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Abstract 

     Ten isolates of Klebsiella pneumoniae, seven isolates of Pseudomonas 

aeruginosa and nine isolates of Staphylococcus aureus, were obtained from 100 

urine samples collected from Baghdad hospitals. All isolates were identified 

biochemically and confirmed by using VITEK 2 and were then tested for their 

susceptibility towards 6 antibiotics and for phenolic extracts of Thymus vulgaris and 

Cinnamomum cassia. All bacteria were greatly affected by T. vulgaris, especially K. 

pneumoniae. Viable count was performed, it was noted that the number of bacterial 

cells reduced from 1×108 CFU to 1.2× 103, 2×105 and 1.8×106CFU of K. 

pneumoniae, P. aeruginosa and S. aureus respectively. While C. cassiahad a slight 

effect on them. K. pneumoniae isolates which were affected by phenolic extract 

more than the other bacteria under study and at the same time were resistant to more 

than one type of tested antibiotics. These isolates were taken to detect their ability to 

form biofilm by using Congo red as screening method for it. The results showed that 

all isolates produced biofilms. Also, by using microtiter plate method, the results 

confirmed that all isolates produced biofilm where 7 isolates were strong biofilm 

producers and 3 were moderate. The strongest isolate was taken to study the effect 

of T. vulgaris and C. cassia phenolic extract on its biofilm formation by using 

microtiter plate method with two concentrations (20 and 40 ml/L). The results 

showed that biofilm reduction was 45% and 73% for T. vulgaris and that for C. 

cassiait was 15% and 20% after using 20 and 40 ml/L respectively. 
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Klebsiella pneumoniae بواسطة   الأغشيةالحيوية تكوين في الفينولية النباتية تأثيرالمستخلصات  
من اصابات المسالك البولية ةالمعزول  

 

 نغم شاكر العطار*، فائز ة كاظم عمران ،  سناء رحمان عليوي 
اق العر ، بغداد، جامعة بغداد ، كلية العلوم  ، قسم  علوم الحياة   

 

 الخلاصة 
من       عزلات  عشر  على  الحصول   Pseudomonasمنعزلات    7و  Klebsiella pneumoniaeتم 

aeruginosa   عزلات من  9وStaphylococcus aureus    عينة ادرار تم جمعها من مستشفيات  100من
العزلات    بغداد. شخصت التشخيص  جميع  تاكيد  وتم  الكيميائية  اختبار    ، VITEK 2باستخدامبالاختبارات  تم 

 Thymus vulgarisمضادات حيوية والمستخلصات الفينولية من  6مدى حساسية العزلات المذكورة انفا تجاه  
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جميعCinnamomumcassiو تأثرت  كبير  البكتريا   عزلات  .  الزعتر  بشكل   .Kوخصوصابنبات 
,pneumoniaeم  واختزل البكتيرية  الخلايا  للمستعمرة  810×1نعدد  مكونة  ) وحدة  ×    2و  310×    1.2إلى 
لبكتريا  610×    1.8و    510 للمستعمرة(  مكونة  S. و  P.aeruginosaوK. pneumoniaeوحدة 

aureus  ، التوالي  للقرفةبينما  على  بكتريا    C.  cassiaكان  عزلات  ان  لوحظ  عليهم.  طفيف  تأثير 
K.pneumoniaeالفينول أكثر من باقي البكتيريا التي تمت دراستها وفي نفس الوقت كانت   تاثرت بمستخلص

مقاومة لأكثر من نوع واحد من المضادات الحيوية المختبرة ، اختيرت هذه العزلات لدراسة قابليتها على تكوين  
كانت   العزلات  أن جميع  النتائج  وأظهرت  ريد  الكونغو  باستخدام  بهم  الخاصة  الحيوية  للغشاء  الأغشية  منتجة 

من العزلات كانت عالية بانتاج الغشاء    7باستخدام لوحة المايكروتايتر، وقد اظهرت النتائج ان    الحيوي.كذلك
و اختيرت  3الحيوي  الانتاج.  الزعتر  متوسطة  الفينوليةلنباتي  تاثيرالمستخلصات  لدراسة  العزلات   .Tأقوى 
Vulgarisالقرفة   وC. cassia  و   20تشكيل غشائها الحيوي باستخدام طريقة لوحة ميكروتيتر بتركيزين ) على

٪   20٪ و15٪ بنبات الزعتر وكذلك 73٪ و 45مل/لتر(. اظهرت النتائج ان اختزال الغشاء الحيوي كان  40
 على التوالي.مل/لتر  40و  20بنبات القرفة بعد استخدام 

 
اصابات الجهاز البولي, كليبسيلا الرئوية ، المستخلصات النباتية الفينولية ، الغشاء الحيوي  الكلمات المفتاحية:   

 

Introduction 

     Klebsiella is a gram negative, non-motile, oxidase-negative, rod shaped bacteria with a 

prominent polysaccharide-based capsule[1]. Klebsiella species are found everywhere in 

nature. This is thought to be due to distinct sub lineages developing specific niche 

adaptations, with associated biochemical adaptations which make them better suited to a 

particular environment. They can be found in water, soil, plants, insects and other animals 

including humans[2][3]. Klebsiella species that is routinely found in the human nose, mouth, 

and gastrointestinal tract as normal flora, can also behave as opportunistic 

pathogens[4].This species is also known to infect a variety of other animals, both as normal 

flora and opportunistic pathogens[2]. Klebsiella organisms are resistant to multiple 

antibiotics. This is thought to be a plasmid-mediated property. Length of hospital stay and 

performance of invasive procedures are risk factors for acquisition of these strains[5]. 

 

     Although some Klebsiella infections can be effectively treated with single-agent therapy 

involving penicillin or a similar antibiotic, the emergence of organisms that are resistant to 

these drugs, has necessitated the development of novel therapeutic approaches[6],K. 

pneumoniae is resistant to beta-lactam antibiotics, a group that includes carbapenems, 

penicillin, and cephalosporin[7].As a result, drug-resistant K. pneumoniae infections typically 

require combination therapy with structurally diverse agents, such as a beta-lactam antibiotic 

and an aminoglycoside[8].The urinary tract is the most common site of infection. Klebsiella 

accounts for 6 to 17% of all nosocomial urinary tract infections (UTIs) and shows an even 

higher incidence in specific groups of patients at risk, e.g., patients with neuropathic bladders 

or with diabetes mellitus [9].As a cause of nosocomial gram-negative bacteremia, Klebsiella 

is second only to Escherichia coli[10]. Hospital-acquired bacterial infections caused by 

Klebsiella spp., including K. pneumoniae are among the most frequently recovered etiologic 

agents from nosocomial infections [11].This opportunistic pathogen can generate a thick layer 

of biofilm as one of its important virulence factors, enabling the bacteria to attach to living or 

abiotic surfaces which contributes to drug resistance [12]. 

 

     Biofilms protect microorganisms from opsonization by antibodies, phagocytosis and 

removal via the ciliary action of epithelial cells [13].In addition, bacterial populations in 

biofilms are considerably more resistant than free-living planktonic cells are to antibacterial 

https://en.wikipedia.org/wiki/Motility
https://en.wikipedia.org/wiki/Oxidase_test
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Polysaccharide
https://en.wikipedia.org/wiki/Capsule_(microbiology)
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agents. Therefore, treatment of an infection after a biofilm has been established is frequently 

futile with the current therapy options [11]. 

 

     With the lack of effective antibiotics rapidly becoming a global issue, research into 

sourcing potential new antimicrobials from plant products has gained immense importance. 

Thymol, the most active ingredient in the herb, has strong anti-bacterial properties and 

expectorant effect. In addition to thymol, thyme contains the flavonoids luteolin, apigenin, 

thymonin and naringenin which are antioxidants. Thyme can be used as disinfectant, and it 

has antiseptic and antifungal properties [14]. 

 

     There are several types of cinnamon which are significant, well-liked spices employed 

across the world, not just in cooking but also in conventional and current therapies [15].The 

leaves and barks have antibacterial properties and are frequently used to cure a variety of 

illnesses [16]. 

 

     Many studies have found the effectiveness of T.vulgaris and C.cassia against different 

types of pathogenic bacteria, especially their essential oils, although the effect of their 

phenolic extracts has been much less. Hence the aim of this study was to investigate the 

antibacterial and antibiofilm effects of these extracts. 

 

Materials and Methods 

Laboratory Prepared Culture Media 

     All ready-media were prepared as recommended by manufacturing company instructions. 

The constituents after being dissolved in distilled water, were sterilized by autoclaving at 

121ºC/15 pound/inch2 for 15 min and then dispensed into sterile petri dish or a tube as 

required to be checked for sterility and then stored at 4oC until used [17]. 

Congo red agar it is not ready-media, but is rather prepared by dissolving 50g of sucrose,15g 

agar-agar and 37g of ready-media brain-heart infusion broth in 900ml of D.W. and then 

sterilized by autoclaving at 121ºC/15 pound/inch2 for 15 min, waiting until cooled to 55ºC. 

Congo red dye is prepared as 0.8g of the dye dissolved in 100 ml of D.W. and added to that 

medium aseptically, later dispensed into sterile petri dish or tube as required [18]. 

 

     Urine samples (n:100) were collected from patients with UTIs in hospital in Baghdad. The 

samples were cultured on MacConkey  agar and mannitol salt agar and detected by VITEK2 

compact system [19].The bacterial isolates were tested for their capability to form biofilm and 

the effects of phenolic plant extract on them. Also, the antibiotic susceptibility test was 

applied on bacterial isolates. 

 

Antibiotic Susceptibility Test by Disc Diffusion Test 

     The modified Kirby-Bauer method (disc diffusion test) was used to test the susceptibility 

of bacterial isolates to amikacin, azithromycin, erythromycin, ceftazidime, vancomycin and 

ciprofloxacin as the following: 

 

 Preparation of Mueller-Hinton Plates 

Mueller-Hinton agar plates were prepared according to the manufacturer’s instructions and 

then the medium was cooled to 45-50oC and poured into the plates which was then allowed to 

set on a level surface to a depth of approximately 4mm. The plates were stored at 4 ºC until 

use after the agar had solidified [20]. 
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Inoculum Preparation  

     To prepare the inoculum, colonies of all bacterial isolates from overnight culture were 

transferred to 5 ml tube of normal saline to obtain culture with 1×108 CFU/ml by adjusting to 

0.5 McFarland tube. 

 

Inoculation of the test plate 

     A. The plates were inoculated by dipping a sterile swab into the inoculums. Care must be 

taken to express excess broth from the swab prior to inoculation, by pressing and rotating the 

swab firmly against the side of the tube above the level of the fluid. 

 

B. Swab was rubbed over the surface of the medium three times rotating the plate through at 

an angle of 60 after each application. Finally, the swab was passed around the edge of agar 

surface. 

 

C. Inoculums were left for a few minutes to dry at room temperature with closed lid. 

D. Antibiotic discs were placed on the inoculated plate by using a sterile forceps. Discs 

should be warmed to room temperature, and then dispensed on the agar surface and pressed 

down gently with sterile forceps. 

 

E. The plates were incubated within 30 min. for 18-24 hrs. at 37ºC. 

Reading the Results 

 After incubation, the diameter of each inhibition zone was measured by millimetre using 

ruler. The isolate was interpreted as either susceptible, intermediate, or resistant to a particular 

drug by comparison with standards inhibition zone. 

 

Determination the Effect of Phenolic Plant Extracts on Bacterial Isolates  

     The plants T. vulgaris and C. cassia were obtained from the local markets and phenols 

were extracted according to the method laid down by Arciola et al.[21]. Stock solutions of 

phenolic plant extracts of T. vulgaris and C. cassia were prepared, two concentrations, 

20ml/L and 40ml/L, were prepared by mixing nutrient agar (V: V) with the phenolic extract 

for each plant (T. vulgaris and C. cassia), and then poured in sterilized petri dishes 

[20].Viable count was performed to detect the phenolic extract effects on bacterial isolates. 

Detection of Biofilm FormationbyCongo-red Agar Method 

Inoculation Preparation: to prepare the inoculum, colonies from overnight culture of bacteria 

were transferred to 5 ml tube of normal saline to obtain culture with 1×108 CFU/ml by 

adjusting to 0.5 McFarland tube. Inoculation of the Plate: the streaking was done using an 

inoculation loop. The inoculation loop was first sterilized by passing it through a flame. When 

the loop became cool, it was dipped into an inoculum broth containing bacteria. The 

inoculation loop was then dragged across the surface of the agar back and forth in a zigzag 

motion until approximately 30% of the plate was covered. The loop then was re-sterilized, 

and the plate was turned 90 degrees. Starting from the previously streaked section, the loop 

was dragged through it two to three times continuing the zigzag pattern. The procedure was 

then repeated once more taking care not to touch the previously streaked sectors. In this 

procedure, each time the loop gathers fewer and fewer bacteria until it gathers just single 

bacterial cells that can grow into a colony. The plate should show the heaviest growth in the 

first section. The second section will have less growth and a few isolated colonies, while the 

last section should have the least amount of growth and many isolated colonies [22].. 

 

Biofilm Formation Assay   

Biofilm assay was performed in well microtiter plate according to Mindell [17] with some 

modification. Briefly. K. pneumonae isolates were sub cultured in brain heart infusion broth 
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(Himedia/India) over night at 37ºC. Two hundred µL of bacterial cultures (O. D540 0.64=108 

cell\ml) were transferred to each well in triplicate and then incubated 24hr at 37ºC and 

negative control contained media only. The media was removed and washed three times with 

phosphate puffer saline then 25µl of crystal violet (1% w\v) was added to the wells for 15min 

at room temperature. Crystal violet was then removed and washed three times with PBS. The 

crystal violet inside the cells was dissolved by absolute ethanol (100µl) and the absorbance 

was measured by an ELISA reading. After comparing the optical density (O.D) of biofilm to 

the control and according to the reading, the isolates were classified as follows: O. D≤ O.Dc 

no biofilm producer biofilm, Dc<O.D≤ 2 X O.D weak biofilm, 2 X O. Dc<O.D≤4 XO. D 

moderate biofilm and 4 X O. Dc< O.D strong biofilm [17]. 

  

Biofilm Inhibition Assay  

     The anti-biofilm activity of phenolic extracts was tested onbacterial isolate (strongest 

biofilm producer) using 96 well microtiter plate as described by Selim et.al. [23] with 

modifications. Biofilm formation was achieved by adding 100ml of bacterial suspension 

(108cell\ml) and then incubated at 37ºC for 24hr. Two concentrations of plant extracts were 

added in the wells. The medium without extract was used as control and the plate was 

incubated further at 37ºCfor 24hr. Following incubation, the crystal violet assay was 

performed as mentioned above. The percentage reduction in biofilm formation was measured 

using the following formula [22]: 

 

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛% =
Control O. D − Test sampleO. D

Control O. D
𝑋100     

 

Results and Discussion  

Identification of Bacterial Isolates 

     After culturing urine samples on MacConkey agar, mannitol salt agar and cetrimide agar, 

K.pneumoniae, S.aureus and P.aeruginosa were isolated and confirmed by using 

VITEK2.Ten isolates of K. pneumoniae, seven isolates of P. aeruginosa and nine isolates of 

S. aureus were obtained. All bacterial isolates were tested for their susceptibility to 

antibiotics. Results are shown in Table 1.  

 

Table1: Resistance percentages of K. pneumonia, S. aureus and P.aeruginosa towards 

antibiotics. 

Antibiotics 
K. 

Pneumoniae 
S. aureus P.aeruginosa 

Amikacin 90% s 90% 90% 

Azithromycin 60% 50% 50% 

Erythromycin 0% 20% 30% 

Ceftazidime 0% 40% 0% 

Vancomycin 0% 0% 0% 

Ciprofloxacin 90% 90% 90% 
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Figure 1: Resistance percentages of K. pneumonia, S. aureus and P.aeruginosa towards 

antibiotics. 

 

     The results showed that all bacterial isolates were resistant to vancomycin, but the best 

antibiotic is amikacin which was effective against them all. 

The development of drug-resistant pathogens in patients with serious infections such as UTIs, 

has generally been ascribed to the widespread use of antimicrobial agents and the limited 

availability of infection prevention and control programs. As a result, it is increasingly 

common to encounter individuals infected with bacterial pathogens that are resistant to almost 

all currently available antibiotics. Of particular concern in the healthcare setting is the 

emergence of resistant gram-negative pathogens, including ESBL-producing K. pneumonia. 

While antibiotic resistance was previously noted mainly in nosocomial UTIs, it is nowadays 

also frequently observed in community-acquired UTIs [10][11]. 

 

Determination the Effects of Phenolic Plant Extracts on Bacterial Isolates 

Phenolic extract was performed on T. vulgaris and C.cassia and added to the nutrient agar 

medium (V:V) in percentage of40 ml/L. Viable count was performed and all bacteria were 

found to be greatly affected by T. vulgaris specially K. pneumoniae. The number of bacterial 

cells reduced from 1× 108CFU (Control)to 1.2× 103, 2×105 and 1.8×106 CFU for 

K.pneumoniae, P. aeruginosa and S.aureus respectively. Whereas C.cassia had slight effects 

on them and the number of bacterial cells reduced to 5×105, 1.5×106, 3×106 CFU respectively 

(Figure 2, Table 2). 

 
Figure 2: Effect of T. vulgaris phenolic extract (40 ml/L) on K.pneumoniae. 
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      Table 2:Effect of Thymus vulgaris phenolic extract(40 ml/L) on K.pneumoniae, P. 

aeruginosa and S. aureus cell number. 

 

Detection of Biofilm Formation 

K.pneumoniae isolates which were affected by phenolic extract more than the other bacteria 

understudy and the same time were resistant to more than one type of tested antibiotics, were 

taken to study the effects of the T. vulgaris phenolic extract on their biofilm formation [24]. 

Biofilm formation of K. pneumoniae was detected by using Congo red as a screening 

method,Figure (3), and by using a microtiter plate method.The results showed that all isolates 

produced biofilm (7 isolates were strong biofilm producers and 3 were moderate). 

 

 
 

Figure 3: K.pneumoniae appears asblack colonies with a dry crystalline consistency indicated 

biofilm productionon Congo-red agar. 

 

K.pneumoniae Biofilm Inhibition Assay by Plant Extract 

The strongest isolate K1 was taken to study the effect of T. vulgaris and C.cassia phenolic 

extract on its biofilm formation by using microtiter plate method with two treatments (20 and 

40 ml/L). The results showed that biofilm reduction was 45% and 73% for T. vulgaris and 

15%and 20% for C.cassia after using 20ml/L and 40ml/L respectively (Table3). 

 

Table 3: K.pneumoniae biofilm inhibition by plants phenolic extracts. 

Plant Phenolic Extract Conc. 20 ml/L Conc. 40 ml/L 

T.vulgaris 45% 73% 

C.cassia 15% 20% 

 

     Solvents play a vital role in extraction of plant components. It has been found that the 

plants in various solvents exhibit different activity against the PAO1 biofilm. Comparatively, 

1% methanolic extractof Bergenia ciliata (rhizome with skin) showed more than 80% 

inhibition of biofilm formation [24]. 

Syzygium legatii, Syzygium masukuense, and Syzygium speciesA had the best activities against 

gram-negative and-positive bacteria. The plant extracts had a good capacity to reduce biofilm 

formation and good to poor potential todestroy pre-formed biofilms [25]. 
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Mohsenipour and Hassanshahian reported that T.vulgaris extracts can be useful as 

antimicrobial agents towards the pathogenic bacteria particularly in biofilm forms [26]. 

 

     The results ofsome other studies that used T.vulgaris and C. verum essential oils against 

biofilm formation showed that cinnamon essential oil was more effective than thyme essential 

oil [27][28]. 

 

     Firmino et.al. reported that C.zeylanicum and C. cassia essential oils as well as 

cinnamaldehyde were active against Streptococcus pyogenes, P. aeruginosa, and Escherichia 

coli biofilms in all of the concentrations and the substances analyzed biofilm biomasses were 

also reduced by up to 99.9 [29]. 

 

      Most studies were about plants essential oils and their effects on pathogens. Only a few 

were about phenolic extracts. From our results, we concluded that phenolic extract of T. 

vulgaris is effective against K.pneumoniae isolates from urine, by reducing their numbers and 

biofilm formation, and that it can be used as an alternative to antibiotics to treat infections 

caused by this bacteria. 
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