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Fermented sausages can be defined as meat products
consisting of a mixture of meat and fat particles, salt,
curing agents, such as salt, sugar, nitrate and spices:
black pepper, red pepper, garlic, cumin, cinnamon etc.
which have been stuffed into a casing, fermented
(ripened) and dried (14). Dry fermented sausage ma-
nufacture is a very important part of the meat industry
in many countries. In the European Union, the pro-
duction of dry fermented sausages may be estimated
at about 750,000 tonne in 1995 (21).

Turkish style fermented sausage is a very popular
meat product in Turkey, and similar products are also
known in most of the Middle East Countries and
Europe (13). Generally beef, and the mixture of beef
and water buffalo meat are used to produce fermented
sausages in Turkey. However, fermented sausages
made from camel meat are also consumed in some parts
of Turkey. Turkish style fermented sausages are tradi-
tionally produced by their natural flora and the pre-
dominant lactic organisms in Turkish style sausages
are Lactobacillus sake, Lactobacillus plantarum,
Lactobacillus curvatus and Lactobacillus brevis (16).
Fermented sausages produced in Turkey are divided
into two groups; pasteurized fermented sausages (heat

application is required) and non-pasteurized (no heat
application is carried out). Recently application of heat
is generally carried out to reduce maturation period
and microbial load of sausages and therefore increase
the shelf life of the product (32). Salami, pepperoni
and genoa are considered to be similar types of
fermented sausages with non-pasteurized Turkish
style fermented sausage. The sanitary condition of
fermented meat products that do not receive any heat
treatment is regulated only by the fermentation and the
drying undergo, since the procedures that meat
industries carry out cannot guarantee the absence of
pathogens in the meat (8, 11).

Although sausages in Turkey are manufactured both
by artisanal procedures and on an industrial scale,
there is a lack of uniformity in the sausages produced
by different firms and industries, and their qualities
are very variable. Several studies on the chemical and
hygienic quality of fermented sausages were carried
out by some authors (8, 9, 12). The authors also stated
that there was great non-uniformity in the chemical
and microbiological quality of fermented sausages
produced by both artisanal procedures and on an
industrial scale.
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Chemical and microbiological quality parameters of 100 fermented sausage samples made from camel
meat were investigated in the Aydin region. The results showed that the mean pH value noted in the sausages
was 6.00 ± 0.25. Additionally, the mean moisture, aw, fat, ash and salt contents of the sausages were 37.69
± 4.32%, 0.852 ± 0.02, 33.6 ± 4.35%, 3.99 ± 0.47% and 3.28 ± 0.41%, respectively. The mean TVC of the
samples was 4.85 ± 0.47 log cfu g-1, whereas the mean numbers of staphylococci/micrococci, yeast and mould,
lactic streptococci, lactobacilli, and coliforms were 4.78 ± 0.40 log cfu g-1, 2.88 ± 1.06 log cfu g-1, 4.07 ± 0.46 log
cfu g-1 , 2.82 ± 0.98 log cfu g-1, and <1.0 log cfu g-1, respectively.

In conclusion, the study found that there were variations in the chemical and microbiological parameters
in the investigated sausages. The variations in the microbiological load and chemical results of sausages
produced from camel meat may be due to insufficient standardization procedures applied during processing,
no starter culture usage and the lack of hygienic practices. Camel meat sausages are a specialty of the Aydýn
region and thus their production should be standardized. Additionally, providing good hygienic practices
during the production process will protect public health and provide healthy sausages for consumers.
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Camel meat is a good source of meat in areas where
the climate adversely affects other animals (30). It has
been shown that the use of camel meat for sausages
making eliminated its toughness. The meat is easily
cured and have high protein content. They are also
cheaper than sausages made from other meat. Camel
meat can be preserved by cutting into strips and
allowing it to dry. The dry strips of camel meat are
additionally preserved by putting them into clarified
butterfat.

Although investigations regarding the microbiolo-
gical and chemical qualities of fermented sausages,
mainly made from beef, have been carried out, no
study was found for fermented sausage made from
camel meat. This study was conducted to investigate
microbiological and chemical quality of sausages pro-
duced from camel meat and to observe their potential
effects on public health.

Material and methods
A total of 100 sausages made from camel meat with

natural casings, of 35 mm diamater purcased from in plants
in Aydýn region. Sausages in after 10th ripenining of
following production period were used as material. The sau-
sage samples were brought to laboratory in sterile condi-
tions, and then microbiological and chemical examinations
were carried out in the same day.

The total Viable Count (TVC), the numbers of Staphy-
lococci/Micrococci, Coliforms, Lactobacilli, Lactic Strep-
tococci, and yeast and moulds on the samples were deter-
mined. A 10 g sample was taken from which comminuted,
mixed of whole chub and put in into a sterile stomacher
bag 90 ml of ml 0.1% peptone water and homogenized in
filled up with (Bagmixer, Interscience, France). Serial
dilutions were carried out by using 1/4 Ringer�s solution,
then the dilutions were plated out on suitable media given
below.

Plate count agar (PCA, Oxoid CM 325) plates were used
to determine TVC in samples. To be able to determine the
numbers of Staphylococci/Micrococci, Coliforms, Lacto-
bacilli, Lactic Streptococci, and yeast and moulds, Manni-
tol Salt Agar, (MSA; Oxoid CM 85), Violet red bile agar
(VRBL; Difco B 12) M.R.S agar (Oxoid CM 56), M 17
agar (Oxoid CM 785) and Potato dextrose agar (PDA;
Difco B 13) plates were used, respectively. The plates were

incubated at 30 ± 1°C for 3 days for PCA, 37 ± 1°C for
2 days for MSA, 35 ± 1 for VRBL for 3 days, for M 17 at
30 ± 1°C for 2-3 days and for PDA at 22 ± 1°C for 5 days
(4, 18, 19). MRS agar plates were poured as double
layered (1, 3). Pour plate technique was used to enumerate
appropriate colonies. The microbiological procedures were
carried out by methods.

Chemical analysis. Physico-chemical features of the
camel sausages, such as pH and a

w
 and, moisture, ash, fat,

and salt contents were determined by AOAC (1) methods.

Results and discussion
The microbiological results obtained are given at

tab. 1. TVC were between 1.4 × 104 and 2.9 × 106

cfu g�1, the numbers of Staphylococci/Micrococci were
9.0 × 103 and 5.6 × 105 cfu g�1, respectively yeast and
mould were respectively between < 10 and 7.5 × 104

cfu g�1, lactic streptococci 1.0 × 103 and 8.3 × 104, and
lactobacilli 10 and 4.8 × 104.

The physico-chemical parameters: pH, moisture, a
w
,

fat content, ash and salt content are given at tab. 2.
The pH, moisture, a

w
, fat, ash and salt contents were

ranging between: 5.20-6.34, 29.78-46.24%, 0.81-0.90,
26.07-44.58%, 3.10-4.98% and 2.36-4.50%, respecti-
vely.

Microbiological results showed that the numbers of
all microorganisms examined had variable standard
deviations, especially very high in yeast and moulds.
This confirmed the statements of some researchers (8,
9) that there is a non-uniformity in the fermented sau-
sages produced both in Spain and Turkey. Although in
the present study camel meat was used, the result did
not change probably due to various initial microbiolo-
gical loads of meat and spices, and the different pro-
cessing techniques applied. Several authors (5, 9, 10,
24, 31) reported TVC results higher than in this
investigation. Çon et al. (9) reported that the TVC of
fermented sausages was found to be between 3.0 × 104

cfu g�1 and 2.2 × 108 cfu g�1. Tekinsen et al. (28) also
showed that TVC in the fermented sausages were
106-107 cfu g�1. Our results were found to be lower
than those observed by Çon et al. (9) and Tekinsen et
al. (28). This might be due to the different initial load
and hygienic qualities observed during processing.

Castaòo et al. (8)
showed the survi-
val of Enterobacte-
riacea in both hand
made and indu-
strially manufactu-
red sausages. E. co-
li, Serratia odorife-
ra, and Enterobac-
ter intermedius
were the only spe-
cies isolated during
curing process of
hand made sausa-

Tab. 1. The microbiological results (log cfu/g) obtained from commercial sausages produced from
camel meat

elbaiVlatoT
tnuoC

/iccocolyhpatS
iccocorciM/

dluomdnatsaeY citcaL
iccocotperts

illicabotcaL mrofiloC

n 001 001 001 001 001 001

DS±x 74.0±58.4 60.1.0±88.2 60.1.0±88.2 64.0±70.4 89.0±28.2 00.1<

Tab. 2. Physico-chemical parameters of sausages produced from camel meat

Hp )%(erutsioM aw )%(tnetnoctaF )%(tnetnochsA )%(tnetnoctlaS

n 001 001 001 001 001 001

DS±x 52.0±00.6 23.4±96.73 20.0±258.0 53.4±26.33 74.0±99.3 14.0±82.3

_

_
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ges. However, E. coli, Hafnia alvei, Serratia liquefa-
ciens and Salmonella cholerasuis were isolated in the
sausages produced on an industrial scale. Çon et al.
(9) reported that the number of Enterobacteriaceae was
between < 10 and 1.1 × 104 cfu g�1, whereas yeast and
mould were between 10 and 1.4 × 105 cfu g�1. In our
study the numbers of coliforms were found to be
lower than 10 cfu g�1 which is not in agreement with
the results of others (5, 9, 31).

In this study, the numbers of yeast and moulds were
found to be lower than those obtained by Çon et al. (9)
in 2 out of 5 firms investigated. In addition, the mean
values obtained in our research were lower than Çon
et al. (9) findings (1.2 × 104 cfu g�1). When the mean
values compared with Yaman et al. (31) �s work, our
were found to be lower than their. Bozkurt and
Erkmen (7) found the numbers of yeast and moulds in
the samples of sausages produced with no addition of
starter cultures were between 6.70 and 8.60 log cfu g�1.

The load of Staphylococci/Micrococci in samples
of sausage manufactured from camel meat were found
to be between 9.0 × 103 and 5.6 × 105 cfu g�1. How-
ever, it should be considered that various types of
microorganisms could be in the starter cultures of
fermented sausages. Generally, it is accepted that the
microorganisms of importance during fermentation and
maturation of fermented sausages are Gram-positive
rod shaped, belonging to the genera Lactobacillus,
Micrococcus and Staphylococcus (16). Of these, Sta-
phylococcus spp. has great nitrate reductase activity
and flavour enhancing capacity. Their main contribu-
tion to flavour formation is believed to be related with
carbohydrate degradation, amino acid catabolism and
fatty acid b-oxidation (6, 23). Micrococcus species are
enriching fermentative microorganisms during aging
of these products in order to enhance the colour stabi-
lity of the cured-meat and preventing rancidity. The
activity of this microbial group reduces spoilage,
decreases processing time and contributes to flavour
development (22). These microorganisms are respon-
sible for the taste and aroma of fermented sausages.
They also contribute the colour formation by reducing
nitrate to nitrite (32). In addition, they have antimicro-
bial activity mainly due to their ability to produce dif-
ferent acids and metabolites. These are: lactic acid and
acetic acid, H

2
O

2,
 diacetyl and CO

2
 metabolites,

acidolin and reuterin (20, 25-27, 29). In the last few
years, researchers have focused on bacteriocin and
bacteriocin-like metabolites as a possible antagonistic
activity mechanism in the LAB group (20, 27).

The numbers of lactobacilli in the our study was
found to be lower than those reported by Nazli (24)
i.e. 2.1 × 104 cfu g�1 and 1.3 × 106 cfu g�1 during a 15
days of ripening period. The numbers of lactic strep-
tococci were found to be between 1.0 × 103 and 8.3 ×
104 cfu g�1. According to Gokalp et al. (15) lactic strep-
tococci might be inoculated into sausages with a level
of 106-107 cfu g�1.

The difference between the samples and various
studies might be caused by the difference in the initial
microbial load of ingredients used, lack of standard
production skills, the gaps in the hygiene practices
during processing and insufficient care during storage
period. This situation could reduce the shelf-life of
sausages meanwhile increases the risk of food poiso-
ning.

Castaòo et al. (8) reported that the pH values deter-
mined in both industrially and hand made fermented
sausages were ranging between 5.84 and 6.37. The pH
values determined in during this study were higher than
those sausages produced by 2 out of 5 firms investiga-
ted by Doðu et al. (12), ranging between 4.76 and 6.86,
and lower than the values reported by Yucel and
Karaca (33), ranging between 4.68 and 5.87. The
results also reported that in the samples of sausage no
standard pH was present and that even there was
a slight increase in the pH of some samples. This
might be due to the use of polyphosphates and heat
application before fermentation.

The mean moisture result determined for sausages
made using camel meat was found to be higher than
the mean value (32.95%) found by Yucel and Karaca
(33). The moisture levels were between 42.26% and
53.68% in the work carried out by Castaòo et al. (8).
The moisture contents of sausages determined by other
researchers were 15.5% (2), 32% (4), 25.45% (12), and
60% (19).

Determined fat content level, ranged between
23.33% and 32.00%. The mean fat content reported in
this study was found to be lower than the results ob-
tained by Yucel and Karaca (33), 36.75% and were
higher than the results reported by Doðu et al. (12)
28.09%. Our results were found to be close to the
results of Atala (4) (34.64%).

The salt content in sausage is important factor for
the typical taste aroma of it. Besides the effects on
organoleptic features, it has also effects on the physico-
-chemical and microbiological reactions occurring
during sausage maturation. The water activity of
sausage is reduced following salt addition, therefore
reducing effect of salt on unwanted microorganisms is
also observed (27). The salt contents in the samples of
sausages were ranging between 2.14% and 2.80%. The
mean salt content was found to be lower than those
reported by Atala (4) (3.84%), and Yucel and Karaca
(33) (3.48%). But, it was found higher than the results
of Doðu et al. (12) 2.5%. Castaòo et al. (10) reported
the salt contents in sausages ranging between 1.09 and
1.66%.

The drying process occurring during fermentation
reduces the growth rate of microorganisms. The inhi-
bition of unwanted microorganisms is provided by re-
ducing a

w
. The initial a

w
 value of sausage is about 0.99

(33). The results obtained by us showed that the a
w

were found to be very close to the results of Nazli (24)
(0.825 and 0.848). Castaòo et al. (8) reported the a

w
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value of sausages investigated as ranging between
0.970-0.980. The mean a

w
 value determined in this

study was 0.825 (± 0.021).
The variations in the microbiological load and

physico-chemical results of determined for sausages
produced from camel meat might be due to the insuf-
ficient standardization in the processing, no starter
culture usage and the lack of high hygienic practices.

As a conclusion, it has been found that there are
substantial variations in the chemical, physical and
microbiological parameters in sausages investigated.
This product is known to be a speciality for Turkey,
therefore the production of camel meat sausages,
should be standardized. In addition, good hygienic
practices applied during production will prevent the
hazard to public health and will provide healthy
sausages for consumers.
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