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Abstract: The effect of the addition of organic acids on the shelf life and on the hygienic
quality of Merguez sausages was studied. A commercial organic acid; Acetolac™ consisting
of a mixture of sodium lactate (90%) and sodium acetate (10%) was added at different
concentrations (0, 3, 10, 15 or 20 g kg™ to the butter mixture for sausage making.
Microbiological enumerations (total acrobic count, coliforms, fecal streptococei,
Staphylococcus aureus and sulfite reducing clostridia) along with the pH and Total Volatile
Basic nitrogen (TBV-N) were monitored during storage at refrigeration temperature (-8°C)
for 15 days. The results showed that the addition of organic acids reduced significantly
(p<0.05) the microbiological counts during the first three days of storage and such an effect
increased with the concentration of added Acetolac™. Thereafter, a significant {p<0.05)
increase in the colony forming units {cfus) of all the bacterial groups enumerated was
recorded with the exception of S. awreus whose cfus remained practically constant.
Concomitantly, the pH and TBV-N content have increased throughout the whole period of
storage. As for the shelflife, control samples (without added Acetolac™) were altered at day
5 of cold storage as judged by a sensory panel on the basis of perceivable sensory attributes.
However, such perceivable alterations were delayed at least 5 days in samples treated
Acetolac™ at levels ranging between 10 and 20 g kg™
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INTRODUCTION

Merguez is a taw sausage of North Africa origin widely consumed in different countries around
the world either fried, barbecued or as an ingredient in some typical traditional dishes. In Moroceo, it
is usually prepared by butchers to be sold within two days because of its highly perishable nature.
This shelf life may be shorter when merguez sausages are produced in poor hygienic conditions and
exposed for sale at ambient temperature as is usually the case in the traditional butcher shops.
Furthermore, merguez is a potential vehicle for serious food borne pathogens including Listeria
monocytogenes, Escherichia coli 0157 (Benkerroum ef af., 2003; Benkerroum ef af., 2004).

Many strategies have long been used to enhance the safety and keeping quality of meat products.
Curing with a combination of sodium chloride and Nitrites salts is probably the oldest and the most
widely used method for the preservation of meat products (Davidson and Harrison, 2002). However,
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the inability of nitrites to efficiently control some meat-born pathogen (Incze, 1998; Cleveland ef af.,
2001; Garriga ef af., 2002) in addition to their potential carcinogenicity (Hartman, 1983; Wary and
Sharan, 1991) have stimulated the interest of researchers and meat producers to search for alternative
means to minimize or avoid their use in meat preservation. Therefore, the efficacy of natural food grade
additives such as bacteriocins (Scannell ef af., 2000; Benkerroum et af., 2003; Guinane et af., 2005,
Ghalfi ez e, 2000), essential oils of plant origin {Skandamis and Nychas, 2001; Cutter 2000, Tsigarida
and Nychas, 2001), organic acids or their salts (Osthold ef af., 1984; Unda ef &f., 1990; Brinkmann,
2001), adjunct starter cultures (Litke, 2000; Hugas and Montfort, 1997) alone or in combination
with each other or with conventional treatments in controlling specific pathogens and/or extending
the shelf life of meat products has been investigated according to the multiple hurdles technology
(Leistner, 1996).

The present study aimed to evaluate the effectiveness of a commercial mixture of sodium lactate
and sodium acetate (9:1) to enhance the hygienic quality and the shelf life of merguez sausages.

MATERIALS AND METHODS

Sausage Preparation

Acetolac™, a commercial organic acid preparation consisting of a mixture of sodium lactate (90%)
and sodium acetate (10%) was added at different concentrations to the butter mixture for merguez
sausages making. The butter mixture contained: lean beef, 80%; fat beef, 20%; sugar, 5 (g kg™); salt,
18 (g kg™, red pepper, 10 (g kg™); cumin, 5 (g kg™); black pepper, 5 (g kg™, ginger, 5 (g kg™); olive
0il {10 mL). The meat lean and the fat were cut up with a Kilia cutter (Germany) then mixed to the
other ingredients. Five trials were conducted simultaneously. The same basal formulation described
above was used for all trials; however, acetolac™ was added to four test trials at a concentration of 5,
10, 15 or 20 g kg™'. No Acetolac™ was added to one trial to serve as a control. The sausage mixture
of each trial was stuffed into natural casing (bovine small intestine) and stored in the refrigerator at
approximately 8°C.

Sampling and Analyses

Samples (80 g of intact merguez segments) were withdrawn from each trial at regular intervals (0,
3, 7, 15 days) for sensory, chemical and bacteriological analyses. The merguez segments were
aseptically cut with a knife into small pieces of about 0.5 cm each and kept in a sterile glass container
for analysis.

Sensory Evaluation

The sensory evaluation was conducted by a trained sensory panel of four persons who were
asked to judge whether or not samples were altered on the basis of the physical appearance and the
smell.

Chemical Analysis

The pH was measured using an E250 pH-meter (Metrhom Ltd., Heriseau, Switzerland) on
a 10 g sample minced and homogemized to 90 mL of distilled water. Total Volatile Basic nitrogen
(TVB-N) was determined according to the micro-diffusion test of Conway (Conway, 1958)

Bacteriological Enumerations

A 25 g sample was pre-comminuted and mixed to 225 mL of a peptone solution with an Ultra
Turrax (IKA Type T25, Jante and Kunkel, Germany) under aseptic conditions. The suspension was
then decimally diluted and bacterial enumerations were carried out by the standard pour-plate
technique or by the Most Probable Number (MPN) as appropriate. All media used were purchassd
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from Biokar (France). The total Aerobic Count (T AC) was carried out on plate count agar (BK 098)
after incubation at 30°C for 48 h; coliforms were enumerated on Desoxycholate Citrate Lactose agar
(DCL) after incubation at 37°C for 24 h; Fecal streptococei counts were determined by the MPN using
Rothe broth (BK 060) and Litsky broth (BK 061) as the presumptive and confirmatory media,
respectively and in each step the incubation was carried out at 37°C for 24 h; Staphyiococcus aureus
was enumerated on Baird Parker agar (BK 097) after incubation at 37°C for 24 h and the spores of
sulphite reducing clostridia on meat liver agar (BK 097) after incubation at 44°C for 72 h.

Statistical Analysis
Each trial was repeated twice and cach determination was done in duplicate. Statistical analvsis
was done by analysis of variance « = 0.05% and Student t-test.

RESULTS AND DISCUSSION

Figure 1 summarizes the results of the trend of the pH and AVB-N in merguez samples during
storage at 8°C. The results show that the pH has increased in all samples with a concomitant increase
in the TVB-N content (Fig. 2) indicating that the pH increase resulted from a proteolytic activity that
took place in merguez during conservation at refrigeration temperature. Such an activity may result
from microbial proteases mainly produced by psychrotrophic bacteria (e.g., Pseudomonas sp.,
Proteus sp. or other species of the Enterobacteriaceae family) known to be the main spoilage
microorganisms in meat products or by indigenous proteases naturally occwrring in meat and in the
intestine used as a casing to portion the sausages. The Fig. 1 and 2 show also that the increase in pH
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Fig. 1: pH evolution during storage of merguez sausages treated with different levels of organic acids

35
30
25
20
15
10

TVB (mg N 100 g )

L

=

Fig. 2: Total Volatile Basic Nitrogen (TVE) evolution during storage of merguez sausages treated with
different levels of organic acids. Symboals are as in Fig. 1
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Fig. 3: Bacterial counts evolution as function of time in merguez sausages treated with organic acids
(Acetolac™) at different concentrations: Total aerobic count (A), Coliforms (B), Fecal
streptococci (C) and Staphylococcis aureus (D). Symbols are the same as in Fig. 1. The counts
of S. aureus in samples treated with 15 g kg™ were the same as in those treated with 5 g kg™
inD

and TVB-N was significantly slower in presence of acetolac™ and that such an effect was more
pronounced as the concentration of added Acetolac™ increased. At the highest concentration of added
Acetolac™ (2% w/w), no significant (p>0.05) changes (increase or decrease) in the pH were noted
during the first 7 days of cold storage (Fig. 1). The fact that no decrease in the pH was observed
suggests that the acidifying bacteria naturally occurring in the sausages were also inhibited by the
organic acid mixture resulting in a stabilisation of the pH curing this period. It is worthwhile to mention
that the acidification of merguez sausages during storage is also regarded as a sensory alteration by
CONSLMETS.

Figure 3 showes the evolution of the viable counts of various bacterial groups of health or spoilage
significance as function of time during storage at 8°C. A dramatic decrease in the colony forming units
(cfin) of all of the bacterial groups enumerated was recorded within the first three days of storage except
for the TAC in the control samples and in samples treated with 5 g kg™! where the cfiis continue to
increase. However, after the third day a significant increase (p<0.05) in the counts of all the bacterial
groups was observed, with the exception of Staphylococcus aureus (Fig. 3D) whose counts remained
practically constant throughout the whole period of storage after reaching a minimum level at day 3.
Growth re-imtiation of microbial groups after the third day of storage for all samples may be explained
cither by the pH increase or by the depletion of the organic acids used as a carbon and energy source
by some microorgamsms (e.g., veasts and moulds). Adaptation of microorgnaisms to antimicrobial
agents upon extended exposure has also been reported to account for such a rebound phenomenon
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(Davidson and Harrison, 2002). The counts of sulphite reducing clostridia were below the detectable
limit of 10 ¢fu g™, whichis a good indication regarding the safety of the product, as the presence of
pathogenic clostridia have long been know to represent a major health nisk associated with the
consumption of meat products.

As for the keeping quality of merguez sausages. the sensory analysis revealed that the growth of
molds, surface mucoidness or discoloration, off-odours and other perceivable alterations were delayed
by at least 5 days in samples with added organic acids at the concentrations ranging between 10 and
20% (w/w) as compared to control samples (without added Acetolac™). The latter samples were
altered within 5 days of storage. Therefore, the treatment of merguez sausages with Acetolac™ has
extended the shelflife of the sausages by five days at the refrigeration temperature which is regarded
as very significant considering the highly perishable character of merguez.

CONCLUSIONS

The results of the present study suggest that the addition of Acetolac™ at levels ranging between
10 and 20 g kg™ of butter mixture appears to effectively enhance the hygienic quality Merguez
sausages and extend its shelf life by 5 days at refrigeration temperature. The use of Acetolac™ in
Merguez preservation is even more appropriate as the organic acids that it contains are safe to
consumers. However, this measure does not represent a substitute for the scrupulous application of
the good manufacture practices, but rather add up a safety factor.
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