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Abstract: One hundred fifty of apparently healthy samples of meat and some meat products (30 each of fresh
meat, minced meat, kofta, beef burger and fresh sausage) were randomly purchased from Port-Said markets.
The samples were examined for counting, isolation and identification of lactic acid producing bacteria and
assessment of lactic acid content and pH level in each sample. The counts of lactic acid bacteria, lactic acid
content and pH levels in all examined samples were ranged from 5.0 X 103 to 6.0 X 106 CFU/g food, from
635.00 to 700.00 mg/100g food and from 5.20 to 5.85 respectively. The highest mean values of lactic acid
bacterial counts and lactic acid content were 1.1 X 106 CFU/g food and 676.00 mg/100g food and recorded in
fresh sausage samples, while the lowest one were 3.3 X 104 CFU/g food and 646.00 mg/100g food and found
in fresh meat samples respectively. On the other hand, the highest mean value of pH was 5.81 and recorded in
fresh meat samples, while the lowest one was 5.44 and found in fresh sausage samples. The numbers of lactic
acid bacterial isolates in fresh meat, minced meat, kofta, beef burger and fresh sausage were 12, 15, 18, 20 and
48 bacterial isolates respectively. The predominant bacterial isolates in all examined samples were
Lactobacillus sakei, Lactobacillus curvatus, Lactobacillus plantarum and Leuconostoc mesenteriod while
Lactobacillus casei, Lactobacillus lactissube. lactis, and Pediococcusspp. were found with different incidences
in the examined samples. The relationship between the counts of lactic acid bacteria, lactic acid content and
pH levels in all examined samples were discussed.
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INTRODUCTION

Meat and meat products besides they are being
delicious, consider the vital part of any balanced and
nutritious diet. They have very high value protein and
valuable quantities of the B vitamins, thus they are
essential for the growth, repair and maintenance of body
cells and necessary for our everyday activities.

Due to chemical composition and biological
characteristics as previously mentioned, meat and meat
products are highly perishable foods and an excellent
source for growth of many hazardous microorganisms as
mesophilic and psychrophilic bacteria which can cause
infection in human and spoilage of meat and economic
loss Garcia et. al., [1] and Kalalou et. al., [2].

Acid/Sour spoilage is one of the most important
bacterial spoilage of meat and meat products caused by
lactic acid bacteria[3].

Lactic acid bacteria are physiologicallyrelated group
of fastidious and ubiquitous Gram positive organisms
includes species of the following genera Lactobacillus,
Leuconostoc, Pediococcus and Streptococcus[4-6].

They are widely used for fermentation and
preservation of wide range of meat, milk and vegetable
foods[7] for extending the shelf life and improving the
hygienic quality of various fermented products[8].

Lactic acid bacteria produce antimicrobial
compounds against competing flora including food-born
spoilage and pathogenic bacteria and protect themselves
against desiccation, bacteriophage and protozoan attack
by production exopolysaccharides substance[6]. Also the
produced lactic acid with the lower pH generate an
environmental unfavorable for the growth of some
bacterial species[9-10].

Bacteria producing lactic acid has ability to
proliferate when exposed to a given set of substrate such
as peptides and amino acid and storage condition such as
package in films of low gas permeability[11,9,12,13] results in
organoleptic changes as souring, slime formation, off-
odor, off-flavours, greening and gas production [9,4,15]. The
changes of meat and meat products arising from the
accumulation of metabolic by-products of sugars
fermentation[16,17]. Also the increase of lactic acid levels
and lowering pH enhancing the change of meat and meat
products[18].

The spoilaged meat and meat products by lactic acid
bacteria are not acceptable to the consumer and causes
heath hazards. Also this meat cannot be used for
processing or manufactureconsequently economic loss[2].

The aim of this work was to conclude that the lactic
acid and pH taken as indication of bacterial spoilage and
to elucidate the relationshipbetween lactic acid producing
bacteria, lactic acid and pH.
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MATERIALS AND METHODS

Samples collection: A total of 150 random samples of
meat and meat products (30 each of fresh meat, minced
meat, kofta, beef burger and fresh sausage) were
purchased from Port-Said Markets. Each individual
sample was placed separately into plastic bag on ice,
thoroughly identified and delivered to Lab. Animalhealth
Research institute to lab, were stored at (-20°C) until
counting, isolation and biochemical and physiological
identification of lactic acid producing bacteria then
assessment of lactic acid content and pH level in each
sample.

Microbiological investigation:
Preparation of the samples for bacteriological
examination:A representative 25 g of sample was added
aseptically to 225 ml of sterile 0.1 % (W/V) peptone
saline (0.1% peptone + 0.85% NaCl autoclaved at 121°C
for 15 minute and the final pH 7.0) and homogenized by
blending at 10,000-12,000 rpm for 2 minutes. Then
tenfold serial dilution were prepared using 0.1 % (W/V)
peptone saline till dilution 106[19,20].

Count of lactic acid producing bacteria: As the method
described by Daiz-Ruiz et al.,[20] using a Man Rogosa
Sharp (MRS) agar.

Purification and keeping the working isolates: The
isolates were purified by re-inoculation of the specific
colonies on MRS broth at 25 ºC for 24 hr then maintained
on Man Rogosa Sharp (MRS) agar slants at 4ºC and
subculture periodically each 3 weeks to ensure viability,
till detection the morphological, cultural, physiological
and biochemical characters of the isolates Guessas and
Kihal [21].

Biochemical and morphological identification of the
isolates: Only the Gram-positive, catalase and oxidase
negative strains were subjected to the following
physiological and biochemical tests: gas (CO2) from
glucose, arginine hydrolysis, tolerance of different salt
levels (2%, 4%, and 6.5% NaCl), growth at various
temperature (10, 15 and 45 °C), production of dextran
from sucrose and fermentation of the following sugars:
maltose, mannitol, melibiose, lactose, L-arabinose,
sucrose, raffinose, cellobiose, trehalose, ribose, sorbitol,
D-xylose and galactose and morphology and others
biochemical tests[5,23] .

Chemical investigation:
Assessment of lactic acid colorimetrically: Lactic acid
was determined using the method of Taylor[23].

Assessment of pH: Calibrate the pH meter according to
the manufacture’s instrument (Portable Digital pH Meter
609-JENCO Electronics-USA) using certified buffer pH
7.00 and pH 4.00 then a representative 10 g of the sample

(meat and meat products) were cut into small pieces into
clean blender jar. Added 100 ml distilled water
(1 Sample: 10 Water). Blend for 30 second on high speed
and transfer the sample to a beaker and read the pH as
soon as possible. Lattuada and Dey[24].

Statistical methods: Minimum, maximum, mean,
standard deviation and standard error of mean and
frequency distribution were used to describe data. T-test
was used to evaluate the relationships between the counts
of lactic acid producing bacteria, lactic acid content and
pH levels in the different samples. P value was
considered significant if less than 0.05 and 0.01 at 95%
and 99% respectively.These tests were analyzed on an
IBM compatible personal computer using the Statistical
Package for Social Scientists (SPSS) for windows 10.0
(SPSS Inc., Chicago, IL, and USA).

RESULTS AND DISCUSSIONS

Technologies developed for extending the shelf life
of meat and meat products by depress the growth of
putrefactivemicroorganisms. This depression create more
or less selective condition for the growth of lactic acid
bacteria[9] which found normally in meat, meat
products[11,12] and in raw material used in meat
industry[25,26].

The summarized results in table (1) showed that the
mean values of lactic acid bacterial counts were 3.3 X 104,
8.5 X 104, 2.4 X 105, 2.6 X 105 and 1.1 X 106 CFU/g of
fresh meat, minced meat, kofta, beef burger and fresh
sausage samples respectively. The obtained results were
lower than that reported in ropy meat products by
Korkeala et al[27] and that found in beef trimming by
Mäkelä, et al[26] but agreed with the results recorded in
fresh meat samples by Barros-Velázquez et al[28]. On the
other hand, these results were higher than that found in
fresh sausage samples by Kempton and Bobier[29], Borch
et al[30] and Dykes et al[31] and that recorded in meat and
meat products by Egan[9]. The higher in our results than
others authors maybe attributed to the lowbacteriological
quality of meat[32], high initial number of lactic acid
bacteria in meat[12], and raw material and contaminationof
the equipment used during processing by lactic acid
bacteria[9]. Also bad sanitation of chill and packaging
room during fabrication and abuse time and temperature
of storage increased the count of lactic acid
bacteria[32,33,26].

The lowest mean value of lactic acid bacterial
counts was 3.3 X 104 CFU/g and found in the fresh meat
samples. This agrees with that of Egan[9] who reported
thatmeat was a habitat of lactic acid bacteria. Meanwhile
thehighest mean value of lactic acid bacterial countswere
1.1 X 106 CFU/g of fresh sausage. The variation between
the mean values of the different examined samples
dependup on the product composition as peptides, amino
acid, sugars, additives and other raw material, storage
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Table 1: Statistical analytical results of lactic acid producing bacterial counts in fresh meat and some meat products (CFU/g food).
Statistics Fresh Meat Meat products

-------------------------------------------------------------------------------------------------------------
Minced meat Kofta Beef burger Fresh sausage

Min. 5.0 X 103 1.5 X 104 1.0 X 104 2.0 X 104 3.5 X 104

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Max. 8.0 X 104 2.0 X 105 5.0 X 106 9.5 X 105 6.0 X 106

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 3.3 X 104 8.5 X 104 2.4 X 105 2.6 X 105 1.1 X 106

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE 5.8 X 103 1.5 X 104 1.7 X 105 5.4 X 104 3.3 X 105

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SD 3.2 X 104 8.0 X 104 9.0 X 105 3.0 X 105 1.8 X 106

Min. = Minimum. Max. = Maximum. SE = Standard Error SD = Standard Deviation

Table 2: Statistical analytical results of lactic acid content in fresh meat and some meat products (mg lactic/100 g food).
Statistics Fresh Meat Meat products

-------------------------------------------------------------------------------------------------------------
Minced meat Kofta Beef burger Fresh sausage

Min. 635.00 650.00 650.00 639.0 650.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Max. 655.00 670.00 675.00 682.00 700.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 646.00 659.80 662.20 665.10 676.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE 1.54 1.60 1.70 2.73 3.23
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SD 8.43 8.60 9.20 15.00 17.60
Min. = Minimum. Max. = Maximum. SE = Standard Error SD = Standard Deviation

condition such as package in films of low gas
permeabilityand growth rate and metabolic activityof the
lactic acid bacteria and others bacterial flora[14,12,13].

Our results in table (2) reported that the mean values
of lactic acid content in the examined samples were
646.00, 659.80, 662.20, 665.10 and 676.00 mg lactic
acid/100 g of fresh meat, minced meat, kofta, beef burger
and fresh sausage respectively. These results were lower
than that reported in ground beef by Nassos, et al[34].

The given results in table (3) recorded that the mean
values of pH levels in the examined samples were 5.81,
5.58, 5.51, 5.51 and 5.44 for fresh meat, minced meat,
kofta, beef burger and fresh sausage respectively. Our
results were higher than that recorded in meat by Barros-
Velázquezet al[28] and Jones[13] whilethat of fresh sausage
sampleswere lower than that recorded byCocolin et al[35].
In comparison of our results with the level sited by
E.O.S.Q.C.[36] we found that the mean pH values of fresh
meat samples were agreed with the level sited by
E.O.S.Q.C.[36] while fresh sausage samples were not.
Minced meat,kofta and beef burger samples were slightly
lower than these level. Also table (2-3) indicates that the
lowest lactic acid content and the highest pH were found
in fresh meat sampleswhile the highest lactic acid content
and the lowest pH were recorded in fresh sausage
samples. This result may be attributed to the number of
lactic acid producing bacteria in fresh meat samples were
lower than that of fresh sausage samples and the number
of someproteolytic bacteria which utilize lactic acid were
found in high number in fresh meat samples than in fresh
sausagesamples Gill[37]. Also bacteriocin, one metabolite
of lactic acid bacteria, show broad spectrum of
antimicrobial activity inhibits the growth of Gram-

negat ive proteolyt ic Pseudomonas spp. and
Enterobacteriaceae Christophersen [38] , Gill and
Newton[39], Dainty et al[40] and Egan[9] and Gram-positive
bacteriaincludingListeria monocytogens,Staphylococcus
aureus, Clostridium perfringens and Clostridium
botulinum Bhunia et al[41] consequently indirectly
increased the lactic acid content and lower pH.

Although the results of lactic acid bacterial counts
were higher than those of some author, the frequency
distribution in tables (4-6) showed that the lactic acid
producing bacterial counts in all examined samples were
less than 107 CFU/g food, the level at which organoleptic
spoilage occur Ayres[42], Korkeala et al[43], and Korkeala
and Alanko[44]. Also all the examined samples show no
organoleptic changes but somesamples has abnormal pH
and lactic acid concentration. Consequently the
measurement of metabolic by-products may give better
indication of food quality than the actual number of
organismswhichmaybe innocuous orpromoting spoilage
Nassos et.al[34] and Sharpe[45].

The results given in table (7) showed that the
incidence of lactic acid bacterial isolates in fresh meat,
minced meat, kofta, beef burger and fresh sausage were
12, 15, 18, 20 and 48bacterial isolates respectively. Fresh
sausage has the highest incidence of bacterial isolates
while fresh meat has the lowest bacterial isolates.

The predominant bacterial isolates in all examined
sampleswere Lactobacillus sakei,Lactobacillus curvatus,
Lactobacillus plantarum and Leuconostoc mesenteriod,
whileLactobacilluscasei, Lactobacillus lactis sube. lactis,
and Pediococcus spp. were found with different
incidences in the examined samples. Lactobacillus sakei
and Lactobacillus curvatus were the main two isolates



J. Appl. Sci. Res., 2(8): 522-528, 2006

525

Table 3: Statistical analytical results of pH levels in fresh meat and some meat products.
Statistics Fresh Meat Meat products

-------------------------------------------------------------------------------------------------------------
Minced meat Kofta Beef burger Fresh sausage

Min. 5.75 5.51 5.41 5.40 5.20
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Max. 5.85 5.65 5.61 5.65 5.60
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 5.81 5.58 5.51 5.51 5.44
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE 0.01 0.01 0.01 0.02 0.02
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SD 0.03 0.04 0.10 0.10 0.10
Min. = Minimum. Max. = Maximum. SE = Standard Error SD = Standard Deviation

Table 4: Frequency distribution of the counts range of lactic acid producing bacteria in fresh meat and some meat products.
Count range Fresh Meat Meat products

-------------------------------------------------------------------------------------------------------------
Minced meat Kofta Beef burger Fresh sausage

----------------- ----------------- ----------------- ----------------- -----------------
No. No. % No. % No. % No. % No. %
0.0 - <103 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
103 -<104 16 53.33 --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
104- <105 14 46.67 17 56.67 22 73.33 13 43.33 6 20.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
105- <106 --- --- 13 43.33 7 23.33 17 56.67 18 60.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
106- <107 --- --- --- --- 1 3.33 --- --- 6 20.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
> 107 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 30.00 100.00 30.00 100.00 30.00 100.00 30.00 100.00 30.00 100.00

Table 5: Frequency distribution of the range of the lactic acid content in fresh meat and some meat products.
Range of lactic acid Fresh Meat Meat products
content -------------------------------------------------------------------------------------------------------------

Minced meat Kofta Beef burger Fresh sausage
----------------- ----------------- ----------------- ----------------- -----------------

No. No. % No. % No. % No. % No. %
< 600 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
600 - < 620 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
620 - < 640 10 33.33 --- --- --- --- 3 10.00 --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
640 - < 660 20 66.67 14 46.67 8 26.67 6 20.00 3 10.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
660 - < 680 --- --- 16 53.33 22 73.33 18 60.00 12 40.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
680 - < 700 --- --- --- --- --- --- 3 10.00 12 40.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
> 700 --- --- --- --- --- --- --- --- 3 10.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 30.00 100.00 30.00 100.00 30.00 100.00 30.00 100.00 30.00 100.00

predominates in meat and meat products of our study and
others studies recorded by Egan[9], Schillinger and
Liicke[46], Hammes et al[47], Hugas et al[48], Benito et al[49],
Santos[12] and Cocolin et al[35].

The variation between the incidence of bacterial
isolates o f the examined samples and others
incidence recorded by others authors may be
attributed to the types of bacterial isolates present in the
fresh meat and raw material used in processing,
contamination from the plants and abuse time and
temperature of storage[32,26].

The variation betweenthe type of bacterial isolates in
the examined samples were attribute to manufacture
causes as the different source of the raw material,
hygienic quality of meat and sanitation of the different
plants. Also the type of strains may have an effect on the
variation of isolates where Lactobacillus sakei and
Lactobacillus curvatus were more competitive to
Pediococcus spp. which appear in fresh meat and decline
in the processed meat[12].

The obtained results in Fig. (1) showed a significant
relationshipbetweenthe lactic acid bacterial counts, lactic
acid content and pH levels. These results were agreed
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Table 6: Frequency distribution of the pH range in fresh meat and some meat products.
pH range Fresh Meat Meat products

-------------------------------------------------------------------------------------------------------------
Minced meat Kofta Beef burger Fresh sausage

----------------- ----------------- ----------------- ----------------- -----------------
No. % No. % No. % No. % No. %

< 5.00 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5.00 - < 5.20 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5.20 - < 5.40 --- --- --- --- --- --- --- --- 2 6.67
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5.40 - < 5.60 --- --- 18 60.00 24 80.00 23 76.67 24 80.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5.60 - < 5.80 13 43.33 12 40.00 6 20.00 7 23.33 4 13.33
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5.80 - < 6.00 17 56.57 --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6.00 - < 6.20 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
> 6.20 --- --- --- --- --- --- --- --- --- ---
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 30.00 100.00 30.00 100.00 30.00 100.00 30.00 100.00 30.00 100.00

Table 7: Frequency distribution of bacterial isolates of fresh meat and some meat products.
Meat products
------------------------------------------------------------------------------------------

Fresh Meat Minced meat Kofta Beef burger Fresh sausage
Gram ----------------- ----------------- ----------------- ----------------- -----------------

Bacterial isolates reaction Characters No. % No. % No. % No. % No. %
1-Lactobacillus sakei +ve Facultative heterofermentative 2 16.66 3 20.00 6 33.33 8 40.00 19 39.58
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2-Lactobacillus curvatus +ve Facultative heterofermentative 2 16.66 2 13.33 3 16.67 4 20.00 10 20.83
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3-Lactobacillus plantarum +ve Facultative heterofermentative 1 8.33 1 6.67 2 11.11 1 5.00 6 12.50
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4-Lactobacillus casei +ve Facultative heterofermentative --- --- --- --- 1 5.56 1 5.00 4 8.33
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5-Lactobacillus lactis sube. lactis +ve Homofermentative --- --- --- --- --- --- --- --- 5 10.42
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6-Leuconostoc mesenteriod +ve Obligatory heterofermentative 1 8.33 1 6.67 1 5.56 2 10.00 4 8.33
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7-Pediococcus spp. +ve Homofermentative 6 50.00 8 53.33 5 27.78 4 20.00 --- ---
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 12 100.00 15 100.00 18 100.00 20 100.00 48 100.00

Fig. 1: The relationship between the counts of lactic acid bacteria, lactic acid content and pH levels in fresh meat and
some meat products.

with the results recorded by Jones[13] Who found that the
increase in the counts of lactic acid producing bacteria

and lactic acid content with a decrees in pH followed by
the appearance of organoleptic spoilage in late stage.
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Due to the metabolic by-products of lactic acid
bacteria in meat and meat products begin to accumulates
with the course of the bacterial growth but no
organoleptic changes until the counts reach 107 CFU/g
food, thus we conclude that meat cuts of good keeping
quality and long shelf life should be used for meat
processing, lactic acid content and pH level of meat and
rawmaterial should be performed before meatprocessing,
strictly hygienic measurement in trimming, grinding,
mixing process and packaging used in plants, good
sanitation of the equipment, chill and packaging room of
the plants and storage the products under a good time/
temperature at 4°C and not exceed 7 days.

The relationship between the counts of lactic acid
producing bacteria, lactic acid content and pH levels were
significant relationship at P < 0.05 and P < 0.01 using t-
test in all the examined samples.
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