
 
INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY 
1560–8530/2004/06–3–447–451 
http://www.ijab.org 
Improving the Quality of Fermented Camel Sausage by 
Controlling Undesirable Microorganisms with Selected Lactic 
Acid Bacteria 
 
I. KALALOU, M. FAID† AND T.A. AHAMI 
College of Science, Department of Biology, Ibn Toufail University. P.O. Box 133 Kénitra, Morocco  
†Department of Food Engineering and Technology, Hassan II Institute of Agronomy and Veterinary Medicine, P.O. Box 6202 
Rabat-Institute, Morocco 
†Corresponding author’s e-mail: faidmohamed@yahoo.fr 
 
ABSTRACT 
 
Main objectives of the present work was to study the possibility of preserving ground camel meat by a biological procedure 
using lactic acid bacteria to encourage an extended shelf-life of fresh meat in hot areas. Lactic acid bacteria isolated from 
natural fermented foodstuffs were selected for their antimicrobial activity, and used in sausage making from camel meat. Fresh 
meat purchased directly from market was deboned and fat separated. After freezing at -20°C, the meat and the fat were minced 
separately with a meat mincer. Meat and fat were mixed in the ratio of 80/20 and inoculated with the strain of L. plantarum 
from our collection. The mixture was stuffed in natural casing to make small pieces (weighing 50 g each) and exposed to 
drying at 15 to 18°C and 70 to 80% relative humidity. Sausages were analyzed for their Physico-chemical characteristics (pH, 
water activity & weight loss). Microbiological analyses were carried out to determine Standard Plate Count, Staphylococci, 
Coliforms, Enterococci, and Lactic Acid Bacteria (LAB), yeasts, lipolytic and proteolytic microorganisms. All analyses were 
made after 1, 3, 7, 14 and 21 days during the fermenting and ripening period. Results showed a significant decrease of 
coliforms, Enterococci and yeasts, which were completely eliminated after 21 days. Standard plate counts indicated a 
considerable decrease during the ripening period. Proteolytic microorganisms decreased from 106 cfu/g to less than 1 cfu/g at 
the end of the process. Lipolytic microorganisms were reduced to reach a number of 3 x 104 cfu/g. The pH decreased to 4.5 
and the water activity reached also 0.7. The starter culture showed high counts during the drying period.  
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INTRODUCTION 
 
 Several fermented meat products from various animals 
(pork, beef, sheep & chicken) had been studied to improve 
and modernize their processing. However, up till now no 
work had been done to determine the microbiological and 
chemical characteristics of products from camel meat. The 
meat of camels, 3 years old or less, had been reported to be 
comparable in taste and texture to beef meat (Khatami, 
1970). Elgasim and Elhag (1992) concluded that the carcass 
of camel had the same characteristics as those of other red 
meat animals. The meat of camels is less tender than meat 
of other species, and the high protein content provides a 
good nutritional value product (El-Faer et al., 1991; Elgasim 
& Elhag, 1992; Elgasim & Al-Kanhal, 1992; Dawood, 
1995; Dawood & Alkhanhal, 1995). 
 During the past decade consumer requirements for a 
decrease of chemical additives in food was observed. 
Several studies were carried out on natural antimicrobial 
compounds secreted by Lactic Acid Bacteria for inhibiting 
hazardous microorganisms (Berry et al., 1991; Foegeding et 
al., 1992; Hugas et al., 1995, 1996). These compounds 
could replace chemical preservatives such as sulphudioxide, 

benzoic and sorbic acids, nitrate and nitrite (Lloyd & Drake, 
1975). 
 Lactic Acid bacteria are responsible of flavor 
development and preservation of fermented meat products 
by producing antimicrobials compounds such as lactic and 
acetic acids, hydrogen peroxide, diacetyle, and bacteriocins 
(Stiles & Hastings, 1991; Ray, 1992; Papamanoli et al., 
2003). 
 In the present study, new isolated strains of 
Lactobacillus plantarum from natural fermented foodstuffs 
were used in combination with natural additives (spices) for 
camel fermented sausage making. 
 
MATERIALS AND METHODS 
 
Sausage preparation. Camel meat pieces (1 kg each) 
purchased from the retail in Rabat (Morocco) was deboned, 
sliced and frozen at –20°C for 24 h and minced in a meat 
mincer. The fat was also frozen and minced in the same 
manner. The sausage mixture was done by mixing camel 
lean with hump fat in the proportion of 80/20. Other 
ingredients were added (g/kg) as follows NaCl (3), black 
pepper (2.5), cinnamon (2.5), glucose (2), garlic (5). 
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Ingredients were mixed in a bowl chopper and the 
appropriate starter culture was added during mixing. The 
mixture was then stuffed into natural casing with a diameter 
of 3 cm. Fermentation and ripening was carried out at 15 to 
18°C and 70 to 80% relative humidity for 21 days. 
Sampling was done at 0, day, 3 days, 7 days, 14 days and 21 
days after staffing. 

Starter culture. The lactic acid bacterial strain was isolated 
from natural foodstuffs, and previously identified as L. 
plantarum according to the method described by Sharp 
(1975). The starter culture composed of L. plantarum was 
growth on MRS for 24 h at 30°C. From this culture 
dilutions up to 10-6 were plated on MRS to determine the 
cell concentration. Sausage was inoculated with a 

Fig. 1. Microbial profiles (SPC, Coliforms, Staphylococci 
and Enterococci) during ripening and drying process of 
camel sausage 

Fig. 2. Lactic acid bacteria profiles in camel sausage 
during camel sausage process 

1.00E+00
1.00E+01
1.00E+02
1.00E+03
1.00E+04
1.00E+05
1.00E+06
1.00E+07
1.00E+08

1 3 7 14 21
Days

cfu/g
SPC
Coliforms
Staphylococci
Enterorococci

 

3.00E+03
5.00E+07
1.00E+08
1.50E+08
2.00E+08
2.50E+08
3.00E+08
3.50E+08

1 3 7 14 21
Days

cfu/g

Fig. 3. Counts pattern of lipolytic and proteolitic 
microorganisms and yeasts during camel sausage process 

Fig. 4. Water activity and weight loss ratio decrease 
during camel sausage making 
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Fig. 5. pH decrease pattern during camel sausage making process 
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concentration of 107 cfu/g as final concentration. 
 The antimicrobial activity of L. plantarum was studied 
using the spot test described by Harris et al. (1989) and by 
the agar diffusion test as described by Piddock method 
(1990). The antimicrobial activity was determined by 
measuring the clear zone around the colonies, considering a 
diameter of 1.5 mm or greater inhibitory activity. 
Determinations of physico-chemical parameters pH. pH 
of the samples was measured by a pH meter apparatusmade 
Crison MicropH 2000. 
Aw. The aw was measured using Aqualab Cx2 instrument 
(Deacagon Devices, Pullman, Washington, USA). Three 
slices (5 g each) were used to determine. 
Measurement of weight loss. The decrease in weight of 
three designated sausages was calculated by weighing the 
same sample in the first day and after 1, 3, 7, 14 and 21 
days. The sample was kept at the same temperature as the 
sausages. 
Microbiological determinations. Sausage samples (10 to 
15 g) were cut into small pieces and blended in 90 mL of 
saline water (8.5 g/L) to make the initial dilution (10-1). 
Serial dilutions up to 10-6 were then prepared.  
 Standard plate count (SPC) was determined by plating 
appropriate dilutions on plate count agar (Difco, USA). The 
plates were incubated at 30°C for 48 h. LAB were plated on 
MRS (De Man Rogosa Sharp medium; Difco, USA), 
incubated at 30°C for 48 h. Enterococci were determined on 
liquid media using 3 tubes per dilution. Dilution are 
inoculated into Azide dextrose broth (Difco, USA), 
incubated at 30°C for 24 h. Tubes that had shown growth 
were transferred on Ethyl Violet Azide Broth (Difco, USA) 
and incubated at 37°C for 24 h. Tubes that had shown 
growth and formation of a violet precipitation in the bottom 
were counted. The number of positive tubes is reported in 
the table for the most probable number. Staphylococci were 
determined on Mannitol Salt Agar (Merck, Germany); the 
plates were incubated at 37°C for 24 h. 
 Lipolytic microorganisms were determined on 
Victoria Blue Agar. Casein Soy Peptone Agar supplied with 
a Victoria Blue B buffer fat mixture according to the 
method described by Alford (1976). Plates were incubated 
at 30°C for 48 h to 72 h and blue colonies were counted. 
Proteolytics were determined according to the method 
described by Lee and Kraft (1984).  
 Yeasts were plated on Potato Dextrose Agar (Difco, 
USA), incubated at 30°C for 48 h. Total and fecal coliforms 
were plated on Deoxycholate Agar (Merck, Germany) at 37 
and 44°C, respectively for 24 h. 
 
RESULTS AND DISCUSSION 
 
 Sanitarian conditions were followed up during the 
sausage making process by the determination of Standard 
Plate Count (SPC), Coliforms, Enterococci and 
Staphylococci. The microbial profiles are plotted in (Fig. 1). 
 The SPC level in camel fermented sausage showed a 

high count during the first step of the process (2.8 107 
cfu/g). Counts decreased drastically to reach levels around 
2.6 104 cfu/g after 21 days at 15 to 18°C. 
 The same decrease pattern was also observed for the 
enterococci and coliforms. The former was decreased from 
2.4 105 cfu/g to 40 cfu/g, and the later were reduced from 4 
105 to less than 1 cfu/g. 
 E. coli would be affected by pH and sodium in sausage 
making (Glass et al., 1992). According to the same authors 
these microorganisms would be delayed rather than 
destroyed.  Staphylococci counts were decreased by 
approximately 2 log units during the sausage fermentation. 
The initial staphylococci count of sausage mixture was 
around 105 cfu/g, which decreased to 103 cfu/g after 21 
days.  
 Indicator microorganisms were eliminated in camel 
fermented sausage after 21 days of process. This may be 
due to subsequent actions of spicing. Spices such as garlic 
(Al-Delaimy & Barakat, 1971) and clove (Hao et al., 1998) 
have antimicrobial activity in meats and meat products. It 
should be also emphasized that garlic is heavily used in 
Moroccan sausage. This may help in inhibiting the 
undesirable microorganisms (Mei-chin & Wen-shen, 2003). 
Lactic acid, hydrogen peroxide and bacteriocins by lactic 
acid bacteria starter (Stiles & Hasting, 1991; Ray 1992) and 
low water activity, as reported by Loncin et al. (1968), who 
stated that the bacterial growth is delayed or stopped when 
the aw is reduced to below 0.9. 
 The determination of microorganisms involved in the 
biochemical processing of camel fermented sausage 
included proteolytics, lipolytics, lactic acid bacteria and 
yeasts. Counts of these microorganisms showed a high 
residual microbiota.  
 Lactic acid bacteria counts in the sample from the 
initial mixture (t0) may predict about the level of the starter 
inoculation of starter culture (107 cfu/g) in the sample. The 
inoculation should be heavy and may be at least 106 cfu/g. 
LAB number remained approximately constant until the 14th 
day of sausage fermentation (Fig. 2). This decrease can be 
explained by the water activity decrease in the product as 
well as the unfavorable conditions due to other factors. 
 The lipolytic and the proteolytic microorganisms may 
constitute a source of lipases and proteases, which can act 
during fermentation and also during storage, and which may 
lead to the characteristic flavor due to volatile free fatty 
acids. Oxidation of these fatty acids can occur since the aw 
value of the product is in the range of lipid oxidation values 
(Labuza et al., 1970). 
 The proteolytics and lipolytics growth pattern is 
plotted in (Fig. 3). Curves show a first phase with a rapid 
decrease to reach low levels after 21 days for proteolytic 
microorganisms (20 cfu/g), and after 7 days for lipolytics (3 
104 cfu/g). Lipolytic counts remained constant during the 
last period of the processing. The low level reached during 
processing may indicate a regular stability at this level and 
may confirm the success of the preservation process of 
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sausage against undesirable biochemical breakdowns of the 
organic matter due to spoilage microorganisms.  
Water activity, pH and weight loss. The water activity 
decreased markedly in the product during the period of 
sausage making (Fig. 4). This pattern remained with no 
change for 7 days and the ultimate value reached was close 
to 0.7. The decrease continued more slowly in coming days. 
This phenomenon is probably due to the free water driving 
into the product during the ripening period. The water 
activity is the most important factor to monitor during the 
dehydrating process. The aw reduction to low levels would 
be related to microbial restriction. Biochemical reactions 
can occur, especially lipolytics and proteolytics (Leistner & 
Rodel, 1976). The phenomenon is suitable for obtaining a 
good product, since lipolytics and fat oxidation are the most 
important biochemical processes that lead to a typical 
flavour in camel sausage. According to Girard (1988) the 
low aw may extend the lag phase of the growth of 
undesirable microorganisms, reduce the logarithmic phase 
and consequently lower the microorganism numbers in the 
stationary phase. Water activity must be reduced as quickly 
as possible to stop or to delay spoilage microorganisms in 
the product. Moreover, spicing is usually accompanied by a 
reduction in microorganisms and may help in the 
preservation of foods using a combination of spicing, drying 
and acidity.  
 The pH decreased drastically during the first 3 days of 
the fermenting process (Fig. 5), then remained at a constant 
value during the following days (4.5). It is assumed that the 
pH decreases in post-mortem meats to reach an ultimate 
value around 5.4 but this value can ran up to 6.5 and more 
after maturation. A drop in the pH from 6.5 to 4 may be due 
to lactic acid production by the L. plantarum starter, while a 
slight increase in pH was observed during ripening of 
spontaneously fermented sausages (Samelis et al., 1988). 
According to Leistner and Roedel (1975) meat products are 
distinguished into "easily perishable", "perishable" and 
"shelf-stable" based on their pH and water activity values. 
The "easily perishable" meat products have a pH>5.2 and an 
aw>0.95 and must be stored at or below +5 °C. The 
"perishable" meat products have either a pH of 5.2–5.0 
(inclusive) or an aw of 0.95–0.91 (inclusive) and must be 
stored at or below +10 °C. The "shelf-stable" meat products 
have a pH<5.2 and an aw<0.95 or only pH<5.0 or aw<0.91; 
these products need no refrigeration and their shelf-life is 
often not limited by bacteria but by chemical or physical 
spoilage, especially rancidity and discoloration. 
 The weight loss ratio may indicate the water-drying 
pattern during drying. As it could be seen the amount 
removed correspond to water and this is high approaching 
44.76% after 21 days. Conditions affecting the weight loss 
ratio are the relative moisture of the environment in which 
the products is Stored. This is very low in Morocco since 
the temperature is higher than other countries. This factor is 
playing an important role in the drying process, which is 
favorable for the sausage making. Moreover, Elgasim and 

Alkanhal (1992) reported that camel meat moisture is highly 
comparable to other species. According to Forrest et al. 
(1975), high moisture is favorable for sausage making. It 
was reported by Kissingers and Zaika (1978) that spices 
used in the Lebanese bologna show stimulate the production 
of lactic acid by L. plantarum.  
 The acid production and drying may reduce the 
environmental conditions and stop the growth of gram-
negative bacteria, which disappear completely. Some 
authors (Hernandez-Jouer et al., 1997; Bover-Cid et al., 
1999, 2000), reported similar reduction of 
Enterobacteriaceae to non-detectable number during meat 
fermentation. 
 Parameters determined in this study may lead to a 
monitored process for the manufacture of camel meat 
products in arid areas for special dietary customs. It also 
brings out a first survey of the different parameters to be 
controlled during the fermenting and the repining process of 
camel sausage making. The traditional procedure used for 
camel meat preservation could be improved by a controlled 
process for extending it to a high scale production of camel 
sausages. 
 
CONCLUSION 
 
 It is concluded that conditions of camel meat 
transformation into fermented sausage should be well 
monitored during processing for a best improvement of the 
organoleptic quality of the product. 
 
REFERENCES 
 
Al-Delaimy, K.S. and M.M. Barakat, 1971. Antimicrobial and preservative 

activity of garlic on fresh ground camel meat: Effect of fresh ground 
garlic segments. J. Sci. Food Agric., 22: 96–8 

Alford, J.A., 1976. Lipolytic microorganisms. In: Speck, M.L. (ed.). pp: 
155–9. Compedium of Methods for the Microbiological Examination 
of Foods. APHA, Washington, D.C., USA 

Berry, E.D., R.W. Hutkins and R.W. Mandigo, 1991. The use of bacteriocin 
produicing Pediococcus acidilactici to control post processing 
Listeria monocytogenes contamination of frankfurters. J. Food Prot., 
54: 681–6 

Bover-Cid, S., M. Hugas, M. Izquenicdo–Pulido and M.C. Vidal-Carou, 
2000. Reduction of biogenic amine formation using a negative amino 
acid-decarboxylase starter culture for fermentation of Fuet sausages. 
J. Food Prot., 63: 237–43 

Bover-Cid, S., M. Izquieerdo-Pulido and M.C. Vidal–Cara, 1999. Effect of 
proteolytic starter cultures of Staphylococcus sp. on the biogenic 
amine formation during the repining of dry fermented sausages. Int. 
J. Food Microbiol., 4: 95–104 

Dawood, A.A., 1995. Physical and sensory characteristics of Najdi–Camel 
meat. Meat Sci., 3: 59–69 

Dawood, A.A. and M.A. Alkhanhal, 1995. Nutrient composition of Najdi–
Camel meat. Meat Sci., 39: 71–8 

El-Faer, M.Z., T.N. Rawdah, K.M. Attar and M.V. Dawson, 1991. Mineral 
and proximate composition of meat of the one humped camel 
(Camelus dromadarius). Food Chem., 42: 139–43 

Elgasim, E.A. and G.A. Elhag, 1992. Carcass characteristics of Arabian 
camel. Camel News Letter, 9: 20–4 

Elgasim, E.A. and M.A. Alkanhal, 1992. Proximate composition, amino 
acids and inorganic mineral content of Arabian camel meat: 
comparative study. Food Chem., 45: 1–4 



 
FERMENTED CAMEL SAUSAGE  / Int. J. Agri. Biol., Vol. 6, No. 3, 2004 

 451

Foegeding, P.M., A.B. Thomas, D.H. Piklington and J.P. Klaehammer, 
1992. Enhanced control of Listeria monocytogenes by in situ 
produced pediocin during dry fermented sausages. Appl. Environ. 
Microbiol., 58: 884–90 

Forrest, J.C., E.D. Aberle, H.B. Hedrick, M.D. Judge and R.A. Merkel, 
1975. Principles of Meat Science. p: 417. W.H. Freeman and 
Company, San Francisco  

Girard, J.P., 1988. La déshydratation. In: Technologie de la viande et des 
produits carnés: Techniques et documentations. pp: 84–115. 
Lavoisier, Paris 

Glass, K.A., J.M. Loeffelholz, J.P. Ford and M.P. Doyle, 1992. Fate of 
Escherichia coli O157:H7 as affected by pH or sodium chloride and 
in fermented, dry sausage. Appl. Environ. Microbiol., 58: 513–6 

Hao, Y., R.E. Brackett and M.P. Doyle, 1998. Inhibition of Listeria 
monocytogenes and Aeromonas hydrophila by plant extracts in 
refrigerated cooked beef. J. Food Prot., 61: 307–12 

Harris, L.J., M.A. Daeschel, M.E. Stiles and T.R. Klaenhammer, 1989. 
Antimicrobial activity of lactic acid bacteria against Listeria 
monocytigenes. J. Food Prot., 52: 384–7 

Hernandez–Jouer, T., M. Izquierdo-Publido, M.T. Veciana-Nogues, A. 
Mariné-Fond and M.C. Vidal–Carou, 1997. Effect of starter cultures 
on biogenic amine formation during fermented sausage production. 
J. Food Prot., 60: 825–30 

Hugas, M., M. Garriga, M.T. Aymerich and J.M. Monford, 1995. Inhibition 
of Listeria in dry fermented sausages by the bacteriocinogenic 
Lactobacillus sake CTC 494. J. Appl Bacteriol., 79: 322–30 

Hugas, M., B. Neumeyer, F. Pages, M. Garriga and W.R. Hammes, 1996. 
Comparison of bacteriocin produicing Lactobacilli on Listeria 
growth in fermented sausages. Fleischwirfshaf, 76: 652–6 

Khatami, K., 1970. Camel meat: A new promising approach to the solution 
of meat and protein in the arid and semi arid countries of the world. 
Mimoeo, Mimoeo, Ministry of Agriculture, Tehran 

Kissingers, J.C. and L.L. Zaika, 1978. Effect of major spices in Lebanon 
Balogna on Acid Production by Starter Culture organisms. J. Food 
Prot., 6: 429–31 

Labuza, T.P., S.R. Tannenbaum and M. Karel, 1970. Water content and 
stability of low-moisture, intermediate-moisture foods. Food 
Technol., 24: 543–50 

Lee, J.S. and A.A. Kraft, 1984. Proteolitic miroorganisms. In: M.L. Speck, 
(ed.). Compendium Methods for the Microbiological Examination of 
Foods. pp: 155–159. APHA, Washington, D.C., USA 

Leistner, L. and W. Roedel, 1975. The significance of water activity for 
microorganisms in meats. In: Duckworth, R.B., (eds.). Water 
Relation in Foods. pp: 309–29. Academic Press, London 

Leistner, L. and W. Rodel, 1976. The stability of intermediate moisture 
foods with respect to microorganisms. In: Davies, R., G.G. Birch, 
K.J. Parker, (eds.). Intermediate Moisture Foods. pp: 120. Appl. Sci. 
Pub., London. 

Lloyd, A.G. and J.J.P. Drake, 1975. Problems posed by essential food 
preservatives. British Med. Bull., 31: 214–9 

Loncin, M., J.J. Bimbenet and J. Lenges, 1968. Influences of activity of 
water on the spoilage of foodstuffs. J. Food Technol., 3: 131–42 

Mei-chin, Y. and C. Wen-shen, 2003. Antioxidant and antimicrobial effects 
of four garlic-derived organosulfur compounds in ground beef. Meat 
Sci., 63: 23–8 

Papamanoli, E., N. Tzanetakis, E. Litopoulou-Tzanetaki and P. Kotzekidou, 
2003. Characterization of lactic acid bacteria isolated from a Greek 
dry-fermented sausage in respect of their technological and probiotic 
properties. Meat Sci., 65: 859–67 

Piddock, L.J., 1990. Techniques used for the determination of antimicrobial 
resistance and sensivity in bacteria. J. Appl. Bacteriol., 68: 307–18 

Ray, B., 1992. Bacteriocins of starter culture bacteria as food 
biopreservatives: an overview. In: Ray, B. and M. Daeschel, (eds.). 
Food Biopreservatives of Microbial Origin. pp: 177–205. Boca 
Raton, CRC Press, Florida 

Samelis, J., J. Metaxopolos, M. Vlassi and A. Pappa, 1988. Stability and 
safety of traditional greek salami – a microbiological ecology study. 
Int. J. Food Microbiol., 44: 69–82 

Sharp, M.E., 1975. Identification of lactic acid bacteria. In: Skinner, F.A. 
and D.W. Lovelock, (eds.). Identification Methods for 
Microbiologists (2nd Ed.). pp: 307–23. Soc. Appl. Bacteriol. 
Technology series 14, academic press, London 

Sherman, P.W. and G.A. Hash, 2001. Why vegetable recipes are not very 
spicy. Evol. Hum. Behav., 22: 147–63 

Stiles, M.E. and J.W. Hastings, 1991. Bacteriocin production by lactic acid 
bacteria: potential use in meat preservation. Trends Food Sci. 
Technol., 2: 247–51 

 
(Received 16 February 2004; Accepted 26 March 2004) 

 
 

 


