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3. MATERIALS AND METHODS 

 

Collection of samples: 

A total of ninety random samples of meat, chicken panne and 

kofta were collected from a university student restaurant for bacterial and 

chemical examination. The collected samples were classified into raw and 

cooked meat samples. 

A)  Raw samples: 45 samples represented by raw chilled meat, 

raw frozen chicken panne and raw kofta (15 of each) were collected; the 

weight of each sample was 100g. 

B) Cooked samples represented by cooked meat, fried chicken 

panne and cooked kofta samples (15 of each) were collected directly after 

cooking. 

The collected samples were transferred as soon as possible to the 

laboratory in polyethylene bags under aseptic condition for microbial and 

chemical investigations. 

Flow diagram illustrates sampling order 

  

Samples (90) 
 

Raw (45) 
 

Cooked (45) 
 

Meat, fried chicken panne 

and kofta 

(15 of each) 

 

APC, Staphyloccocal count & S.aureus, 

B.cereus , enteric bacteria, E.coli  and 

Salmonellae 

Chilled meat, frozen chicken 

panne and kofta 

(15 of each) 
  

 

pH, TVN and TBA 
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I-Bacterial examination of raw and cooked meat samples : 

I.1. Preparation of samples ( ICMSF,1996): 

25 grams of the meat sample and 225 ml of sterile peptone water 

(0.1%) were added and thoroughly mixed using sterile blender for 1-1.5 

minutes, from which ten fold serial dilutions was prepared. The prepared 

samples were subjected to the following examinations: 

I.1.1- Aerobic plate count (ICMSF, 1978): 

One ml of the previously prepared serial dilutions was aseptically 

transferred into double sterile Petri dish, and then 10 ml of the standard 

plate count agar previously melted and cooled at 45°c, were added and 

thoroughly mixed then incubated at 37°c for 24 hours. The total colony 

count per gram were calculated and recorded.  

I.1.2-Determination of total staphylococci count and isolation of 

S.aureus (ICMSF, 1996): 

Accurately, 0.1 ml from each of previously prepared serial 

dilutions was spread over duplicated plates of Baired Parker agar media 

using a sterile glass spreader. The inoculated and control plates were 

incubated at 37°C for 48 hours. The shiny black colonies were 

enumerated and total staphylococci count /g was calculated. Also, the 

colonies were picked up and purified on nutrient agar slopes for further 

identification. 

I.1.2.1-Morphological examination (Cruickshank et al., 1975): 

Films were prepared from a pure culture of the isolated 

microorganism stained with Gram's stain and then examined 

microscopically. Staphylococci appeared as Gram positive cocci 

resembling grape like clusters. 
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I.1.2.2-Biochemical identification: 

I.1.2.2.1-Catalase activity test (MacFaddin, 1976): 

One drop of hydrogen peroxide (3%) was added to a loopful from 

the purified colonies on a clean dry glass slide. Appearance of gas 

bubbles indicated the presence of catalase enzyme. S.aureus is catalase 

positive. 

I.1.2.2.2-Detection of haemolysis (Baily and Scott, 1978): 

A loopfull from inoc ulated brain heart infusion (BHI) broth were 

streaked on the surface of sheep blood agar plates and incubated at 37°C 

for 24 hours for detection of haemolysis. S.aureus is positive for 

haemolysis. 

I.1.2.2.3-Mannitol test (Bailey and Scott, 1978): 

Suspected colonies were subcultured on mannitol salt agar plates 

and incubated at 37°C for 24 hours. S.aureus showed yellow colonies 

surrounded by a halo zone. 

I.1.2.2.4-Coagulase test (APHA, 1992): 

 0.1 ml from (BHI) broth culture was transferred to Wassermann 

tubes containing 0.3 ml of sterile reconstituted rabbit plasma (or human 

plasma). Inoculated tubes were incubated at 37°C for 24 hours. The tubes 

were examined for clotting (fibrin clot formation). The extent of 

coagulase reaction was recorded. Tubes were left at room temperature for 

an additional 20 hours and then re-examined for clot formation. The 

extent of coagulation of the plasma was reported after 4 and 24 hours. 

The count of coagulase positive staphylococci was calculated. 
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I.1.2.2.5-Thermostable nuclease test (Mac Faddin, 1976): 

 D-Nase agar plates were inoculated with loopfuls of suspected 

colonies by spotting them on small areas of the plates which incubated at 

37°C for 18 hours. Moreover, the incubated plates were flooded with 

normal hydrochloric acid which precipitated DNA resulting in cloudiness 

of the plates. Accordingly, appearance of a clear zone around the colony 

indicated the production of D-Nase and recorded as appositive result. 

I.1.3- Enumeration and Identification of Bacillus cereus 

(Mossel et al., 1967)):- 

From each previously prepared serial dilution, 0.1 ml from each of 

was transferred and evenly distributed over a dry surface of the selective 

agar media Mannitol-egg yolk-polymyxin (MYP) using a sterile glass 

spreader. The plates were incubated at 37°c for 24 hours. The plates were 

examined for typical colonies which usually a pink color which becomes 

more intense after additional incubation and surrounded by hallo of dense 

precipitate (Lecithinase activity). The number of such colonies was 

multiplied. This is the presumptive B.cereus count. Then reincubated for 

24 hours before being counted again for further growth. Also the colonies 

were picked up and purified on nutrient agar slopes and incubated at 37°c 

for 24 hours for further biochemical identification. 

I.1.3.1-Morphological characteristics  

I.1.3.1.a-Microscopic examination using Gram`s stain 

 (Cruickshank et al., 1975): 

Films were prepared from the purified culture and stained with 

Gram`s stain and examined microscopically under oil immersion lens, it 

appears as Gram positive spore bearing bacilli. 
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I.1.3.1.b- Motility test (Collins and Lyne, 1984): 

Semisolid agar tubes (0.5%) were stabbed by the suspected 

isolates and incubated at 37°c for 48 hours. Motile organisms show zone 

of growth spreading around the line of inoculation while the growth of 

non motile species remained confined to the area of inoculation. 

I.1.3.2-Biochemical reactions: 

I.1.3.2.1-Indole production test (Kovacs, 1928): 

        To 48 hr. culture incubated at 37°c in 1% peptone water, 1 ml of 

ethyl ether was added. The tubes were vigorously shaken and allowed to 

stand until ether rises to surface of each tube; 0.5 ml of kovac`s reagent 

was trickled down the side of the tube. The formation of a red ring 

(surface layer) after 10 minutes was considered as a positive reaction. 

I.1.3.2.2-Nitrate reduction test (Collins and Lyne, 1984): 

Nitrate broth tubes were inoculated with the isolated organisms and 

incubated at 37°c for 4 days.  Then 0.25 ml of nitrate reagent A and 0.25 

ml of nitrate reagent B. were added. Red color developed within a few 

minutes indicated presence of nitrite and hence the ability of organisms to 

reduce nitrate (B.cereus is positive). 

I.1.3.2.3-Vogas -proskauer test (Ljutov, 1963): 

To 5 ml of 48 hours glucose phosphate broth culture incubated at 

37°c. 3 ml alcoholic solution of alphanaphthol, 1 ml of 40% potassium 

hydroxide solution and one ml of 0.2% creatin were added, the mixture 

was thoroughly shaken and examined after 15 minutes and one hour. 

Positive reaction was indicted by appearance of strong color (B.cereus is 

positive). 
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I.1.3.2.4- Detection of proteolysis (Cowan and Steel, 1974):  

              The suspected strains were spot on the nutrient milk agar plates 

incubated at 37°c for 24 hr., Development of clear zone around the 

inoculum indicate protein degradation (B.cereus is positive). 

 I.1.3.2.5- Growth in 7% and 10% Nacl (Kim and Goepfert, 1971): 

   Suspected strains were inoculated into nutrient broth containing 

7% and 10% NaCl, incubated at 48 hr. and observed for turbidity 

(B.cereus is negative at 10%) 

I.1.3.2.6- Starch hydrolysis (Harrigen and McCane, 1976): 

 Starch agar plates were inoculated with suspected isolates and 

incubated at 37°c for 4 day, then flooded with 5 ml lugol`s iodine 

solution. The hydrolysis of starch was indicated by clear zones 

surrounding the colonies, while reddish-brown zones indicated partial 

hydrolysis of starch (B.cereus give positive results). 

I.1.3.2.7- Detection of haemolysis (Baily and Scott, 1978): 

Isolated strains, were streaked on sheep blood agar plates and 

then incubated at 37°c for 24h., for detection of haemolysis (B.cereus was 

positive). 

I.1.3.2.8- Citrate utilization test (Simmon, 1926): 

              Slant and butts of Simmon`s citrate agar tubes were stabbed with 

pure culture and incubated at 37°c for 48 hr., the development of blue 

coloration indicated utilization of citrate. 

I.1.3.2.9- Gelatin liquefaction (Collins and Lyne 1984): 

           Gelatin medium tubes (12% gelatin by weight) were inoculated 

with suspected isolates and incubated at 37°c for up to 14 days. Tubes 

were examined every two days for liquefaction after being cooled to 4°c 

for half an hour (B.cereus is positive). 
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I.1.3.2.10- Sugar fermentation (MacFaddin, 1976): 

Suspected organisms were inoculated in peptone water containing 1% of 

required sugar (glucose, maltose, lactose and mannitol) using 

bromocresol purple as indicator, after incubation at 37°c. The reaction of 

the inoculated tubes were noticed every 24 hr. for successive 7 days. 

B.cereus is positive with glucose, maltose and negative with mannitol and 

lactose. 

I.1.3.2.11- Urease test (Edwards and Ewing, 1972): 

      Christensen`s medium was inoculated with suspected isolates and 

incubated at 37°c for 24 hr., development of pink color denoted a 

hydrolysis of urea. Negative tubes were re-examined after incubation for 

24hr. 

I.1.4- Isolation and Identification of enteric bacteria: 

(APHA, 1992) 

From each dilution, one ml was inoculated into MacConkey broth 

tube and incubated at 37°C for 24 hours. Loopfuls from the inoculated 

tubes were separately streaked over MacConkey agar plates which 

incubated at 37°C for 24 hours. Moreover, the developed colonies were 

inoculated into slope nutrient agar for further identification. 

Members belong to Enterobacteriaceae were identified according 

to  Cowan and Steel (1974) and MacFaddin (1976). 

I.1.5-Screening for Enteropathogenic E. coli: 

I.1.5.1-Pre-enrichment (ICMSF, 1978): 

From the original dilution, one ml was inoculated into MacConkey 

broth tubes supplemented with inverted Durham’s tubes. Inoculated tubes 

were incubated at 37°C for 24 hours. 
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I.1.5.2-Enrichment broth:  

One ml from positive MacConkey tubes was inoculated into 

another MacConkey broth tubes and incubated at 44.5°C for 24 hours. 

I.1.5.3-Plating media:  

Loopfuls from positive MacConkey broth tubes were separately 

streaked onto Eosin Methylene Blue agar medium (EMB), which were 

then incubated at 37°C for 24 hours. Suspected colonies were metallic 

green in color. Suspected colonies were purified and inoculated into 

nutrient slope agar tubes for further identification. 

I.1.5.3.1-Morphological examination (Cruickshank et al., 1975): 

Films of pure suspected cultures were stained with Gram’s stain 

and examined microscopically. 

I.1.5.3.2-Biochemical identification: 

I.1.5.3.2.1-Motility test (Collins and Lyne, 1984): 

Motility medium was inoculated by the stabbing technique to a 

depth of 5 mm and then incubated at 37°C for 24 hours. A circular 

growth from the line of stabbing represented a positive test. 

I.1.5.3.2.2-Citrate utilization test (Simmon, 1926): 

Slants and butts of Simmon’s citrate agar tubes were stabbed from 

pure cultures and incubated at 37°C for 48 hours. The developed of blue 

colouration indicate citrate utilization.  

I.1.5.3.2.3-Gelatin hydrolysis test (Collins and Lyne 1984): 

Nutrient gelatin stab cultures were grown at room temperature and 

observed daily after cooling to about 18°C. 
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I.1.5.3.2.4-Indole production test (Kovacs, 1928): 

48 hours culture incubated at 37°C in 1% peptone water, one ml. of 

ethyl ether was added. The tubes were vigorously shaken and allowed to 

stand until ether rises to the surface. To each tube 0.5 ml. of Kovac’s 

reagent was trickled down the sides of the tube. The formation of a red 

ring (surface layer) after 10 minutes was considered a positive reaction.  

I.1.5.3.2.5-Methyl Red test (Ljutov, 1961): 

               5 ml buffered glucose broth tubes were inoculated with pure 

cultures and incubated at 37°C for 24 hours. To each tube 5 drops of 

methyl red reagent were added. The development of red color was 

considered a positive test. 

I.1.5.3.2.6-Voges-Proskaure test (Ljutov, 1963): 

From 48 hours culture incubated at 37°C in 5 ml buffered glucose 

phosphate broth, 1 ml was taken in a test tube and 0.6 ml of alcoholic 

solution of alpha-naphtol and 0.2 ml of 4% potassium hydroxide solution 

were added. The tubes were stand for 24 hours. Pink colouration of the 

mixture was recorded as a positive test. 

I.1.5.3.2.7-Hydrogen Sulphide Production test (MacFaddin, 1976): 

On Triple Sugar Iron (TSI) agar, isolated organisms were stabbed 

into the bottom of the butt with a needle, then it was drawn over the slant, 

for production of a sufficient surface growth. The inoculated tubes were 

incubated at 37°C for 24 hours. Positive TSI tubes showed alkaline slant 

(red) and acid butt (yellow), while hydrogen sulphide production was 

noted by blacking the medium. 

I.1.5.3.2.8-Oxidation-Fermentation test (Hugh and Leifson, 1953): 
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The oxidation-fermentation glucose tubes were steamed and 

quickly cooled just before use. Duplicate tubes were inoculated by 

stabbing with a straight wire from 18-24 hours pure agar slant culture. To 

one of the inoculated tubes a layer of melted soft paraffin was added to a 

depth of about 1cm. All the inoculated tubes were incubated at 20°C and 

examined daily for up to 14 days. The interpretation of results was made 

according to the following: 

I.1.5.3.2.9-Urease test (Edwards and Ewing, 1972): 

Christensen's medium was inoculated with suspected isolates and 

incubated at 37°C, for 24 hours. Development of pink color denoted a 

hydrolysis of urea. Negative tubes were re-examined after further 

incubation for 24 hours. 

I.1.5.3.2.10-Eijkman test (Collins and Lyne, 1984): 

MacConkey broth tubes with inverted Durham's tubes were 

inoculated with the suspected organisms and incubated at 44°C + 0.5°C 

for 24 hours. Positive test was indicated by formation of a gas in the 

Durham's tubes (E. coli is one of the few organisms that produce gas at 

this temperature). 

I.1.5.3.2.11-Nitrate reduction test (Collins and Lyne, 1984): 

Culture to be examined was inoculated into 5 ml of peptone broth 

containing 0.1% potassium nitrate, and incubated at 37°C for 4 days, then 

1ml.of solution containing 8 grams sulphanilic acid in 100 ml of 5 N 

acetic acid was added and mixed, then a solution containing 5 grams of 

alpha-naphthylamine in 100 ml of 5 N acetic acid was also added drop by 

drop. A positive test was indicated by development of a red color. 

I.1.5.3.2.12-Fermentation of sugars (MacFaddin, 1976): 
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A loopful from suspected culture was inoculated into a tube Using 

1% peptone water containing 0.2% bromocresol purple indicator, to 

which 1% of the following sugars (lactose, glucose, sucrose, duecitol and 

maltose). Durham's tubes were inverted into the test tubes for a collection 

of a gas. After incubation at 37°C, the reaction of the inoculated tubes 

was noticed every day for 7 successive days. 

I.1.5.3.3-Serodiagnosis of E. coli: 

The isolates were serologically identified by using diagnostic sera 

“Welcome E. coli” agglutinating sera for diagnosis of the 

Enteropathogenic types. 

Technique: 

 Two separate drops of saline were put on glass slide and aportion 

of the colony from the suspected culture was emulsified with the 

saline solution to give a smooth fairly dense suspension. 

 To one suspension, control, one loopful of saline was added and 

mixed. to the other suspension one loopful of undiluted antiserum 

was added and titled back and forward for one minute. 

 Agglutination was observed using indirect lighting over a dark 

background. When a colony gave a strongly positive agglutination 

with one of the pools of polyvalent serum, a further portion of it 

was inoculated onto a nutrient agar slant and incubated at 37°C for 

24 hours to grow as a culture for testing with monovalent sera. 

 A heavy suspension of bacteria from each slope culture was 

prepared in saline, and slide agglutination tests were performed 

with Ok sera to identify the O-antigen. 

I.1.6-Screening for Salmonellae: 
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I.1.6.1-Pre-enrichment broth: 

Twenty-five grams of examined samples were homogenized in 

225ml of sterile peptone 0.1% water and incubated at 37°C for 18 hours. 

I.1.6.2-Enrichment broth: 

One ml of the original dilution was inoculated into 9 ml Rappaport 

Vassilidis broth tube and then the tube was incubated at 43°C for 24 

hours (Rappaport et al. 1956 and Harvy and Price, 1981). 

I.1.6.3-Selective Plating: 

Xylose Lysine Desoxychoclate agar (X.L.D.) was used. A loopful 

from the inoculated tubes were separately streaked onto XLD agar 

medium and incubated at 37°C for 24 hours suspected colonies were red 

with or without black centers. The suspected colonies were sub-cultured 

onto nutrient agar plate and incubated at 37°C for 24 hours. However, the 

purified suspected colonies were selected and streaked into slope nutrient 

agar for further identification.  

II- Chemical examination of raw and cooked meat samples : 

II-1-Measurement of pH (Pearson. 1984): 

In a blender, approximately 10 gm of the sample were blended in 10 ml 

of distillated water. The homogenate was left at room temperature for 10 

minutes with continuous shaking. The pH value was determined by using 

an electric pH meter (Bayer model 6020, USA). 

II.2. Measurement of Total Volatile Nitrogen (TVN) (FAO, 1980): 

Preparation of the extract: 

25 g of the sample was added 75 ml of distillated water then 

thoroughly mixed by a blender for 2 minutes and then 2 drop Hcl were 

added to bring the pH value to 5.2. The homogenate was slowly heated to 

70ºc and then cooled to 30 ºc and then filtered. 
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Into the inner compartment of Conway dish, 2 ml of (0.01 N) Hcl 

were added.Whereas, the outer ring was filled with 2 ml of the extract 

and 1 ml of saturated potassium carbonate (KCo3). The Conway unit was 

rotated as gently as possible. The dish was covered and incubated at 36ºc 

for 2 hours. The Hcl in the inner ring was titrated against NaoH (0.01 N) 

by using methyl red indicator. 

TVN/100gm e. = 26.88 X (2-T2) mg. 

Where, T2= volume of NaoH consumed in the titration.       

 II.3- Measurement of Thiobarbituric Acid Number (TBA) 

 (Vyncke, 1970):- 

Procedure: 

- In a clean blender, about 20 gm of examined sample were blended 

with 100 ml of 7.5% trichloroacetic acid solution for 2 minutes, 

and the homogenate was filtered. 

- Five ml of TBA reagent (0.02 M thiobarbituric acid) (0.29g/100ml 

90% glacial acid) were added to 5ml of the filtrate in a screw 

capped test tubes. 

- The tubes were heating in a water bath for 40 minute, and the 

absorbance of the resulting color was measured by using of a 

spectrophotometer (Spectronic21, Germany) at wave length 

538nm. 

- The TBA values were recorded as mg malonaldehyde / 100 gm of 

the samples. 

Concentration of malonaldehyde = 
0.016 S + 2.872   mg/100gm 

 10 

Where S = the absorbance 

Statistical Analysis: 
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 The obtained results were statistically evaluated by application of 

Analysis of Variance (ANOVA) test according to Rosner (2002). 

 

      


