�(Chih et al., 2003)�ƹ��ƵŵŚƠŤſř�Śŝ

ƆųŚƃ� Żř�ƶƿŸƜţ�ƽŚƷ�ƾƯ�ƽř�ƨǀƫƺŝŚŤƯ� ƵŵŻŚŝ� ƱřƺţƶƿŸƜţ�šřźƄů�ƾ�ƴƧ�řŹ�ƾƷŚǀĭ� ƭŚƣŹř�ƽƹŹ� ƵŶƴ
ŵřŵ�ƱŚƄƳ�(Bhat & Bhattacharya, 1978)���

ƵźƸŝ�ŢƗźſ��ƾŞƀƳ�ƝźƈƯ�űźƳ��řŹ�řŸƛ�Żř�ƵźƄů�ƽŹřŵźŝƾƯ�ƱŚƄƳ��ƹ�ŶƷŵƹƿİĭĦ�įŚƷ�ƾƠǀĩ�
�ŵŹřŵ�ƮǀƤŤƀƯ�źǀŧŐţ�Ʊō�ƽƹŹ�ƱŚŝżǀƯ(Rezaei et al., 2006)��ƶƘƫŚƐƯ�Źŵ�ƽ��ƾŞƀƳ�ƝźƈƯ�űźƳ�źƋŚů

ſ�ƶƳřŵ�žƬƯ�ƮƣŹ�ŹŵƂǀŝ�ƵŚǀ�Ţƃřŵ�řŹ�ƱřżǀƯ�Ʋƿźţ��ƶƿŸƜţ�ƽŚƷƹŹǇ�ƶĩŚŬƳōŻř��ƮƣŹ�Ʋƿř�ƽƹŹ�ƵŶƴƴĩ
Ʈĩ�ƾƯ�ŶƴŤƃřŵ�řŹ�ƱŻƹ�ƂƿřżƟř�Ʋƿźţ��ƮƣŹ�Ʋƿř�Źŵ�śƺƬƐƯ�ƾƿřŸƛ�ŵřƺƯ�ƶĩ�ŵźĩ�ƍŚŞƴŤſř�Ʋǀƴģ�Ʊřƺţ
Ʈĩ�ƾƯ�źĮƿŵ�ƮƣŹ�ƹŵ�Żř�źţ��ƝźƈƯ�űźƳ�ŶƳŹƺŞŬƯ�ŵƺų�ƱŶŝ�ƽŚƷŻŚǀƳ�ƲǀƯŐţ�ƽřźŝ� ŚƷƹŹǇ�ƹ�ŶƃŚŝ

�Ʋƿř�ƽƹŹ� řŹ�ŵƺų�ƾŞƀƳŶƳźŞŝ�ǇŚŝ�ƮƣŹ� �ŜƬƛř�ƾŞƀƳ�ŶƃŹ�űźƳ�ƶŝ��Ůǀūźţ�ƽřźŝ�ƾƈųŚƃ�ƱřƺƴƗ
ƾƯ��ŶƃŚŝ(Rezaei et al., 2006)��ƾƯ�ƵŚǀſ�ƶƳřŵ�žƬƯ�ƮƣŹ�Źŵ�ŶƃŹ�űźƳ�ƂƷŚĩ�ƶŝ�ŶƳřƺţ��ƂƿřżƟř�ƪǀƫŵ

ƵŹƹŵ�ƽ�ƽƹŹǇ���Ƶŵřŵ�źƄŤƴƯ� ƽŚƷ�ƵŶƄƳ� �ƶŝ�ƵŵŹƺų� ƽřŸƛ� ƱřżǀƯ�ƂƿřżƟř� źƏŚų��ŶƿŚŝ� ƶĩ� ŶƃŚŝ� ƵŶƃ
Ţųƺſ�ŵƺƃ�ŻŚſƹ��ǇŚŝ�ƺŝƶŝ�ŹřƺƸƃ�ƮƣŹ�ƽƹŹ�ƆųŚƃ�Ʋƿř�Ʊŵ��ƭźƧ�ƽřźŝ�ƮƣŹ�Ʋƿř�ŢǀŝƺƬƐƯ�ƪǀƫŵ

ƾƯ� ƵŚĭƺƬĭ�ŶƃŚŝ� �ǇŚŝ�ŹŚĩ�ƆųŚƃ�ƱŵƺŝřƵŵŹƺų�ƽřŸƛ�ƪƿŶŞţ�ƾƿ�ƁŹƹźě�šřźƄů�Źŵ� ƵŶƃ��ƶŤƟŚƿ

Archive of SID

www.SID.ir


www.SID.ir

ÎÍÍ                                  ƕŹřŻ�ƱřŹŚƨưƷ�ƹ��ƯƶƀƿŚƤ�ƆųŚƃ�ƽ�ƶƿŸƜţ�ƽŚƷ�ƽř�ƮƿżƳō�ƹ�İƃŹřƺĭ�ƽŚƷ������

ţ� řŹ� ŹŚƳř� ƵŚĭƺƬĭ� ƭźĩ� ƽřźŝ� ƱŚŝżǀƯ� Ʋƿř� ŢǀŝƺƬƐƯ� żǀƳ� ŹřƺƸƃ� ƮƣŹ� ƽƹŹŐƾƯ� Ŷǀƿ��Ʋƿř� řźƿŻ� �Ŷƴĩ
ƶŝ� řŸƛ� ŢǀƠǀĩ� ƲǀǀƘţ� ƽřźŝ� ƆųŚƃ�� ŹŚĩƾƯ�� ŵƹŹ(Koul et al., 2004)� �ŹŚĩř�ƽřŸƛ� ƪƿŶŞţ� ƾƿ

ƮƌƷ�ƆŴƄƯ� �ƵŶƃ�ƵŶƴƴĩ�ƽ�śŸū� ƽřŸƛ� Żř� ƾƄŴŝ��ƪƿŶŞţ� ƵźƄů� ŽŚƯƺǀŝ� ƶŝ� ƶĩ� Ţſř� ƵŶƃ
ƾƯ�ŵƺƃ��ƮƧ�ƵŚǀſ�ƶƳřŵ�žƬƯ�ƮƣŹ�Źŵ�ƆųŚƃ�Ʋƿř�Ţƃřŵ�řŹ�ƱřżǀƯ�Ʋƿźţ��ƲǀƿŚě�ŹŚĩ�Ʊŵƺŝř�ƪƿŶŞţ�ƾƿ

ƮƌƷ�ƽřŸƛ�ƾƯ�ƵŶƃ�ƶŝ�ŶƳřƺţ�ŹƺƯ�ƾƿřŸƛ�źƇŚƴƗ�ŵƺūƹ�ƭŶƗ�ƪǀƫŵŶƃŚŝ�ƵźƄů�ŻŚǀƳ�ŵ��ǇŚŝ��Ʋƿř�Ʊŵƺŝ
ƶƿŸƜţ�ƽřźŝ�ƮƣŹ�Ʋƿř�ŢǀŝƺƛźƯ�Żř�ƱŚƄƳ�ŹřƺƸƃ�ƮƣŹ�Źŵ�ƆųŚƃ�į��ŹŚƳř�ƵŚĭƺƬĭ�ƭźĩŹřŵŵ���ŢǀƬŝŚƣ

ƮƌƷ�ƾŞƿźƤţ��ƱŶŝ�Źŵ�řŸƛ�śŸū�ŢƫƺƸſ�ƲǀưŴţ�ƽřźŝ�ƶĩ�Ţſř�ƾƈųŚƃ�ƾĭŶƳƺƃƶŝ�ƵźƄů��ŹŚĩ
ƾƯ�ŵƹŹ��ƿƹİĭĦ�įŚƷ�ƾƿŚǀưǀƃ�ƹ�ƾĪƿżǀƟ��ƆųŚƃ�Ʋƿř�ŹřŶƤƯ�Źŵ�ƱŚŝżǀƯ�ƵŚǀĭźǀŧŐţ�ŶƳŹřŸĭ���šƹŚƠţ

ƮƌƷ�ƾŞƿźƤţ�ŢǀƬŝŚƣ�Źŵ�ƮƿĥŹ�ƾƿřŸƛ�źƇŚƴƗ�Źŵ�šƹŚƠţ�Żř�Ţſř�ƲĪưƯ�ƾĭŶƳƺƃ��ƶƿŸƜţ�ŵŹƺƯ�ƽŚƷ
�ŶƃŚŝ(Rezaei et al., 2006)� �ƶƘƫŚƐƯ� Źŵ�ƽ�Ƃǀŝ� źƋŚů��ƮƣŹ� ƶŝ�ƍƺŝźƯ�ƆųŚƃ�Ʋƿř� ŹřŶƤƯ�Ʋƿźţ

Ʈĩ�ƹ�ƵŚǀſ�ƶƳřŵ�žƬƯ�ŵƺŝ�ŹřƺƸƃ�ƮƣŹ�ƶŝ�ƍƺŝźƯ�ŹřŶƤƯ�Ʋƿźţ��ŹŚĩ��ƾŞƀƳ�ŶƃŹ�űźƳřƿ�ƽřŸƛ�ƪƿŶŞţ�ƾ
ƮƌƷ�ƵŵŹƺų�ƽřŸƛ�ƪƿŶŞţ�ƾƿřŹŚĩ�ƹ�ƵŶƃ�ƁŹƹźě�ƽŚƷƹŹǇ�Źŵ�ƵŶƃ��źƇŚƴƗ�ƶĩ�ƾƿřŸƛ�ƽƹŹ�ƶŤƟŚƿ

ƾưƳ�ƲǀƯŐţ� řŹ� ƵźƄů�ƱŶŝ� ŻŚǀƳ� ŵŹƺƯ��ƲǀƿŚě� ŶƴĩŢſř�ƮƌƷ�ƾŞƿźƤţ�ŢǀƬŝŚƣ�ƾƫƹ��űźƳ� ƹ�ƾĭŶƳƺƃ
ƾƯ�ǇŚŝ�ƾƿŚƷƹŹǇ�Ʋǀƴģ�Źŵ�ƾŞƀƳ�ƝźƈƯ�ŶƃŚŝ�(Rezaei et al., 2006)����

ƆųŚƃ�ƶƿŸƜţ�ƽŚƷ��ƽřƶƳřƹźě�į�ƾƿŚĪƿźƯō�ŶǀƠſ��Hyphantria cunea Drury���ƽƹŹŪƴě��ƵŚǀĭ
�źŝƺƴƇ�ƹ�ŹŚƴģ��ƺƫōŵŹŻ��ƹŵźĭ��šƺţ�ƪƯŚƃ�ƱŚŝżǀƯ�ƎſƺţRezaei et al. (2006)��ƾſŹźŝƃŶ���ŪƿŚŤƳ

śƺƬƐƯ�šƺţ� ŵřŵ�ƱŚƄƳ�ƢǀƤŰţ�Ʋƿř�ƾƯ�ŢƟō�ƱŚŝżǀƯ�Ʋƿźţ�ƆųŚƃ�ƶĩ� řźģ�ŶƃŚŝ��ŶƃŹ�űźƳ�ƽŚƷ
ŹŚĩ��ƾŞƀƳřƵŵŹƺų�ƽřŸƛ�ƪƿŶŞţ�ƾƿ�ŶƃŹŚĩ�ƹ�ƵřƮƌƷ�ƽřŸƛ�ƪƿŶŞţ�ƾƿ��ƲƿźţǇŚŝ�ƱŚŝżǀƯ�Ʋƿř�Źŵ�ƵŶƃ

ƮƌƷ�ƾŞƿźƤţ�ŢǀƬŝŚƣ�ƹ�ƾŞƀƳ�ƝźƈƯ�űźƳ�źƿŵŚƤƯ�ƹ�Ţƃřŵ�řŹ�ŹřŶƤƯ��ƲǀƿŚě�ƱŚŝżǀƯ�Ʋƿř�Źŵ�ƾĭŶƳƺƃ
ŵƺŝ���

ƮƿżƳō� ŢǀƫŚƘƟ� ƱřżǀƯ�ƽŚƷ��ƾƯ� ƾƿřŸƛ� ƮƿĥŹ� źǀŧŐţ� ŢŰţ� šřźƄů� Źŵ� ƾƃŹřƺĭ�ŶƃŚŝ�� �
(Dow, 1986)� �ƮƿżƳō�ŢǀƫŚƘƟ�ŚƠƫō�ƽŚƷ��ƹ�ŻǈǀƯōƁŹƹźě�šřźƄů�Źŵ�ŻŚĜǀƫ��ŹřƺƸƃ�ƮƣŹ�ƽƹŹ�ƶŤƟŚƿ

Ƃǀŝ�ƮƿżƳō�Ʋƿř�ŢǀƫŚƘƟ�Żř�źţ�ƾƯ�ƕƺƋƺƯ�Ʋƿř�ƶƧ�ŵƺŝ�źĮƿŵ�ƮƣŹ�ƹŵ�Źŵ�ŚƷ��ŵřƺƯ�ŵƺūƹ�źĮƳŚƄƳ�ŶƳřƺţ
Ƃǀŝ�ƽŸƜƯ�ŶƃŚŝ�ƮƣŹ�Ʋƿř�Źŵ�źţ�(Chapman, 1998)� �ƁŹƹźě�šřźƄů�Źŵ�ŻŚŘţƹźě�ƮƿżƳō�ŢǀƫŚƘƟ�

źĮƿŵ�ƮƣŹ�ƹŵ�Żř�Ƃǀŝ�ƵŚǀſ�ƶƳřŵ�žƬƯ�ƮƣŹ�ƽƹŹ�ƶŤƟŚƿ�ŵƺŝ���žƬƯ�ƮƣŹ�ƶĩ�ŵřŵ�ƱŚƄƳ�źƋŚů�ƂƷƹĦě
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�ƾƿřŸƛ�ŢǀƇŚų�ƵŚǀſ�ƶƳřŵ�Ʈĩ��ƽźţƽřźŝ�Ţƃřŵ�ŹŚƳř�ƵŚĭƺƬĭ�ƭźĩ���Ʈĩ�ƾƿřŸƛ�ŢǀƇŚų�Ţſř�ƲĪưƯ
�ƶƳřŵ�žƬƯ�ƮƣŹ�ƶŝ�ƵŚǀſ�ƵŶƳŹřŵŻŚŝ�ŵřƺƯ�ŵƺūƹ�źƏŚų�į�ŶƃŚŝ�Ʊō�Źŵ�ŵƺūƺƯ���ƵŶƳŹřŵŻŚŝ�ŵřƺƯ�ƶĩŚŬƳōŻř

ƾƯ��ŶƳŹřŵ�ƾƴǀŘţƹźě�ŢǀƷŚƯ�Ťůř�ƶĩ�ŢƟźĭ�ƶŬǀŤƳ�ƱřƺţƶƳřŵ�žƬƯ�ƮƣŹ�Źŵ�ŵřƺƯ�Ʋƿř�ƽǇŚŝ�ƱřżǀƯ�ľǇŚư��
ƶƫƺƫ�Źŵ�ŚƷŻŚŘţƹźě�ŢǀƫŚƘƟ�ƂƿřżƟř�ŦƗŚŝ�ƵŚǀſ�ƽ�Ţſř�ƵŶƃ�ƵŚĭƺƬĭ�ƭźĩ�ƁŹřƺĭ����

Al-Izzi & Al-Maliky (1996)�ƶƀƿŚƤƯ�Śŝ�ƽ�ƵŹƹŵ�ƩƺƏ�ƽ��ƵŚĭƺƬĭ�ƭźĩ�ƽŚƷƹŹǇ�ƺưƳ�ƹ�ŶƃŹ
�ŢƟō�Ɩƿźſ�ŶƃŹ�ƶĩ�ŶƴŤƟźĭ�ƶŬǀŤƳ�Ʋǀƴģ�ŚƯźų�ƹ�ƾƗƺƴƈƯ�ƽřŸƛ�ƽƹŹ�ŹŚƳř�ƾƗƺƴƈƯ�ƽřŸƛ�ƽƹŹ

ƶŝ�ƵŶƳŹřŵŻŚŝ�ŵƺūƹ�ƭŶƗ�źƏŚų�ƾƯ�ƾưƿżƳō�ƽŚƷ�ŶƃŚŝ��Al-Izzi et al. (1988)��ŶƳŵźĩ�ƱřƺƴƗ�ƶƧ�ŹřŶƤƯ
�ƽǇŚŝLysine�ƵŹƹŵ�ƩƺƏ� �ƾƿřŸƛ�ƖŞƴƯ�Źŵ�ƽ�ŚƷƹŹǇ�ƺưƳ�ƹ�ŶƃŹ�ƾƯ�ƂƿřżƟř� řŹ��ŢǀŝƺƬƐƯ�ƹ�ŶƷŵ

ƾƯ�ƲǀƿŚě�ŢƟō�ƽřźŝ�řŹ�ƾƿřŸƛ�ƖŞƴƯ�ŵŹƹō��Ŷǀſř�Ʋǀƴģ�ŵƺūƹ�Ţſř�ƲĪưƯ�ō�ƽŚƷ�žƬƯ�ƮƣŹ�Źŵ�ƶƴǀƯ
�ƂƿřżƟř�ŦƗŚŝ� ƲǀƴĤưƷ� ƹ� ŶƃŚŝ� ƵŵŹƹō� ƲǀƿŚě� ƵŚĭƺƬĭ� ƭźƧ� ƶŝ� řŹ� ƮƣŹ� Ʋƿř�ŢǀſŚƀů� ƵŚǀſ� ƶƳřŵ

ŻŚŘţƹźě�ŢǀƫŚƘƟ�ŶƃŚŝ�ƵŶƃ�ŚƷ���
ƶŤƟŚƿ�ƂƷƹĦě�Ʋƿř� Żř� ƪƇŚů�ƽŚƷ��ƶĩ� ŵřŵ� ƱŚƄƳ���ƭźƧ� ƶŝ� ŹŚƳř�ƞƬŤŴƯ� ƭŚƣŹř� ƾƿřŸƛ�ŢǀƠǀĩ

ƶƘƫŚƐƯ� ŵŹƺƯ� ƭŚƣŹř�Ʋǀŝ� Źŵ� ŹřƺƸƃ�ƮƣŹ� ƹ�ŢƀǀƳ�ƱŚƀƨƿ� ƵŚĭƺƬĭ�ƶƿŸƜţ�ƾƿřŹŚĩ��ƽřƽřźŝ�ƽźŤƄǀŝ�
ŹŚƳř� ƵŚĭƺƬĭ� ƭźƧ��ŵŹřŵ� �� Śŝ� ƪǀưĪţšŚƘƫŚƐƯ�ƶŝ� ƍƺŝźƯ�źŤƯřŹŚě�ƺƯŵ� ƽŚƷ�� ĨǀƟřźĭ� Ʋƿř� ƵźƄůƹ�

Ɩưū�ǈƏř�ƽŶƴŝ��ƱřƺŤŝ�ŶƿŚƃ�šŚƗƭŶƣ��ƭźĩ�ŵŹƺƯ�Źŵ�ŹŚƳř�ƞƬŤŴƯ�ƭŚƣŹř�ƂƤƳ�ŵŹƺƯ�Źŵ�ƾƿřŶŤŝř�ƽŚƷ
ŵźŝ�ƮƸƯ�ŢƟō�Ʋƿř�ŢƿźƿŶƯ�ƽřźŝ�ƾƯŚĭ�ƹ�ŶǀƄĩ�źƿƺƈţ�ƶŝ�řŹ�ƵŚĭƺƬĭŢƃř���
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