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ABSTRACT 
 

In this study, we have aimed to determine antagonistic effects of 
various Bacillus against representatives of Gram (+) and Gram (−) bacteria, 
(Staphylococcus aureus TISTR 517 and Escherichia coli TISTR 887) with a 
comparison between the cross streak method and agar well diffusion method. 
Both methods used in the experiment gave better inhibition results on the S. 
aureus TISTR 517 compared to the E. coli TISTR 887. Interestingly, in the 
case of the cross streak method, both indicator bacteria were clearly 
inhibited in their growth by the Bacillus species used in this study. The 
cross streak method was suitable for a preliminary assessment of the 
antagonistic effects of Bacillus species. 
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INTRODUCTION 
 

Probiotics are commonly used as viable microbial feed supplements which 
beneficially affect the host animal by improving its intestinal microbial “balance” [1-3], 
improving nutrition and growth, and prevention of various gastrointestinal disorders. 
Probiotics used in animals include Lactobacillus, Bifidobacterium, Bacillus, 
Streptococcus, Pediococcus, Enterococcus, and yeasts such as Saccharomyces 
cerevisiae and S. boulardii [3]. Moreover, probiotic containing products are available 
for human nutrition [4] and in some countries probiotics are taken as prophylactic and 
therapeutic agents [5]. The emphasis has been placed on the selection and preparation of 
probiotic strains. Most work has focused on Lactobacillus spp. [6], Bifidobacterium spp. 
[7] and Enterococcus spp. [8]. Several strains of Bacillus have also shown promising 
characteristics [9,10]. Products containing endospores of members of the genus Bacillus 
(in single doses of up to 109 spores/g or 109 spores/ml) are used commercially as 
probiotics, and they offer some advantages over the more common Lactobacillus 
products in that they are easily cultured in “bulk” and can be stored indefinitely in a 
desiccate form [5], and still posses the capacity to sporulate [11]. 
 Probiotics have antagonistic effects on various microorganisms, such as, 
Escherichia coli, Staphylococcus aureus, Pseudomonas spp., Proteus vulgaris, 
Salmonella typhimurium [12-14]. There are many techniques for detecting antimicrobial 
activity. Some of them are based on dilution of antimicrobial agents in broth but most 
techniques are based on the diffusion through solid or semi-solid culture media to 
inhibit the growth of sensitive microorganisms [15-24]. The purposes of this study are 
to compare the cross streak method and well diffusion method to determine the most 
reliable method for the detection of antimicrobial activity and to show the effect of 
antimicrobial agents’ inhibitory activity against S. aureus TISTR 517 as representative 
gram-positive bacteria and E. coli TISTR 887 as representative gram-negative bacteria. 
 
 

MATERIALS AND METHODS 
 
Bacterial Strains and Culture Media 
 The strains used in this study are listed in Table 1. All Bacillus species were 
cultured under shake tube conditions in 5 ml of Luria-Bertani (LB: Scharlau) broth for 
24 h at 37 °C and 150 rpm before being transferred to LB agar plates incubated at 37 °C 
for 24 h and then stored in the refrigerator. Indicator microorganisms were maintained 
on LB agar at 4 °C. All strains were maintained in the LB broth containing 15 % 
glycerol at −80 °C. 
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Table 1 Reference of bacterial strains. 
 
Bacillus species Source or Reference 
Brevibacillus laterosporus SA14 [25] 
Bacillus megaterium BA6 [26] 
Brevibacillus non-reactive BA7 [26] 
Geobacillus thermoglucosidasius BA16 [26] 
Indicator bacteria  
Staphylococcus aureus TISTR 517 
Escherichia coli TISTR 887 

Thailand Institute of Scientific and 
Technological Research, Bangkok, 
Thailand. 

 
 
Preparation of Culture Broth 

Bacillus species were grown at 37 °C for 18 h in LB broth. The 2 % seed culture, 
correlated to standard McFarland No.0.5, was transferred to a 250 ml flask with 150 ml 
of LB broth. The experiment was carried out in duplicate. The culture flask was 
incubated at 37 °C for 13 days at 150 rpm. After every 24 h, 1 ml of the culture was 
drawn from each flask and centrifuged at 14,000 g for 20 min to pellet the cells. The 
culture broth (CB) was collected and used for the antagonistic activity assay by means 
of agar well diffusion. 
 
Preparation of Washed Cell 
 Washed cells were prepared as described by Kivanc [20], with some 
modifications. Twenty four hour cultured indicator bacteria were centrifuged at    
14,000 g for 15 min and cells were collected and supernatants were discarded. Cells 
were washed twice with sterile 0.85 % NaCl and were approximately adjusted to 108 
cells/ml, using McFarland No.0.5 as a standard solution. 
 
Cross Streak Method 
 LB agar plates were prepared and inoculated with various species of Bacillus by 
a single streak of inoculum in the center of the petri dish (plate). After 2 days of 
incubation at 37 °C the plates were seeded with indicator bacteria by a single streak at a 
90° angle to the Bacillus species. The microbial interactions were analyzed by the 
observation of the size of the inhibition zone [27]. 
 
Agar Well Diffusion Method 
 Both indicator bacteria were cultured on LB broth and incubated at 37 °C for 24 
h. LB agar (25 ml) was poured into each sterilised petri dish (90 mm in diameter). 
Suspensions (100 μl), equivalent to standard McFarland No. 0.5, of indicator bacteria 
cultured for 24 h were spread on the plates, and wells 10 mm in diameter were punched 
in the agar with a sterile tip. The CB(s) of each Bacillus culture was prepared as 
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described above. Each CB (100 μl) was directly filled into the wells of agar plates 
inoculated with indicator bacteria. The plates were incubated for 24 h at 37 °C, and the 
diameter of the inhibition zone was measured in millimeters. 
 
 

RESULTS 
 

  Four Bacillus species were tested against 2 indicator bacteria (Table 1). The 
results of the cross streak method showed that all Bacillus species exhibited inhibitory 
activity after 2 days of incubation. Interestingly, 1-day old Brevibacillus laterosporus 
SA14 could exhibit antibacterial activity when tested by the cross streak method (data 
not shown). The results of the agar well diffusion method in determining the 
antibacterial activity of Bacillus species on indicator bacteria are listed in Table 2. Most 
Bacillus species exhibited inhibitory activity after 72 h of incubation and remained up to 
the 5th day. In both the cross streak and agar well diffusion methods, S. aureus TISTR 
517 was more sensitive than E. coli TISTR 887. 

The results obtained from agar well diffusion showed that E. coli TISTR 887 
was more resistant than S. aureus TISTR 517 to Bacillus species, however in the cross 
streak method this organism had inhibited growth. Similarly, for example, Brevibacillus 
laterosporus SA14 possessed inhibitory activity against E. coli TISTR 887 in the cross 
streak method, but it was less active in the agar well diffusion method as shown in 
Figure 1. The results showed that the initial antagonistic activity was observed on 1-day 
old Brevibacillus laterosporus SA14 in the cross streak method (Figure 1a). In contrast, 
the initial antagonistic activity (inhibition zone) was observed around well of CB 
prepared from the 3-day old Brevibacillus laterosporus SA14 in the agar the well 
diffusion method (4 in Figure 1b and Table 2). 
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(b) 

M  LERTCANAWANICHAKUL and S  SAWANGNOP 



 167

Figure 1 Example of antagonistic activity assay of Bacillus species. The cross streak method (a) 
and the agar well diffusion method (b). (a); SA14, Brevibacillus laterosporus SA14; BA6, 
Bacillus megaterium BA6; BA7, Brevibacillus non-reactive BA7; BA16, Geobacillus 
thermoglucosidasius BA16; S.aureus 517, Staphylococcus aureus TISTR 517; E.coli 887, 
Escherichia coli TISTR 887; CON, sensitive strain; large zone, resistant strain. (b); C, medium 
broth; 1-7, culture broth (CB) from 0-day to 6-day old Brevibacillus laterosposus SA14, 
respectively; E. coli TISTR 887 was used as the indicator bacterium. (see more details in 
MATERIALS AND METHODS). 
 
 

DISCUSSION AND CONCLUSION 
 

 Various strains of Bacillus species displayed antimicrobial activity against 
Pseudomonas aeruginosa, P. fluorescens RSKK 380, B. thuringiensis RSKK 380, S. 
aureus ATCC 25923, E. coli ATCC 25922, Micrococcus luteus, M. flavus, Yersinia 
enterocolitica, Bacillus subtilis, B. megaterium, methicillin-resistant S. aureus, and 
Candida albicans [25, 28-30]. 
 We determined the antagonistic effects of various Bacillus against S. aureus 
TISTR 517 (Gram +) and E. coli TISTR 887 (Gram −) in a comparison of the cross 
streak and agar well diffusion methods. Both antibacterial activity methods showed that 
the Gram (+) bacterium, S. aureus, was the most sensitive indicator bacteria. The 
Bacillus strains were active most against Gram-positive but not Gram-negative bacteria 
[30,31]. Although, the E. coli TISTR 887 was the most resistant indicator bacterium, its 
growth was inhibited when using the cross streak method. The use of the cross streak 
method in this experiment resulted in higher inhibition results than the use of the agar 
well diffusion method. As a result, the inhibitory activity on indicator bacteria by the 
cross streak method is seen as better, but it could be because all metabolites and 
bacteriocin are present and being produced during the assay period. But the agar well 
diffusion method, CB (supernatants) of Bacillus species were used, and conditions for 
the growing bacteria and/or the preparation of CB may result in a decrease of other 
metabolites inhibitory activity. So, the inhibition zone that was seen around the wells 
may be dependent solely on bacteriocin activity. 
 Furthermore, the substances Bacillus species secreted might be in the log- or late 
log-phase of growth. The CB which was collected in the stationary-phase of growth 
(according to the agar well diffusion method) did not give an inhibition zone, whereas 
the cross streak method showed inhibition results. The metabolite might be in the log- 
phase and destroyed by other metabolites [32] or used as a precursor to produce other 
metabolites, causing no inhibition zone around the wells of CB prepared from 5-day and 
6-day old culture when tested by the agar well diffusion method (6 and 7 in Figure 1b). 
In the cross streak environment, the Bacillus had to compete with other microorganisms, 
then the Bacillus produce the metabolites and did not use them as precursors resulting in 
enough metabolites remaining in the agar. 
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 In conclusion, in antimicrobial activity research the cross streak method is a 
practical and suitable technique. However in bacteriocin investigations, the cross streak 
method should be controlled with the agar well diffusion method. The antimicrobial 
compounds, produced by Bacillus cultures, have a great potential for controlling the 
growth of microorganisms [5, 9-11, 25, 28-30]. 
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บทคัดยอ 
 

มณฑล เลิศคณาวนชิกุล
 
และ ทรงธรรม สวางนพ 

การเปรียบเทียบวิธี 2 วิธีในการศึกษาฤทธิ์การเปนปฏิปกษของบาซิลลัส สปชีส  
 
 ไดทําการศึกษาฤทธิ์ในการตานสแตปฟลโลคอคคัสออเรียส ทีไอเอสทีอาร 517 และเอชเชอริเชียคอไล ที
ไอเอสทีอาร 887 ของบาซิลลัสสปชีสดวยวิธีการ 2 วิธีการ กลาวคือ วิธีขีดเชื้อขวางเพลตและวิธีซึมผานของสาร
เขาเนื้อวุน ปรากฎวาบาซิลลัสสปชีสที่นํามาทดสอบออกฤทธิ์ตานสแตปฟลโลคอคคัสออเรียส ทีไอเอสทีอาร 517 
ไดดีจากทั้ง 2 วิธีแตฤทธิ์ตานเอชเชอริเชียคอไล ทีไอเอสทีอาร 887 จะเห็นไดชัดเจนเมื่อทดสอบดวยวิธีขีดเชื้อขวาง
เพลต ซึ่งอาจกลาวไดวาวิธีขีดเชื้อขวางเพลตเปนวิธีเบื้องตนที่เหมาะสมนํามาใชศึกษาฤทธิ์ตานจุลินทรียของ
บาซิลลัสสปชีส 
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