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                       Abstract  

     Testing the sensitivity of periodontal pathogens requires the selection of an easier 

and more reliable method to be used with such anaerobic bacteria that need a long 

period of time for growth. Natural materials are a new era of antibacterial agents to 

control periodontal infections. The aims of the current study were to test the 

antibacterial activity of two natural agents, namely olibanum and alum, against three 

types of red complex periodontal pathogens and compare the application of agar 

diffusion and microdilution methods for testing the susceptibility. Gingival 

crevicular fluid from pockets with chronic infections was sampled as a source for 

the three types of bacteria, Porphyromonas gingivalis, Tannerella forsythia and 

Treponema denticola (the red complex pathogens). The samples (n= 30) were 

cultured on three types of media, namely Schaedler Anaerobe Agar, Tannerella 

forsythia (TF) agar, and Trypton Yeast extract Gelatin Volatile fatty acids and 

Serum (TYGVS) agar for the three types of red complex pathogens. After anaerobic 

growth, the isolates of red complex pathogens were identified by cultural and 

cellular morphological characteristics and confirmed by molecular diagnosis. The 

antibacterial activity of the two natural materials was tested by agar (disk and well) 

diffusion and microdilution method (spectrophotometer- and resazurin- based). 

Ciprofloxacin (CIP) and chlorhexidine (CHX) were used as controls. Minimal 

Inhibitory Concentrations (MICs) of the four reagents (olibanum, alum, CIP, and 

CHX) were determined on the three types of bacteria. MIC values by each 

susceptibility method were compared and analyzed statistically at p- value ≤ 0.05. 

The results showed that resazurin- based microdilution method was the easiest and 

simplest approach which gave reliable reads. MIC values of the four regents differed 

from a method to another and from one bacterium to another. Statistically, there 

were no significant values among these differences, except for olibanum which was 

statistically more significant than the other reagents.     

         

Keywords: antibacterial activity; susceptibility test of anaerobes; natural materials.  
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 الخلاصة: 

اجراء اختبار الحساسية لممرضات انسجة حول الاسنان يحتاج اختيار طريقة اسهل واكثر وثوقا      
المواد الطبيعية هي صنف جديد من للاستخدام مع هذه البكتريا اللاهوائية التي تحتاج وقت طويل لمنمو. 

اصابات انسجة حول الاسنان. اهداف الدراسة كانت اختبار الفعالية  العوامل المضادة لمبكتريا لمسيطرة عمى
الانواع الثلاث لمجموعة المعقد الاحمر ضد البكتيرية لنوعين من المواد الطبيعية هي المبان والشب ضد 

لاختبار   Microdilution لممرضات انسجة حول الاسنان ومقارنة استخدام طرق الانتشار بالطبق و التخافيف
 ساسية. جمعت عينات سائل المثة من جيوب ذات اصابة مزمنة كمصدر للانواع الثلاث من البكترياالح

Porphyromonas gingivalis ، Tannerella forsythia  و Treponema denticola  ممرضات(
 Schaedler Anaerobe عمى ثلاث انواع من الاوساط الزرعية( 33عدد ). زرعت العينات المعقد الاحمر( 

Agar ، Tannerella forsythia (TF) agar   و Trypton Yeast extract Gelatin Volatile fatty 
acids and Serum (TYGVS) agar  لكل نوع من ممرضات المعقد الاحمر. بعد النمو اللاهوائي تم

يص بالخصائص المزرعية والاشكال الخموية وتم تاكيد التشخ ممرضات المعقد الاحمر تشخيص عزلات
باستخدام طريقة الانتشار بالطبق ) انتشار بالطريقة الجزيئية. تم اختبار الفعالية ضد البكتيرية لممواد الطبيعية 

(  resazurin) المعتمدة عمى قياس الامتصاصية و صبغة  Microdilutionالاقراص والحفر( والتخافيف من 
دم كمواد سيطرة. تم تحديد التركيز استخ Chlorhexidine (CHX)وال  Ciprofloxacin (CIP)مضاد 

عمى االانواع الثلاث من البكتريا وتم  (CHXو  CIP) المبان، الشب، مضاد  المثبط الادنى لممواد الاربعة
(. بينت النتائج ان طريقة P-value  ≤ 3.30مقارنة هذه القيم وحممت النتائج احصائيا عند قيمة )

Microdilution  المعتمدة عمى صبغةResazurin قيم كانت اسهل وايسر الطرق التي اعطت نتائج موثوقة .
التركيز المثبط الادنى لممواد الاربعة اختمفت من طريقة لاخرى ومن بكتريا لاخرى. احصائيا، لم يكن هناك 

 والتي كانت اعمى معنوية احصائية. لمبان  تمك التياختلاف معنوي بين هذه الفروقات ماعدا 
Introduction 

     Screening the activity of crude extracts or purified compounds form natural substances requires the 

employment of a simple, rapid, reliable, sensitive and cost- effective in vitro assay. Choosing the 

correct method is important for generating high-quality data of the new antimicrobial compounds and 

extracts [1]. Anaerobic susceptibility testing (AST) methods standardized by the Clinical and 

Laboratory Standards Institute (CLSI) include agar dilution, broth microdilution, and E- test [2]. 

However, these routine methods when applied for anaerobes are time- consuming and expensive, 

especially if one need to screen several agents with several microbial types [3]. In addition to, standard 

diameters of the inhibition zone are available for comparing the results of only the tests for standard 

antibiotics, but there are no standard explanations for comparing the results of the tests of natural 

materials [4].   

     Resazurin is the most commonly used redox indicator in media culturing anaerobes to monitor the 

redox potential because it is generally non-toxic to bacteria and effective at very low concentrations 

[5]. This indicator is dark blue in its inactive form that can penetrate the cells and is irreversibly 

reduced to the fluorescent pink resofurin by cellular oxidoreductase. In a second reversible reduction 

step, the colorless hydroresorufin is formed. The resorufin/hydroresorufin redox couple becomes 

totally colorless at high redox potential and regains a pink color at a lower redox potential. Resofurin 

is soluble and diffuses passively into the surrounding medium enabling an easy visual reading of the 

results. The intensity of the fluorescence is proportional to the number of living metabolic active cells. 

Therefore, resazurin reduction provides indications about cell viability, a benefit which can be utilized 

in testing bacterial susceptibility [3, 6].  

     Mechanical removal of subgingival plaque is the first line in periodontal treatment. However, not 

all patients respond favorably and hence antibiotic therapy is recommended to improve the treatment 

outcome [7]. Systemic antibiotics are of a particular benefit as they enter the periodontal tissues via 

serum to suppress periodontal pathogens [8]. Plant- derived antimicrobials carry prospective agents as 

natural antimicrobials with chemotherapeutic benefits that are powerful systems for the treatment of 
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infectious diseases [9, 10]. These natural products are environmentally safe, easily available and cheap 

compared to the toxicity and side effects of allopathic medicines [11, 12].  

     Boswellia sp. is a deciduous tree that involves about 20 species. The exuded gum from the tree 

appears as milk- like resin which hardens to orange-brown gum resin known as frankincense or 

olibanum. It has been utilized as a fixative in perfumes, soaps, lotions and in medicine for its 

antiseptic, anti-inflammatory, anti-bacterial, anti-fungal and anti-cancer activities [9, 13]. Alum is the 

crystalized double sulphates aluminum salt with the formula KAl (SO4)2.12H2O. It is soluble in water 

and has been used for the improvement and preservation of foods and cosmetics and as a flocculants in 

water treatments [11]. It has been recommended by the Food and Drug Administration (FDA) for the 

topical treatment of burns, ulcers and abscess or as a deodorant and astringent agent. It has a 

bacteriostatic action on cell surfaces with very low permeability into cells and thus little chance of 

systemic absorption [14].  

     Porphyromonas gingivalis, Treponema denticola and Tannerella forsythia or the ‘‘red complex’’ 

group, are known as the most responsible and virulent pathogens associated with the chronic 

infections of periodontitis [15]. Therefore, the current study selected these three bacteria as 

representative types of periodontopathogens and aimed to explore the effectiveness of olibanum 

(Boswellia sp.) and alum as natural materials to control the growth of these periodontal bacteria. We 

also aimed to find out the easier and more rapid and accurate method for testing the sensitivity of such 

anaerobic bacteria to antibacterials.  

Materials and methods 

Bacterial source: Paper points sized #40 were used to sampling gingival crevicular fluids from 

patients suffering from chronic periodontitis as a source of the three types of bacteria. The samples 

were collected from pockets that have a depth of ≥ 4 mm and positive bleeding on probe and put in 

phosphate buffered saline (PBS) until reaching the lab. Specialized dentists helped in the diagnosis 

and sampling.       

Bacterial culturing and identification: In the Microbiology lab/College of Science, the samples were 

cultured by streaking into three types of culture media; Schaedler Anaerobe Agar with blood, haemin, 

vitamin K and vancomycin was used for the growing of Porphyromonas gingivalis [16] and 

Tannerella forsythia. (TF) agar for Tannerella forsythia [17], and TYGVS agar for Treponema 

denticola [5]. All plates were incubated in anaerobic jars using CampyGen, microaerophilic generation 

system (Oxiod Ltd, Japan) for 4 days at 37°C. After that, bacterial colonies corresponding to the three 

types of red complex pathogens were identified by morphological characteristics of growth, 

microscopic examination with cell morphology and gram stain, and by the molecular Loop Mediated 

Isothermal Amplification (LAMP) method.  

Method of LAMP technique: Set of four primers targeted to 16SrDNA gene was added to the 

extracted DNA. WarmStart Colorimetric LAMP 2X Master Mix was used which contained Bst DNA 

polymerase and the pH indicator, phenol red. The reaction mixture was set at 65°C for 30 min., and 

then the change of color of the reaction mixture from pink to yellow was observed.      

Natural materials and standard antimicrobials: Two natural materials, namely olibanum 

(Boswellia sp.) and alum (potassium alum) (both purchased from local a perfumer market in Mosul 

city) and two synthetic drugs, namely ciprofloxacin (CIPLA LTD, India) and chlorhexidine 

digluconate (Scitra Co., UAE) were tested for their antibacterial effects on the three types of red 

complex pathogens for growth inhibition.  

Effects of natural materials on bacterial growth: The antibacterial effects were studied in terms of 

minimal inhibitory concentration (MIC) on the growth of the three types of red complex bacteria. Two 

methods were compared for their reliability to display the MIC values of the antimicrobial agents, agar 

diffusion (disk diffusion and well diffusion) and 96-well plate microdilution (spectrophotometer assay 

and resazurin- based assay). Ciprofloxacin (CIP) and Chlorhexidine digluconate (CHX) were used as a 

positive control. 

Preparation of suspension required for agar diffusion assay: Olibanum and alum were grinded to 

prepare stock solutions at 0.5g/ ml for olibanum and 0.6g/ ml for alum in warmed distilled water 

(80°C) and dissolved by stirring. Liqueur extract of olibanum was obtained after overnight soak in 

warm water. Stock solutions of 200 mg/ 100 ml CIP and 0.12 w/v % CHX (equal to 120 mg/ 100 ml 

[18]) were used. Two- fold dilutions were made from each stock solution in sterilized distilled water. 
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Bacterial suspension in normal saline, equivalent to McFarland 0.5, was prepared from each bacterial 

type.    

Disk diffusion method: This method was performed as previously indicated [19] as follows: Each 

bacterial suspension was spread on its corresponding agar plate. Sterilized filter discs (6mm) saturated 

with 15µl of different concentrations of each reagent were distributed on the surface of an inoculated 

plate. After 4 days of anaerobic incubation, the inhibition zones were measured to point the MIC value 

and photographed.               

Well diffusion method: This method was performed according to a previous publication [5] as 

follows: Each bacterial suspension was spread on its corresponding agar plate. Wells with 6mm 

diameter were made and filled with 50µl of the tested agent. After 4 days of anaerobic incubation, the 

inhibition zones were measured.       

 96-Well plate microdilution and Resazurin- based assay: As formerly designated [4], two sets of 

plates, one for spectrophotometer assay and the other for resazurin assay, were prepared as follows: A 

stock solution of each reagent was prepared in a broth medium of each bacterial type at 50% (w/v) for 

olibanum, 60% (w/v) for alum, and 50% (v/v) for CIP and CHX.  100µl of the stock reagent 

containing- broth was added to column 1 of the 96-well plate. Row A was assigned for olibanum, B 

for alum, C for CHX, and D for CIP.  From the reagent free- broth medium, 50µl was added to 

columns 2 till 11, whereas 100µl was added to column 12 as a negative control to monitor sterility. 

The stock of the reagent containing- broth was two-fold diluted by serial transferring of 50µl from 

column 1 till column 10, while the last 50µl from column 10 was discharged. Column 11 served as a 

positive control for bacterial growth. 50µl of the bacterial suspension in normal saline (equivalent to 

McFarland 0.5) was added to each well of columns 1-11. The plates were covered and incubated 

anaerobically for 72 hr. for the spectrophotometic assay and for 30hr. for the resazurin- based assay. 

For the spectrophotometic assay, the absorbance of the growth was measured by a microplate reader at 

an optical density (OD) of 630nm and the reads versus reagents' concentrations were plotted in a simple 

linear regression modeling. For the resazurin- based assay, 30µl of resazurin solution was added to 

each well of columns 1-12 and further incubated for 4hr. The results were read as a change of 

resazurin color from blue/purple to pink- colorless or no change. The results were finally 

photographed.  

Statistical analysis: Statistical comparison of the results with both negative and positive controls was 

performed using the one sample t- test to approve the significant effects of each reagent within each 

type of bacteria.  Statistical comparisons of the effects of each reagent among all bacterial types were 

achieved using ANOVA test. Statistical comparisons among the effects of all reagents on each 

bacterial type were performed using ANOVA test. The significance was considered at P- value ≤ 0.05.        

Results and Discussion 
Identification of bacterial isolates: Colonies which were circular, convex with entire- edge black 

pigmented and beta-hemolysis on Schaedler Anaerobe Agar (Figure- 1A) and gram negative 

coccobacilli cells were selected to be P. gingivalis. On Tannerella forsythia (TF) agar, colonies which 

were tiny white Figure-(1B) with gram negative bacilli were selected to be T. forsythia. White- hazy or 

creamy colonies on TYGVS agar Figure-(1C) with gram negative spirals were selected to be T. 

denticola. All isolates were confirmed by LAMP molecular method in which the presence of the 

species specific amplicon was assigned upon reaction mixture color change from pink to yellow of 

phenol red indicator as a result of the proton accumulation in the positive amplification (Figure-2).  
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Figure 1-Growth of red complex pathogens on their corresponding medium: (A) P. gingivalis, (B) T. 

forsythia, and (C) T. denticola. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-LAMP reaction. Solution with pink color is the negative control; yellow color is the positive 

amplification of the target DNA. 

 

Antibacterial activities of the four reagents on the growth of red complex pathogens: In the 

current study, the two natural compounds, olibanum and alum, showed antibacterial activities by 

inhibiting the growth of the three periodontal bacteria and their MIC values were compared by both 

agar diffusion and microdilution methods. CIP, a systematic drug and CHX, a local drug, were used as 

positive controls for inhibition. The stock solutions were 0.5 g/ml olibanum, 0.6 g/ml alum, 120 mg/ 

100 ml CHX, and 200 mg/ 100 ml for CIP; then they were tow fold diluted. The details of the results 

are described below.     

Comparisons among the susceptibility test methods: Following the agar diffusion method, the 

inhibitory activity of the tested materials was indicated by the inhibition zone (IZ) of the bacterial 

growth on the agar medium. The IZs of the concerned concentrations from all tested materials formed 

by the well- diffusion method were greater than those formed by disk- diffusion against the three types 

of bacteria, as evidenced in Figures- 3-5.  
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Figure 3-Agar diffusion method for susceptibility of P.gingivalis for antimicrobials with pointed 

concentrations in mg/ml.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-Agar diffusion method for susceptibility of T.forsythia for antimicrobials with pointed 

concentrations in mg/ml.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-Agar diffusion method for susceptibility of T.denticola for antimicrobials with pointed 

concentrations in mg/ml. 

 

     Also, the MIC concentrations displayed IZ values by well- diffusion method were lower than those 

of the disk- diffusion method. For instance, the MICs of olibanum which resulted in IZs of 8-9mm by 

disk - and well diffusion were 3.7- 4 and 2.4- 3.7 mg/ ml, respectively. Alum's MICs which produced 

IZs of 7-8 mm were 5.4 and 4.6 mg/ml by the two methods, respectively. CHX's MICs which 

produced IZs of 7-8 mm were 0.15- 0.17 and 0.07- 0.15 mg/ ml by the two methods, respectively. 

0.2 CIP 

7.5 Olibanum 

18 Alum 

0.6  CHX 

15 Olibanum 

9 Alum 

0.2  CIP 

9  Alum 
15 Olibanum 

0.6 CHX 

18 Alum 

7.5  Olibanum 

9 Alum 

0.6 CHX 

15 Olibanum 

18  Alum 

0.2 CIP 

7.5 Olibanum 

0.2  CIP 

9  Alum 

0.6 CHX 

15  Olibanum 

7.5 Olibanum 

18  Alum 

0.2 CIP 

9 Alum 

18 Alum 

7.5 Olibanum 

15 Olibanum 

0.6 CHX 

9 Alum 

18 Alum 

0.2 CIP 15 Olibanum 

7.5 Olibanum 0.6   CHX 



Al-Hamdoni and Al-Rawi                         Iraqi Journal of Science, 2020, Vol. 61, No. 8, pp: 1913-1925 

 

9191 

CIP's MICs which caused IZs of 8- 9 mm were 0.007- 0.018 and 0.006- 0.015 mg/ ml by the two 

methods, respectively. These results, which were the average of five independent experiments, are 

clarified in Table- 1. In the well- diffusion method, the bacterial cells were exposed to a larger volume 

(50 µl) of the anti- material than that in the disk diffusion method (15µl). Thus, the IZ was more 

obvious and larger using the well- diffusion method.  

      
Table 1-MIC and IZs values of the antimicrobial agents against red complex pathogens by the agar 

diffusion method 
Agent 

 

Bacteria 
Olibanum Alum CHX CIP 

MIC   (mg/ml) IZ*** 

(mm) 

MIC (mg/ml) IZ*** 

(mm) 

MIC (mg/ml) IZ*** 

(mm) 

MIC  mg/ml) IZ*** 

(mm) disk* well** disk* well** disk* well** disk* well** 

P.gingivalis 4 3.7 8 5.4 4.6 7 0.17 0.15 7 0.018 0.015 8 

T.denticola 3.7 2.4 9 5.4 4.6 8 0.15 0.07 8 0.007 0.006 9 

T.forsythia 4 3.7 8 5.4 4.6 7 0.17 0.15 7 0.018 0.015 8 

*: agar disk diffusion, **: agar well diffusion, ***: inhibition zone.  

   

     In the spectrophotometer- based microdilution method, the absorbance readings of the growth were 

represented as a correlation between bacterial growth and reagent's concentrations in a simple linear 

regression modeling. In addition, the inhibition was proved by the linear negative correlation between 

the growth and reagent's concentration and the negative value of the regression coefficient in the 

equation, as is depicted in Figure-6. The MIC values were determined as the lowest concentration 

which resulted in the negative correlation with the growth. The average of three independent results is 

demonstrated in Table-2.  

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-Linear regression modeling showing the effects of the tested reagents on red complex 

species. 
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Table 2-MIC values of the antibacterial agents against red complex species by the spectrophotometer- 

based microdilution method.  

 

Bacteria 

Agent 

Olibanum     (MIC 

mg/ml) 

Alum      (MIC 

mg/ml) 

CHX             (MIC 

mg/ml) 

CIP                (MIC 

mg/ml) 

P.gingivalis 1.8 2.3 0.04 0.0039 

T.denticola 1.5 1.9 0.037 0.0039 

T.forsythia 1.5 1.7 0.037 0.0039 

     By using resazurin dye in the microdilution method, the growth inhibition was denoted by the 

remaining of the dye in purple color, while the MIC values were determined in the well of the row 

with purple resazurin after which the color began to turn into pink or colorless. These results on the 

types of red complex pathogens are apparent in Figure-7.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7- Resazurin-based microplate method; columns 1: double strength of reagents 2-10: tow fold 

dilution, 11- 12 positive and negative controls, respectively. Rows A: olibanum, B: alum, C: CHX and 

D: CIP. 

 

     The average MIC values of three independent experiments recorded in the resazurin- based 

microdilution method were 1.4- 1.8, 1.7- 2.3, 0.037- 0.04 and 0.0039 mg/ml for olibanum, alum, CHX 

T.forsythia 

P.gingivalis 
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and CIP, respectively, as listed in Table-3. The results were closely similar to those observed above 

using the spectrophotometer- based microdilution method.  

 

Table 3-MIC values of antibacterial agents against red complex species by the resazurin- based 

method. 

 

Bacteria 

Agent 

Olibanum     (MIC 

mg/ml) 

Alum      (MIC 

mg/ml) 

CHX             (MIC 

mg/ml) 

CIP                (MIC 

mg/ml) 

P.gingivalis 1.8 2.3 0.04 0.0039 

T.denticola 1.4 1.7 0.04 0.0039 

T.forsythia 1.4 1.7 0.037 0.0039 

 

     In both methods of microdilution the antibacterial substances were well distributed in the liquid 

medium. Thus, the bacteria were exposed to the same volume and concentration of the antibacterial 

agents. This resulted in converging the values of MIC in the two procedures. It was also clear that the 

MIC values recorded by the microdilution methods were lower than those recorded by the agar 

diffusion methods.     

     All methods followed in this study are standard methods that give accurate dependable results in 

testing the inhibitory effects of the antimicrobials, especially the licensed antibiotics. Variations in the 

MICs may be due to differences in the media, concentrations of the prepared materials, inoculum, or 

the endpoint reading method [2]. According to the current study, there was a slight difference between 

the MIC values of disk diffusion and well diffusion; the inhibition zone formed by the well- diffusion 

agar method was larger than that formed by the disk-diffusion method, at the same concentration for 

all agents, as larger amounts were added in the well; thus, the effect of each specific concentration 

appeared to be stronger using the well- diffusion method (Figures- 3- 5). MIC values of both methods 

of microdilution were more similar to each other, while MIC values of agar diffusion were larger than 

those of microdilution. The differences in MIC values of these methods can be attributed to the fact 

that the ability of the materials to diffuse in agar medium is less than that in broth, which can influence 

the end result of IZ and MIC. This was evident as MIC values of the microdilution methods were less 

than those in agar diffusion, especially for the aqueous extracts of the natural materials, while they 

were easily diffused in liquid media. This attribution was also valid for the agar diffusion method 

where the materials were easily diffused in the medium of T. denticola containing lower agar 

percentage (7gr/ L medium) than the media of P. gingivalis and T. forsythia (13.5 gr/ L medium) and, 

therefore, causing larger IZs. In comparison to the microdilution, the agar diffusion method requires 

larger amounts of material and at least 3 days for growing the anaerobic fastidious bacteria in order to 

well distinguish the inhibition zone from the surface growth. Additionally, the accommodation of one 

agar plate is no more than 5-6 spots of samples placed on the agar surface. Therefore, the current study 

preferred the use of the microdilution method as it deals with small amount of materials, enabling to 

compare extended diluted concentrations of more than one agent in the same time in one plate. In 

addition to these advantages, the incorporation of resazurin dye into the microdilution procedure adds 

further interest, peculiarity as it enables the colorimetric reading of the result after 34 hrs. of 

incubation. This could be simply achieved by tracing the dark blue color of resazurin in the wells 

containing the antimicrobial agents in each row and pointing the concentration of the agent in the last 

well with no color change as a MIC value (Figure- 7). This is of a great benefit when testing the 

susceptibility of fastidious anaerobic periodontal bacteria to reduce the time required in the agar 

diffusion method.  It is an easy and accurate method to be followed as its results indicate a more 

realistic MIC concentration with no change of resazurin, whereas the presence of even few numbers of 

cells respiring at low levels leads to changes in the color. Thus, after adding the dye and in order to 

determine the MIC value, it is very important to compare the color of each well, to which the bacteria 

and the antibacterial reagent are added (column 1-10), with the color of both positive (column 11) and 

negative control (column 12). In the first row of the columns, the higher concentrations of olibanum 

made the color differ from both positive and negative control. Also, the color of resazurin differed 
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from both controls in the higher concentrations of alum because of its acidic pH. But, when the two 

materials were diluted, the color was more similar to the negative or positive controls.  

Some other researchers reported similar notices about the reliable method in testing antimicrobial 

activity against anaerobic bacteria. The agar diffusion method was described as laborious, time 

consuming, requiring significant quantities of the test materials and, most importantly, causing 

confusion when dealing with low soluble materials which may affect the accuracy [3]. Also, in 

accordance to our study, the microdilution well plate- based method was preferred elsewhere [4, 20, 

21] as standardized, accurate, inexpensive and easy to perform. This overcomes the problems 

associated with low soluble tested materials and allows the detection of microbial growth in extremely 

small volumes of solution in microtitter plates. Also, upgrading this method by the addition of the 

redox indicator resazurin dye allows the visual reading of the results without the need to a 

spectrophotometer.  

     Resazurin reduction test has been used for decades to measure bacterial and yeast contamination of 

milk. Recently, it has been used by researchers in measuring cell viability tests to evaluate the 

biocompatibility of medical and dental materials as well as in cell proliferation and cytotoxicity assays 

to screen for new anti- proliferative substances against tumor cells, screen for E. coli K-12 strain for 

radiation sensitivity, and determine the MIC values of some biosurfactants against common bacterial 

species [3, 4, 20]. In the current study, the resazurin- based method proved validity to be followed in 

testing antimicrobials against the anaerobic fastidious periodontal bacteria as it offer accurate 

colorimetric- read results. Also, the superior benefit for this method lies in reducing the time usually 

required to obtain the results by agar diffusion methods. The current study used resazurin at 0.015 g/ 

100 ml because higher concentrations of this dye may cause false negative results, as the active 

present bacteria will be unable to reduce the dye at higher concentrations [4].  

Inhibitory effect of the four reagents on red complex pathogens: The above stated results of our 

study showed that all reagents under study exerted growth inhibitory activities against the three types 

of periodontal pathogens. The next discussion focuses on the results of the microdilution methods. By 

returning to the MIC values in Table- 3, it can be observed that olibanum and alum recorded MIC 

values of 1.4- 1.8 and 1.7- 2.3 mg/ ml, respectively, which were higher than those for the two 

standards (0.037- 0.04 mg/ml for CHX and 0.0039mg /ml CIP). This may be due to the use of these 

naturals as a crude extract while the standards are used as pure potent compounds. Also, the MIC 

values were slightly different between the three types of bacteria. In addition, it was seen that 

olibanum, alum, and CHX required higher MIC values to inhibit the growth of P. gingivalis than those 

required for the inhibition of T. denticola and T. forsythia, while CIP had the same MIC value on the 

three types of bacteria. To elucidate these differences, statistical analysis was useful to determine their 

significant meanings. According to the one sample t- test, each agent had a significant inhibition 

within each bacterial type (P- value <0.05), but ANOVA test showed no significant differences of this 

inhibition between bacterial groups (P- value ˃0.05). When comparing the effects of all agents by 

ANOVA test, it was shown that there were no significant differences between the effects of the 

reagents, except that of olibanum which significantly differed from the others and was the most 

effective, followed by CHX, CIP and alum.   

     CHX was reported to be the best local washing prescribed in the course of periodontitis treatment 

at a concentration of 120- 200 mg % (0.12 - 0.2 w/v %) [18]. The concentration of the commercial 

CHX, which is equal to 1.2-2 mg/ml, is much higher than the MIC value found in the current study 

(0.037- 0.04) mg/ml. CIP was reported to have the lowest MIC among several tested antibiotics 

commonly used in the treatment of periodontitis [5]. The prescribed oral dose of CIP is 250-500 mg 

twice daily, which attained its mean level in humans gingival crevicular fluid (GCF) at 0.00338- 

0.00124 mg/ml after 2-7 hr., respectively, when the higher dose of 500 mg was used [22]. This is 

lower than the MIC value recorded in the current study (0.0039 mg/ml), therefore, it is recommended 

for the periodic check of the MIC value of the common antibiotics.  

    The two natural materials, olibanum and alum, also exerted their validity in combating the 

periodontal pathogens. Hence, the statistical significant differences of growth inhibition continued to 

high extents of dilution. Olibanum is a safe and low cost herbal medicine which has been proved for 

the treatment of inflammatory and infectious diseases with various physiological properties, such as 

the immunomodulatory, anti-inflammatory, anti-cancer, anti-bacterial, and anti-fungal properties [23, 

24]. The remarkable effects of olibanum are attributed to the multifunctional constituents present in 
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the crude extract which was analyzed by previous studies. It consists of essential oils, gum, and 

terpenoids. The boswellic acids in the terpenoid portion were reported as the active constituents for 

anti- inflammatory effects. Resins fraction was reported to destroy the microbial cell wall and stop 

protein synthesis in Strep. salivarius, S. aureus, and B. megaterium. Water soluble gum has a sticky 

character which stops the reactions between substances [25]. Keto-ß-boswellic acid was reported to 

distort the cell membrane structure and disrupt the permeability barrier of microbial membrane 

structures. Olibanum was also reported to be a DNA intercalator and an inhibitor of bacterial DNA 

synthesis through topoisomerase inhibition [24]. 

     The current study used the crude aqueous extract of olibanum and recorded the MIC values of 1.8 

mg/ml against P. gingivalis and 1.4 mg/ ml against T. forsythia and T. denticola. In comparison, 

earlier reports recorded a value of 8 mg/ml or 25 mg/ml of the crude extracts against G-ve and G+ ve 

isolates [9, 24]. Other studies tested the extracted active molecules from olibanum. A previous study 

[26] showed that the extracted active compounds of the essential oils of olibanum at 0.0066 mg/ml 

showed inhibitory activities against E. coli and three strains of S. aureus, with the greatest activity 

being recorded against P. aeruginosa and against Candida albicans, whilst it had no inhibitory activity 

against methicillin resistance Staphylococcus  aureus (MRSA) strain. Oleogum resin extracts of four 

oils were reported in other study [27] to have antibacterial activities against the clinical isolates of B. 

subtilis, M. luteus, S. aureus, K. pneumoniae, and E. aerogenes, while those of P. aeruginosa, E. coli, 

and P. vulgaris were resistant. The oil fraction in an earlier study [28] showed moderate to poor 

activities against the reference strain of S. aureus. In addition, the four oil extracts in another study 

[29] reported growth inhibition against several Gram-positive strains, with strongest activities (lowest 

MIC 1.87 mg/ml) against S. aureus and B. subtilis, while G-ve bacteria were less susceptible with no 

activity against the fungus C. albicans. The presence of limonene in the oil fraction was responsible 

for the antifungal activity against C. albicans [26], whereas the absence of this component was 

responsible for inactivity against the yeast [29]. Other authors [30] tested several isolated molecules of 

the boswillic acid against G-ve and G+ve bacteria. They reported that G-ve bacteria were more 

resistant, which may be attributed to the presence of the lipophilic outer membrane. The most active 

compound was acetyl keto β- boswellic acid with a lowest MIC of 0.002 mg/ml.   

     In the context of comparing the results of alum with other studies, the activities of 2.5 mg/ml to 

reduce the CFU of S. aureus, S. epidermidis, E. coli, Klebsiella pneumonia, and S. mutans were 

reported with significant differences compared with the standard cefotaxime [31]. Another report of 15 

mg/ml of alum showed a significant inhibition compared to ofloxacin against Proteus sp., E. coli, B. 

subtilis and Klebsiella sp. [14]. The mechanism of bactericidal effect of alum is not clear. Some 

hypotheses attribute the antibacterial effect to the reduction in acidity when dissolved in water, 

forming sulfuric acid which causes protein precipitation or deleterious effects on bacterial cell wall. 

Histological studies verify the safety of alum salt for mammalian cells as it cannot be directly 

absorbed due to its negatively charged molecule. Concentrations of 3.0% have been considered non-

cytotoxic, but higher concentrations might cause nephrotoxicity and intestinal bleeding [11, 14].  

Conclusion: The current study preferred the use of the resazurin- based microdilution method which 

shows a comprehensive application. Olibanum and alum had useful benefits as safe natural materials 

to control the chronic periodontitis by reducing the growth of the causative agents red complex group. 

From our results and the previously outlined ones, we can conclude that the MIC values recoded from 

the extracted active molecules were much lower than those from the aqueous crude. It is difficult to 

attribute the antimicrobial activities to one single component as the extracted fraction had an 

antimicrobial effect against a microbial type in one study but no effect in others. Some extracted 

molecules were having less activity against G-ve bacteria. Previous studies proved the antimicrobial 

activities of crude olibanum extract against G-ve and G+ve aerobes. The current study proved the 

activity of the aqueous crude extract against the anaerobic G-ve red complex periodontal pathogens.  
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