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Background: This study aimed to investigate chemical and microbiological properties of 1260 
meat product samples, including sausage, bologna, hotdog, Kebab, and hamburger, in Hamadan, 
Iran from 2012 to 2015. 
Materials & Methods: All microbial (total viable count as well as, Coliform, Salmonella, Escherichia 
coli, Staphylococcus aureus, Clostridium perfringens, mold, and yeast counts) and chemical (pH as 
well as salt, phosphate, sodium nitrite, moisture, protein, total fat, starch, nitrite, nitrate, and ash 
contents) properties were assessed by AOAC method. 
Findings: Microbial tests on sausage and bologna samples showed that the total count of 
microorganisms was higher (37.3%) than the national standard limit. In 11.3% of Kebab samples, 
the number of yeasts and molds was higher than the national standard limits. Also, in 3.5 and 
17.07% of hamburger samples, the total count of microorganisms as well as the number of molds 
and yeasts were higher than the national standard limits, respectively. In 34.6% of bolognas, 15.9% 
of sausages, 3.8% of hamburgers, and 54.3% of hotdogs, the moisture content was above the 
national standard. The fat content was above the national standard in 34.7% of sausages, 1.4% of 
Kebabs, 9.8% of bolognas, 1.2% of hamburgers, and 6.5% of hotdogs. 
Conclusion: The present study results showed that the level of contamination of a considerable 
number of samples was not matched with national standards, which could be a major health risk 
for consumers.
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Introduction
Meat products are among the most 
commonly consumed items, which make up 
a large portion of the food daily consumed 
in different communities. One of the most 
challenging issues in the food industry 
is meat and its product safety [1]. Since 
processed meat products are made up of 
various ingredients, there is a possibility 
of fraud during the production of these 
products in related industries [2]. The 
utilization of low-quality ingredients has 
led to severe nutritional health problems 
and also food security concerns in recent 
years, especially in developing countries [3-

6]. Strict observation and regulations must 
be applied and observed because of the 
high consumption rate, and it is necessary 
to evaluate the products thoughtfully 
during manufacturing [7]. The purpose of 
using food additives in the meat industry 
is to prevent food spoilage, create stability, 
preserve the nutritional value of products, 
adjust the pH, and creat the desired 
flavor and color [8]. Therefore, chemical [9], 
microbial [10], physical, and sensory tests 
are performed to evaluate the quality of 
meat and its products [11]. Without proper 
health control, these products could be 
recognized as an important source of 
microbial contamination [12]. Salmonella, 
Yersinia enterocolitica, Campylobacter jejuni, 
Listeria monocytogenes, Escherichia coli, and 
anaerobic microbes such as Clostridium, are 
among the most prevalent contaminants 
identified in these food products [13]. 
Also, during the sausages production and 
maintenance process, biogenic amines are 
produced through decarboxylation of amino 
acids produced by microorganisms such as 
Bacillus, Enterobacteriaceae, Lactobacillus, 
Pediococcus, and Streptococcus [14].  The most 
common type of food poisoning is related 
to staphylococcal enterotoxins, causing 
resistance to antibiotics [15]. 

Therefore, these products must be 
manufactured based on strict domestic and 
international regulations. 
Objectives: Due to the increasing 
consumption and importance of hygienic 
control of these products, this study aimed 
to investigate the microbial and chemical 
properties of meat products in Hamedan, 
Iran from 2015 to 2019 with a food safety 
approach.

Materials and methods 
Chemical and microbiological analysis was 
carried out on 1260 samples of sausage, 
bologna, Kebab, hotdog, and hamburger 
in Hamadan province from 2012 to 2015. 
All microbial (total viable count as well as 
Coliform, Salmonella, E. coli, S. aureus, C. 
perfringens, mold, and yeast counts) and 
chemical (pH as well as salt, phosphate, 
sodium nitrite, moisture, protein, total fat, 
starch, nitrite, nitrate, and ash contents) 
properties were assessed by AOAC method 
[16, 17]. Samples were collected and tested 
according to the guidelines of the Iranian 
Institute of Standards and Industrial 
Research. Data were analyzed by SPSS 
software Ver. 24.  
Microbiological analysis: Samples (25 g) 
were mixed with 225 mL of sterile peptone 
water (0.1 %) (Merck, Darmstadt, Germany) 
and homogenized. Then 0.1 mL of serial 
dilutions of homogenized samples were 
cultured on agar plates. Total viable counts 
were assessed by plate count agar medium 
(PCA, Merck, Darmstadt, Germany) at 30˚C 
for 72-48 hrs  [18]. Baird-parker agar medium 
(BPA, Merck, Darmstadt, Germany) was used 
for S. aureus count for 48 hrs at 37˚C. For mold 
and yeast count, 0.1 mL of suitable dilutions 
were pour–plated on Sabouraud dextrose 
agar medium (Merck, Darmstadt, Germany) 
at 25˚C for 3-4 days [19]. Violet red bile 
glucose (VRBG) agar medium was utilized for 
Enterobacteriaceae by pour-overlay method 
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for 48 hrs at 37˚C (Merck, Darmstadt, Germany) 
[20, 21]. Tryptose-sulfite-cycloserine (TSC) agar, 
egg yolk emulsion, egg yolk emulsion 50%, 
chopped liver broth, thioglycollate medium, 
iron milk medium, lactose-gelatin medium, 
sporulation broth, motility-nitrate medium, 
buffered (M102), and Spray’s fermentation 
medium (Merck, Darmstadt, Germany) were 
used for C. perfringens according to AOAC 
976.30-1979 [22].
Chemical evaluations: For measurement 
of moisture content of meat products, low-
fat samples were dried by microwave ovens 
for 3-5 min, then samples were placed 
between glass fiber pads, weighted, dried, 
and reweighted to determine moisture loss 
(AOAC Method 985.14) [23). Lipid content 
was assessed by AOAC method 991.36, 
which was done using Soxhlet extraction 
method with ether solvent, followed 
by gravimetric measurement. Solvent 
extraction with conventional organic 
solvents like ether was used to measure the 
total fat content as triglycerides. A modified 
solvent (chloroform-methanol) was used 
for phospholipids and other partial fats.  
Protein content was determined with 
Kjeldahl method, which involves a three-
step approach to protein quantification, 
including digestion, distillation, and 
titration. In this method, the residual boric 
acid is then titrated using a standard acid, 
a suitable end-point indicator, and the 
numerical value of 6.25 as the conversion 
factor to estimate the total nitrogen content 
of the sample (AOAC, 976.05). Ash content 
was determined by AOAC method 920.153 
(AOAC, 2016c); in this method, samples 
were placed in a muffle furnace (Fisher 
Scientific Isotemp Muffle Furnace, Ottawa, 
Ontario, Canada) at 525 °C for at least 16 
hrs. To determine the pH value, 10 g of each 
sample was homogenized with 25 mL of 
neutral distilled water and filtered. The pH 
was determined using a pH meter (Digital, 

Jenco 609). The nitrite and nitrate content 
in the samples was determined according 
to AOAC (1990). It is more effective than 
other colorimetric methods because it has 
a detection limit of 0.05 mg/kg for these 
substances in meat. The NaCl content of the 
samples was measured with a Fisher accumet 
selective ion analyzer, Model 750, fitted with 
an orion chloride electrode (model 94-17) 
and a double junction reference electrode. 
The salt content was determined according 
to procedures developed by Orion Research, 
Inc. (1980). Quimociac molybdophosphate 
gravimetric method was used to measure 
phosphorus pentoxide concentration in the 
raw emulsion.
Statistical evaluation: Data analysis was 
performed and represented as mean ± SD, 
and a p-value less than 0.05 was considered 
as significant. ANOVA test was applied in 
SPSS software (17:00). The normality of data 
was first evaluated by Kolmogorov-Smirnov 
test. Non-parametric tests were used for 
data analysis. 

Findings 
The results of microbial assessment are 
summarized in Table 1. According to 
the results of microbial tests on sausage 
and bologna samples, the total count of 
microorganisms in 174 cases (37.3%), the 
number of Coliforms in six cases (1.3%), and 
the count of S. aureus in eight cases (1.7%) 
were more than the national standard 
of Iran. However, the counts of E. coli, 
Salmonella, C. perfringens, molds, and yeasts 
were acceptable according to the national 
standard. Also, in Kebab samples, S. aureus 
count in only one case and mold and yeast 
counts in ten cases (11.3%) were above the 
national standard limits. The total count of 
microorganisms and the counts of E. coli, 
Salmonella, and Coliforms were below the 
national standard. In hamburger samples, 
the total count of microorganisms in seven 
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cases (3.5%), the number of molds and yeasts 
in 35 cases (17.07%), and the count of S. 
aureus isolates in only one case were higher 
than the national standard. The counts of 
Salmonella, E. coli, and C. perfringens were 
lower than the national standard.
The frequency distribution of chemical 
properties higher than the national 
standard in different meat products, 
mean chemical factors, and the frequency 
distribution of mean chemical properties 
in different meat products in laboratory 
and factory samples are summarized in 
Tables 2, 3, and 4, respectively. There was 
no significant difference (p>.05) between 
the samples tested in the laboratory in 
terms of chemical properties in different 
years (p>.05). According to the results 
of chemical tests, in 34.6% of bolognas, 
15.9% of sausages, 3.8% of hamburgers, 
and 54.3% of hotdogs, the moisture content 
was above the national standard. Also, in 
30.7% of hamburgers, 34.7% of sausages, 
5.9% of Kebabs, 15.6% of bolognas, and 
15.2% of hotdogs, the amount of protein 
was below the national standard. The fat 
content of 34.7% of sausage samples, 1.4% 
of barbecues, 9.8% of bologna samples, 
1.2% of hamburgers, and 6.5% of hotdogs 
was above the national standard. The pH 
value of all hamburger samples was based 
on the national standard of Iran. Also, 

the pH in 5.7% of bologna samples, 3.4% 
of sausages, and 4.3% of hotdogs was in 
line with the national standard. The ash 
content of sausages, barbecues, bolognas, 
hamburgers, and hotdogs was 20.8, 5.9, 
15.6, 30.7, and 15.2% and higher than the 
national standard, respectively. The starch 
content of sausages, Kebabs, bolognas, 
hamburgers, and hotdogs was 24.3, 10.4, 
13.8, 57.6, and 4.3%, respectively, which 
were contradictory to the national standard. 
The salt content in all samples was also 
based on the national standard of Iran 
(Table 2). The average chemical properties 
of the products studied in the two sections 
of laboratory and company are presented 
in Table 3. There was a significant diference 
regarding the mean moisture content 
of barbecues and hotdogs between the 
laboratory and company samples (p = .001 
and p = .002, respectively), and the mean 
fat content of hotdogs in laboratory and 
factory samples was significantly different 
(p=.002). There was a difference between 
the two types of samples in terms of the ash 
content (p<.05). Only in hotdog samples, 
the mean starch content was significantly 
different between the laboratory and factory 
samples. In terms of the mean phosphate 
and nitrite content in bologna as well as the 
mean salt content in sausage and bologna, 
there were significant differents between 

Table 1) Frequency distribution of mean microbial properties in different meat product

Parameters
Sausage,  bologna N=456 Kebab  N=88 Hamburgers N=200

*St N (%) *St N (%) *St N (%)
Total count 105 174(37.3) 106 0 106 7(3.5)
Coliform <10 6(1.3) - - - -
E. coli negative 0 - - - -
Salmonella negative 0 negative 0 negative 0
Staphylococcus <10 8(1.7) 103 1(1.13) 103 1(0.5)
Clostridium ≤50 0 - - - -
Mold and yeast 102 1(0.02) 103 10(11.3) 103 35(17.07)

*St= National Standard limitation
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the two types of sample (p<.001) (Table 4).
Discussion
Meat products are one of the most common 
and widely consumed foods that make up a 
significant part of the food chain in different 
communities [24]. The safety and quality of 
the food industry is increasing in most parts 
of the world. The quality control of meat 
products and their adaptation to the national 
and international regulations set by the 
administrative organization in each country 
should be considered [25]. The results of 
quality parameters of manufactured products 
and their comparison with the standard 
limits make it possible to specify the quality 
of these products. The important issue about 
microbial contamination of meat products 

is that their origin could be attributed to 
staff, raw materials, factory environment 
and equipment, production, and packaging 
process [26]. Currently, despite technological 
advances in the food industry and related 
health control strategies, foodborne diseases 
remain one of the most important health 
challenges in the world [27]. S.  aureus is one 
of the most important foodborne pathogenic 
bacterium causing various diseases in 
humans and animals. The main cause 
of staphylococcal food poisoning is the 
production of enterotoxins by bacteria in 
food sources such as meat products [28]. About 
55% of the samples tested were infected 
with S. aureus, and the mean bacterial count 
was 8.3 × 102 cfu/g. The number and type of 

Table 3) Mean of chemical factors in different products

Parameters
Hamburgers Kebab Bologna Sausage Hotdog

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Moisture 60.7±5.5 64.2±3.4 63.0±4.2 59.3±4.3 63.3±1.9

Protein 13.4±1.5 14.0±2.5 14.0±1.5 13.0±1.8 14.2±1.9

Fat 13.5±3.05 13.9±2.4 14.2±3.8 17.6±4.5 13.4±2.6

Ash 2.2±0.68 1.9±.60 2.3±0.41 2.6±0.85 2.3±0.71

Starch 6.7±2.18 4.7±0.10 5.2±1.6 6.3±1.5 5.5±0.72

pH 5.9±0.30 5.9±0.28 6.0±0.20 6.0±0.30 6.0±0.21

Salt 1.0±0.0 1.0±0.0 1.0±0.11 1.0±0.13 1.0±0.00

Phosphate - 0.40±0.0 0.42±0.08 0.4±0.07 0.40±0.00

Nitrite - - 49.6±29.6 68.9±30.4 70.4±12.9

Table 2) Frequency distribution of chemical properties higher than national standard in different meat products

Parameters
Sausage Kebab Bologna Hamburgers Hotdog

St N (%) St N (%) St N (%) St N (%) St N (%)

Moisture ≤63 23(15.9) ≤72.5 0(0.0) ≤63 60(34.6) ≤67.5 3(3.8) ≤ 63 25(54.3)

Protein ≥13 50(34.7) ≥12 4(5.9) ≥13 27(15.6) ≥13.15 24(30.7) ≥13 7(15.2)

Fat ≤18 50(34.7) ≤17.75 1(1.4) 17.75 17(9.8) ≤18.4 1(1.2) ≤18 3(6.5)

Ash ≤2.6 30(20.8) ≤3 5(7.4) 2.6 32(18.4) ≤2.5 21(26.9) ≤2.6 9(19.5)

Starch ≤ 6 35(24.3) ≤5.5 7(10.4) ≤6 24(13.8) ≤5.25 45(57.6) ≤6 2(4.3)

pH 5.6-6.2 5(3.4) - - 5.6-6.2 10(5.7) - 0(0.0) 5.6-6.2 2(4.3)

Salt ≥2 0(0.0) - - ≥2 0(0.0) - 0(0.0) - -

Phosphate 0.57 3(2.8) ≤5 0(0.0) 0.57 7(4.4) - - - -

Nitrite 86.6 2(1.3) - - ≥86.6 0(0.0) - - - -
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microbial agents available in meat products 
may be affected by pre-slaughter, slaughter, 
and meat production conditions [29]. Bacteria 
cause defects such as decay, discoloration, gas 
production, and softening during the meat 
products spoilage process. Moisture content 
is another considerable factor to assess the 
meat product quality [24]. High moisture 
content in products lead to water replacement 
with essential nutrients, which could reduce 
their shelf life. Notably, high amounts of 
lipids in products could increase the risks of 
high fat intake and cardiovascular diseases 
[30]. Besides, the levels of fat and moisture 
in a product have an inverse relationship. 
Another chemical effector is starch that leads 
to extra energy intake and could indicate the 
presence of high animal resources [31]. High 
levels of ash could also be linked to excessive 
use of salt such as sodium chloride, which is 
a major public health concern, especially for 
cardiovascular patients. Due to the growing 
population and the complex structures of 

today’s societies, especially in large cities, 
the access to fresh food and vegetables has 
declined; thus, the tendency for fast-food to 
provide daily energy is growing rapidly [32]. 
These products contain preservatives such 
as nitrate and sodium nitrite to prevent the 
growth of microorganisms. Excessive use 
of these substances could endange human 
health because of their carcinogenic effects 
[33]. Consumption of processed meat products 
is increasing in developing countries such 
as Iran. In Iran, more than 50 types of 
heated meat products are being produced 
[34]. In 2005, Kamkar examined the chemical 
properties of sausages produced in Iran and 
showed that in sausages with 40-50% meat 
content, about 38.9 and 50 of the samples had  
moisture and carbohydrate contents higher 
than the national standard, respectively. In 
addition, in sausages with 51-60% meat 
content, 38.2, 14.7, 61.8, and 100% of the 
samples had moisture, fat, carbohydrate, 
and ash contents higher than the standard 

Table 4) Frequency distribution of mean chemical properties from different meat products in laboratory and 
factory samples

Parameters Source
Sausage Kebab Bologna Hamburgers Hot dog

Mean±SD p. v Mean±SD p. v Mean±SD p. v Mean±SD p. v Mean±SD p. v

Moisture
part 57.8±3.7

0.28
63.0±4.0

0.01
63.3±5.9

0.98
61.0±4.6

0.75
66.2±0.3

0.002
morv 59.4±4.3 64.8±2.7 63.0±4.0 60.4±6.0 63.2±1.8

Protein
part 11.7±1.2

0.1
13.3±0.9 0.06 14.5±1.4

0.13
13.5±1.6 0.94 13.2±0.1

0.23
morv 13.1±1.7 14.4±3.0 14.0±1.5 13.3±1.4 14.2±1.9

Fat
part 17.9±5.6

0.88
13.6±3.5

0.81
12.3±4.8

0.25
12.3±4.6 0.31 4.8±1.1

0.002
morv 17.5±4.42 14.0±1.4 14.3±3.7 14.1±1.1 13.8±1.9

Ash
part 1.5±0.56

<0.001
1.3±0.4

<0.001
2.0±0.5

0.04
0.5±0.4 <0.001 1.4±0.2

0.002
morv 2.6±0.82 2.3±0.3 2.3±0.3 2.6±0.4 2.3±0.7

Starch
part 7.1±2.6

0.17
4.5±0.7

0.23
4.5±1.9

0.059
6.2±2.1 4.5±0.3

0.004
morv 6.2±1.3 4.8±1.1 5.3±1.5 - 5.5±0.7

pH
part 5.9±0.31

0.64
- 5.9±0.3 0.52 - -

morv 6.0±0.29 - 6.0±0.1 - 6.0±0.2

Salt
part 1.2±0.47

<0.001
- 1.2±0.3

<0.001
- -

morv 1.0±0.0 - 1.0±0.0 - -
part .48±.23

.03
- 0.6±0.1 <0.001 - -

morv .40±0.00 - 0.4±0.00 - -

Nitrite
part 51.0±59.4

0.06
- 19.2±16.1 <0.001 - -

morv 74.9±0.9 - 73.5±5.5 - -
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limits, respectively [35]. In another study 
by Shekarforoush et al. (2012), meat and 
its products were contaminated with L. 
monocytogenes. Salmonella infection was 
less frequent, and staphylococcal infections 
were more common in Kebab and during hot 
seasons [36]. Also, in a study carried out on 
the chemical and microbiological properties 
of meat products in Kermanshah, Iran, the 
contamination of the samples was as follows: 
100% mold and yeast, 58% Coliform, 53% 
staphylococci, 17% E. coli, and 3% Salmonella 
[37]. Sulieman et al. (2012) examining the 
physical and chemical properties of Agashi 
meat revealed the moisture (32.76% to 
72.3%), ash (8.55% to 97%), protein (10.5% 
to 30.7%), fiber (0.2% to 81%), fat (3.34% to 
11.9%), and carbohydrate (39% to 45.93%) 
contents of this meat. Also, the concentration 
of potassium, sodium, and iron in cooked 
meat was higher than in raw meat, ranging 
from 95 to 215, 30.6 to 90, and 1.0 to 1.5 
mg /100 g, respectively. High levels of yeast 
and mildew, Coliform, and S. aureus were 
identified [38]. Besides, Menendez et al. (2018) 
conducted a study on the physicochemical and 
microbiological properties of fermented meat 
products in Spain. Mean pH was 5.79 to 5.83, 
and all mean values for aw were below 0.90. 
Mean count of aerobic mesophilic bacteria 
was more than 108 cfu/g, and more than 
2.3 of the samples were Enterobacteriaceae 
negative, while S. aureus was prevalent; also, 
Salmonella and Listeria were detected in four 
and five samples, respectively, C. botulinum 
was negative in the samples [39].

Conclusion
In general, based on the results of the present 
and other studies in different countries, it 
could be concluded that a significant number 
of samples have chemical and microbial 
levels higher than the specified national 
standards. The present study results showed 
that the standards set for the chemical and 

microbial quality of meat products in Iran 
are partially enforced by factories, but it 
should be noted that meat products form a 
significant part of today’s food chain. The 
results in some cases are contradictory to 
national standards, which could cause health 
problems and reduce the intake of essential 
nutrients through such products. Given the 
discrepancies between the obtained results 
and the national standard limits, it is likely 
that surveillance and control measures are 
taken less than that expected; thus, it is 
recommended that the production process 
of these products be monitored more closely.
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