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Abstract

The activity of plant extracts from Calotropis procera, Acacia nuliltica  and Cassia senna has been investigated against some food borne pathogens (Escherichia coli, Salmonella typhimurium, Staphylococcus aureus subsp. aureus and Bacillus cereus) and food spoilage microorganisms (Bacillus cereus and Bacillus stearothermophilus) and towards larval mortality and development of Culex pipiens L. 
Plant extracts (cold and hot aqueous extracts) exhibited variable antimicrobial activity. It was found that hot extract of C. senna has the strongest inhibition effect on Staphylococcus aureus subsp. aureus, Salmonella typhimurium and Bacellus. stearothermophilus when experimented by disc assay methods. Whereas, Calotropis procera showed very slight or no inhibition on the tested strains. Acacia nuliltica showed only complete inhibition of Staphylococcus aureus subsp. aureus, Salmonella typhimurium. The hot extract of C. senna and Acacia nuliltica were examined for their bactericidal activity by the use of kill curve method. It was found that hot extract of Cassia senna has bactericidal effect on Staphylococcus aureus subsp. aureus, Salmonella typhimurium and Bacellus. Stearothermophilus. Acacia nuliltica hot extract showed bactericidal effect on Staphylococcus aureus subsp. aureus, Salmonella typhimurium.

Plant extracts (acetonic extracts) exhibited variable biological activity. The greatest was observed for A. nuliltica which showed  acute (2d) and chronic (10d) LC 50s of 212.1 and 144.2 ppm, respectively. Percentage of larval mortality was  93.33 % in the treatment with extracts of A. nuliltica  and 82.8 % in C. senna. Egg hatchability was significantly reduced in  A. nuliltica  concentrations. All concentrations of the plant extracts from  A. nuliltica,  C. senna  (200 ppm and above) and C. procera (400ppm and above) caused significantly high hindrance to the subsequent larval development and reduced both pupation and adult emergence. Drastic retardation of development was shown by   A. nuliltica extracts, where only 20.3% and 10 % of the larval manged to reach pupal and adult stages, respectively, when  reared in very low concentration (100 ppm) of the extract. However, C. senna  and  C. procera were more effective at higher concentrations. Application of such plant extracts to mosquito breeding sites may have great practical importance in relation to non-synthetic chemical control of these serious disease vectors. 
INTRODUCTION
It is known that many ornamental plant parts and extracts used as herbs and spices in foods are also known to possess antimicrobial activity (Huhtanen, 1980; Canner and Beuchat, 1984 and Deans and Richie, 1987).
Singh et al. (2005) reported that herbs and spices are among the most important targets in which to search for natural antioxidants and antimicrobial agents. 

Growth of food spoilage molds, yeasts and bacteria is reduced in the presence of many herbs and herbs commonly used as flavoring agents (Beuchat and Golden, 1989). Also, bacteria of public health significance known to be adversely affected by certain compounds present in these seasoning agents include Clostridium.botulinum, Bacillus cereus, Staphylococcus aureus, Salmonella, typhimurium, Vibrio parahaemolyticus and Escherichia coli. 

Tayel and El-Tras (2009) investigated the antimicrobial potentialities of twenty five herbs and spices which are widely used in folk medicine by Egyptian housewives to treat gastrointestinal disorders against seven bacterial strains, mostly food borne including pathogens. They found that herbs and spices extracts could be successfully applied as natural antimicrobials for elimination of food borne bacteria and pathogens growth.

Insect-transmitted diseases remain a major source of illness and death worldwide. Mosquitoes alone transmit diseases to more than 700 million people annually (Taubes, 1997). These diseases including malaria, filariasis, yellow fever, dengue and Japanese encephalitis, contribute significantly to poverty and social debility in tropical countries (Jang, et al., 2002 and Rajkumar and Jebanesan, 2005).  Control of such diseases is becoming increasingly difficult because the over production of detoxifying mechanisms of chemical insecticides has reported for Culex species  (Severini, et al., 1993). On the other hand, majority of mosquito species  have developed high levels of resistance to microbial control agents (Rao, et al., (1995). One alternative approach is the use of natural products from plant origin ( Elhag, et al., 1996). The botanical insecticides are generally pest specific and are relatively harmless to the non-target organisms including man. They are also biodegradable and harmless to environment. One plant species may possess substances  with a wide range of activities, like extracts from Azadriachta indica which showed antifeedent, antioviposition, repellent and growth- regulating  activity (Schmutterrer, 1995). Insecticidal activity of many plants against several insect pests has been demonstrated (Carlini and Grossi-de-Sa, 2002, Kundu, et al., 2007 and Boussada, et al., 2008). The three plants of Calotropis procera, Acacia nulitica and Cassia senna are available in many parts  Saudi Arabia and used in folk medicine (Migahid, 1978).
    
The aim of this study was to investigate the antimicrobial effects against of plant extracts of Calotropis procera aerial parts, Acacia nuliltica  seeds and Cassia senna, aerial parts on some food pathogenic or food spoilage bacterial strains (aqueous extracts) and influence on egg hatchability and larval development in Culex pipiens mosquitoes (acetonic extract).
MATERIALS AND METHODS
Organisms:

1. Escherichia coli DSM 5212

2. Salmonella typhimurium DSM 5569

3. Staphylococcus aureus subsp. aureus DSM 20231

4. Bacillus cereus DSM 2302

5. Bacillus stearothermophilus DSM 297

The aformentioned bacterial strains were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany. These strains were subcultured on nutrient agar and stored at 4oC. All cultivations of the strains of E. coli, Salmonella typhimurium, B. cereus and Staph. aureus subsp. aureus were at 37oC for 24 h, and at 55oC for 48 h for B. stearothermophilus using nutrient broth.
Insects: 
Insects and second instar larvae were obtained from culture of Culex, reared at laboratory, maintained on pigeon blood and 10 % sucrose solution. The experiment was carried out at the Faculty of Meteorology, Environment and Arid land Agriculture, King AbdulAziz University, Jeddah, Saudi Arabia. Larvae were reared in tap water.
Plant aqueous extracts: 

The cold extraction was done at room temperature after milling the tested material by mixing them with distilled water at room temperature to give high concentrations. The concentrate extract was then sterilized by filtration (Sartorious membrane filters, 0.2 (m, Germany). The sterilized extracts were diluted by the growth medium to advise level. The hot extraction was done by placing a certain weight of herbs in cloth bags. The weight of herbs was selected to give the required expected concentrations. The bags containing herbs were submerged in the nutrient both medium (or distilled water in case of agar diffusion procedure) and autoclaved at 121oC for 15 min. The test of kill curve was done in these previous medium where hot and cold herbs extracts were placed.
Plant acetonic extracts: 
Plant materials of Calotropis procera, Acacia nuliltica and Cassia senna were collected from different parts in Saudi Arabia. Calotropis procera, Cassia senna leaves and Acacia nuliltica seeds were air- dried for 48 hours, ground to fine parts and extracted with acetone at ambient temperature. A gentle warming to 35-40ºC was sometimes found necessary. The mixture was stirred for 30 min. by magnetic stirrer and left 24 hours. Then, it was condensed in a vacuum rotary evaporator from solvent in a water bath at 55ºC according to Chitra, et al. (1993). The extracts were then freeze- dried using a Labconco Freeze Dryer-18 model 75018 for 48-72 hours. Stock solution was prepared from  the lyophilized residue.
Antibacterial activity:

1. Agar Diffusion (Davidson and Parish, 1989):

It has often been referred as the disc assay. The antimicrobial compound is applied to agar plate, using an impregnated filter paper disk. The paper discs were sterilized separately and impregnated under sterile condition when cold extraction was done at room temperature. However, the filter paper discs were impregnated and sterilized during the hot extraction at 121oC/15 min.

2. Inhibition or kill curve (Schoenknecht et al., 1995):
This test involves inoculation of one of the tested bacteria into the liqued medium, addition of one of the tested herbs, followed by incubation and periodic sampling to determine growth or survival.

Test procedure towards Insects: 
Stock solutions of the three plant acetonic extracts were prepared by dissolving the extracted powder in warm distilled water (at 0.5g/100ml water). Different concentrations of 100, 200, 300, 400 and 500 ppm were prepared from stock solution. Twenty freshly laid eggs or ten second instar larvae were transferred from the culture into plastic cups (8cm diameter, 10 cm deep), each containing  30 ml of desired concentration. Treatments were triplicated and control hadonly distilled water. Larvae were fed ad libitum and kept under laboratory conditions. Egg hatchability was determined at 4 and 7 days after treatment. Larval mortalities were counted at 2, 4 and 10 days  after treatment. Percentage of successful pupation and adult emergence were determined by monitoring on daily basis until all adults in the control have emerged.

    Data were analyzed using maximum likelihood procedures and values of LC50 were calculated according to Finney (1971). Data were corrected for control mortality (Abbott, 1925).  Data of egg hatchability were analyzed by analysis of variance. If significant differences (p<0.05) occurred, means were separated by Duncan’s multiple range test.     
RESULTS AND  DISCUSSION
Table (1) shows the inhibitory or bactericidal effect of Calotropis procera, Acacia nuliltica  and Cassia senna using the disc assay. Different concentration of tested materials were used (1%, 5% and 10% as aqueous extracts). The results of the 1% concentration were presented in Table (1). samples with no inhibitory effect in Table (1), did not show any further response when their concentration were raised. it can be seen that hot extraction give higher inhibition when compared with the cold extraction. Senna inhibited completly Staphylococcus aureus subsp. aureus, Salmonella typhimurium and Bacillus stearothermophilus. This is in agreement with Zhi and Nakano (1996). This is in contradiction with Holzminden (1982), who found that Salmonella strains were less inhibited than Staphylococcus strains.
Fig. (1) shows the effect of Cassia senna and Acacia nuliltcai on Staphylococcus aureus subsp. aureus. It is clear that Acacia nuliltcai has bactericidal effect. Bactericidal effect was achieved after 8 and 18h incubation for Acacia nuliltcai and Cassia senna, respectively. 

Table (1): Antibacterial effect of some herbs extracts (hot and cold extraction) at 1% concentration on some food born pathogens and spoilage microorganisms using disc assay.

	
	Microorganisms

	Type of herbs
	E.coli
	Staph. aureus subsp. aureus
	Salmonella typhimurium
	B. cereus
	B.stearo-thermo-philus

	Cassia Senna (1)
	-
	+++
	+++
	+
	+++

	Cassia Senna (2)
	-
	+
	+
	-
	+

	Calotropis procera (1)
	+
	-
	-
	-
	+

	Calotropis procera (2)
	-
	-
	-
	-
	-

	Acacia nuliltcai (1)
	+
	+++
	+++
	-
	-

	Acacia nuliltica (2)
	-
	+
	+
	-
	-


1

Cold extraction


2

Hot extraction

-

No inhibition.


+

Very slight inhibition.

++
Slight inhibition


+++

Complete inhibition
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          Fig. 1: Effect of senna on Staphylococcus aureus subsp. aureus.
Fig. (2) illustrates the effect of Cassia senna and Acacia nuliltcai also on Salmonella typhimurium. Both of them have bactericidal effect after incubation time of 8h and 12h for Cassia senna and Acacia nuliltcai, respectively. it clear that Cassia senna has more bactericidal activity against Salmonella typhimurium (G- ) than Staphylococcus (G+). This is in contradiction with Imelouane et al. (2009).
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     Fig.2: Effect of senna and sage on Salmonella typhimurium.
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                   Fig. 3: Effect of senna on Bacillus stearothermophilus.
Fig. (3) shows that senna has bactericidal effect on Bacillus stearothermophilus. From figure 1, 2 and 3, it clear that Cassia senna has more  bactericidal activity against Salmonella typhimurium (G- ) than Staphylococcus aureus subsp. aureus and Bacillus stearothermophilus (G+). This is in contradiction with Imelouane et al. (2009).
The mortality (%) of C. pipiens  larvae treated with three plant extracts in acetone and  their LC50 values and 95% confidence limits at 2, 4 and 10 days after treatment are shown  in Tables 1 and 2. The mortality (%) of C. pipiens  larvae treated with plant extracts in acetone are given  in Table 1. Data showed that  larvae suffered up to 93.3 and 82.8% mortality after 10 days of exposure to 500 ppm A. nuliltica  and C. senna extracts, respectively. However, the lowest A. nuliltica concentration caused 45% mortality after 2 days of treatment. C. procera extracts caused the lowest mortalities, while highest concentration (500ppm) caused 70.7% mortality after 10 days of treatment. LC50s and 95% confidence limits (CL) for each plant are given in Table 2. Data showed a significant differences. Acute and chronic LC50 (2 and 10 day mortality) for second instar larvae were 212.1 and 144.2, 301.5 and 173.1  and 466.7 and 251.7 for A. nuliltica,  C. senna and C. procera, respectively. A. nuliltica was siginificanly more toxic at all exposure times than C. senna and C. procera.
Table 1 : Mortality percentage of Culex pipiens larvae reared in media containing acetonic  plant extracts.

	Plant Extract
	Conc.

(ppm)
	Mortality(%)

        2d                      4d                    10d

	Acacia nuliltica
	100
	45.00
	56.72
	76.76

	
	200
	50.00
	66.76
	83.31

	
	300
	58.33
	78.76
	93.33

	
	400
	53.31
	63.31
	00.00

	
	500
	60.00
	75.00
	00.00

	
	Cont.
	75.00
	90.00
	03.33

	Cassia senna
	100
	       22.6                                                          
	       32.2                                                               
	       61.00                                                                   

	
	200
	35.9
	61.00
	73.3

	
	300
	43.10
	70.7
	82.8

	
	400
	27.8
	48.2
	00.00

	
	500
	42.6
	68.6
	6.7

	
	Cont.
	61.00
	76.7
	00.00

	Calotropis procera
	100
	8.20
	12.5
	18.6

	
	200
	17.3
	26.3
	46.6

	
	300
	27.8
	42.60
	70.7

	
	400
	9.80
	13.8
	00.00

	
	500
	18.6
	35.9
	00.00

	
	Cont
	32.2
	61.00
	3.33


Table 2 :  LC50 values and 95% confidence limits for Culex pipiens  larvae in media containing  acetonic plant extracts. 

	Plant Extract
	Assay Time

(days)
	Slope
	LC50  (95%CL)

	Acacia nuliltica
	2
	0.97
	212.1 (140.8- 433.5)

	
	4
	1.20
	195.5 ( 131.6- 405.3)

	
	10
	1.46
	144.2 (72.7- 310.4)

	Cassia senna
	2
	0.76
	301.5 (195.6- 467.9)

	
	4
	1.35
	235.6 (131.3-399.9)

	
	10
	1.44
	173.1  (101.2- 324.5)

	Calotropis procera
	2
	1.03
	466.7 (305.9- 600.1)

	
	4
	1.76
	305.5 (190.3- 465.6)

	
	10
	1.86
	251.7 ( 141.3- 380.2)


Egg hatchablity was significantly lower (p<0.05) in all extracts than control (Table 3). At 100 ppm concentration, A. nuliltica  had the most severe effect on egg hatching rate which was reduced by about 30%. At their highest concentration (500 ppm). The three plant extracts reduced egg hatchability by about 79, 57 and 36%, for A. nuliltica,  C. senna and C. procera, respectively.
Table 3: Egg hatchability percentage  of Culex in media containing acetonic plant extracts.

	Plant extract
	Conc. (ppm)
	Egg hatchability(%)*

	Acacia nuliltica
	100

200

300

400

500

Control
	69.2cd

60.0de

49.3ef

32.5g

21.4h

98.0 a

	Cassia senna
	100

200

300

400

500

Control
	81.7bc

75.5c

67.6cd

50.0ef

43.6ef

98.2a

	Calotropis procera
	100

200

300

400

500

Control
	86.7b

81.7bc

75.5cd

70.3cd

64.0d

98.2a


* Means followed by the same letter are not significantly different at 5% level, Duncan multiple test.

The effect of the three plant materials on growth and development of C. pipiens, larvae to adulthood are given in Table 4. There were considerable reduction in the percentage of larvae undergoing successful pupation in all treatments compared with control. No further larval development took place beyond the second instar in the  A. nuliltica 500 ppm concentration. On the other hand all plant extracts had an evident inhibitory effect even at their lowest concentrations (100 ppm), where the successful  pupation were only 20.3, 39.3 and 68.1 for A. nuliltica,  C. senna and C. procera, respectively. Complete suppression of adult emergence was evident in the 500 ppm concentration of A. nuliltica  and C. senna. The adult emerging percentages  from the 100 ppm  treatments were 10.0, 14.9 and 39.0 % for A. nuliltica,  C. senna and C. procera, respectively, compared with control. 
    
Considerable biological activity related to toxicity and hindrance of growth and development of the larvae of C. pipiens has been observed in this study. From the three plant extracts, A. nuliltica was found to cause higher rate of mortality compared to other plant extracts. The ethanolic extract of A. nuliltica has a good toxicity against parasitic bee mite, Varrowa destructor (Bakhashwain and Zaitoun, 2009). In the present study, the activity of A. nuliltica seeds extracts has been attributed in part to the saponins and alkaloids in the seeds (El-Shanwani, 1996). C. senna and C. procera exhibited a relatively mild acute effect on mosquito larvae especially in its lower concentrations. However, its chronic toxicity was almost high above 200 ppm. 
Table 4: Successful pupation and adult emergence of Culex pipiens larvae reared in media containing acetonic plant extracts.

	Plant Extract
	Conc.
(ppm)
	% successful pupation and adult emergence

           Pupation                   Adult emergence

	Acacia nuliltica
	100
	20.3
	6.1

	
	200
	10.0
	3.2

	
	300
	18.6
	0.0

	
	400
	11.3
	0.0

	
	500
	9.4
	100.0

	
	Control
	6.1
	97.6

	Cassia senna
	100
	39.3
	8.6

	
	200
	14.9
	2.2

	
	300
	23.9
	1.0

	
	400
	8.6
	0.0

	
	500
	15.3
	100

	
	Control
	5.6
	100

	Calotropis procera
	100
	68.1
	39.0

	
	200
	58.1
	20.2

	
	300
	50.0
	19.6

	
	400
	31.4
	10.0

	
	500
	10.0
	3.9

	
	Control
	96.6
	93.2


The results obtained in this investigation demonstrate the importance of toxic, growth and development-retarding influence of the extracted plant materials specially A. nuliltica and  C. senna on C. pipiens mosquitoes.  Moreover, application of these materials is not likely to leave harmful residues in the environment since they are naturally occurring among the local flora. 
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النشاط العشبي على بعض سلالات البكتريا المسببة للامراض أو المسببة للفساد فى الأغذيه وعلى سلوك اطوار بعوضة الكيولكس
أحمد على زيتون*، محمد حسين مدكور**، مجدي يوسف شامي**
* قسم زراعة المناطق الجافة- كلية الأرصاد والبيئة وزراعة المناطق الجافة – جامعة الملك عبد العزيز- جدة – المملكة العربية السعودية

** قسم العلوم البيئية- كلية الأرصاد والبيئة وزراعة المناطق الجافة – جامعة الملك عبد العزيز- جدة – بالأسيتون المملكة العربية السعودية

تم تقييم النشاط الحيوي لثلاث مستخلصات نباتية وهى العشار والقرض والسنامكى على بعض سلالات البكتريا المسببة للامراض(Escherichia coli, Salmonella typhimurium, Staphylococcus aureus subsp. aureus and Bacillus cereus)  أو المسببة للفساد فى الأغذيه(Bacillus cereus and Bacillus stearothermophilus) (المستخلص المائي) وعلى فقس البيض والموت فى اليرقات وتطورها فى بعوضة الكيولكس (المستخلص بالأسيتون). 
وقد أظهرت المستخلصات النباتية المائية المحضرة على البارد والساخن تأثير متفاوت مضاد للميكروبات. وجد أن مستخلص السنامكي المائي المحضر على الساخن كان له أكبر تأثير مثبط على كل من Staphylococcus aureus subsp. aureus, Salmonella typhimurium and Bacellus. Stearothermophilus عند اختبارها باستخدام تقنية الانتشار بواسطة الاقراص Disk assay بينما أحدث العشار ضعيف جدا أو لم يسبب أي تثبيط للسلالات المختبرة. تمكن القرض من أحداث تثبيط كامل فقط في حالة سلالات Staphylococcus aureus subsp. aureus, Salmonella typhimurium . تم اختبار التأثير القاتل لكل من السنامكي والقرض المستخلصان على الساخن باستخدام طريقة منحنى القتل. وجد أن مستخلص السنامكي المحضر على الساخن لها تأثير قاتل على كل من Staphylococcus aureus subsp. aureus, Salmonella typhimurium and Bacellus. Stearothermophilus بينما أظهر مستخلص القرض المحضر على الساخن تأثير قاتل فقط مع Staphylococcus aureus subsp. aureus, Salmonella typhimurium.
 وقد أظهرت المستخلصات النباتية تأثير بيولوجي متنوع. وكان التأثير الأكبر لمستخلص نبات القرض بعد يومين وعشرة أيام من المعاملة هو 212,1 و144,2 جزء فى المليون على التوالي. كانت نسبة الموت فى اليرقات 93, 33٪ عند المعاملة بالمستخلص الأسيتوني للقرض و 82,8٪ عند المعاملة بالمستخلص الأسيتوني للسنامكي. أوضحت النتائج ان نسب فقس البيض لحشرة بعوضة الكيولكس قلت بصورة  معنوية عند المعاملة بكل تركيزات المستخلص النباتي لنبات القرض. وقد كان لكل تركيزات المستخلصات النباتية للقرض والسنماكي ( 200 جزء فى المليون وأعلى ) و العشار( 300 جزء فى المليون وأعلى )  تأثيرات معنوية على اليرقات وتطورها إلى عذارى وحشرات كاملة. وجد أن المستخلص الأسيتوني لنبات القرض له تأثيرات كبيرة على التعذير فى الحشرات وكذلك الوصول للحشرات الكاملة حيث وصل فقط 20,3 ٪ و 10% على التوالي عندما عرضت لأقل تركيز من مستخلص القرض وهو 100 جزء في المليون. وجد أيضا إن مستخلص السنمكى والعشار كانت أكثر تأثيرا بزيادة التركيز. الأستخدام التطبيقى لهذه المستخلصات النباتيه فى بيئات تواجد البعوض لها مردود جيد ومهم فى المكافحه عوضا عن أستخدام المواد الكيماويه فى مكافحه نواقل الأمراض الخطيره مثل البعوض.
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