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ARTICLE INFO ABSTRACT 

Keywords   Necrotic enteritis in chicken is caused by the Clostridium perfringens, which have been found 

on almost chicken and for decades antimicrobial therapy was the only strategy to control it. 
However, the misuse of antimicrobials linked to many impacts like reduced susceptibility of 

Cl. perfringens strains and cause cross-resistance to antimicrobial agents. This work 

demonstrated that, the uses of herbal extracts with antibacterial effects consider as an 
effective way to prevent and reduce the Necrotic enteritis. The present study determines 

antimicrobial activities of methanolic, ethanolic and watery extracts of thymus vulguaris 

against Clostridium Perfringens type A in chicken. The antibacterial activity was assessed 
through measuring sensitivity of isolated strains to different extracts by agar diffusion 

technique and minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) by using the broth macrodilution method. Thymus vulgaris different 

extracts consider as effective anticlostridial herbal agent. The result of agar well diffusion 

assay and broth macrodilution method showed that, the tested strains were more sensitive to 
the ethanolic and methanolic extracts which give the lowest (MIC) and (MBC) (32, 16 

respectively) than the watery extracts (512, 256 respectively). 
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1. INTRODUCTION 

 
Acritical enteric disease in chicken is Necrotic enteritis 

which cause economic profitability losses which caused by 

Clostridium perfringens (Emami et al., 2019). Necrotic 

enteritis characterized by diarrhea and high mortality rate 

(Kumar et al., 2019). Clostridium perfringens is a soil-

borne microorganism found in poultry farms between 

faeces, feed and on the floor (Ficken and Wages, 1997). It 

is a Gram-positive bacilli, anaerobic microorganism, 

generally produce five toxins (A to E) (Songer1996; 

Petitetal.1999). Clostridium perfringens type A causes 

necrotic enteritis in poultry which produces the 

chromosomal encoded alpha toxin (Songer 1996; Engstrom 

et al. 2003) for deep years, antimicrobial used to be the 

first, and almost concerning the instances the only strategy 

to prevent Clostridium perfringens (Diarraand Malouin, 

2014) while to limit the necrotic enteritis occurrence, 

antimicrobial agents are used at sub inhibitory doses for 

long periods in feed (Olazabal et al., 2005). Antimicrobial 

growth promotors which used in feed depend on different   

factors as decrease susceptibility of poultry Clostridium 

perfringens strains and may cause cross-resistance to 

antimicrobials (Redondo et al., 2015). The uses of herbal 

extracts with antibacterial impact shows up as a promising 

and effective in controlling of necrotic enteritis (Carrasco et 

al., 2016). Medicinal plants are utilized in animal feed, for 

their antibacterial and antioxidant effects (Hashemi et al., 

2010; Vondruskova et al., 2010). Thyme oil is a 

commercial essential oil, it is used as a food additive, has 

antioxidant, antibacterial, and antifungal impacts (Rasooli 

et al., 2006; Ben-Jabeuret al.,2015). The antibacterial effect 

of the Thyme oil adverse the most of resistant strains is 

observed widely (Nabavi et al.2015). So, we aimed in this 

study to evaluate the effect of (thymus vulgaris) plant 

extract on Cl. perfringens invitro by using different forms 

of thymus vulgaris extract on different strains of Cl. 

Perfringens 

 

2. MATERIAL AND METHODS 

 
2.1. Source of samples:   

Total number of 123 intestinal samples have been collected 

from chicken from different labs and farms in Al Sharkia 

and Al Dakahlia Governorates during the period from 

October 2018 to December 2018. Samples were isolated 

from infected chickens with history of brownish diarrhea, 

high mortality rate and postmortem lesion of necrotic 

enteritis and apparent healthy birds. This data was shown in 

Table (1). 

 
2.2. Isolations and identifications of Cl. perfringens: 

Inoculate samples into cooked meat media incubated 

anaerobically at 37°C for 24-48hrs. Take a loopful from it 

and cultivated on neomycin sulphate blood agar 
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anaerobically. Then examined the colonies microscopically 

(Collee et al., 1996). 

 

2.3 . Extraction of DNA and PCR assay: 

Extract DNA from pure colonies of Cl. perfringens that 

appeared as double inhibition zone of hemolysis by using 

an extraction kit. Table (2). Multiplex PCR was applied. 

(van Asten et al., 2009). Analyze PCR result by agar gel 

electrophoresis (Ghoneim and Hamza, 2017). 

 
2.4. Antimicrobial sensitivity test using agar disk-diffusion 

method 

Inoculate the standard suspension of the isolated 

microorganism in agar plates. Then, use filter paper discs, 

containing the extract with known concentrations from 

supernatant, are placed on the plate and incubated 

anaerobically. The antibacterial agent diffuses into the agar 

and inhibit the growth of the tested microorganism, then 

measuring of the inhibition zone (Jorgensen and Ferraro, 

2009). 

 

2.5. Assessment of antibacterial activity of methanol, 

ethanol, watery extracts of thymus vulgaris against Cl. 

perfringens 

2.5.1. Preparation of Thymus vulgaris Different extraction: 

 Plant was purchased in leaves from Agricultural Research 

Institute of vegetables and horticulture, Dokki in April 

(Spring) then extracted in the Pharmacology Department, 

Faculty of veterinary medicine, Zagazig University. Thyme 

leaves were dried then grounded and stored until use. 

To prepare the watery extract, use (100) grams of thyme 

powder, put in the flask containing (500) cm3 of distilled 

water, mixed well for (30) minutes and centrifugated for 

(15) minutes. Then put the prepared solution in the electric 

furnace at (35) °C until we obtain the extract (Ba - Angood 

et al., 1996). 
Alcoholic extract is prepared by putting (50) g of thyme 

powder in an extraction unit (Soxhelt) and added (350) ml 

of ethanol (80%) and use (100) g of thyme powder with 

(500) ml of methanol 80% for (12) hrs at temperature of 

(40) °C (Harborne, 1973). 

2.5.2. Determination of antibacterial activities of Thymus 

vulgaris by agar well diffusion method: 

The same procedures are used in agar well diffusion 

technique, inoculate the microbial suspension on the agar 

plate surface. Then, bores with 6 to 8 mm diameter is made 

by a sterile borer, and put (100 μL) of three thyme different 

extracts (methanolic, ethanolic and watery) at concentration 

of (25%, 50%, 100%) were put in the wells and incubated 

anaerobically (Balouiri et al., 2016). 

 

2.5.3. Determination of (MIC) and (MBC) using broth 

macrodilution method: 

The procedure was preparing two-fold dilutions of the 

antimicrobial agent (100µg/mL) in 2 mL of liquid media. 

Each tube is inoculated with a microbial isolate prepared in 

the same medium after preparing of suspension with 0.5 

McFarland scale=1.5*108 then the tubes were incubated 

under anaerobic condition (CLSI, 2012). 

MBC and MIC are detected by broth microdilution and 

sub-cultivation of a sample from tubes. Determine the 

number of colonies (CFU/mL) after 24 h of incubation 

anaerobically. 

 

Table 1 Number of intestinal samples collected from different farms and labs in Sharkia and Al Dakahlia Governorates 

Source of sample Governorates Number of intestinal samples 
State of health 

Infected Suspected/appearance healthy 

El attar  farm Dakahlia 20 11 9 

El azzazi lab Sharkia 51 28 23 

Zagazig research center reference lab Sharkia 14 9 5 

Dr. Mohamed Agha Consulting Center for Poultry Dakahlia 9 4 5 

Al rowad Lab Dakahlia 29 17 12 

Total  123 69 54 

 
Table 2 The primers nucleotide sequences used in this study 

Primer 
Sequences 

5'---------3' 
Amplified product Reference 

CpA( alpha toxin) 
F-GTTGATAGCGCAGGACATGTTAAG 

402 bp 

Yooet al., 1997 

R-CATGTAGTCATCTGTTCCAGCATC 

CpB(beta toxin) 
F-ACTATACAGACAGATCATTCAACC 

236 bp 
R-TTAGGAGCAGTTAGAACTACAGAC 

CpeE(epsilon toxin) 
F-ACTGCAACTACTACTCATACTGTG 

541 bp 
R-CTGGTGCCTTAATAGAAAGACTCC 

CpI(iota toxin) 
F-GCGATGAAAAGCCTACACCACTAC 

317 bp 
R-GGTATATCCTCCACGCATATAGTC 

 

3. RESULTS 

 
3.1. Incidence and toxin typing of Cl. Perfringens 

recovered from chicken 

This work shows that, the incidence of Clostridium 

perfringens isolated from chicken intestinal samples from 

different farms and labs was found to be 28/123(22.7 %) 

(All Cl. perfringens which isolated were defined as type A 

toxin (Fig.1). 

  
Fig. 1 Multiplex PCR of C. perfringens obtained from intestinal content Lanes 1-4 and 6-

7 C. perfringens type A which amplified at 402bp. Lane 5: negative 
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3.2. Antimicrobial activity of methanol, ethanol and watery 

extracts of thymus vulgaris on Cl. perfringens: 

Different extracts of Thymus vulgaris showed anti-

clostridial activity against the two strains which obtained 

from isolated samples and reference strain obtained from 

Animal Health Research Institute, Dokki. Results of the 

agar well diffusion method assays and measurement of 

MIC and MBC confirmed that the tested strains were more 

sensitive to ethanol and methanol extracts which give the 

lowest MIC and MBC values (32, 16 respectively) than the 

watery extracts (512, 256 respectively). (Table 3 and 4). 

 

Table 3 Inhibition zone diameters of thymus vulgaris Methanol, Ethanol and Watery extracts against Cl. Perfringens by using well diffusion method: 

Extract Concentration (mg/ml) Control 
Reference 

Strain** 

Strain1*** Strain2*** 

area difference Percent difference area difference Percent difference 

Methanol extract         

25.0% 0 2.2 1.4 -0.8 ^44.4 2.1 -0.1 ^4.7 

50.0% 0 2.6 1.7 -0.9 ^41.9 2.5 -0.1 ^3.9 

100.0% 0 2.6 3 0.4 *14.3 3 0.4 *14.3 

Ethanol  extract    . .  . . 

25.0% 0 2 1.5 -0.5 ^28.6 1.7 -0.3 ^16.2 

50.0% 0 2.4 2 -0.4 ^18.2 2.1 -0.3 ^13.3 

100.0% 0 2.6 2.6 .00 .00 3 0.4 *14.3 

Water  extract    . .  . . 

25.0% 0 2 1.5 -0.5 ^28.6 1.5 -0.5 ^28.6 

50.0% 0 2.2 1.9 -0.3 ^14.6 2 -0.2 ^9.5 

100.0% 0 2.4 2 -0.4 ^18.2 2.1 -0.3 ^13.3 

^ less than reference diameters. * more than reference diameters. **ATCC®13124™C.perfringens reference stain. *** Strain 1, 2: strains of  Cl. perfringens type A 

 
Table 4 The Minimum Inhibitory Concentration of thymus vulgaris extracts 

against Cl. perfringens by using broth macrodilution method: 
thymus extract (µg/ml) Reference strain Strain1 Strain2 

MBC MIC MBC MIC MBC MIC 

Methanol  64 128 16 32 16 32 

Ethanol 16 32 8 16 16 32 

Water extract 256 512 256. 512 128 256 

 

 
Fig. 2 Antimicrobial effect of methanolic extract of thymus vulgaris in 

different concentration(25%-50%-100% ) on 3different strains . 

 

 
Fig. 3 Antimicrobial effect of  ethanolic extract of thymus vulgaris in different 

concentration(25%-50%-100% ) on 3different strains . 

 
Fig. 4 Antimicrobial effect of  watery extract of thymus vulgaris in different 

concentration(25%-50%-100% ) on 3different strains 

 

4. DISCUSSION 

 
Necrotic enteritis is caused by the bacterium Clostridium 

perfringens, a soil-borne organism found on almost every 

poultry farm in dust, faeces, feed, poultry litter and 

intestinal contents, as well as in the soil (Ficken and 

Wages, 1997). Clostridium perfringens is the aetiological 

agent of a wide range of diseases in humans and animals. 

Necrotic enteritis, one of the most economically important 

and financially crippling enteric poultry diseases in broiler 

chickens, causes the more commonly recognized fulminant 

infection which can result in outbreaks with mortality rates 

of up to 50% (McDevitt et al., 2006). Recent studies have 

shown most Cl. perfringens strains isolated from necrotic 

enteritis outbreaks are resistant to some of commonly used 

antibiotics such as gentamicin and streptomycin (Park et 

al., 2015). In this context, the utilization of natural plant 

extracts with antimicrobial properties appears as a 

promising and feasible tool to control necrotic enteritis in 

chicken (Crasco et al., 2016) 

Concerning the antibacterial activity of methanol extract, 

ethanol extract, watery extract of thymus vulgaris against 

Cl. perfringens; the results from the agar well diffusion 

method assays showed variable activity against all tested 
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strains of Cl. perfringens. The highest susceptibility was 

recorded for strain 1 and 2 against 100% methanolic extract 

and for strain 2 against 100% ethanolic extract. Thymus 

vulgaris different extracts exhibited considerable anti-

clostridial activity against all tested strains. Results of the 

agar well diffusion method assays, followed by 

measurement of MIC and MBC confirmed that the tested 

strains were more sensitive to ethanolic and methanolic 

extracts which give the lowest MIC and MBC values (32, 

16 respectively) than the watery extracts (512, 256 

respectively). 

The antimicrobial proprieties of thymus vulgaris essential 

oil could be associated with the thymol content, which has 

been tested previously and was found to have a significant 

antibiotic activity (Guarda et al. 2011). Also, the 

synergistic effect between the different oil compounds, i.e., 

thymol and carvacrol (Guarda et al. 2011). The mechanism 

of action of essential oils and their constituents is not fully 

elucidated. This is complicated by the fact that there are 

many phyto-chemicals in essential oil and its antibacterial 

activity may not be attributable to one specific mechanism, 

but probably there are different targets in the bacterial cell 

(Burtet al., 2004). 

These results were in the same line with other studies 

where many reports confirmed the high antimicrobial 

activity (inhibition > 95%) against Cl. perfringens; for 

thyme (Thymus vulgaris) alcoholic and watery extract 

using broth micro dilution methods (Si et al., 2009) and 

disc diffusion methods (Silva et al., 2014, Kačániová et al., 

2014). Also, the antibacterial activity of thyme (Thymus 

vulgaris) extracts was fortified by the results obtained by 

Radaelliet al. (2016) for MIC and MBC using the 

microdilution method where the MIC for the essential oil 

from leaves of Thymus vulgaris was 1.25 mg mL−1 and 

showed bactericidal activity at the same value. 

Some researchers clarified that the antimicrobial properties 

of Thymus vulgaris extracts against different 

microorganisms showed  inhibitory effect with increasing 

of concentration, the antimicrobial properties was enhanced 

(Dobre et al., 2011; Ismail et al., 2012  ; Priti et al.,  2012). 

Our present study is in agreement with other researchers. 

Therefore, it can be concluded that the Thymus extract 

inhibitory effect, similar to other antimicrobial compounds, 

is directly correlated to concentration. 

(Sandasi., 2008) reported that the antimicrobial effect of 

Thymus vulgaris alcoholic extract was more than aqueous 

extract. The present study is in agreement with study that 

the antimicrobial potential of Thymus vulgaris is confirmed 

and the alcoholic (methanolic and ethanolic) extraction of 

this plant are suitable choices and more effective than 

watery extract of the same plant. 

The study carried out by Gonçalves et al. (2011) confirmed 

the considerable antibacterial inhibitory effect of Thymus 

vulgaris extracts was higher when these extracts dissolved 

in alcohol (ethanol) compared to thyme oil. This may be 

due to the ability of ethanol to dissolve the polar 

compounds compared to essential oil. Our obtained results 

agreed with Gonçalves et al. (2011) who reported that, 

alcoholic extract is a better option to access thyme extracts 

with higher antimicrobial efficiency. But disagreed in that 

methanolic extract of thymus vulgaris more effective than 

ethanolic extract. 

5. CONCULOSIONS 
 
Clostridium Perfringens can be isolated from diseased as 

well as apparently healthy chicken. Cl. Perfringens type A 

is the main cause of necrotic enteritis in chicken as 

confirmed by PCR results. It is advisable to use different 

thyme extracts as a natural alternative of chemical 

antibiotic as it confirmed its antibacterial activity against 

Cl. perfringens specially the methanolic extract where it 

gave the lowest MIC, MBC and the largest inhibition zone. 

Consequently, can avoid the risk of antimicrobial resistance 

associated with the misuse of antibiotics in poultry 

industry. 
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