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ABSTRACT

This research study was conducted with the aim of development new
formulation contain less fat fermented sausages was the reduction of fat
content and the simultaneous addition of non-lipid fat replacers in order to
minimize the potential health risks associated with the consumption of high
—fat foods. Probiotic fermented sausages are safe and healthy meat
products. Semi-dry fermented sausages were manufactured from beef and
camel meat in four types: without adding starter culture (control);
inoculated with Lactobacillus casei, L. paracasei and L. rhamnsus. All
treatments were analyzed for the physico-chemical characteristics (Protein,
Moisture, Fat, Ash, Lactic acid value and pH), microbiological features
(Total Aerobic Count, Total Molds and Yeasts and Lactic Acid Bacteria
Count) and sensory evaluation (color, flavor, texture and overall
acceptability) were analyzed after 0, 10, 20, 30, 40 and 45 days of cold
storage at 4°C. Microbial analysis demonstrated the predominance of lactic
acid bacteria in semi-dry fermented sausage during the cold storage which
reached (7.95, 8.28 and 9.24) log CFU g™ in samples of beef meat and
(7.92,8.07 and 8.90) log CFU g™ in samples of camel meat inoculated with
Lactobacillus casei, L. paracasei and L. rhamnsus respectively at 4°C for
45 days. Chemical analysis of semi-dry fermented sausage showed a
significant difference (p< 0.05) in moisture content which decrease in all
samples during the period of cold storage at 4°C. However, all other
parameters such as protein, fat and ash increased. The dropped in pH value
in all samples because of producing lactic acid during the fermentation by
lactic acid bacteria. Physicochemical, microbial and sensory characteristics
of fermented sausage inoculated with Lactobacillus paracasei and L.
rhamnsus are found to be better than other ones. Also, we could preserve
the product at 4°C for 45 days. The sensory evaluation was appeared
superiority in the semi-dry fermented sausage that had Lactobacillus casei
and L. paracasei and L. rhamnsus compared with control.

Key words: Lactic acid bacteria; Production semi-dry fermented sausage;
Quiality characteristics.
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1.1. Introduction

Meat and meat products are important sources for protein, fat,
essential amino acids, minerals, vitamins and other nutrients. Meat
provides high quality protein, consisting of all essential amino acids,
minerals and vitamins (Jalarama Reddy et al., 2013). However, the high
saturated fat content of such products results in a restriction of consumption
for those who are prone to cardiovascular diseases and /or suffer from over
weight (Furlan et al., 2014). Yet, fat is an important constituent of human
nutrition and contribute to the flavor, tenderness, juiciness, appearance,
texture and shelf life of meat products. Thus, the challenge for meat
industry is to develop low-fat meat products without compromising sensory
and texture characteristics (Furlan et al., 2014). The content of proteins in
muscle tissue of different species of animals ranges from 15% to 20%. The
content of amino acids in meat proteins is well balanced i.e. they content all
amino the human organism (essential amino acids). Solely connective
tissue proteins have low biological value since they contain little
tryptophan and cysteine (non-essential amino acids). Meat processing, also
known as further processing of meat, is the manufacture of meat products
from muscle meat, animal fat and certain non-meat ingredients. Meat
products may be canned meat products, sausages, patties, etc. with
thousands of product types (Asmare, 2012). Meat and meat products are
essential components in the diets of human beings; their consumption is
affected by various factors. The most important ones are product
characteristics (sensory and nutritional properties, safety, price,
convenience, etc.) and consumer and environment-related characteristics

(psychological, health, family or educational aspects, general economic
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situation, climate, legislation, etc.) (Barat et al., 2015). Camel meat is also
relatively high in polyunsaturated Fatty acid (PUFA') in comparison to
other red meat (Gheisari and Ranjbar, 2013), which contributes to its
health- promoting benefits. Consumption of camel meat can therefore lead
to a reduction in total Fat and cholesterol intake and an increase in PUFA
as compared with other conventional meat sources. Moreover, camel meat
Is also used for medicinal purposes in diseases such as hyperacidity,
hypertension, pneumonia, and respiratory disease; it is also known as an
aphrodisiac (Magsood et al., 2015). Such a diet can be expected to reduce
cardiovascular diseases and improve health (Magsood et al., 2015). Thus,
camel as a meat source seems to present a viable alternative to other red
meats. Camel meat is known to be more beneficial for health because the
meat contains lower fat and cholesterol levels than other red meats
(Gheisari and Ranjbar, 2013). Camel meat is the least studied meat and is
mistakenly believed to be of lower nutritive value and quality than other
types of red meat (Abdelhadi et al., 2013). Comparative technical
information shows that the fat content of camel meat is considerably less
than beef (Sahraoui et al., 2017), low in cholesterol, vitamin E and high in
protein and water holding capacity (Soltanizadeh et al., 2010). Camel meat
Is similar in taste and texture to beef (Barat et al., 2015). Microbial
contamination can lower the quality of fresh minced camel meat; shorten
its shelf life and result in economic loss and probably health hazards. Low
temperature storage is one of the primary preservation methods to maintain
meat freshness, because the rates of microbiological, chemical and
biochemical changes are reduced at decreased temperatures (Magsood et
al., 2015).

! Poly Unsaturated Fatty Acid
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The demand for meat products with lower fat contents or healthier
fatty acid compositions has increased in recent years due to new guidelines
recommending reduced saturated fat intake and consumers' desire to lose
weight. Several alternative strategies have been used in the manufacture of
these products, such as substitution of saturated fat with vegetable oils and
the use of fat replacers, the substitution of animal fat with vegetable oils
has been suggested to improve the fatty acid profile and to decrease the
cholesterol levels of meat products. Several vegetable oils have already
been used as fat substitutes, such as olive, flaxseed, corn, soybean, and
canola oil .However, the simple replacement of animal fat with vegetable
oil does not alter the lipid content or caloric value of the products. Thus,
reducing the amount of added oil, combined with the use of non-lipid fat
substitutes, could be an option in the production of dry-fermented sausages
with low fat content and acceptable Physicochemical and sensory
characteristics (Menegas et al., 2013).

1.1.1. Fermentation

Fermentation is one of the oldest food preservation methods.
Fermentation was a significant method to extend storage life. Worldwide,
the main fermented foods are dairy products, meats, fish and vegetables
(Lu, 2010). Application of fermentation has been known from ancient time
in many cultures, the biological driver being food preservation to prevent
starvation when fresh food was limited. Moist foods will not remain edible
for long, owing to microbial colonisation. Moreover, deteriorated foods can
be poisonous for humans. Fermentation is a low cost food preservation
technique that can apply to a wide range of moist foods, including meat.
Fermented foods still play an important role in the human diet, because

fermented foods are shelf stable, have low energy consumption, are easily
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digested, have unique sensory properties and nutritional benefits. Actually,
the market demand for fermented foods has increased recently, as
consumers regard fermented foods as natural and beneficial for health (Lu,
2010). Fermented meat products are mainly fermented meat sausages,
using cultures of LAB" either endogenous to the food or added. In general,
fermented sausages are made from comminuted meat, salt, glucose and
LAB. With the growth of LAB, the generation of lactic acid rapidly
reduces the pH to between 4.0 and 4.5. This pH, and presumably the
concomitant effect of lactate as undissociated lactic acid and bacteriocins,
inhibits the growth of other microbial species, but not the LAB (Lin, 2017).
The main fermentative microbiota is lactic acid bacteria (LAB) including
Lactobacillus, Pediococcus, Enterococcus, Leuconostoc, Lactococcus and
Weissella (Reis et al., 2012). Most of the meat products produced today is
based on traditional practices. These products are attractive to consumers
because they offer a wide variety of colors, flavors, and textures. There are
many factors affecting the sensory characteristics of meat products such as
the meats used as raw materials (genetic type, feed. age. sex, and rearing
system), microorganisms selected as microbial starters for the fermentation
and type of processing technologies (cooking, drying, ripening, smoking,
etc.) (Ahmad and Amer, 2013). In fermented meat products, like dry
fermented sausages, starter proteases play an important role on proteolysis.
Proteolysis contributes to the consistency of the product by the degradation
of the myofibrillar structure and to its taste through the accumulation of
small peptides and free amino acids. These amino acids directly contribute
to flavor or indirectly as precursors of flavor compounds through amino
acid degradation reactions (Ahmad and Amer, 2013). The extent of

proteolysis is variable and mainly depends on the raw materials and
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processing conditions and, in the case of fermented meats, the type of
starters added (Ahmad and Amer, 2013). There are many specific flavors
due to the high number of available aromatic plants such as pepper,
paprika, mustard, nutmeg, cloves, oregano, rosemary, thyme, garlic, onion,
and so on. These compounds have a high impact on the aroma of fermented
products (Ahmad and Amer, 2013).

1.1.2. Fermented sausages

Quality of traditionally fermented sausage is influenced by many
factors such as selection of raw material, metabolic activity of epiphytic
flora and physico-chemical properties developed during ripening, smoking
and drying of meat. Lactic acid bacteria are essential for dry sausage
production. Their ability to lower the pH of the mixture by producing acid
from sugars leads to the development of the desirable organoleptic
properties prevents the growth of pathogens and ensures the stability and
safety of the final product (Borovic et al., 2015). Even if their initial levels
varied their final levels were close to the one of industrial products
manufactured with starter cultures. In traditionally fermented European
sausages, facultative homofermentative lactobacilli constitute the
predominant flora through ripening (Borovic et al., 2015). One of the most
important fundamentals for the development of civilization was food
preservation and storage. The transformation of raw materials to more-or-
less stable foods by drying and fermentation was well known in many
ancient cultures and used for different foods such as meat. Fermented
sausage is one of the oldest known forms of processed meat products and is
very popular in many areas around the world. Sausages were invented as a
means of making the most of leftovers of meat and entrails. One of the

most common fermented sausages is salami. Dry fermented sausages can
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be defined as meat products that are manufactured by selecting, chopping,
and mincing lean and fat, with or without offal, adding condiments, spices,
additives and starter culture (optional). The ingredients are stuffed into
casings, ripened, cured, and in some cases smoked (Leroy et al., 2006).
Fermented sausages are industrially or artisanally produced meat products
preferred by many consumers for their aroma and taste. Their
manufacturing technology is more or less similar all over Europe. The
product is then fermented and ripened under controlled conditions for a
period which may last from ten days up to a few months during this period
various physicochemical, microbial and organoleptic changes occur and the
product gradually develops characteristic color, flavor, taste and texture, is
stabilized and finally it is ready to be placed in the market. Various types of
fermented sausages are manufactured using different spice mixtures, starter
cultures and types of raw materials and meat (Papavergou, 2011). The
conditions during fermentation, ripening and storage of fermented sausages
(acidic pH, high availability of free amino acids due to high protein content
of raw materials and extended proteolysis, occurrence of high populations
of fermenting or contaminating microbial groups with amino acid
decarboxylating activity, long ripening times etc.) may favor bacterial
amino acid decarboxylation and accumulation of biogenic amines (BAY) in
the final product (Toldra and Reig , 2007).

1.1.3. Lactic acid bacteria

Lactobacilli are food-grade organisms witnessing a long history of
safe use being widely consumed with fermented foods and beverages
Lactobacilli display a naturally wide range of antibiotic resistance and in

most cases it is not of the transmissible type. Lactobacilli possess inhibitory
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properties against enteropathogens thanks to production of several
antimicrobial compounds (Caggia et al., 2015). Lactobacilli are normal
residents of the human gastrointestinal (GI%) tract. Many species belonging
to the genera Lactobacillus with health beneficial properties have been
introduced as probiotics. Lactobacilli are rod-shaped, Gram-positive lactic
acid bacteria that are classified as “generally recognized as safe” (GRAS?)
(Lin, 2017). Lactic acid bacteria (LAB) play an important role in sausage
fermentation because they induce flavor and texture changes and have a
preservative effect, resulting in an increased shelf life of the product. The
fermentation of carbohydrates inherent in sausage starting material leads to
the production of lactic acid, which decreases the pH in the fermented
sausages. The low external pH disturbs the homeostasis of the pathogenic
and spoilage bacteria and restricts their growth. Microbial interference by
LAB also can occur due to the production of bacteriocins (Liu et al., 2010).
Lactic acid bacteria are an order of bacteria exhibiting an enormous
capacity to degrade different carbohydrates and produce lactic acid as their
main end product (Lin, 2017). They have been historically used in food
fermentation and preservation as acidification inhibits the growth of
spoilage agents. (Lin, 2017). Common lactic acid bacteria in fermented
meat sausages: their role and diversity LAB include a diverse group of
Gram-positive non-spore forming cocci, coccobacilli or rods, with common
morphological, metabolic and physiological characteristics (Reis et al.,
2012). They are facultative anaerobic with variable oxygen tolerance in
different species. LAB growth depends on the presence of fermentable
carbohydrates. They are classified as homofermentative or

heterofermentative based on end products of glucose metabolism. While
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homofermentative LAB convert glucose mainly to lactic acid using the
glycolysis (Embden—Meyerhof—Parnas or Embden—Meyerhof) pathway,
the heterofermentative LAB use the phosphoketolase (6-phosphogluconate)
pathway and convert glucose to lactic acid, carbon dioxide and ethanol or
acetic acid. LAB is a diverse group of organisms with diverse metabolic
capacity. This diversity makes them easily adaptable to a wide range of
conditions, allowing them to thrive in acid foods' fermentations (Reis et al.,
2012). LAB not only produce organic acids (principally lactic acid) but
also antimicrobial substances known as bacteriocins e.g. nisin. These
substances are cationic amphipathic peptides that able to damage cell
membranes of susceptible microorganisms, resulting in cell leakage and
metabolic inhibition (Lu, 2010). Some species of Lactobacillus, including
Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus casel,
Lactobacillus paracasei, Lactobacillus johnsonii, Lactobacillus reuteri,
and Lactobacillus rhamnosus, have been used as probiotics (Zhang et al.,
2016). Increased attention has been paid to the probiotic abilities of
Lactobacillus (Zhang et al., 2016). The bacteria which play a significant
role and commonly found in fermented sausages are lactic acid bacteria
(Ahmad and Amer, 2013). These microorganisms are used as starter
cultures, promoting meat fermentation (Ahmad and Amer, 2013). Lactic
acid bacteria improve safety and stability of the product, enhance colour
stability, prevent rancidity and release various aromatic substances (Ahmad
and Amer, 2013). Spontaneously fermented European sausages are mostly
obtained with the use of homofermentative Lactobacillus sakei and/or
Lactobacillus curvatus strains (Trzaskowska, et al., 2014). Also, a number
of successful attempts were made at adding e.g. Lactobacillus paracasei,
Lactobacillus casei, Lactobacillus rhamnosus and other strains to
processed meat products (Trzaskowska, et al.,, 2014). The species
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Lactobacillus casei, Lactobacillus paracasei, and Lactobacillus rhamnosus
are phylogenetically and phenotypically closely related (Reale et al., 2015).
These bacteria are able to colonize a variety of fermented food products,
representing the dominant component of non-starter lactic acid bacteria
(NSLAB") in long ripened cheeses and traditional fermented milk products
(Reale et al., 2015). Numerous bacterial strains belonging to the species L.
casel, L. paracasei and L. rhamnosus are used as starter cultures in milk
fermentation, as adjunct cultures for intensification and for acceleration of
flavour development in dairy products and for their probiotic characteristics
(Reale et al., 2015). Moreover, the probiotic properties have been proven
for strains belonging to this species (Reale et al., 2015). LAB constitute a
group that has been greatly associated with fresh meat and cooked meat
products but represents a controversial cohort of microbial species that
either contribute to generation of offensive metabolites and the subsequent
organoleptic downgrading of meat (Pothakos et al., 2015) or serve as
bioprotective agents with strains of certain species demonstrating reduced
spoilage capacities and inhibitory activity against spoiling microbiota
(Pothakos et al., 2015). Thus LAB is optimal candidates to develop
regardless the packaging system, while their occurrence is dependent on the
competitive microbes and the influence of the storage conditions upon the
latter (Pothakos et al., 2015). LAB are widely found in nature, adapted to
different carbohydrate rich environmental niches, as well as to terrestrial
and marine animals. In food products, LAB are found in dairy products
(yogurt and cheese), in fermented vegetables (olives, sauerkraut), in meat
and fermented meats products and in sourdough bread (Fraqueza, 2015).
LAB plays a recognized role in fermented foods preservation and safety,

thus promoting final products microbial stability. The preservation ability

! Non-Starter Lactic Acid Bacteria

10



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

of LAB is based on competition for nutrients and the production of
antimicrobial active metabolites such as organic acids (mainly lactic acid
and acetic acid), hydrogen peroxide and peptidic compounds (bacteriocins)
(Fraqueza, 2015).

1.1.4. Probiotic

The products fermented by probiotics such as lactic acid bacteria
(LAB) are consumed far and wide. The probiotic potential of LAB has
been proved in various fermented foods (Xiong et al., 2014). Probiotic
strains should also have desirable antibiotic resistance and sensitivity
patterns, antagonistic toward potentially pathogenic microorganisms and
have metabolic activities beneficial to the well-being of the host
(Verdenelli et al., 2009). Characteristics ascribed to a probiotic strain are,
in general, strain specific and individual strains have to be tested for each
property. The most studied probiotics are the lactic acid bacteria,
Particularly Lactobacillus and Bifidobacterium. Most of Lactobacillus
species are normal and non-pathogenic inhabitants in human and animal
intestine and their presence is important for the maintenance of the
intestinal microbial ecosystem (Verdenelli et al., 2009). Probiotics targeted
for human consumption are usually isolated from humans or animals
because strains from these origins can better adapt to the conditions
encountered in the human/animal GI tract, which enables more successful
gut colonization (Argyri et al., 2013). However, certain food-associated
Lactobacillus strains have probiotic characteristics even though they do not
belong to the gut microbiota (Solieri et al., 2014). According to the
FAOYYWHO" (2002), a bacterial strain should fulfil a number of

'Food and Agriculture Organization of the United Nations

11



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

requirements to be considered probiotic; these requirements must be
verified by in vitro and in vivo tests. In vitro tests are useful for the
selection of strains that have greater probiotic potential; these tests increase
knowledge regarding the strain as well as the mechanisms underlying the
beneficial effects (Vijayakumar et al., 2015). Lactobacillus spp. belongs to
the group of lactic acid bacteria (LAB) and has a long history of use in the
production of dairy products due to their ability to convert lactose into
lactic acid (Casarotti et al., 2017). In addition to their use as technological
agents in the food industry, some Lactobacillus species can confer health
benefits to the host when they are administered adequately as probiotics.
Probiotics are currently defined live microorganisms that, when
administered in adequate amounts, confer health benefit on the host" (Hill
et al.,, 2014) and can adjust the host body’s microecological balance,
improve intestinal function, and stimulate digestion and immune function.
Lactobacillus was the earliest discovered probiotic of the three types of
probiotics, which also include Bifidobacterium and Gram-positive cocci
(Zhang et al., 2016). Numerous studies have proposed the use of probiotics
to improve gut health in the treatment of inflammatory bowel diseases and
in the prevention of antibiotic-induced diarrhoea (Silva et al., 2017).
Although probiotics have been extensively studied and commercialized,
and are the subject of national and international regulations, there is no
agreement concerning the amount of probiotic bacteria necessary to
produce their beneficial effects. Generally, probiotic food products must
contain 10° CFU/mL? or CFU/g® (Casarotti et al., 2017). Nevertheless,
some authors state that beneficial effects can be achieved even when

bacteria lose their viability (Casarotti et al.,, 2017). Although a large

! World Health Organization
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number of probiotic strains are available for commercial use worldwide,
the isolation and characterization of new strains from different species is
desirable; thus, many studies in this field have been published in recent
years (Casarotti et al., 2017).

“Functional foods” refers to foods with health-promoting ingredients
enriched beyond the normal traditional nutrients. These foods contain a
reasonable quantity of some bioactive components, such as probiotic,
prebiotic, and symbiotic components (AdebayoTayo and Akpeji, 2016).
Probiotics are introduced as microorganisms which show the beneficial
effects on the host health when consumed in sufficient amounts. Among
probiotics, LAB group, through secreting the bioactive compounds, can be
utilized as preservative agents. Therefore, the majority of probiotics include
LAB. The LAB is a functional heterogeneous bacterial group which is
linked to traditional dairy and food fermented products (Haghshenas et al.,
2016). Probiotics exert their benefits through four different mechanisms of
action: (a) interference with pathogenic bacteria by competing with
nutrients and adhesion sites, (b) improvement of the barrier function of the
epithelial lining, (c) immunomodulation, and (d) influence on other organs
of the body through the immune system. (Hill et al., 2014). A starter
culture: Is an inoculum of beneficial microorganisms added to food
products such as meat, milk, and vegetables to improve food quality and
safety. Starter cultures provide rapid lactic acid development from
fermentation of sugars added to the sausage (Visessanguan et al., 2004a)
resulting in a decreased pH that retards the growth of most spoilage
microorganisms and enhances flavor and texture of the final product (Meng
and Schaffner, 1997). There is a linear relationship between numbers of

lactic acid bacteria and pH. Acidity has been reported to contribute to the
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decline of undesirable microbes in dry fermented sausages. This is due to
the homeostatic disturbance of pathogenic and spoilage organisms resulting
from the low pH of their external environment (Leistner, 2000). The use of
starter culture therefore, helps to stabilize the fermentation by controlling
the microflora of the food (Font de Valdez et al., 1990). Another advantage
of using starter cultures is that fermentation and ripening process are more
easily controlled when culture characteristics and starting concentrations
are known Common fermentation cultures include species of Lactobacillus,
Pediococcus, and Staphylococcus. Not all lactic bacteria are capable of
producing bacteriocins, so adding a mixture of starter cultures could draw
on the beneficial effects of each. Mixed starter cultures allow
manufacturers to exploit both biological (bacteriocin) and environmental
properties (PH and water activity) of fermentation cultures in controlling
pathogens.

1.1.5. Sausages

Sausages and sausage products have evolved into a wide variety of
flavors, texture, and shapes resulting from variation in ingredients and
manufacturing processes. Sausage is known to be the oldest and most
enduring form of processed meat and is widely consumed throughout the
world (Asmare and Admassu, 2013). Many of the sausage products
available in the marketplace are simply cured, comminuted products,
meaning they contain curing salts and undergo many of the same
processing steps as do fermented sausages, but they are not fermented
(such as; frankfurters, bologna, and breakfast sausages). In contrast, there
are fermented meat products such as: moist sausages (Lebanon bologna,
mortodella, etc.), semi-dry sausages (summer sausages, Thuringer cervelat,

etc.), and dry sausages (pepperoni, salami, chorizo, etc.). The origin of
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fermented meats goes far back in Ancient Romans and Greeks and in fact,
the origin of words of sausage and salami were from Latin expressions
salsicia and salumen; respectively (Toldra, 2002). Sausages are a type of
food consisting of ground meat, animal fat, salt, spices, fillers, extenders
and binders that are usually packed in polymeric casing. Sausage-making is
a very old food preservation technique and is a logical outcome of efficient
butchery. Sausage-makers put to use meat and animal parts that are edible
and nutritious, but not particularly appealing, and that allow the
preservation of meat that cannot be consumed immediately (Fox, 1987). As
meat is highly perishable, its storage and marketing requires considerable
energy input in the form of chilled or frozen storage. Development of shelf-
stable ready-to-eat products would not only save energy, but would also be
a valuable contribution to the growth of the meat industry (Ahmad and
Srivastava, 2007). Modern sausage production is independent of
environmental conditions. Temperature, humidity, moisture, and acidity are
continuously and carefully controlled. Microorganisms with specific
desired properties can be grown separately and added to sausages. Recipes
and ingredients for particular types of sausages can be obtained from the
literature and there are limits to amounts of additives regarded as
acceptable. To combat meat-borne pathogens and still preserve the desired
sensory properties of the product, meat processors have adopted "hurdle
technology" that combines different preservation methods to inhibit
spoilage and pathogenic microorganisms without compromising the safety,
nutritional, sensory, and shelf life of meat products.

In recent years, increased concerns about the potential health risks
associated with the consumption of high fat foods has led the food industry

to develop new formulations or modify traditional food products to contain
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less fat ( Furlan et al., 2014). Health organizations all over the world have
promoted the choice of a diet low in saturated fat and cholesterol and
moderated in total fat, as a means of preventing cardiovascular disease
which constitutes one of the main causes of mortality in the world. One of
the strategies for the development of low-fat fermented sausages was the
reduction of fat content and the simultaneous addition of non-lipid fat

replacers to minimize texture defects (Muguerza et al., 2004).

1.2. The Objectives of This Study

1.2.1. Main Objective

The main objective of this study was the production and formulation
of a new-low fat functional fermented sausage from (beef and camel) meat
with probiotics, use three genes of probiotics (Lactobacillus casei, L.

paracasei and L. rhamnosus).

1.2.2. Specific Objectives

The specific objectives were to:

1-Study composition of physico-chemical of semi-dry fermented sausages
which inoculated with (Lactobacillus casei, paracasei and rhamnosus)
compared to control, during 45 days at 4 C cold storage.

2- Analyze microbiological population of semi-dry fermented sausages
which inoculated with (Lactobacillus casei, paracasei and rhamnosus)
compared to control, during 45 days at 4°'C cold storage.

3- Evaluate sensory characteristics of semi-dry fermented sausages which
inoculated with (Lactobacillus casei, paracasei and rhamnosus)
compared to control, during45 days at 4 C cold storage.

4- Select the best sample of semi-dry fermented sausages.
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2.1. Fermented of Meat

In contrast to the lactic acid fermentation that occurs in milk, the meat
fermentation has been, until recently, considerably less well studied and
understood. In fact, the use of pure, defined starter cultures in the
fermented meats industry is a relatively recent development (begun only in
the 1950s and ‘60s). Before the use of meat starter cultures, the most
common way to start the fermentation practice was, as noted above,
backslopping. Backslopping works for several reasons. First, backslopping
ordinarily selects for those bacteria that are well suited for growth in the
sausage environment. Strains that are slow to scavenge for carbohydrates,
are inhibited by fermentation acids, or are sensitive to salt or nitrites are not
maintained. Instead, they are displaced by more competitive bacteria that
have particular metabolic and physiological advantages in that
environment. Thus, even a prolific acid-forming strain does have much of a
chance if it is not also tolerant of salt and nitrite and able to grow in a low
oxygen environment. Second, the bacterial population that becomes
established during repeated transfers and fermentations is heterogenous in
nature, consisting of multiple species and strains (Hutkins, 2006). If, for
example, one such strain were to suddenly die or otherwise be lost due to
the presence of bacteriophages or an inhibitory agent, then the remaining
strains, acting as back-up, would still be able to complete the fermentation.
Finally, backslopping is effective due simply to the size of the inoculum,
which is usually around 5%, but which can be as high as 20% of the total
mass. Such a large inoculum provides reasonable assurance that the desired
organisms will overwhelm the background flora and that undesirable
interlopers will have little chance of competing. Despite backslopping’s

long history and wide use, there are several drawbacks associated with fit.

18



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Such products often have inconsistent quality and fermentations can be
unreliable and difficult to control. In large production facilities in Europe,
and especially in the United States, short and consistent fermentation times,
standardized production schedules, and consistent product quality have
become essential (Hutkins, 2006). A manufacturer producing a single,
small batch of product can tolerate delays, and may even come to
appreciate differences in product quality. However, inconsistent product
quality and production delays due to sluggish fermentations are
unacceptable for large manufacturers who have substantial employee
payrolls and tight production schedules. Above all, the entire backslopping
process can be considered microbiologically risky, since any deviation
from the norm (i.e., slow or delayed fermentation) may permit growth of
Staphylococcus aureus, Listeria monocytogenes, C. botulinum, or other
pathogens of public health significance. Although obvious, the following
point cannot be over-emphasized: sausage is made from raw meat that may
well contain pathogenic organisms. If a cooking step is not included,
fermentation represents the primary means of preservation and the main
barrier against pathogens. Since the actual fermentation can take a long
time (from twelve to thirty-six hours and in some cases, even longer), a
slow or failed fermentation may not be discovered right away, permitting
growth of pathogenic bacteria. If the bacteria are able to reach high levels,
even subsequent acid production (or even a heating step) may not be
sufficient to inactivate these pathogens. It is important to mention, as noted
above, that it is entirely possible to produce fermented sausages without
any type of culture at all (Hutkins, 2006). This practice is not uncommon,
and is still practiced in many parts of Europe. One can simply prepare the
sausage mixture and wait for the natural lactic flora to take over. This
method is successful because the formulation and fermentation conditions
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(.e., salt, nitrate, low temperature and an anaerobic environment) provide
sufficient selection of desirable lactic acid bacteria. However, for obvious
food safety reasons, none of the large, modern operations in the United
States rely on natural fermentations. Finally, there is one other way to
produce sausages that have a tangy or acid-like flavor without a starter
culture and without relying on the indigenous microflora. The meat mixture
can be directly acidified using a foodgrade acidulant (e.g., glucono-6-
lactone), which results in a product with sensory properties that mimic
(somewhat) those of fermented sausage (Hutkins, 2006). In ancient Rome,
leftover fresh meat was blended with salt then extruded into skin casing
and hung inside a room to dry. People only knew that these dry sausages
had a special flavour but did not understand the fermentation role of lactic
acid bacteria. Around the same time, a fermented dry sausage named Lap
Cheong was developed in China (Leistner, 1986). None of these styles
required cooling to minimise microbial colonisation, and this was
presumably the reason for their widespread adoption, particularly as meat
animals could not survive extreme winters without huge energy and
resources supply. Fermentation captured and preserved the food value of an
animal. In earlier times, the fermentation relied on the naturally occurring
microflora on meat. The natural fermentation of sausage required
experienced masters to control the fermentation quality. In modern
practice, starter cultures with a known bacterial profile are applied
(Zeuthen, 2008) to guarantee fermentation. Starter cultures reduce the
fermentation time, product variance and cost of fermented products. In
addition, starter cultures improve the safety of fermented products, owing
to their rapid dominance in the fermenting sausage (Lu, 2010). Fermented
meat in South East Asia (called sour meat) seems to be growing in
popularity as consumers search for more varieties in their food choices.

20



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Guidelines proposed in the U.S. (American Meat Institute, 1982; Hui, et
al., 2004) for making fermented dry or semi-dry sausages include a
definition of dry sausage as chopped or ground meat products that due to
bacterial action, reaches a pH of 5.3 or less. The drying removes 20 to 50%
of the moisture resulting in a moisture-to-protein ratio (MP") of no greater
than 2.3 to 1.0. In Germany, cured meat can be safely stored at 10°C.
According to USDA?/FSIS®, dry salami must have a MP ratio of 1.9 to 1,
pepperoni- 1.6 to 1, and jerky 0.75 to 1, to be labeled as such. Semi-dry
sausages are similar except that they have a 15 to 20% loss of moisture
during processing. Semi-dry sausages also have a softer texture and a
different flavour profile than dry sausages. Because of the higher moisture
content, semi-dry sausages are more susceptible to spoilage and are usually
fermented to a lower pH to produce a very tangy flavour (Asmare, 2012).
Some sausages are heavily smoked and some have a high sugar level
giving them a sweet flavour. Semi-dry products are generally sold after
fermentation (pH of 5.3 or less). These are heated, and do not go through a
drying process (a,) is usually 0.86 or higher. They are also usually smoked
during the fermentation cycle and have a maximum pH of 5.3 in less than
12 hours. If the semi-dry sausage has a pH of 5.0 or less and a moisture
protein ratio of 3.1 to 1 or less, it is considered to be shelf stable
(USDA/FSIS Food Labeling Policy Manual) but most semi-dry products
require refrigeration (2°C; 37°F). In Europe, fermented meat with a pH of
5.2 and a water activity (a,) of 0.95 or less is considered shelf stable. To
decrease the pH (below 5.0) with limited drying, the U.S semi-dry products
are often fermented rapidly (12 hours or less) at a relatively high

temperature (32-46°C; 90-115°F). In Europe, fermentation is slower (24

! moisture-to-protein ratio
? United States Department of Agriculture
* Food Safety and Inspection Service
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hours or more) at a lower temperature and results in a higher pH. These
differences in speed of fermentation and final pH result in products having
different flavour. The primary objectives of fermentation include extending
shelf life of material, enhancing flavor, and inhibiting spoilage and
pathogenic microorganisms. During fermentation, microorganisms convert
carbohydrates and other sources of carbon in food material to ethanol and
carbon dioxide or organic acids. Metabolic by-products from the
microorganisms involved in fermentation preserve the food, enhance flavor
and increase consumer acceptability (Rahman, 2007). Preservation methods
such as the use of irradiation, blanching, and heating are also used in the
food industry to control pathogens and spoilage microorganisms. Food
fermentation may be preferred over some of the above methods, although
some processors consider irradiation and heating methods as more effective
in controlling pathogens than fermentation. One of the reasons why
fermentation is preferred is the additional flavors that fermentation
products impart, its role in developing a more nutritive and digestible
product, and its role in enhancing food preservation, as the low pH inhibits
the growth of microbial pathogens (Norma and Hotchkiss, 1998).
Fermentation encourages the growth of beneficial microbes and their
metabolites in foods. Fermentative bacteria, especially lactic acid bacteria,
contribute to the texture and flavor of the fermented food product.
Fermentation is an inexpensive method of food preservation and does not
require sophisticated facilities. It can therefore be practiced anywhere in the
world by people with little or no training. Fermented foods may be
classified by their physical, chemical or biological properties. Steinkraus
(2002) classified fermented foods by types of organisms used in the
process, the biochemistry of the food, and the state of the food (e.g. liquid
or solid). Campbell-Platt (1987) had earlier expanded the classification to
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include cereal products, beverages, dairy foods, legumes, fruits and
vegetables, fish, and meat products. Based on classification, processors
identify the strains of lactic cultures that produce the results in different
fermented foods (Table 2-1).

Table 2-1 Some common fermented foods

Food Microorganism responsible

Dairy products

Yogurt Lactic acid bacteria
Cheese Lactic acid bacteria
Butter milk Lactic acid bacteria
Fermented wegetables
Pickle cucumber Lactic acid bacteria
Sauerkraut Lactic acid bacteria
Pickled olives Lactic acid bacteria/ (yeasts)
Fermented animal products
Fermented sausage Lactic acid bacteria
Fermented fish Lactic acid bacteria
Bakery products
Bread Yeasts
Sourdough bread Lactic acid bacteria+ yeasts
Sauces
Vinegar Yeasts + acetic acid bacteria
Soy sauce Moulds + yeasts + lactic acid bacteria

Source: (Guizani and Mothershaw, 2007)

2.1.1. Fermented sausages

Fermented sausages were prepared from comminuted mixture of meat;
fat salt spices and sugar using bacterial culture there allowed to undergo
fermentation under strict conditions of temperature and humidity (Ahmad
and Amer, 2013). Fermented sausages made from other animal meats are
rare, but can be found in the Middle East. As a religious prohibition edict,
pork is not allowed for consumption by Muslims, thus other animal meats
are used for sausage making, such as sheepmeat (Lu, 2010). The
characteristic flavour of fermented sausage is due to LAB fermenting the
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carbohydrate source to lactic acids and other organic acids that are together
responsible for the typical sour flavour. Furthermore, after the pH is
lowered by the growth of LAB, the tertiary and, secondary structure of
meat proteins is adversely affected, commonly known as denaturation.
Some proteins are hydrolysed to generate peptides and free amino acids
(Nishimura et al., 1988). In addition, fat oxidation progresses slowly
throughout fermentation, and the addition of salt, sugar, and spices
contribute to flavour. Thus, these combinations define the flavour of
fermented sausages (Lu, 2010). Processing of fermented sausages includes
meat and fat selection, grinding, mixing, stuffing, fermentation, drying
and/or smoking and packaging for retail distribution. Bones and
intermuscular fatty tissue must be removed from the meat, and connective
tissue and membranes trimmed off. Meat and fat are chilled or frozen and
comminuted to the desired particle size. A grinder machine or a bowl-cutter
is used. The grinder machine consists of a rotating set of knives and a
chopping plate that confer the desired meat and fat particle size, whereas
the cutter consists of a rotating set of knives in a rotating bowl. Grinding is
usually carried out under vacuum to avoid drying and changes in lean and
fat color, that are request to be red and white, respectively (Vignola et al.,
2010).

Once meat and fat have been ground, they are mixed with additives:
curing salts (NaCl, nitrates and nitrites), ascorbic acid, colorants, sugars
(lactose, dextrose), spices, aromatic herbs, and starter cultures: lactic acid
bacteria (LAB) and/ or coagulase negative cocci (CNC'). The process can
be carried out in the bowl cutter during the chopping or in a vacuum mixer

machine after the meat and fat have been ground in the grinder machine,

1 . .
coagu lase negative coccl
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depending on the product. Meat fermentation is a low-energy, biological
acidulation, preservation method, which results in unique and distinctive
meat properties, such as flavor and palatability, color, microbiological
safety, tenderness, and a host of other desirable attributes of fermented
sausages. Changes from raw meat to a fermented product are caused by
“cultured” or “wild” microorganisms, which lower the pH. Because this is
a biological system and it is influenced by many environmental pressures
that need to be controlled to produce a consistent product. Some of these
factors include a fresh, low-contaminated, consistent raw material; a
consistent inoculum; strict sanitation; control of time, temperature and
humidity during production; smoke; and appropriate additives (Toldra and
Reig, 2007). Lactic acid originates from the natural conversion of glycogen
reserves in the carcass tissues and from the added sugar during product
fermentation. A desirable fermentation product is the outcome of
acidulation caused by lactic acid production and lowering the water activity
(a,') caused by the addition of salt (curing) and drying. Both natural and
controlled fermentations involve lactic-acid bacteria (LAB) (Ockerman and
Basu, 2007). Another technologically important bacterial group in sausages
fermentation is coagulase negative cocci (CNC). Actually, most starter
cultures, today, consist of LAB and/ or CNC, selected for their metabolic
activity. The reduction of pH and the lowering of water activity are both
microbial hurdles that produce a safe product (Ockerman and Basu, 2007).
After fermentation sausages are air dried or smoked depending on the
sausage type. Air drying is generally used for Spanish, French, Italian and
Greek fermented sausages. The drying for these products is highly
dependent on temperature, air velocity, and caliber of sausages, which are

responsible of the duration of the process. Today, a wide variety of

' Water Activity
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fermented sausages are produced; the variations depend on raw materials,

microbial populations, and processing conditions.

2.1.2. Principles of fermented sausage manufacture

There are actually only a few general steps involved in fermented
sausage manufacture. First, the ingredients are selected, weighed, mixed,
and stuffed into casings. Second, the stuffed sausages are held under
conditions necessary to promote the fermentation. Third, the sausage is
subjected to one or more post fermentation steps whose purpose is to affect
flavor, texture, and preservation properties. These latter steps can range in
duration from as little as one week in the case of moist or semi-dry
sausages to more than two months for very dry, strongly flavored sausages
such as Italian salamis. Table 2-2 shows the desirable properties of meat

starter cultures.

Table 2-2 Desirable properties of meat starter cultures

Bacteria Fungi

Non-pathogenic Non-pathogenic

No toxins produced No toxins produced

. Competitive at the surface
Grows well in meat

Stable
Produces good flavor . . .
ueesg v Proteolytic and lipolytic

Nitrate/nitrite resistant
Moldy aroma
Salt-tolerant

Bioprotective

Easy to identify

Source: (Hammes and Knauf, 1994)
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2.1.3. History of sausage making

Sausage processing evolved as an economic means of food
preservation that also converts pieces of meat into more palatable products.
According to the Oxford encyclopedia of Foods and Drinks (2004), the
name sausage came from the Latin word salsus, which means salted. This
IS because sausage processing began as a method of preserving meat with
salt. Records however show that Babylonians and the people of China
consumed sausage as early as 1500 BC (Pederson, 1971). Meat trimmings
were ground, salted, stuffed into casings, and dried to develop the desired
flavor. The evolution of cured sausage began by adding either sodium
Chloride or saltpeter (potassium nitrate), and by the late 1800s scientific
study showed that saltpeter was beneficial in sausage preservation. A
variety of unique sausage fermentation techniques emerged in other parts
of the world. For example nham, a Thai fermented sausage is fermented in
leaves instead of casings. The common element for all fermentation
techniques is the unique role microorganisms play in the Processing of
meat products. Intensive research into the ecological and biochemical
properties of these microbes contributed to the cultivation and use of lactic
bacteria in sausages. Researchers and processors in the United States
embraced the use of lactic bacteria in sausage as early as 1930s and this
later gained popularity through the work of Jensen and Paddock in 1940.

Meat products have been among the fastest growing components of
the global agriculture and the food industry (Tallard, 2006). Sausage is
known to be the oldest and most enduring form of processed meat. The
origin of fermented meats goes far back in Ancient Romans and Greeks
manufactured fermented sausages, and in fact, the origin of words like

sausage and salami may proceed from the Latin expressions salsicia and
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salumen, respectively (Toldra, 2002). The production and consumption of
fermented meats expanded throughout Europe in the middle ages and were
adapted to climatic conditions (e.g., smoked in northern Europe and dried
in Mediterranean countries). Today, a wide variety of fermented sausages
are produced; the variations depend on raw materials, microbial

populations, and processing conditions (Table 2-3).

Table 2-3 Examples of fermented meats with different dryness degrees

. Drying/
Weight loss LT
Product Type Examples (%) Ripening
Un dry fi ted Ge t t, .
n dry fermente Spreadable _rman eewurs <10 No drying
sausages Frische mettwurst
Semidry fermented . Summer sausage,
Iy Sliceable N usag <20 Short
sausage Lebanon bologna
Hungarian and
Dry fermented . Italian salami,
v Sliceable I . I >30 Long
sausage pepperoni, French

saucisson

Source: (Farnworth, 2008)

2.1.4. Manufacture of traditional and modern methods of sausage

Traditionally, sausage manufacture was confined to homes and small
commercial settings. The ground meat was processed with indigenous
herbs and spices. Fermentation of meat depended on adventitious bacteria
present in the butcher's premises. This means that the quality of sausage
produced at the time relied on the type and amount of beneficial
microorganism present at the time of processing. Each manufacturer
followed family recipes in preparing sausages to their own taste (American
Meat Institute Foundation, 1960). Therefore, flavor was determined by
each manufacturer's location and family recipes. Modern sausage
production is independent of environmental conditions. Temperature,

humidity, moisture, and acidity are continuously and carefully controlled.
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Microorganisms with specific desired properties can be grown separately
and added to sausages. Recipes and ingredients for particular types of
sausages can be obtained from the literature and there are limits to amounts
of additives regarded as acceptable.

2.1.5. Meat starter cultures

Once microbiologists began to study and identify the microorganisms
present in fermented sausages in the 1940s, it became clear that lactic acid
bacteria were the primary organisms responsible for the fermentation. This
conclusion was based on the fact that the predominant organisms isolated
from naturally fermented sausages were species of Lactobacillus. When the
isolates were propagated and re-inoculated into fresh meat, a well
fermented sausage could be produced with all the expected characteristics.
Patents, based on using these bacteria as meat starter cultures, were
assigned in Europe and the United States. However, application of this
technology was initially unsuccessful (Hutkins, 2006). This was because
the Lactobacillus strains that had been identified and used successfully in
trial situations were difficult to mass produce in a form convenient for
sausage manufacturers. For any organism to function well as a starter
culture, it must not only satisfy the performance criteria, but it must also be
present in high numbers and be viable at the time of use. In the case of the
Lactobacillus cultures, cell viability following lyophilization (or freeze
drying, the main form of starter culture preservation) was poor, leading to
slow and unacceptable fermentation rates (Hutkins, 2006). Demand for a
culture that could be used for fast, consistent, large-scale production of
fermented sausage eventually led to the discovery of other lactic acid
bacteria that not only had the relevant performance characteristics, but also

the durability required for commercial applications. In addition,
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Improvements in starter culture technology and the development of frozen
concentrated cultures enhanced culture viability such that Lactobacillus
starter cultures are also now available. Initially, the Lactobacillus strains
that were isolated from fermented sausage and used as starter cultures.
Although the different Lactobacillus strains used as starter cultures perform
the same basic role—to ferment sugars and produce organic acid—they
vary with respect to several important physiological and biochemical
properties (Hutkins, 2006). These differences influence how they are used
as starter cultures. First, different species have different temperature optima
and different thermal tolerances. For example, Lactobacillus sake and L.
curvatus are considered psychrotrophic, meaning they are capable of
growth, albeit slowly, at temperatures as low as 4°C.Thus, they are suitable
for fermentations conducted at cool ambient temperatures. The ability of
some strains to produce peroxides also is a serious problem. Depending on
the starter culture strain and the level of oxygen in the environment,
hydrogen peroxide can be formed directly in the fermenting sausage.
Hydrogen peroxide can react with heme proteins in the muscle tissue to
form undesirable, green pigments. In addition, hydrogen peroxide and
peroxide radicals promote lipid oxidation, a serious flavor defect (Hutkins,
2006).

2.1.6. Lactic acid bacteria used in the fermentation of meat

Lactic acid bacteria ferment carbohydrates into lactic acid. This
efficient carbohydrate fermentation coupled to substrate level
phosphorylation is essential feature of lactic acid bacteria (LAB)
metabolism. Generally, LAB produce lactic acid as their main
fermentation end-product via glycolysis (the Embden-Meyerhof pathway)

or the 6-phosphogluconate/phosphoketolase pathway and they are named
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homo- or heterofermentative LAB, respectively (Kandler, 1983, Axelsson,
1998). LAB is generally catalase negative but also catalase positive strains
exist (Engesser and Hammes, 1994). They prefer nutritionally rich
environments and are natural inhabitants of the mammalian gastrointestinal
tract.  Several food products are manufactured using Lactococcus,
Lactobacillus, Leuconostoc, streptococcus, or Pediococcus strains (Daly
and Davis, 1998) and therefore actually by their metabolic products (Table
2-4).

Table 2-4 Commercial significance of metabolic products LAB

Metabolite Beneficial Deleterious
Lactic acid Preservation, sensory Acidification
improvement
Acetic acid Aroma Off-taste
Diacetyl Aroma (dairy products) Off-taste
CO, Preservation, flavour Gas production(blowing)
enhancement
H202 Preservation Discolouration
Biogenic amine e Health(food intoxications)
slime Stabilization(e.g. yoghurt) sensory
Methane thio, H2S Aroma Off-taste and odour
- . Health? inhibition of beneficial
Bacteriocins Preservation LAB

Inhibition of pathogens and
spoilage
antimicrobials microorganisms microorganisms

Wide-spectrum Health? Resistance of intestinal

Source: (Holzapfel etal., 1995)

2.2.Probiotic

Probiotic foods are a group of health-promoting, so-called functional
foods, with large commercial interest and growing market shares (De Vuyst
et al., 2008). In general, their health benefits are based on the presence of
selected viable strains of lactic acid bacteria (LAB), that, when taken up in

adequate amounts, confer a health benefit on the host (De Vuyst et al.,
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2008). They are administered mostly through the consumption of
fermented milks or yoghurts (De Vuyst et al., 2008). In addition to their
common use in the dairy industry, probiotic LAB strains may be used in
other food products, including fermented meats (De Vuyst et al., 2008).
Although the concept is not new, only few manufacturers consider the use
of fermented sausages as carriers for probiotic LAB (De Vuyst et al.,
2008).

2.3. Ingredients of fermented sausages

It is entirely possible to manufacture a fermented sausage with just a
handful of ingredients. In fact, only five ingredients are essential: meat,
sugar, salt, culture, and a curing agent. Fermented meats can indeed be
made without adding a culture, but most large-scale manufacturers would
not dream of making product without a culture. Likewise, fermented
sausages also can be manufactured in the absence of the curing agent.
However, these agents, either in the form of nitrite or nitrate, perform such
important microbiological and organoleptic functions that they are nearly
universally used. That being said, there is a small (but growing) market
among organic foods proponents for reduced or even nitrite-free meat
products. Even if the organoleptic properties provided by nitrite could be
provided by other agents (a big if), removing nitrite from cured meat
products would expose these products to a potentially serious food safety
threat. Still, provided that other barriers are in place, especially low pH and
low temperature, theoretically safe products can be produced (Hutkins,
2006).
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2.3.1. Meat selectionand grinding

Of the ingredients listed above, the main ingredient is obviously the
meat, which contributes not only the protein and the bulk of the product
matrix, but also the fat, which provides much of the flavor. The fat-
containing cuts usually are chopped or ground separately from the leaner
portions to impart a desired appearance and flavor. The grind also affects
texture and accordingly determines the type of product. For example, some
sausages (e.g., Plockworst) have large visible fat particles, whereas others
(e.g., cervelat) are ground to fineness such that the fat particles are so small
as to be indistinguishable from the sausage matrix. The fat and lean
portions may even be derived from different animals. Beef fat contains
more unsaturated lipids than pork fat, and is more susceptible to oxidation
reactions that may result in undesirable rancid flavors. Obviously, there is a
trend to use less expensive cuts, but high quality meats are often still used
(Hutkins, 2006). A basic requirement for producing uniform processed
meat products is proper selection and preparation of meat ingredients.
Animal tissues vary widely in moisture, protein, and fat content, in
pigmentation, and in the ability to bind water and fat. Thus, the processor
must know the properties and composition of the various available meat
tissues in order to arrive at the correct meat formulation. Lean meat 65-
75% is commonly added in the mix of most industrial sausages but, this
ratio is variable (Asmare, 2012).

Using the meat as a food dates back to the beginning of human
history. With increasing prosperity increased diversity in human tempers.
That's why food manufacturers such as meat products for the presence in
household consumption basket to produce meat products and various

dimensions of their greed's. Over the time, the researchers came to the
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conclusion that processing of meat into meat products improves the
product's shelf-life and microbiological safety (Ghajarbeygi et al., 2016). In
the study of Yaghoubifar et al. (2009) mentioned per capita consumption of
sausages for every lranian citizen is about 4 kg. The nutritional value of
meat products is mainly due to the energy supplied by these products, and
also to their high biological value proteins, vitamins and minerals
(Muguerza et al., 2004). In addition, meats are most important in supplying
iron and other vital substance for human consumption (Rogov et al., 1989).
Camel meat is also relatively high in polyunsaturated fatty acids (PUFA) in
comparison with beef (Dawood and Alkanhal, 1995).This is an important
factor in reducing the risk of cardiovascular disease, which is related to
saturated fat consumption (Giese, 1992). Comparative technical
information shows that the fat content of camel meat is considerably less
than beef, low in cholesterol and high in protein. Camel meat is similar in
taste and texture to beef (Williams, 2002). Meat is one of the best source of
proteins, vitamins and minerals which are essential nutrients required for
proper growth and maintenance. Meat has been defined as the flesh of
animals which are suitable as food (Forrest et al., 2001). This includes all
processed or manufactured products which might be prepared from these
tissues i.e. meat may be fresh, cured, dried or otherwise processed. Meat is
one of the highly perishable foods because of its high nutritional contents,
enzymatic action and the presence of microorganisms ( bacteria, yeasts
moulds) which may result in oxidative rancidity, discoloration, mouldiness,
off flavour, sliminess etc. The major source of these deteriorative changes
being microorganisms, this renders the meat unacceptable and unfit for
human consumption (Forrest et al.,, 2001). Methods of preserving meat
include the use of high temperature e.g. canning, low temperature e.g.
chilling, freezing and pasteurization, drying e.g. hot air drying, wind and
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sun drying, smoking, use of radiation and the use of chemical
preservatives. It has been reported that drying reduces the moisture content
to a level that prevents the growth of microorganisms especially fungi and
bacteria (K'Opondo, 2011). All handling and storage methods are therefore
primarily concerned with minimising microbial contamination and
retarding microbial growth and activity. The amino acid content of meat
includes Isoleucine, Leucine, Lysine, Methionine, Cystine, Phenylalanine,
Valine, Threonine, Tryptophan, Arginine, Histidine, and Alanine among
others which make it better than other foods as source of protein (Lawrie,
1985). Meat being highly nutritious and having high moisture content with
nearly neutral pH serves as a good culture medium for most
microorganisms and as such, it is classified among perishable foods whose
contamination with spoilage organisms is almost unavoidable (Ikeme,
1990). This makes meat preservation more difficult than other kinds of
food. Dried meat is commonly prepared in the North from where it is
transported to other parts of the country for consumption. According to
(Fakolade and Omojola, 2008) there was an increase in microbial load of
organisms on dried meat samples after six months of storage due to
moisture absorption from the environment. Meat from healthy animals is
used in fermented sausage production. Animal species, anatomical region
of the animal, composition, and microbiological quality have a great
influence on the functional characteristics of meat. Bones should be
removed, connective tissue membranes trimmed off, and soft intermuscular
fatty tissue detached. Meat and fat are chilled (grinding technology) or
frozen (bowl chopper technology) and comminuted to the desired particle
size. The cutter (a rapid rotating set of knives in a slowly rotating bowl) has

become the established means of chopping (Asmare, 2012).
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2.3.2. Sugars

The next essential ingredient is the sugar or carbohydrate. Although
glucose, in the form of the polymer glycogen, is initially present in muscle
tissue of slaughtered animals, glycogen stores are quickly depleted during
the postmortem period. Thus, fresh meat contains little fermentable sugar
and addition of sugar is necessary. Sugars are commonly added to
fermented sausages, among which the most often used are dextrose,
glucose, sucrose, and lactose, as well as corn syrup and different starches
(Rust, 2007). Glucose is most common in the United States, and is added
to about 1% to 2% of the total batter weight (Hutkins, 2006). The main role
of sugars in fermented meat products is to act as substrates for LAB to
produce lactic acid and influencing the rate of pH decline. The quantity
(dextrose a minimum of 0.75% is often recommended), of sugar influences
the rate and extent of acidulation, and also contributes favorably to flavor,
texture, and product yield properties (Asmare, 2012). Since the amount of
acid produced by the lactic culture is directly related to the amount of
available glucose, the sugar concentration in the batter can be adjusted, in
general, to give a particular final pH. Also, higher sugar levels promote
faster fermentations, which are preferred in the United States. In contrast,
many European fermented sausage manufacturers prefer less tanginess and
more diverse flavor development. Achieving these characteristics require
slower fermentation rates, thus less rapidly fermentable sugar is added (as
little as 0.1% to 0.2%) (Hutkins, 2006).

2.3.3. Other Ingredients

Adding ingredients to sausages, like any form of food processing, is
meant to increase consumer acceptability of the product. Adding different

ingredients produces a variety of sausage types. These ingredients not only
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Improve the sensory properties of sausage but also serve as preservatives
and to help ensure the stability of the product. However, adding one
ingredient does not necessarily improve the sensory and safety attributes of
sausages. A combination of ingredients like curing salt, seasonings, and
starter cultures have proved to be beneficial and acceptable for producing
safe and stable sausages (Dogbatsey, 2011) . Some of the key ingredients
and their roles are summarized in the Table 2-5 (Dogbatsey, 2011).

Table 2-5 Key non-meat ingredients and their uses

Non Meat Ingredients Uses Examples
salt Preservation Sodium Chloride
Flavoring Potassium Chloride
Antioxidant Ginger
Spices Flavoring Cloves
Antimicrobial Agent Black Pepper
. Improve Color Sodium nitrite
Curing Agents Retards rancidity Sodium nitrate
Lactobacillus plantarum

Fermentation . . ..
Starter Cultures Pediococcus acidilactici

Antimicrobial Agent
Staphylococcus carnosus

2.3.3.1. Salt

Salt is an essential ingredient in all types of sausage products
(fermented or not). Salt, added in concentrations of 2.4% to 3%, performs
several critical functions. First, it is responsible for extracting and
solubilizing the muscle proteins, which are ordinarily in an insoluble form.
Once extracted and solubilized, the proteins form a “sticky” film around
the meat particles, creating an emulsion-type structure. Second, salt is very
important for flavor and texture purposes of the end product, and is often
used as a carrier for curing and flavoring agents (Gerhard, 2006; Hutkins,
2006). Finally, salt is the primary means, at least initially, for controlling
the microflora. Salt will also increase the bind (myosin extraction which

forms a gel between meat particles and meat and fat particles). Smith and
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Palumbo (1973) investigated the effect of different concentrations of
sodium chloride on the survival of spoilage bacteria in Lebanon bologna.
They found that higher concentrations of sodium chloride inhibited the
growth of spoilage organisms in the absence of starter cultures. This is
because salt lowers water activity, making water unavailable to the
microorganisms for growth. Plasmolysis also occurs, as water flows out of

the cell membrane when the osmotic potential is disrupted.

2.3.3.2. Nitrite

Sodium nitrite is a vital ingredient for meat curing, but nitrates can
sometimes be used as a replacement. For safety and health reasons, nitrite
use in dry sausage is controlled at 156 Ppm" as the allowable limit. Nitrites
were therefore encouraged as a replacement for nitrates even though some
meat processors still use nitrates. Sodium nitrite or nitrate is added to meat
products for two reasons. First, the bright color of cured meat product is
retained through a series of reactions. Thus, nitrite is converted to nitric
oxide, which then combines with myoglobin, a pigmented protein in meat
responsible for natural meat color (Gotterup et al., 2007). Once combined,
the nitric oxide myoglobin produces the bright red color of the cured meat.
Second, sodium nitrite or nitrate is added to meat due its antimicrobial
effects on pathogens such as the ability of nitrite to inhibit formation and
growth of Clostridium botulinum spores (Dykhuizen et al., 1996).
Christiansen et al. (1974) reported an inverse relationship between the
amount of nitrite and Clostridium cell counts. These authors noted the
reduction was dependent on both temperature and salt concentration.
Unfortunately, undesirable compounds are produced by humans who

consume meats containing nitrates and nitrites. These compounds, called

1 -
Parts per million
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nitrosamines, may induce a disorder known as methemoglobinemia, a
condition where blood oxygen is not transported efficiently because
hemoglobin is converted to methemoglobin (Hord et al., 2009). Cassens
(1995) also linked consumption of nitrite and nitrate intake from food to
cancer in young children. Several countries therefore continue to monitor
and control nitrate and nitrite levels in foods. The American Cancer Society
concluded that nitrite levels in American foods do not cause significant
cancer among Americans (American Cancer Society Dietary Guidelines
Advisory Committee, 1996). After an appropriate heat treatment, other
processes needed for human food consumption is prepared. With the
advancement of science and the importance of increasing the shelf life of
food, the researchers had to develop chemical preservatives to increase
shelf life of food. Among these, nitrites are preservatives which were
initially due to the favorable effects on the color and flavor of meat
products had been used; but later it became more important effect of
clostridium. The indiscriminate use of chemical sustaining food producers
has led to regulatory agencies to determine the permissible acceptance limit
for chemical substances used in their food. Nitrite is a compound that exists
in living systems and also, it is one of the most active intermediate species
in the nitrogen cycle, where suffers a surprising metamorphosis from a
vilified substance that generates carcinogenic Nnitrosamines with amines
and amides present in the stomach, to a life-saving drug that liberates a
protective agent (nitric oxide or NO) during the hypoxic events (Bryan,
2006). As a high reactive compound, nitrite can function as an oxidizing, a

reducing or a nitrosylating agent, and can be converted to a variety of
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related compounds in meat, including nitrous acid, nitric oxide and nitrate.
The World Health Organization has reported that the fatal dose of nitrite
ingestion is between 8.7 puM" and 28.3 uM (Zhang et al., 2013). In the same
time, the Legislation of the European Union (Ghajarbeygi et al., 2016)
suggests a maximum supplement which is allowed in the first stage of the
food processing, and it imposes a maximum residue of 50 mg/kg nitrites
and 250 mg/kg nitrates for those meat products (expressed as NaNO?2),
which has not been treated thermally. Nitrites and nitrosamines effects on
human health due to the formation of nitrites used in meat processing about
one-fifth less than two decades ago (Ghajarbeygi et al., 2016). The results
of the study of Ghajarbeygi et al. (2016) showed that a standard for the
production of meat products cannot be fully complies in Iran (Kamkar et
al., 2005). Also, in the study of Babaei et al. (2011) the average nitrate in
sausage was 81.14 and 115.1 mg/kg, respectively, which have said in this
case the acceptance limit is nitrite 60 ppm (Ghajarbeygi et al., 2016).
Therefore, it should be a careful monitoring and continuous, integral part of
maintaining health and microbial quality of meat products (Ghajarbeygi et
al., 2016). But given the above people still have an interest in consumption
of meat products which can be the source of this interest is the increase in
population and new conditions of urban societies that physical access to
fresh food such as fruit and vegetables lowered and people are forced for
economic prosperity for their families, most of the day to spend outside the

home and at work; So, to have the fast food (Ghajarbeygi et al., 2016).

1 Micrometer
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2.3.3.3. Ascorbic acid

Sodium ascorbate and erythorbate are added as cure accelerators
which speed up the formation of cured color and also act as antioxidants
(Feiner, 2006).

2.3.3.4. Spices

Different spices and herbs have for centuries been added to foods in
different concentrations to achieve characteristic flavors. In meat
processing, spices are used alone or in combination with other ingredients
like salts and sugars to give sausages and other meat products their desired
flavor, pungency and color. Garlic, mace, rosemary, ground pepper,
paprika, and ginger are spices that are most used in sausage manufacture
(Verluyten et al., 2004). Other spices provide additional benefits when
added to sausages. Chipault et al. (1952) was the first to report the ability
of rosemary and sage to exhibit profound antioxidant properties in meat.
Al-Jay et al. (1987) further evaluated the antioxidant properties of ten
spices that are mostly used in dry sausage fermentation. They reported that
clove, allspice, and black pepper exhibited antioxidant activity. This
property of clove had earlier been attributed to the presence of eugenol
(Kramer, 1985). According to Gray and Killinger (1966) the use of natural
and artificial additives in foods can be used to minimize or inhibit the
growth of food-borne microbes. The inhibitory capability of some spices
has been attributed to their essential oils such as phenolic amide present in
black pepper, tocopherols from oregano, diarylheptanoid found in ginger
and eugenol in clove (Kim et al., 1995). In a related study, Blank et al.
(1987) discovered that ground clove eugenol has the tendency to decrease
the rate and extent of Bacillus subtilis spore germination. Nutmeg, bay, and

mace extracts added at levels of 125 ppm were found to inhibit Clostridium
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botulinum toxin production in turkey frankfurters, whereas ground
cinnamon, clove, mustard, garlic, and onion added at 0.5% had inhibitory
effects on Listeria monocytogenes (Hall and Maurer, 1986). In addition to
the sensory qualities spices impart to processed meat, they also serve as
antioxidants and antimicrobial agents in meat products. Spices are used for
flavor; act as effective antioxidants, to stimulate LAB activity by supplying
manganese (Mn), and to inhibit undesirable organisms (Srinivassane,
2011). Table 2-6 shows the common spices used in sausage manufacture,

their sources, and examples of resulting products.

Table 2-6 Common spices used in sausages, areas they are commonly found, and
some products they are used to produce

Spice Common Location Grown Use
Garlic India, U.S.A, Italy, Mexico Frankfurters, Pork Sausages
Black Pepper Singapore, Thailand Polish and Smoke Sausages
Clowe Brazil, Sri Lanka, Tanzania Bologna, Liver Sausage
Paprika Hungary, Ethiopia, Spain Polish Sausage, Bologna

Source: (Dogbatsey, 2011)

2.3.3.5. Starter culture

Most commercial cultures for sausage are supplied in either a frozen
or lyophilized form. Frozen cultures, which are more common in the
United States, are supplied as thick slurries in peel-back or flip-top cans
ranging in size from 20 ml to 250 ml. Cell densities typically range from
10° to 10° cells per ml. A typical 70ml can is sufficient for about 150 kg of
sausage batter. These cultures are shipped frozen under dry ice and users
are instructed to store the cans at - 40°C or below. The cans should be
thawed in cold water prior to use. Proper handling of frozen cultures is
absolutely necessary to maintain culture viability and to ensure that culture
performance (i.e., rapid fermentation) is not impaired. Lyophilized cultures,
which are less commonly used, have the advantage of not requiring low-
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temperature storage. They are stable at refrigeration or even ambient
temperatures. As free-flowing powders, they are easily measured and
distributed into the batter. These cultures, which can contain up to 10"
cells per gram, are usually more expensive, however, than frozen cultures
(Hutkins, 2006). Beneficial microorganisms are vital in the manufacture of
fermented sausages. They often present naturally in meat, but can also be
added in the form of starter cultures. Meat fermentation using starter
cultures ensures the presence of sufficient cell numbers to guarantee
consistent and controlled fermentation. Adding these microbes also inhibits
the growth of spoilage and pathogenic microorganisms by reducing pH,
producing organic acids, and producing inhibitory bacteriocins. Other
reasons why food processors use starter cultures are their ability to reduce
variations between batches resulting in consistent product as well as
Minimize processing time (Dogbatsey, 2011). The term starter culture was
then adopted and used for bacterial inoculation because these cells are used
to initiate the fermentation process (Cogan, 1995). Such microorganisms
must be tolerant to nitrite and salts while exhibiting growth at optimal
temperatures. They must be safe for consumption, and must not produce off
odors. Some of the genera of starter cultures include Lactobacillus,
Lactococcus, and Pediococcus. Pediococcus and Lactobacillus are used in
the meat fermentation industries where the aim is to produce fast-ripening
and low acid sausages (Dogbatsey, 2011). In general bacterial starter

cultures have a variety of functions including:

1-Boosting acidity (decreasing pH)
2- Intensify the curing colour (acid environment catalyses curing reaction)

3- Counteract rancidity of fats (due to enzymatic impacts)

4- Development of flavor and taste
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5- Texture improvement of ripened products (by supporting formation of

protein gel in sausage mixes) (Asmare, 2012).

2.3.3.6. Ice water

Water is added to sausages like frankfurters to activate or solubilize
muscle protein which is critical for meat emulsion stability. Water is also
required to disperse salt, nitrite and other ingredients. Ice is commonly used
to counteract the heating effects of the high cutting and shearing forces
generated by the knives on the bowl cutter and to keep the temperature of
the sausage mass down. Thus, ice aids in obtaining a homogeneous
emulsion by activating the maximum amount of protein (Feiner, 2006). The
amount of water to be added is limited to the extent that amount of added
water plus fat content in frankfurters cannot exceed 40% (CFIA, 2003). Ice
water is used as a carrier for the curing agents, and improves the extraction
of meat protein and the hydration of meat-extender proteins. The amount of
added ice, the roles of water in biological systems are numerous and the
mechanisms of action and interaction of this molecule with organic
molecules are not totally elucidated. Two fundamental functions can be
distinguished (Gervais et al., 1996):

1-A solvent function on the level of the organism as well as of the cell
provides nutrients and scavenges wastes, or metabolites, under the
dissolved form.

2-A structural function which is implicated in the stability and the function
of the biological structures organized at the molecular and cellular levels.

At the molecular level, the role of water is in the stabilization of the
structure of the biopolymers; such as proteins, nucleotides and

carbohydrates. At cellular level, the role of water molecules is in the
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stabilization of the lamellar structure of the plasmic membranes and thus in
the preservation of membrane permeability has been shown. In the
intracellular medium, the molecules of water linked with other molecules,
such as polyols, sugars or enzymes, contribute to the maintenance of the
cellular volume, especially when the cell is placed in a hypertonic medium
and particularly during desiccation or freezing conditions (Asmare, 2012).

2.3.4. Casings

Casings: are special cylindrical containers used to protect sausages
and various meat products, In addition, casings also protect products during
storage to give them shape and hold them together during further
processing steps such as fermentation, smoking, drying, boiling, frying or
roasting. Casings can be of natural origin or artificial. Natural casings are
obtained from animal intestines derived from slaughtering. Manufactured
artificial casings are made of cellulose, collagen or synthetic materials
(Asmare, 2012).

2.3.4.1. Natural casings

These are derived almost from gastro-intestinal tracts of cattle, sheep,
and goat. They are somewhat irregular, difficult to use with high speed
stuffing equipment. They are very permeable to moisture and smoke; they
shrink and thereby remain in close contact with the surface of a sausage as
it loses moisture. Natural casings are highly contaminated with bacteria and
are often preserved for later use by packing in salt or saturated salt brine
(FAO, 1991).

2.3.4.2. Artificial casings

Artificial casings solve many of the problems associated with natural
casings. Examples include collagen, cellulose and plastic casings.
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Collagen casings are traditionally made from collagen extracted from
the corium layer of bovine hides before being decalcified and ground. Acid
IS used to swell the collagen and make the dough easily extruded. The
collagen dough contains functional additives such as cross linkers,
plasticizers and cellulose fibers in order to have consistent extrusion
(Nakyinsige et al., 2012). Collagen casings can be edible or non-edible,
depending on the type of sausage. For example, edible collagen casings are
widely used for fresh and cooked sausages, while non-edible collagen
casings, which are basically used for larger-diameter sausages, are removed
prior to consumption (Feiner, 2006). The growth in artificial casings has
increased steadily over the last 6 years due to improvements in
productivity, food safety and cost, compared to natural casings, which are
becoming more expensive due to the decline in the sheep population
(Viscofan Annual Report, 2012). Collagen sausage casings are the most
successful edible film commercially used in the meat industry. Collagen
casings are made from natural collagen extracted from the corium layer of
bovine hides with several processing steps. Collagen casings were
developed as an alternative to natural casings because of numerous
advantages in mechanical and physical properties compared to natural
casings. However, collagen casings lack the gas barrier and antimicrobial
properties that would enhance the quality and safety of sausages (Krkic et
al., 2012).

Cellulose casing are an artificial casing made from solubilized cotton
or wood pulp. It is very uniform, strong, and not quite as susceptible to
bacteria as other types of casings. Sausages produced by this method are
easier to pack than those in variable animal casings due to their uniform
size and weight. This is advantageous in both retail and professional
markets (Asmare, 2012). Furthermore, they have good permeability to
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moisture and smoke in wet environment (Romans et al., 2001). Cellulose
casings must be removed from the finished product after cooking because
they are nonedible (Nakyinsige et al., 2012).

Plastic casings have variety of layers ranging from one to five layers.
The production of plastic casings requires sophisticated processing
technology, especially for multiple layers of plastic casings. Plastic casings
are good barriers against oxygen and moisture. They are easy to handle,
easy to peel and have consistent diameters. However, plastic casings shrink
during the cooling process and subsequently produce a wrinkled
appearance that might limit consumer acceptance. The material used for
monolayer plastic casings is polyamide and for multiple layers are

polyamide and polyethylene (Feiner, 2006).

2.4. Manufacture of fermented sausage

For the manufacture of typical dry fermented sausages, lean meat (60-
70%) and fatty tissue (30-40%) are comminuted, mixed with about 2.4-3%
salt, curing agents, some sugar, spices and, in many cases, starter cultures.
The mix is placed with inclusion of as little oxygen as possible, into
vapour-permeable casings and subjected to a fermentation and drying
process. Control of temperature and relative humidity is essential for the
production of dry sausages. Ripening chambers with precisely adjustable
temperature and humidity are expensive, particularly if they are equipped
with smoke generators and smoke combustion devices. This is the main
reason why today only a small proportion of fermented dry sausages are
manufactured on an artisanal scale (Lucke, 1994).
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2.5. Mixing and stuffing

Once lean meat and fat have been comminuted, curing salts, additives,
other ingredients (sugars, spices/aromatic herbs), and starter cultures
(LAB) are added to the meat batter and thoroughly mixed in the bowil
chopper. Mixing should be sufficient to uniformly distribute ingredients;
over mixing must be avoided. After the batter has been sufficiently mixed,
it is moved to a stuffer, a device that pumps the mix into casings. The
casings are essentially long tubes that give the product its characteristic
shape. The diameter of the casings can vary from less than 1.5 cm to more
than 9 cm. As the tubes are filled, they are tied off or cut to give desired
section lengths, again depending on the product being made. Lengths can
vary from 5cm to 100 cm. Shape and diameter size are important, not only
because they are specific for a given product, but more importantly,
because they influence the rate of drying, cooking, smoking, and ultimately

the flavor and texture of the finished product (Asmare, 2012).

2.6. Sausage fermentation

Meat as a substrate for microorganisms. Lean meat contains
considerable amounts of peptides and amino acids but only small amounts
of glucose and glucose-6-phosphate. The content of these fermentable
sugars, as well as the content of lactic acid and the pH, depend on the
glycogen content of the muscle at slaughter and my vary considerably. As a
rule, meat with a pH above 5.9 contains too little lactate and sugar for a
safe fermentation; it binds water tightly and provides better conditions for
growth of acid-labile bacteria (Michet, 2015). The solid-substrate
fermentation inherent to meat means bacteria grow in micro-colonies, and
therefore starter cultures need to out-compete the indigenous microflora of
the raw material without the use of a kill-step (cooking), which would
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change the appearance of the meat. The comminuted meat quickly becomes
anaerobic in the interior, resulting in obligate aerobe growth to the surface
(Michet, 2015).

Once the sausage batter is packed into casings, the material is moved
into specially designed ripening chambers where the fermentation occurs.
These facilities often referred to as the green room or smoke house or
simply the house have controls for maintaining temperature, humidity, and
air movement. Moreover, control systems in modern facilities are fully
programmable so conditions can be ramped or adjusted depending on how
the fermentation is proceeding or on the particular specifications of the
manufacturers. Thermocouples and pH probes inserted directly into product
samples can feed the appropriate information into a computer to provide
constant monitoring, record-keeping, and feed-back control. Thus, the
entire fermentation can proceed in the absence of a full-time operator
(Hutkins, 2006). Fermentation parameters vary depending on the culture
and the desired product qualities. In general, lower incubation temperatures
require longer fermentation times. For example, at the low temperature
range of 21°C to 24°C (70°F to 75°F), which is very near ambient,
fermentation can take as long as two to three days. At 29°C to 32°C (85°F
to 90°F), twelve to sixteen hours of fermentation will be required. In the
United States, where faster overall production times are preferred, the
incubation temperature can be as high as 37°C to 40°C (98°F to 102°F) for
as little as twelve to eighteen hours. Since individual culture strains may
have different temperature optima and tolerances, selection of cultures that
perform under the selected conditions is critical (Hutkins, 2006). It is also
Important, for some applications that the fermentation rate not proceeds too

fast. This is particularly relevant when flavor- or color-producing
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organisms (e.g., Micrococcus) are used, because they may be inhibited by
fast lactic acid producers. However, if the fermentation is too slow, there
may be sufficient opportunity for pathogens or spoilage organisms to grow.
Ultimately, the pH at the end of fermentation should be less than 5.1,
which, by itself, will not make the product shelf-stable, but which does
provide a reasonable protective barrier against most foodborne pathogens.
In addition, fermented sausages at pH 5.0 to 5.1 will have only a slight tart
flavor that may actually be indistinguishable from non-fermented products
(Hutkins, 2006). Alternatively, depending on the culture, the incubation
conditions, and the amount of substrate (i.e., fermentable sugar) provided,
much higher acidities can be achieved. Typically, summer sausage has a
pH around 4.9 but can be as low as 4.7.When the pH reaches 4.8 or less, a
definite “tangy” flavor becomes apparent. Fermentation rooms are also
equipped with air movement devices and humidistats to maintain the
relative humidity (RH) at desired levels. Since the RH' in the atmosphere
surrounding a food directly influences the water activity of that food
(where a,, X 100 = RH), as RH is decreased, the more moisture is lost to the
atmosphere and the lower will be a, in the sausage. Typically, the RH
should be about 10% less than a,, x 100 of the finished product (Hutkins,
2006).

Stuffed sausages are placed in fermentation chambers under controlled
temperature and specified period, depending on the sausage type to be
produced. The aim of the fermentation process is to transform the highly
perishable substrate meat into a shelf stable and safe product ensuring an
optimum nutritive value and sensory quality (Farnworth, 2008). Meat
fermentation is a low-energy, biological acidulation, preservation method,

which results in unique and distinctive meat properties, such as flavor and

! Relative Hu midity
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palatability, color, microbiological safety, tenderness, and a host of other
desirable attributes of this specialized meat item. Changes from raw meat
to a fermented product are caused by “cultured” or “wild” microorganisms,
which lower the pH. Because this is a biological system and it is influenced
by many environmental pressures that need to be controlled to produce a
consistent product. Some of these factors include a fresh, low-
contaminated, consistent raw material, a consistent inoculum; strict
sanitation; control of time, temperature and humidity during production;
smoke; and appropriate additives (Toldra and Reig, 2007). A desirable
fermentation product is the outcome of acidulation caused by lactic acid
production and lowering the water activity (a,,) caused by the addition of
salt (curing) and drying. Both natural and controlled fermentations involve
lactic-acid bacteria.

The fermentation step in the sausage production includes the period in
the sausage process where pH decreases from approximately 5.7 to its
lowest value, which could vary from 5.5 (hard salamis) to 4.6 (or even 4.2
in high-temperature fermented sausages) depending on the sausage type.
Fermentation parameters vary depending on the culture and the desired
product qualities. The fermentation lasts from less than 12 hours to several
days depending on the sausage style. Sausages fermented at high
temperatures (37°C or higher) reach quickly the lowest pH value (Varnam
and Sutherland, 1995) but, temperatures of around 24°C result in a pH of
4.6 to 5.0, and lower temperatures usually in a higher pH at a slower speed.
The amount of added sugar is the parameter of major influence on the
lowest attainable pH but not on the speed (Puolanne, 1977).
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2.7.Drying

It is a key operation especially for dry fermented sausage production.
And the aim is to lose the desired amount of moisture in the shortest
possible time without the occurrence of case hardening. The process of
drying, and therefore the reduction in a,, has a significant impact on taste,
flavor, texture and color of the product. It is hard to define the point at
which fermentation ends and the process of drying starts because a loss in
weight of the product occurs right from the beginning of the fermentation
process. Generally, the drying phase starts once microbiological stability is
obtained. Good air movement is necessary to rapidly remove water vapor
and any condensate that collects at the surface. The rate of drying is also
critical. If the RH is too low and the temperature too high, drying will
initially be rapid. However, at these high drying rates, the surface will
become dehydrated and form a hard, water-impermeable skin. This
phenomenon, called case hardening, results in slower drying and poor
product quality, since water molecules are unable to diffuse through the
hardened surface and are trapped within the sausage interior (Asmare,
2012).

2.8. Processing effects during dry fermented sausage production

Fermented sausages comprise chopped or ground meat that is mixed
with other nonmeat ingredients such as curing salts, spices, cereals and
flavoring components, and allowed to undergo a lactic fermentation in the
course of a drying process. Production of fermented sausage involves
salting, drying, and lactic acid fermentation and the products are generally
eaten without cooking. Based on these relatively simple processing steps
and widespread artisanal production, numerous fermented meats have been
developed, in many ways (Table 2-7). Processing of fermented sausage
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involves a wide range of physical and chemical treatment methods,

normally combining a variety of methods (Pacific, 2007).

Table 2-7 Processing steps and application principles of fermented meat

Processing Stage Processing Principle(s)
L Grinding of meat and fat and mixing with additives to form a batter for
Comminution stuffing

Growth and development of microbial flora

Fermentation . . .
pH drop and acid gelation of meat proteins

Ripening for enzyme action and development of sensory quality

Ripening and drying Drying

Imparting specific flavor and color

Smoking Preservative effect

Adopted from (Asmare, 2012)

2.9. Physical changes

The acidulation produced during the fermentation stage induces
protein coagulation and thus some water release. The acidulation also
reduces the solubility of sarcoplasmic and myofibrillar proteins, and the
sausage begins to develop consistency. The drying process is a delicate
operation that must achieve equilibrium between two different mass
transfer processes: diffusion and evaporation (Baldini et al., 2000). Water
inside the sausage must diffuse to the outer surface and then evaporate to
the environment. The two rates must be in equilibrium because a very fast
reduction in the relative humidity of the chamber would cause an excessive
evaporation of the sausage surface that would reduce the water content on
the outer parts of the sausage and cause hardening. This is typical of
sausages with a large diameter because of the slow water diffusion rate.
The cross section of these sausages shows a darker, dry, hard outer ring. On
the other hand, when the water diffusion rate is much higher than the
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evaporation rate, water accumulates on the surface of the sausage and
causes wrinkled casings. This situation may happen in short-diameter
sausages being ripened in a chamber with high relative humidity.

2.10. Chemical changes

There are different enzymes, from both muscle and microbial origin,
involved in reactions related to color, texture, and flavor generation (Toldra
and Reig, 2007).

2.10.1. Color

The color of the sausage depends on its moisture and fat content as
well as its content of hemo protein, particularly myoglobin. Color is also
influenced by pH drop rate and the ultimate pH, and may be also affected
by the presence of spices like red pepper. An excess of acid generation by
lactobacilli may also affect color. The characteristic color is due to the
action of nitrite with myoglobin. Nitrite is reduced to nitric oxide, favored
by the presence of ascorbate. Myoglobin and nitric oxide may then interact
to form nitric oxide myoglobin, which gives the sausage its characteristic
cured, pinky-red color (Scott and Hui, 2004).

2.10.2. Taste

The main nonvolatile compounds contributing to the taste of
fermented meats. Sour taste, mainly resulting from lactic acid generation
through microbial glycolysis, is the most relevant taste in fermented meats.
Sourness is also correlated with other microbial metabolites such as acetic
acid. Ammonia may be generated through the activity of deaminase and
deamidase, usually present in yeasts and molds, reducing the intensity of

the acid taste. Salty taste is usually perceived as a direct taste from salt
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addition. ATP' derived compounds such as inosine monophosphate and
guanosine monophosphate exert some taste enhancement, while
hypoxanthine contributes to bitterness. Other taste contributors are those
compounds resulting from protein hydrolysis (Asmare, 2012).

2.10.3. Texture

The development of the consistency of fermented meats is initiated
with the addition of salt and pH reduction. The water-binding ability of
myofibrillar proteins decreases as the pH level approaches their isoelectric
point, and water is released. The solubility of myofibrillar proteins also
decreases, with a trend towards aggregation and coagulation of the
proteins, forming a gel. The consistency of this gel increases with water
loss during drying. So there is continuous development of textural
characteristics like firmness, hardness, and cohesiveness of meat particles
during drying (Toldra, 2002).

2.10.4. Flavor

Little or no flavor is usually detected before meat fermentation,
although a large number of flavor precursors are present. As fermentation
and further ripening/drying progress, the combined action of endogenous
muscle enzymes and microbial activity produces a high number of
nonvolatile and volatile compounds with sensory impact. The accumulation
of these compounds is increased and sensory perception enhanced as long
as the process continues. Some compounds with sensory impact may be
produced through further chemical reactions and the addition of spices also
makes an intense contribution to specific flavors (Scott and Hui, 2004).

! Adenosine Tri Phos phate
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2.10.5. Aroma

The origin of the aroma mainly depends on the ingredients and
processing conditions. Different pathways are responsible for the formation
of volatile compounds with aroma impact. Proteolysis creates many small
peptides and free amino acids. Microorganisms can convert the amino acids
leucine, isoleucine, valine, phenylalanine, and methionine to important

sensory compounds with low threshold values (Asmare, 2012).
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3.1. Raw material collectionand samples preparation

3.1.1. Chemicals

Soy oil, sodium chloride, sodium nitrite, red pepper powder, sugar
powder, black pepper powder, poly phosphate, garlic, special spices,
ascorbic acid, starch and flour were obtained from Kadur Factory (Table 3-
1). De Man Rogosa and Sharpe (MRS') broth (Merck, Darmstadt,
Germany), Nutrient agar media (Merck, Darmstadt, Germany), (YGC?)
Yeast extract glucose chloramphenicol agar media (Merck, Darmstadt,
Germany), (MRS) agar media (de Man, Rogosa and Sharp agar) (Oxoid
LTD., Basing—Stoke, Hampshire, England) and pepton water were obtained
from BioProcess Engineering Laboratory, Hexane, sulific acid, catalase,
boric acid, phenolphthalein and NaOH were provided by chemistry
Laboratory, Department of Food Science and Engineering, University of

Tehran, Iran.

Table 3-1 Raw material and common ingredients used in semi-dry fermented
sausages, formulation

Ingredients Quantity (g)

meat 100

soy oil 15

sodium chloride 2.29

sodium nitrite 0.03

sugar powder 0.37
garlic 2

poly phosphate 0.86

red pepper powder 0.26

black pepper powder 0.17
ascorbic acid 0.1
starch 2.6

flour 8.6

special spice 0.54

' De Man Rogosaand Sharpe
? Yeast extract Glucose Ch loramphenicol
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3.1.2. Samples preparation

3.1.2.1. Meat purchasing

Fresh boneless (camel and beef) meat were obtained from local
market in Karaj, Iran. The lean from these species were packed in separate
plastic bags and transported to BioProcess Engineering Laboratory,
Department of Food Science and Engineering, University of Tehran, Iran,
under chill conditions. As soon as the meat arrived, it was held at

refrigeration temperature until processed on that day.

3.1.2. 2. Starter culture preparation

Three bacterial strains: Lactobacillus casei (DSM 20011Y), L.
paracasei (DSM-20006°) and L. rhamnosus (LGGID-100271) were
obtained from BioProcess Engineering Laboratory (BPEL®), University of
Tehran, Iran. These bacteria were reactivated in de Man Rogosa and Sharpe
(MRS) broth (Merck, Darmstadt, Germany), incubated at 37°C for 24
hours. Under aseptic conditions, they were transferred to (MRS) agar by
streaked and incubated at 37°C for 48 hours. After purification and
enumeration of these Lactic acid bacteria, isolated typical colonies were
transferred from MRS agar to MRS broth overnight incubated at 37°C for
24 hours following the same reactivated processing mentioned above, and
the number of cell was approximately 1x10° CFUmL™( Figure 3-1). Each
strain was centrifuged at 4025 xg, 4°C for 10 min., and the obtained
residual was washed two times with 0.85% saline solution water and used
for inoculation separately in the product (Nanasombat and Wimuttigosol,
2012).

! Deutsche Sammlung von Mikroorganismen/ German collection of microorganisms
2 Deutsche Sammlung von Mikroorganismen/ German collection of microorganisms
® BioProcess Engineering Laboratory
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Figure 3-1 L. paracasei and L.casei after activation

a. ldentification ofthe LAB isolates

The bacteria were identified by microscopic morphological checking
tests. LAB isolates were Gram positive, catalase negative, rod shapes, non-
spore former, non-motile. LAB Isolates which were used in this study were
kept at 4°C in MRS broth until they were further tested. The purity of
cultures was tested periodically and at the starting of each experiment by
gram staining, and the strains belonging to the LAB group were identified
(Ahmed and Elwy, 2015).

3.1.3. Sausage preparation

Four samples from each types of semi-dry fermented sausage were
prepared as following: A control sample produced without added starter
culture (BNS' and CANS?). Three other types of samples were produced
with starter cultures containing one strain of these starter culture
Lactobacillus casei, L. paracasei and L. rhamnosus respectively. Meat and

other above-mentioned ingredients which were used in certain percentages

! Beef Non Starter
2 Camel Non Strater
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per Kg batter for production of semi-dry fermented sausages. The
respective starter cultures were added to each sample as a 2 mL wet
inoculums per Kg of batter. In control sample, 2 mL of sterile saline water
were added per Kg of batter. A Naturin Cutter (Naturin, Germany) was
used for preparation of batter; the cutter was sterilized before the
preparation of meat mixture for each treatment. The spice mixture and
other ingredients including starter culture were added and mixed with
minced meat in a cutter for about 20 minute. The batter had been filled into
artificial collagen casings of 20 mm diameter using a filling machine
(Naturin, Germany) at 5°C (Bozkurt and Bayram, 2006). Samples of
produced sausages were fermented at 30°C for 24 hour, and then dried at
two stages (at 60°C for 4 hour and at 75°C for 20 minute). These heating
stages improve the quality (sensory evaluation) and inhibit bacterial
development. They were, finally, stored in there refrigerator at 4°C as
described by Ahmad et al. (2012). Sampling was performed by randomly
choosing from each sausage group after 0, 10, 20, 30, 40 and 45 days in
order to analyze physicochemical, microbiological and sensorial properties.
The flow diagram of the process used in preparing the semi-dry sausages is
as shown in Figure 3-2.
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Preparing of probiotic and starter cultures Meat of camel Curing saults, spices, sugar,
L. casei, L. paracaseiand L. rhamnosus and beef soy oil and other ingredients
Enumeration strains and purification Weighing of raw materials and ingredients

v v

Mixing with minced meat for about 20 min

v

Stuffing into artificial collagen casings of 20
mm diameter using afilling machine at 5°C

v

Fermentation the samples at 30 °C for 24 hour

v

Semi-drying at two stages (at 60°C for 4 hours and at
75°C for 20 minute)

v

Vacuum packaging and finally, Stored in the
refrigerator at 4°C for 45 days

v

Analysis the samples (physicochemical, microbiological
and sensorial properties) after 0, 10, 20, 30, 40 and 45

\4

Addition of cultures

days
Microbiological Sensorial Physico-chemical
Analysis properties Analysis
Aerobic Plate Count Colour, texture, Protein, Fat, Moisture,
Lactic Acid Bacteria flavour and overall Ash, pHand lactic acid
Yeast and Mold acceptability Determination

Figure 3-2 General flow diagram of processing of semi-dry fermented sausages
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Figure 3-3 shows examples of semi-dry fermented sausages after

formulation and before fermentation.

Figure 3-3 Examples of semi-dry fermented sausages after formulation

3.2. Methods of analysis

3.2.1. Microbiological analysis

The samples were analyzed based on the method described by
American Public Health Association (APHA, 1992). After removing the
casings from samples. 1 gram from each sample was taken and transferred
under aseptic conditions to a glass tube containing 9 ml of sterile normal
saline- peptone water (NaCl 0.85% and 0.1% peptone water). Serial
decimal dilutions were prepared from (10" to 10°®). Nutrient agar media
(Merck, Darmstadt, Germany) were used to count Total Aerobic Counts
(TACY), Yeast extract glucose chloramphenicol agar media (YGC) (Merck,

! Total Aerobic Counts
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Darmstadt, Germany) were used to moulds and yeasts counts [(M* &YC?)]
and (MRS) agar media (de Man, Rogosa and Sharp agar) (Oxoid Id.,
Basing-stoke, Hampshire, England) were used for (LAB) with triplicates.
A colony counter was used for the counting colonies grown in the
incubated Petri-dishes after being incubated at 37°C for 48 hours for TAC
and LAB while [(M &YC)] were incubated at 25°C for (3-5) days finally

means and standard deviations of results were calculated after counting.

3.2.2. Physico- chemical analysis
3.2.2.1. Moisture content determination

The moisture content was determined by weighting 5 grams of
samples in crucible known weight and drying in an oven (SW-90D, Sang
Woo Scientific Co., Bucheon, Korea) at 105°C for 24 hours until reaching
a constant weight, after that the samples were cooled in desiccators and
their weighted in order to determine the moisture content, as mentioned in
the method of AOAC (2006), which calculated according to the following

equation:

_ sample weight - dried sample weight
Moisture% = : X 100
Fresh sample weight

3.2.2.2. Fat content determination

Fat content was measured by the Soxhlet method with a solvent
extraction system (SOXTEC Avanti 2050 Auto System, Foss Tecator AB,
Hoganas, Sweden) based on the method of AOAC (2006). 5 grams from

! Molds
2 Yeasts Count
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the samples were taken to soxhlet equipment. The samples were undergo to
continuous extraction with a solvent hexane for 5 hours .The sample was
then removed to the extractor and permissible to dry for 2 hours at 105°c in
a drying oven till no trace of hexane remained. The samples were then
cooled and weighted for determined the fat percentage; the results were
done as following:

Fat weight
Fat% = - X 100
Sample weight

3.2.2.3. Protein content determination

Total Protein content was determined according to Kjeldahl method
with an automatic Kieldahl nitrogen analyzer (Kjeltec 2300 Analyzer Unit,
Foss Analytical AB, Hoganas, Sweden) which is used to determine the
amount of nitrogen (%) and to calculate the ratio of protein by multiplying
the amount of nitrogen to the constant factor (6.25) as mentioned in the
method of AOAC (2006). Selected randomly samples of semi dry
fermented sausage and these samples were minced and weighted (15-20)
mg" after removed the casing, then digested in Kjeldahl flask by adding10
gm® of catalysts (selenium) and 20 ml of concentration H,SO4.The
digestion was heated until a clear solution was obtained for about 3 hours.
The digested samples were cooled and then100 ml of distilled water was
added to each flask and shaken to avoid precipitation of sulfate in the
solution. 50 mi® of boric acid containing methyl blue were put under

condenser of each distilled unit. The digested and diluted solution was

! Abbreviation for milligram, a unit of measurement of mass in the metric systemequalto a thousandth

ofa gram
2 A gram is equal to the mass of one miilliliter, one thousandth ofa liter, of water at 4 degrees C

* ametric unit of volume equal to one thousandth ofa liter.
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transferred into the sample compartment of the distiller. The tubes were
rinsed with two portions of about 5ml de-ionized water and the rinses were
added into the solution. A 25ml of 40% sodium hydroxide solution was
added into the compartment and washed with a small amount of water,
stoppered and the steam switched on. About 100 ml solution of the sample
was distilled, and then the receiver was lowered so that the tip of the
condenser is above the surface of the distiller. The distillation was
continued until a total volume of 150 ml is collected. The tip was rinsed
with a few milliliter of water before the receiver was removed. Finally, the
distilled liquid was then titrated opposite standardized (0.1) N sulphuric
acid to a reddish color. The equation which used for calculation of Nitrogen

was as follows:

Nitrogen content % = (T~ B)xNX14.007 x 100 x 1000
Weight of sample (g)

Where:

T=Volume in ml of standard sulfuric acid solution used in the titration for
the test material.

B= Volume in ml of standard sulfuric acid solution used in the titration for
the blank determination

N= Normality of standard sulfuric acid

14 = each ml is equivalent to 14 mg nitrogen.

1000= to convert from mg to g.

6.25= constant factor.

Protein content % = Nitrogen content % x 6.25
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3.2.2.4. Ash determination

Prepared the samples as mention in the determination of protein
(removed the casing and minced the semi-dry fermented sausage), then
were weighted 5 grams of each sample and triplicates were put into dried
crucible of known weight. The crucible was put inside a muffle furnace at
105°C. The temperature was increased gradually till it reached (500-525)
C® for 24 hour. Then the crucible was removed, cooled into desiccators and
weighted. The ash percentage was calculated by the following the equation:
As mentioned in the method of AOAC (2006).

weight of crucible before ashing-weight of crucible after drying y

Ash% = 100

Sample weight

3.2.2.5. pH determination

The pH value of semi-dry fermented sausage was determined by
weighted 10 g of each sample. Then the samples of semi-dry fermented
sausage were homogenized in 90 ml of distilled water (Wang, 2000) and
their pH value was measured by pH meter (Crison Instruments S.A., Alella,
Spain) by submerging the electrode directly into the samples of semi-dry

fermented sausage and the readings were recorded.

3.2.2.6. Water activity

Water activity (a,,) of samples was determined using a meter (model
Cx-2, Deacagon Devices, Inc., Pullman, WA, Washington, USA) at 25°C
(Bowser et al., 2014). Weight (3-4) g of the samples of semi-dry fermented
sausage and put into a sample cup. The result was read as soon as the
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humidity and temperature values became stable. The mean value of three

measurements was documented.

3.2.2.7. Lactic acid value

Lactic acid value was determined by filtration of the samples of semi-
dry fermented sausage and then titrating with 0.1 N NaOH (1ml 0.1N
NaOH = 0.0090 g lactic acid), contained phenolphthalein (0.1% in 95%
ethanol w v'') as the indicator. NaOH was then added slowly to the sample
until a pink colour appeared. Each ml of 0.IN NaOH is equivalent to
90.08mg of lactic acid as stated in AOAC (2000). The results were reported

as percent lactic acid by using the formula.

ml NaOH x N NaOH x M.E x 100
Volume of sample used

Titratable acidity of lacticacid =

MI NaOH = Volume of NaOH used
N NaOH = Normality of NaOH
M.E = Equivalenat factor = 90.08mg

3.2.3. Sensory analysis

Sensory evaluation (colour, texture, flavour and overall acceptability)
was carried out for all samples of semi-dry fermented sausage inoculated
and control using 10 trained panelists. According to Al-Ahmad (2014-
2015), for each sample, a score sheet from 1-9; 1 represents very dislike
while 9 is very like. Sensory evaluation was done again for the samples
stored at 4°C after 0, 10, 20, 30, 40 and 45 days. After each the cold storage
period (0, 10, 20, 30, 40 and 45) the samples of semi-dry fermented

sausages were cut into slices of uniform size and coded the samples, which
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were placed randomizly in white paper plate at room temperature to 10
panelists. These panelists were chosen from the stuff and students of
department of food science and Engineering, university Tehran. The
samples evaluated according to Sensory Evaluation Form (Table 3-2).

Table 3-2 Sensory Evaluation Form

3 | Not acceptable 6 | Acceptable some what 9 | excellent
2 | Not acceptable atall 5 | Betwixt and between 8 | Very acceptable
1 | Dogmatic 4 | Not acceptable little 7 | Medium acceptance
Sensory evaluation
Sample. no Color Flavor Texture Overall Acceptability
1
2
3
4
5
6
7
8
9

3.3. Study experimental design

The present study is in three parts:

1-The three starter cultures: Lactobacillus casei, Lactobacillus paracasei
and Lactobacillus rhamnosus used in this research were provided by
Department of Food Science and Engineering, University of Tehran, Iran.
These starter cultures preparing and purification and then were added to
batches of semi-dry sausages.

2- The manufacturing of semi-dry fermented sausages with two kind of
meats (camel and beef) in four parts were prepared as following: One of
these parts is a control sample produced without added starter culture,

Three other samples were produced with starter cultures containing one
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strain from each of starter culture Lactobacillus casei, Lactobacillus
paracasei and Lactobacillus rhamnosus respectively).

3- Physicochemical properties, microbiological and sensory evaluation of
reduced fat content semi-dry fermented functional (beef and camel)
sausage producing by Lactobacillus casei, Lactobacillus paracasei and
Lactobacillus rhamnosus strains were studied after (0, 10, 20, 30, 40 and

45) days of cold storage at 4C".

The selection of potentially probiotic LAB Lactobacillus casei,
Lactobacillus paracasei and Lactobacillus rhamnosus strains were carried
out at the department of Food Science and Engineering. The semi-dry
fermented sausages were manufactured at the Kadur factory (Karaj, Iran)
and stored at the department of Food Science and Engineering for 45 days
at temperature 4'C. The samples were analysed microbiological at the
microbiology laboratory, while the samples were analysed also physico-
chemical and sensory at the chemistry Laboratory, department of Food
Science and Engineering, University of Tehran, Iran. Bacterial strains and

growth conditions were shown in (Table 3-3).

Table 3-3 Microbial group, media and incubation conditions for enumerating
representative bacteria from semi-dry sausage

Microbial group Medium Incubation conditions
MRS broth (PH Merck,
Darmstadt, Germany) at 37°C for 24 hours
Lactic acid bacteria MRS agar (OXOID LTD.,
BASING-STOKE, at 37°C for 48 hours
HAMPSHIRE, ENGLAND)

Nutrient agar media (Merck, at 37°C for 48 hours
Darmstadt, Germany)
YGC) (Merck, Darmstadt,
Germany)

Total aerobic count

Yeast and Mold at 25°C, for (3-5)
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3.4. Statistical analysis

SPSS software (version 17.0) was used to determine the effect of
refrigerated storage and the (LAB) on the quality characteristics of semi-
dry fermented sausage. Each trial was repeated 3 times. The obtained data
were analyzed by one-way (ANOVA'), and significant differences (p<

0.05) among the means were compared by using the Duncan test.

1 . .
Analysis of Variance
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Production of semi- dry fermented sausages based on reduces fat
content at fermentation time 24h. Subsequent changes in chemical,
physico-chemical, and microbiological of sausage samples were observed,
and the sensory analyses of final semi-dry fermented sausages were also
analyzed. Comparisons were drawn in between control and samples
inoculated with Lactobacillus casei, L. paracaseiand L. rhamnsus for each
type of meat (beef and camel). Sufficient enough to explain the variations
of quality of (semi-dry fermented sausage) samples at various conditions
are presented in the following varies Tables (4-3 to 4-25) and Figures (4-
1to 4-9).

4.1. Chemical composition
4.1.1. Physico-chemical composition of raw materials
The Physico-chemical composition of beef and camel meat used as

raw materials for production semi-dry fermented sausages were presented
in (Table 4-1).

Table 4-1 Physico-chemical composition of camel and beef used in the semi-dry
fermented sausages

Ki f
ind o Moisture% Protein%  Fat% Ash% pH aw
meat
Beef 70.50 20.05 8.30 0.92 5.67 0.991
Camel 72.14 19.63 7.13 1.01 5.73 0.983

The moisture content was higher in camel meat compared with beef
(Table 4-1). The content of moisture of camel meat in preset study of value
72.14% was higher to that the value reported 71% by Kadim et al. (2006)
but lower than the value (76.82 %) reported by Soltanizadeh et al. (2010)
for semitendinosus muscle of camel. Babiker and Yousif (1990) found the

moisture content of 75.81% for semitendinosus muscle of camel. The
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importance of moisture in meats lies in its pronounced effects on the shelf
life of meat, its processing potential and sensory characteristics. Higher
moisture content of a meat may affect its juiciness and wetness, being an
indication of its water-holding capacity. The protein content was lower in
camel meat compared with beef in the current study (Table 4-1) and this
was similar to the study of Soltanizadeh et al., (2010). The protein content
was affected by species. Elgasim and Alkanhal (1992) reported that the
camel has protein content slightly less than that of beef, lamb, and goat or
chicken meats. The content protein of the value 19.63% for camel meat is
lower than the value 21.4% reported by Kadim et al. (2006) and
Soltanizadeh et al. (2010). This level of protein indicates that the camel
meat is a source of high quality protein in harsh climate arid regions
(Kadim et al., 2006). However, the value recorded for fat of camel meat in
the present study lower than the content of fat of beef meat (Table 4-1).
The fat content of camel meat (7.13%) was higher than The mean fat of
6.4% for camel’s longissimus muscle recorder by Kadim et al. (2006) but
Soltanizadeh et al. (2010) reported the mean of fat 0.72% for camel’s
semitendinosus muscle. This variability is a general trend for camel meat.
Meats vary greatly in their fat content according to the animal species, age,
diet and part of the carcass used (Valsta et al., 2005). The content of ash of
camel meat slightly higher than the value of beef meat in the present study
(Table 4-1). The content of ash of camel meat (1.01%) was similar to those
of Kadim et al. (2006) but Soltanizadeh et al. (2010) recorded the mean of
ash of 1.1% for camel meat. Kadim et al. (2006) confirmed that camel meat
is healthy and nutritious as it contains low fat as well as being a good
source of minerals. pH of the camel meat is higher than the beef meat but
the water activity of beef meat is slightly higher than the camel meat (Table
4-1).
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The physico-chemical composition of spices used in semi-dry

fermented sausages was presented in (Table 4-2).

Table 4-2 Chemical composition of spice used in semi-dry fermented sausages

Kind of spice Moisture%o aw
Black pepper 8.08 0.375
Spice 6.63 0.416

The value of moisture content of black pepper is 8.08% in current
study and this result agreement to those of Murthy and Bhattacharya (1998)
who found the contents of moisture range between (8-32%, dry weight
basis) of black pepper (Piper nigrum L.) seed but those of Shreelavaniya
and Kamaraj (2017) found physical properties of black pepper in the
moisture range of 81.3 - 8.65 % were determined on wet basis (w.b.).

Black pepperis one of the oldest and most widely used spices in the world.
Black pepper has the characteristics of pepper aroma and flavors due to
their chemical substances especially the volatile oil (Aziz et al., 2012).

Water activity of black pepper 0.375 in present study was lower than
the value 0.409 of black pepper recorded by Peter (2001). The terms
moisture content and water content are often used interchangeably and
represent a measure of the quantity of water in a product. Controlling water
activity in spices maintains proper product structure, texture, stability,
density, and rehydration properties. Knowledge of the water activity of
spices as a function of moisture content and temperature is essential during
processing, handling, packaging and storage to prevent the deleterious
phenomena of caking, clumping, collapse and stickiness. Water activity is a
critical control point for the safety and quality of spices. It is easily

measured using highly accurate instrumentation and should be an integral
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part of the quality control system for any spice manufacturer according to

Decagon Devices Inc. (2010).

4.2. Physico-chemical analysis

4.2.1. Physico-chemical analysis of semi-dry fermented sausages based on
beef meat

Table 4-3 shows the results of the physical and chemical analyses of
semi-dry fermented beef sausage samples inoculated by Lactobacillus casei
after 0, 10, 20, 30, 40 and 45 days of cold storage at 4°C. The protein
content was significantly (p<0.05) increased in all samples until it reached
15.42% at the end of storage period. The moisture content in all samples
significantly decreased (range 62.78—60.93%) during the cold storage
period at 4°C. The trend in fat content; it was similar to protein content in a
significantly (p<0.05) increased in all samples during the cold storage at
4°C. Fat content ranged between 16.38 and 17.51% for semi-dry fermented
sausage during the cold storage period at 4°C. Ash content was almost
significantly (P<0.05) increased in all samples during the cold storage
period at 4°C. Ash content ranged between 2.29 and 2.54% during the cold
storage period at 4°C.
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Table 4-3 Physico-chemical analysis of semi-dry fermented beef meat sausages
inoculated with Lactobacillus casei during the cold storage at 4°C for 45 days

storage/day  Protein% Moisture%o Fat% Ash% PH ;:?;2/2
0 132440017 62.78+006*  16.38+0.01"  2.29+0.01°  545+0.01*  0.478+0.001'
10 13.78+0.02°  62.16+0.04°  1651+0. 01°  2.45+0.02° 541+0. 01°  0.546+0.001°
20 1450+0.02° 61924024  16.86+0.02%  246+0.02°°  5.40+0.02°°  0.579+0.001°
30 1461£0.01°  61.86+0.09°  17.00+0.09°  2.48+0. 05°° 538+0.02°  0.637+0.001°
40 15.24+0.01°  61.33+0.50°  17.38+0.01°  250+0.03®  532+¢0. 01 0.671+0.002°
45 154240057  60.93+0.41°  17.51+001*°  254+0.04°  518+0.02°  0.759+0.002*

*Values are means of threereplicates + standard deviation.

**Meanswith differentsuperscriptlettersin the same column representsignificant differences (p<0.05).

The results of the physical and chemical analyses of semi-dry
fermented beef sausage inoculated with L. paracasei after 0, 10, 20, 30, 40
and 45 days of cold storage at 4°C are presented in Table 4-4. The protein
content was significantly (p<0.05) increased in all samples until it reached
15.75% at the end of storage period, while moisture content decreased in
all samples during the cold storage period at 4°C, (range 61.40-60.55%).
The trend in fat content was similar to protein content which showed a
significant (p<0.05) increase in all samples during the cold storage at 4°C.
Fat content was in the range of 16.40-17.85% for semi-dry fermented
sausage during the cold storage period at 4°C. Ash content was almost
significantly (p<0.05) increased in all samples during the cold storage at
4°C. Ash content ranged between 2.48 and 2.63% during the cold storage
period at 4°C (Table 4-4).
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Table 4-4 Physico-chemical analysis of semi-dry fermented beef meat sausages
inoculated with Lactobacillus paracasei during the cold storage at 4°C for 45 days

storage/day Protein% Moisture% Fat% Ash% PH Lactic acid%
0 13.79+0.02"  61.40+0.03" 16.40+0.02f 2.48+0.02° 5.26+0.01*°  0.480+0.002"
10 13.91+0.01°  61.08+0.27° 16.75+0.02° 251+0.03%  522¢001°  0.571+0.001°
20 14.69+0.02°  60.91+0.12° 16.91:x0.04° 2.54+0,01% 515+0.02°  0.588+0.001°
30 14.9240.01°  60.78+0.20b° 17.33+0.02° 256+0.01"°  5.02+0.08°  0.659+0.001°
40 15.7040.02°  60.75+0.20h° 17.6740.03 2.60+0.03 4.98+0.02°  0.728+0.005°
45 15.75+0.01*°  60.55+0.08"° 17.85+0.02° 2.63+0.03" 4824001  0.869+0.002°

*Values are means of three replicates + standard deviation.
**Means with different superscript letters in the same column represent significant differences (p<0.05).

The results of physical and chemical analyses of semidry fermented
beef sausage samples produced without starter culture (control) after 0, 10,
20, 30, 40 and 45 days of cold storage at 4°C are shown in Table 4-5. The
storage period effected significantly (p<0.05) on protein content in all
samples until it reached 17.24% at the end of storage period, while no
significant differences were observed in moisture content during the cold
storage. The moisture content decrease in the samples was in range of
63.39-61.92% during the storage period at 4°C. There were significant
differences (p<0.05) in the fat content of the samples control during 45
days at 4°C. Fat content ranged between 16.37 and 17.35% for the controls
during the cold storage period at 4°C. Ash content was in the almost
increased in all samples during storage period at 4°C. Ash content range of
2.56-2.68% during the cold storage period (Table 4-5). The control sample
had higher protein content compared to the samples inoculated with L.

casei and L. paracasei.
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Table 4-5 Physico-chemical analysis of semi-dry fermented beef meat sausages
(control) during the cold storage at 4°C for 45 days

storage/day  Protein% Moisture% Fat% Ash% PH Lactic acid%
0 16.74+0.02"  63.39+0.32° 16.37+0.02° 256+0.02°  551+0.01*  0.388+0.001'
10 16.78+0.02° 62.62+0.59" 16.48+0.03" 257+0.02°  548+0.03®  0510+0.001°
20 16.85:+0.02° 62.48+0.09° 16.54+0.12° 2.56+0.005°  5.44+0.04°°  0.572+0.001°
30 16.93+0.02°  62.32+042° 16.89+0.02° 2.60£0.03°  539+0.01  0.631+0.001°
40 17.00+0.02° 62.05+0.07° 17.03+0.04° 2.65+0.05  535+0.02°  0.645+0.001°
45 17.24+0.02°  61.92+0.05° 17.35+0.03° 2.68+0.02*  524+0.04°  0.718+0.002°

*Values are means of three replicates + standard deviation.
**Means with different superscript letters in the same column represent significant differences (p<0.05).

Table 4-6 shows the results of the physical and chemical analyses of
semi-dry fermented beef meat sausage samples inoculated by Lactobacillus
rhamnsus after 0, 10, 20, 30, 40 and 45 days of cold storage at 4°C. The
protein content was significantly (p<0.05) increased in all samples until it
reached 15.85% at the end of storage period. The moisture content in all
samples significantly (p<0.05) decreased (range 60.90-60.06%) during the
storage period. The trend in fat content; it was similar to protein content in
a significantly (p<0.05) increased in all samples during storage at 4°C. Fat
content ranged between 16.48 and 17.87% for semi-dry fermented sausage
during the cold storage period. Ash content was almost significantly
(P<0.05) increased in all samples during the storage period at 4°C. Ash
content ranged between 2.49 and 2.66% during the refrigerated storage
period (Table 4-6).
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Table 4-6 Physico-chemical analysis of semi-dry fermented beef meat sausages
inoculated with Lactobacillus rhamnsus during the cold storage at 4°C for 45 days

storage/day protein%o moisture%o Fat% Ash% PH Lactic acid%
0 1415+0.02°  60.90£0.05°  16.48+0.03"  249+0.01°  447#002*°  0.712+0.002
10 1445+0.02°  60.81+0.01° 16.83+0.02°  255+0.03°°  4.45+0.05° 0.981+0.001°
20 15.15+0.02%  60.79+0.03°  16.94+0.02°  2.56+0.05®  4.44+0.02°°  1.009+0.001°
30 1551+0.01°  60.56+0.03°  17.58+0.04°  258+0.03*  4.43+0.03°°  1.142+0.002°
40 15.75£0.03°  60.42+#0.04° 17.83+0.01°  2.64+0.01*  441+0.02°°  1.223+0.003°
45 15.85+0.02°  60.06+0.05" 17.87+0.03°  266+0.03*  4.35+0.03° 1.415+0.003°

*Values are means of three replicates + standard deviation.
**Meanswith different superscript letters in the same column represent significant differences (p<0.05).

The results of the physical and chemical analyses of semi-dry
fermented beef meat sausage samples produced without starter culture
(control) after 0, 10, 20, 30, 40 and 45 days of cold storage at 4°C are
presented in Table 4-7. The protein content was significantly (p<0.05)
increased in all samples until it reached 15.91% at the end of storage
period, while moisture content was significantly (p<0.05) decreased in all
samples during the storage period, (range 63.96-61.22%). The trend in fat
content was similar to protein content which showed a significant (p<0.05)
increase in all samples during storage at 4°C. Fat content was in the range
of 11.93-14.46% for semi-dry fermented sausage during the cold storage
period. Ash content was almost significantly (p<0.05) increased in all
samples during storage at 4°C. Ash content ranged between 2.51 and
2.67% during cold storage period (Table 4-7).
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Table 4-7 Physico-chemical analysis of semi-dry fermented beef meat sausages
(control) during the cold storage at 4°C for 45 days

storage/day  protein% moisture%o Fat% Ash% PH aLc?Z‘t)l/s
0 14.27+0.02°  6396+0.03" 11.93+0.03" 251+0.04°  454+0.02°  0.498+0.001'
10 15.23+0.03°  6340+0.02° 1323+0.03° 258+0.05°  452+0.02°  0.846+0.002°
20 15.75+0.03°  63.07+0.02° 13.35+0.05°  2.60+0.02"  451+0.01*  0.866+0.002°
30 15.78+0.01°  62.25+0.02° 13.72+0.02° 2.63+0.02°  4.48+0.01°  1.019+0.002°
40 15.8740.02*  61.86+0.02° 13.87+0.01° 2.66+0.02°  4.47+0.07"°  1.047+0.002°
45 15914003  61.2240.02" 1446+0.03% 267+0017°  4.42+0.02°  1.093+0.003"

*Values are means of three replicates + standard deviation.

**Means with different superscript letters in the same column represent significant differences (p<0.05).

4.2.1.1. pH and lactic acid values

pH and lactic acid values for the semi-dry fermented beef meat
sausage inoculated with L. casei during storage at 4°C are shown in Table
4-3. pH value of all samples significantly (p<0.05) decreased during the
refrigerated storage (range 5.45-5.18) while lactic acid values significantly
(p<0.05) increased (range 0.478-0.59%) during the cold storage. Results of
pH and lactic acid values for beef meat samples inoculated with L.
paracasei during the storage period at 4°C are indicated in Table 4-4. pH
value in all samples decreased significantly (p<0.05) during the cold
storage at 4°C (range 5.26-4.82) while lactic acid values significantly
(p<0.05) increased during this time (range 0.480-0.869%). Results of pH
and lactic acid values for the control samples during the storage period at
4°C are shown in Table 4-5. pH values in all samples of semi-dry
fermented beef meat sausage significantly (p<0.05) decreased while lactic
acid values significantly (p<0.05) increased during cold storage at 4°C for
45 days.
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The control samples of semi-dry fermented beef meat sausage had
higher value (5.51-5.24) compared to the samples inoculated with L. casei
and L. paracasei. This decrease in pH values was due to the production of
lactic acid during fermentation by lactic acid bacteria. The increase in lactic
acid values in all the samples is the result of dropping of pH values during
storage at 4°C. The control samples had lower values of lactic acid (0.388-
0.718%) compared to those inoculated with L. casei and L. paracasei
during the cold storage period.

pH and lactic acid values for the semi-dry fermented beef meat
sausage inoculated with L. rhamnsus during storage at 4°C are shown in
Table 4-6. pH value of all samples significantly (p<0.05) decreased during
the cold storage at 4°C (range 4.47-4.35) while lactic acid values
significantly (p<0.05) increased (range 0.712-1.415%) during the cold
storage. The control samples of semi-dry fermented beef meat sausage had
higher value (4.54-4.42) compared to the samples inoculated with L.
rhamnsus (Table 4-7). This decrease in pH values was due to the
production of lactic acid during fermentation by lactic acid bacteria. The
increase in lactic acid values in all the samples is the result of dropping of
pH values during storage at 4°C. The control samples had lower values of
lactic acid (0.498-1.093%) (Table 4-7) compared to those inoculated with
L. rhamnsus during the cold storage period.

4.2.2.Physico-chemical analysis of semi-dry fermented sausages based
on camel meat

Tables 4-8, 4-9 and 4-10 showed the results of the physical and
chemical analyses of semi-dry fermented camel meat sausages inoculated
with Lactobacillus casei, Lactobacillus paracasei and control but Tables 4-

11 and 4-12 showed the results of the physical and chemical analyses of
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semi-dry fermented camel meat sausages inoculated with Lactobacillus
rhamnsus after 0, 10, 20, 30, 40 and 45 days of cold storage at 4°C. Table
4-8 explains the results of the physical and chemical analyses of semi-dry
fermented camel meat sausage samples inoculated by Lactobacillus casei
after 0, 10, 20, 30, 40 and 45 days of cold storage at 4°C. The protein
content was significantly (p<0.05) increased in all samples until it reached
12.82% at the end of storage period. The moisture content in all samples
decreased (range 63.80—62.26%) during the cold storage period at 4°C. The
trend in fat content; it was similar to protein content in a significantly
(p<0.05) increased in all samples during the cold storage at 4°C. Fat
content ranged between 15.40 and 16.39% for semi-dry fermented sausage
during the cold storage period at 4°C. Ash content was almost significantly
(P<0.05) increased in all samples during the storage period at 4°C. Ash
content ranged between 2.44 and 2.64% during the cold storage period at
4°C.

Table 4-8 Physico-chemical analysis of semi-dry fermented sausages inoculated
with Lactobacillus casei during the cold storage at 4°C for 45 days

storage/day  protein%  moisture% Fat% Ash% PH Lactciyz acid
0 10.88+0.03°  63.8+0.03" 15.40+0.03 2.44+0.01° 5.48+0.01°  0.248+0.001
10 12.33+0.03"  63.08+0.05" 15.57+0.01° 2.49+0,01° 542¢0.01°  0.540+0.003°
20 12.39+0.01°  63.04+0.21° 15.93+0.03" 2.53+0.02° 541+0.04°  0.570+0.003°
30 12.68+0.01°  62.89+0.16° 16.04+0.04° 257+0.005°  5.40+00 3  0.590+0.001°
40 12.78+0.02*  62.65+0.17° 16.18+0.01° 2.6+0.02° 536+0.01°  0.670+0.001°
45 12.82+0.02*  62.26+0.02° 16.39+0.02° 2.64+003  521+0.015°  0.702+0.001°

*Values are means of three replicates + standard deviation.

**Means with different superscript letters in the same column represent significant differences (p < 0.05).
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The results of the physical and chemical analyses of semi-dry
fermented camel meat sausage inoculated with L. paracasei after 0, 10, 20,
30, 40 and 45 days of cold storage at 4°C are presented in Table 4-9. The
protein content was significantly (p<0.05) increased in all samples until it
reached 14.58% at the end of cold storage period at 4°C, while moisture
content decreased in all samples during the storage period, (range 62.63—
61.68%). The trend in fat content was similar to protein content which
showed a significant (p<0.05) increase in all samples during storage at 4°C.
Fat content was in the range of 16.35-17.13% for semi-dry fermented
sausage during the cold storage period at 4°C. Ash content was almost
significantly (p<0.05) increased in all samples during storage at 4°C. Ash
content ranged between 2.53 and 2.66% during cold storage period at 4°C
(Table 4-9).

Table 4-9 Physico-chemical analysis of semi-dry fermented camel meat sausages
inoculated with Lactobacillus paracasei during the cold storage at 4°C for 45 days

Lactic

storage/day protein% moisture% Fat% Ash% PH
acid%

e a f d a f

0 13.75+0.01 62.63+0.04 16.35+0.01 2.53+0.03 5.33+0.01 0.302+0.001
d a e d b e

10 13.80+0.01 62.57+0.09 16.46+0.01 2.54+0.04 5.23+0.01 0.568+0001
c b d bd c d

20 14.07+0.05 62.29+0.05 16.50+0.03 2.56+0.04 5.21+0.01 0.581+0003
b c c bd d c

30 14.15+0.02 62.14+0.05 16.70+0.02 2.57+0.01 5.09+0.01 0.643+0001
a d b b d b

40 14.56+0.02 61.73+0.05 16.75+0.02 2.61+0.02 5.07+0.01 0.679+0002
a d a a c a

45 14.58+0.01 61.68+0.08 17.13+0.01 2.66+0.01 4.91+0.02 0.784+0001

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).
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The results of physical and chemical analyses of semidry fermented
camel meat sausage samples produced without starter culture (control) after
0, 10, 20, 30, 40 and 45 days of cold storage at 4°C are shown in Table 4-
10. The storage period effected significantly (p<<0.05) on protein content in
all samples until it reached 15.90% at the end of cold storage period at 4°C,
also significant differences (p<0.05) were observed in moisture content
during the cold storage. The moisture content of the samples was in range
of 63.85-62.68% during the storage period at 4°C. There were significant
differences (p<0.05) in the fat content of samples during 45 days at 4°C.
Fat content ranged between 15.05 and 16.37% for the controls during the
cold storage period at 4°C. Ash content was in the almost increased in all
samples during storage period at 4°C. Ash content range of 2.60-2.72%
during the cold storage period at 4°C (Table 4-10).

Table 4-10 Physico-chemical analysis of semi-dry fermented camel meat sausages
(control) during the cold storage at 4°C for 45 days

storage/day protein%o moisture%o Fat%o Ash% PH ;?ZE/S
0 15.16+0.02"  63.85+0.02° 15.05+0.1° 2.60+0.03° 556+0.01°  0.207+0.002"
10 15.26+0.01°  63.78+0.03° 1543+0.03°  263+0.02  550+0.01°  0.222+0.002°
20 15.39+0.02°  63.47+0.02° 15.73+0.03°  2.65+0.02°°  548+0.02°  0.540+0.002¢
30 15.53+0.02° 63.00£0.1° 15.97+0.03°  2.68+0.01%°  544+0.02%  0574+0.002°
40 1558+0.02°  62.86+0.01¢ 15.99+0.01°  270+003  536+0.010°  0.602+0.001°
45 15.90+0.02*  62.68+0.01° 16.37+0.02°  2.72+0.02a 5.34+0.01°  0.624+0.001%

*Values are means of three replications + standard deviation (SD*).

**Means with different superscript letter within column represent significant differences (p< 0.05).

!Standard Deviation
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Table 4-11 showed the results of the physical and chemical analyses
of semi-dry camel meat fermented sausage inoculated with Lactobacillus
rhamnsus after 0, 10, 20, 30, 40 and 45 days of cold storage at 4°C. The
protein content increased significantly (p < 0.05) in all samples until it
reached 14.93% for samples inoculated with Lactobacillus rhamnsus
during the cold storage period at 4°C (Table 4-11). The moisture content of
semi-dry fermented sausage was decreased significantly (p < 0.05) in all
samples until it reached 61.04% for semi-dry fermented sausages
inoculated with L. rhamnsus (Table 4-11). The trend in the fat content of
samples was similar to protein content that increases significantly (p <
0.05) in all samples during the cold storage period at 4°C until it reached
17.17% for semi-dry fermented sausages inoculated with L. rhamnsus
(Table 4-11). Ash content was almost increased significantly (p < 0.05) in
all sample until it reached 2.68% for semi-dry fermented sausages
inoculated with L. rhamnsus in the final of cold storage period at 4°C
(Table 4-11).

Table 4-11 Physico-chemical analysis of semi-dry fermented camel meat sausages
inoculated with Lactobacillus rhamnsus during the cold storage at 4°C for 45 days

storage/day protein% moisture% Fat% Ash% PH Lactic acid%
0 13.82+0.03"  6246+0.03  16.45+0.02"  255+0.03"  4.48+0.01*°  0.622+0.002f
10 13.93+0.01°  61.91+¥0.01°  16.69+0.02°  256+0.02  4.46+0.02°  0.808+0.001°
20 14.33+001°  61.83+0.01°  16.88+0.02°  2.58+0.02°"  4.45+0.01*°  0.931+0.001°
30 14.414002°  61.66+0.01°  16.95+0.01°  2.60+0.03°°  4.44+0.02°°  1.079+00.2°
40 14.66£0.02°  61.47+0.03°  17.07+0.01°  2.66+0.01"  4.43+0.03"  1.099+0.001°
45 14.93+0.02*  61.04+0.02"  17.17+0.02°  268+0.02°  441+001°  1.112+0.002°

*Values are means of three replications + standard deviation (SD).
**Means with different superscript letter within column represent significant differences (p< 0.05).
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The results of the physical and chemical analyses of semi-dry
fermented camel meat sausage samples produced without starter culture
(control) after 0, 10, 20, 30, 40 and 45 days of cold storage at 4°C are
presented in Table 4-12. The protein content was significantly (p<0.05)
increased in all samples until it reached 15.58% at the end of cold storage
period at 4°C, while moisture content decreased in all samples during the
cold storage period at 4°C, (range 64.72—61.95%). The trend in fat content
was similar to protein content which showed a significant (p<0.05) increase
in all samples during the cold storage at 4°C. Fat content was in the range
of 10.42-12.92% for semi-dry fermented sausage during the cold storage
period at 4°C. Ash content was almost significantly (p<0.05) increased in
all samples during storage at 4°C. Ash content ranged between 2.56 and
2.69% during the cold storage period at 4°C (Table 4-12).

Table 4-12 Physico-chemical analysis of semi-dry fermented camel meat sausages
(control) during the cold storage at 4°C for 45 days

storage/day  protein% Moisture% Fat% Ash% PH Lactic acid%
0 13.91+0.04"  64.72+0. 21*  1042+0.02%  256+0.02°  4.71+0.02°  0.497+0.002
10 14.28+0.02°  64.66+0.91%°  1155+0.02°  2.60+0.01°  4.67+0.03°  0.653+0.003°
20 14.47¢0.02°  64.55+0.35°  11.94+0.01° 2624002 4.64+0.03°°  0.850+0.002
30 1455+0.03°  64.45+0.46°  12.67+0.04° 265+0.02°°  4.6240.02°  0.967+0.003°
40 15.26+0.03° 64414048  12.77+0.02° 2.68+0.04°  461+0.03°  0.986+0.003"
45 1558+0.01°  61.95:0.41°  12.924052°  2.69+0.03"  455+0.02°  1.057+0.002°

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

The increase in protein content of semi-dry fermented sausages can be
due to the proteolytic activities of enzymes produced by microorganisms
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during the fermentation and ripening, which can cause increase in the
bioavailability of amino acids (Moretti et al., 2004). This increase in
protein content in time can be due to the reduction in moisture values. Our
results coincide with those of Asmare and Admassu, who reported increase
of protein content in all samples of dry fermented sausages (Asmare and
Admassu, 2013); this can be attributed to the decrease of water content and
high concentration of nutrients during processing. Decrease of moisture
content led to an increase in protein, fat, and ash contents in all samples
during the storage period at 4°c. Our findings are in agreement with those of
Ahmad et al. (2012), who demonstrated the lowering down of moisture
content of semi-dry fermented sausage. The control sample beef meat had
lower fat content compared to the fermented sausages inoculated with L.
casei and L. paracasei. Fat contributes to nutritional (source of essential
fatty acids, lipo-soluble vitamins, and energy), organoleptic (flavor, texture,
and mouth-feel), and technological properties (release of moisture) in meat
products (Olivares et al., 2010). Our results are in consistency with the
findings of Asmare and Admassu ( 2013), who reported that fat content
was also significantly (p<0.05) increased in all dry-fermented sausages.
The highest ash content was found in the control sample compared to
others. This increase in ash content could be due to the use of salts (NaCl
and NaNO2) in the sausage batters. Salt (NaCl) is one of the major
ingredients in dry- fermented sausages: it plays an essential role in assuring
the microbiological stability, and influences the final taste, color and
texture; these values of ash increase in the end products due to drying
process (Zanardi et al., 2010). Our findings are almost in consistency with
those of Hemat et al. (2010), who reported a significant (P<0.05) increase

in mineral components among the treatments.
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4.2.2.1. pH and lactic acid values

pH and lactic acid values for the samples of semi-dry fermented camel
meat sausages inoculated with Lactobacillus casei, L. paracasei and
control during the cold storage period at 4°C are shown in Table 4-8, 4-9
and 4-10. The pH of all samples decreased significantly (p < 0.05) during
the cold storage period at 4°C. Fewer declines in pH value in all samples of
semi-dry fermented sausages inoculated with L. paracasei until it reached
(4.91) at the end of cold storage period at 4°C (Table 4-9). The production
of lactic acid during fermentation by lactic acid bacteria led to decreasing
in pH values. The amount of lactic acid increased significantly (p <0.05) in
all samples of semi-dry fermented sausages during the cold storage period
at 4°C. Control samples had a lower value of lactic acid 0.624% (Table 4-
10) compared to those inoculated with L. casei and L. paracasei which had
0.702% and 0.784% respectively at the end of cold storage period at 4°C
(Table 4-8 and 4-9).

pH and lactic acid values for the semi-dry fermented camel meat
sausage inoculated with Lactobacillus rhamnsus and control during the
cold storage period at 4°C are shown in Table 4-11and 4-12. pH value of
all samples significantly (p<0.05) decreased during the cold storage period
at 4°C (range 4.48-4.41) in the samples of semi-dry fermented camel meat
sausage inoculated with Lactobacillus rhamnsus, while lactic acid values
significantly (p<0.05) increased (range 0.622-1.112%) during the cold
storage period at 4°C. The control samples of semi-dry fermented camel
meat sausage had higher value (4.71-4.55) during the cold storage period at
4°C compared to the samples inoculated with L. rhamnsus (Table 4-12).
This decrease in pH values was due to the production of lactic acid during

fermentation by lactic acid bacteria. The increase in lactic acid values in all
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the samples is the result of dropping of pH values during storage at 4°C.
The control samples had lower values of lactic acid (0.497-1.057%) (Table
4-12) compared to those inoculated with L. rhamnsus during the cold
storage period at 4°C.

LAB utilize the carbohydrate portion of the meat as source of energy
to produce acids and thus lower the pH, improving the texture of the
products, providing stability against the proliferation of food spoilage and
pathogen microorganisms and producing some aromatic compounds
(Bacus, 1986) through production of lactic acid and a number of other
antimicrobial and organoleptic compounds (e.g. acetic acid, ethanol,
acetoin, carbon dioxide and pyruvic acid) (Albano et al., 2009). The results
of this study are in agreement with report of Ahmad et al. (2012), who
demonstrated that refrigerated storage significantly (p<0.05) decreased the
pH of semi-dry fermented sausage.

4.3. Microbiological analysis

4.3.1. Lactic acid bacteria count based on beef meat

Figure 4-1 shows the numbers of Lactic acid bacteria count (LAB) log
CFU g-1 for beef semi-dry fermented sausage inoculated with
Lactobacillus casei, Lactobacillus paracasei and control during the cold
storage at 4°C for 45 days. There was a significant increase (p<0.05) in the
numbers of LAB during the cold storage period at 4°C in all the samples of
semi-dry fermented beef meat sausage such that they became predominate
flora in the final products during the cold storage period at 4°C (Figure 4-
1). The control samples had lower number of LAB (range 6.47-6.81 log
CFU g™) during the cold storage period at 4°C comparing to the samples
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inoculated with L. casei and L. paracasei (range 6.95 - 7.95 and 7.15-8.28
log CFU g™, respectively) (Figure 4-1).

Log(cfu/g)

0 10 20 30 40 50
Storage (day)

Figure 4-1 Microbial numbers of Lactic acid bacteria count (LAB) log CFU g-1 for
semi-dry fermented beef meat sausage inoculated with Lactobacillus casei (BC),
Lactobacillus paracasei (BPC) and Control (BNS) during the cold storage at 4°C

for 45 days

Table 4-13 shows the numbers of Lactic acid bacteria count log CFU
g" for semi-dry fermented beef meat sausage inoculated with Lactobacillus
rhamnsusand control during the cold storage at 4°C for 45 days. There was
a significantly increased (p<0.05) in the numbers of LAB in all samples of
semi-dry fermented beef meat sausage during the cold storage period at
4°C, such that they became predominate flora in the final products during
the cold storage period at 4°C (Table 4-13). Control samples of semi-dry

fermented beef meat sausage had lower numbers of LAB (range 7.67-8.01
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log CFU g*) comparing to samples inoculated with L. rhamnsus (range
8.50 - 9.24 log CFU g™ during the cold storage period at 4°C (Table 4-13).

Table 4-13 Microbial numbers of Lactic acid bacteria count (LAB) log CFU g™ for
semi-dry fermented beef meat sausage inoculated with Lactobacillus rhamnsus
(BR) and control during the cold storage at 4°C for 45 days

Storage/day Control BR
0 7.67+0.03° 8.50+0.03°
10 7.78+0.02¢ 8.75+0.02¢
20 7.82+0.02° 8.85+0.02°
30 7.90+0.03° 8.89+0.01°
40 8.15+0.02% 9.42+0.02
45 8.01+0.02° 9.24+0.03°

*Values are means of three replications + standard deviation (SD)

**Means with different superscript letter within column represent significant differences (p< 0.05)

4.3.2. Lactic acid bacteria count based on camel meat

Figure 4-2 shows the numbers of Lactic acid bacteria count (LAB) log
CFU g* for semi-dry fermented camel meat sausage inoculated with
Lactobacillus casei, Lactobacillus paracasei and control during the cold
storage at 4°C for 45 days. There was significantly increased (p < 0.05) in
numbers of Lactic acid bacteria in all samples of semi-dry fermented camel
meat sausage during the cold storage period at 4°C, and became the
predominant flora at the end of the cold storage period at 4°C. The control
samples had lower numbers of LAB (range 6.38-6.67 log CFU g™) during
the cold storage period at 4°C comparing to the samples inoculated with L.
casei and L. paracasei (range 6.85 -7.92 and 7.08-8.07 log CFU g™,
respectively) at the end of the cold storage period at 4°C due to the

inoculation these samples with L. casei and L. paracasei (Figure 4-2).
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Figure 4-2 Microbial numbers of Lactic acid bacteria count (LAB) log CFU g™ for
semi-dry fermented camel meat sausage inoculated with Lactobacillus casei (CAC),
Lactobacillus paracasei (CAPC) and Control (CANS) during the cold storage at
4°C for 45 days

Table 4-14 shows the numbers of Lactic acid bacteria count (LAB)
log CFU g* for semi-dry fermented camel meat sausage inoculated with
Lactobacillus rhamnsus and control during the cold storage at 4°C for 45
days. There was a significantly increased (p<0.05) in the numbers of LAB
in all the samples of fermented camel meat sausage during the cold storage
period at 4°C, such that they became predominate flora at the end of the
cold storage period at 4°C (Table 4-14). The control samples had lower
numbers of LAB (range 7.47-7.82 log CFU g™) comparing to the samples
of semi-dry fermented camel meat sausage inoculated with L. rhamnsus
(range 7.99-8.90) log CFU g™ during the cold storage period at 4°C (Table
4-14).
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Table 4-14 Microbial numbers of Lactic acid bacteria count (LAB) log CFU g™ for
semi-dry fermented camel meat sausage inoculated with Lactobacillus rhamnsus
(CAR) and Control during the cold storage at 4°C for 45 days

Storage/day Control CAR
0 7.47+0.02° 7.99+0.01"
10 7.50+0.02° 8.46+0.02°
20 7.63+0.03° 8.54+0.02°
30 7.71+0.02° 8.82+0.02°
40 7.94+0.02% 8.98+0.01%
45 7.82+0.02° 8.90+0.03°

*Values are means of three replications + standard deviation (SD)

**Means with different superscript letter within column represent significant differences (p< 0.05)

Lactic acid bacteria were able to resist the drying process and to
maintain its growth during refrigerated storage stages. Increase in LAB
numbers (which could be due to the environment of meat) is suitable for
the growth of LAB and good adaptation of these bacteria with the
fermentation conditions (Al-F-Ahmad et al., 2014). Our results are in
agreement with those of Ferreira et al. (2007) in fermented sausages, in
which displayed a rapid increase in LAB count was noticed (Ferreira et al.,
2007). The number of LAB decreased at the end of refrigerated storage due
to the exhaustion of sugar and the low temperature conditions (Fernandez-
Ldpez et al., 2008), and also may be due to decrease in the moisture and
increase in the acidity of semi-dry fermented sausage during the
refrigerated storage (Al-Ahmad et al., 2014).

4.3.3. Total aerobic count based on beef meat

Figure 4-3 shows the numbers of Total Aerobic Count (TAC) log
CFU g' for semi-dry fermented beef meat sausage inoculated with
Lactobacillus casei, Lactobacillus paracasei and control during the cold
storage at 4°C for 45 days. Total aerobic count (TAC) of semi-dry

fermented beef meat sausage significantly increased (p< 0.05) in all
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samples during the cold storage period at 4°C (Figure 4-3). The control
samples had lower numbers (range 5.91-6.60 log CFU g-1) compared to
those samples inoculated with L. casei and L. paracasei (range 6.55-7.20
and 6.53-6.75 log CFU g-1, respectively) during the cold storage period at
4°C.

Log(cfu/qg)
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Figure 4-3 Microbial numbers of Total Aerobic Count (TAC) log CFU g™ for semi-
dry fermented beef meat sausage inoculated with Lactobacillus casei (BC?),
Lactobacillus paracasei (BPC?) and Control (BNS) during the cold storage at 4°C
for 45 days

Table 4-15 shows the numbers of Total Aerobic Count (TAC) log CFU
g for semi-dry beef meat fermented sausage inoculated with Lactobacillus

rhamnsus and control during the cold storage at 4°C for 45 days. The

! Beef inculated with Lactobacillus casei
? Beef inculated with Lactobacillus paracasei
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control samples had lower numbers of TAC (range 6.20-6.65 log CFU g™)
compared to those samples inoculated with L. rhamnsus (range 6.50-6.70
log CFU g™ during the cold storage period at 4°C (Table 4-15).

Table 4-15 Microbial numbers of Total Aerobic count (TAC) log CFU g* for
semi-dry fermented beef meat sausage inoculated with Lactobacillus rhamnsus
(BR) and Control during the cold storage at 4°C for 45 days

Storage/day Control BR
0 6.20+0.02 6.50+0.03°
10 6.40+0.03° 6.52+0.02%¢
20 6.45+0.02° 6.55:+0.02¢
30 6.50+0.01° 6.60+0.03°
40 6.60+0.02° 6.65+0.02°
45 6.65+0.03 6.70+0.03°

*Values are means of three replications + standard deviation (SD)

**Means with different superscript letter within column represent significant differences (p< 0.05)

4.3.4. Total aerobic count based on camel meat

Figure 4-4 shows the growth of Total Aerobic Count (TAC) (log CFU.
g for semi-dry fermented camel meat sausages inoculated with
Lactobacillus casei (CAC), Lactobacillus paracasei (CAPC) and control
(CANS) during the cold storage at 4°C for 45 days. Total aerobic count of
semi-dry fermented camel meat sausage were significantly increased (p <
0.05) in all samples during the cold storage period at 4°C (Figure 4-4).
Control sample had lower numbers (range 5.95-6.63) log CFU g’
compared to those samples inoculated with L. casei and L. Paracasei
which had numbers (range 6.60-7.23 and 6.57- 6.80 log CFU g¢*
respectively) during the cold storage period at 4°C.
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Figure 4-4 Growth of Total Aerobic Count (log CFU. g*) for semi-dry fermented
camel meat sausages inoculated with Lactobacillus casei (CAC), Lactobacillus
paracasei) (CAPC) and control (CANS) during the cold storage at 4°C for 45 days

Table 4-16 shows the growth of Total Aerobic Count (TAC) (log CFU
g for semi-dry fermented camel meat sausages inoculated with
Lactobacillus rhamnsus and control during the cold storage at 4°C for 45
days. Control samples had lower numbers of TAC (range 5.37-6.62) log
CFU g compared to those samples inoculated with L. rhamnsus which
had numbers (range 6.50-6.75) log CFU g™ during the cold storage period
at 4°C (Table 4-16).
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Table 4-16 Growth of Total Aerobic Count (log CFU g) for semi-dry fermented
camel meat sausages inoculated with Lactobacillus rhamnsus (CAR') and control
during the cold storage at 4°C for 45 days

Storage/day Control CAR
0 5.37+0.02¢ 6.50+0.03°
10 6.42+0.02° 6.55+0.02°
20 6.47+0.02° 6.60+0.04°
30 6.58+0.03 6.70+0.02°
40 6.60+0.02° 6.72+0.02
45 6.62+0.02% 6.75+0.03

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

Bacha et al. (2010) were observed similar loads of Total Aerobic
Count (TAC) on other sausages. These increasing in (TAC) numbers can
be due to the initial ingredients and the properties of used meat (Talon et
al., 2007). Microbial growth during storage is one of the main factors
affecting the quality of meat products, leading to the spoilage and hence
economic losses (Afshin et al., 2011) Sausage may be contaminated after
heat processing and during other processes such as slicing, packaging and
peeling (Cygnarowicz-Provostet al., 1994),

4.3.5. Molds and Yeasts count based on beef meat

Figure 4-5 shows the numbers of Molds and Yeasts count (M&Y) log
CFU g* for semi-dry fermented beef meat sausage inoculated with
Lactobacillus casei, Lactobacillus paracasei and Control during the cold
storage at 4°C for 45 days. The numbers of molds and yeasts count were
lower than LAB and TAC of semi-dry fermented beef meat sausages. The
numbers of molds and yeasts count were significantly decreased (p<0.05)
in all samples of semi-dry fermented beef meat sausages during the cold

storage period at 4°C (Figure 4-5). The control samples had higher

! camel inoculated with Lactobacillus rhamnsus
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numbers of M&Y (range 4.17-3.22 log CFU g™) compared to the samples
inoculated with L. casei and L. paracasei (range 4.14-2.26 and 4.15-2.50
log CFU g™, respectively) during the cold storage period at 4°C.

. BC BPC ------- BNS

Log(cfu/g)
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Storage (day)

Figure 4-5 Microbial numbers of Molds and Yeast count (M&Y) log CFU g for

semi-dry fermented beef meat sausage inoculated with Lactobacillus casei (BC),

Lactobacillus paracasei (BPC) and Control (BNS) during the cold storage at 4°C
for 45 days

Table 4-17 shows the numbers of Molds and Yeast s count (M&Y) log
CFU g* for semi-dry fermented beef meat sausage inoculated with
Lactobacillusrhamnsus (BR) and control during the cold storage at 4°C for
45 days. The control samples of semi-dry fermented beef meat sausage had
higher numbers of (M&Y) (range 4.74-3.32 log CFU g™) compared to the
samples inoculated with L. rhamnsus (range 4.69—2.67 log CFU g™) during
the cold storage period at 4°C (Table 4-17).
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Table 4-17 Microbial numbers of Molds and Yeasts count (M&Y) log CFU g™* for
semi-dry fermented beef meat sausage inoculated with Lactobacillus rhamnsus
(BR) and control during the cold storage at 4°C for 45 days

Storage/day Control BR
0 4.74+0.02 4.69+0.03
10 4.67+0.02° 4.47+0.02°
20 4.30+0.03° 4.00+0.03°
30 4.23+0.02° 3.95+0.02¢
40 3.94+0.02° 3.85+0.02°
45 3.32+0.02" 2.67+0.02"

*Values are means of three replications + standard deviation (SD)

**Means with different superscript letter within column represent significant differences (p< 0.05)

4.3.6. Molds and Yeasts count based on camel meat

Figure 4-6 shows the numbers of Molds and Yeasts Count (log CFU g
) for semi-dry fermented camel meat sausages inoculated with
Lactobacillus casei, Lactobacillus paracasei and control during the cold
storage at 4°C for 45 days. The numbers of molds and yeasts count were
lower than LAB and TAC of semi-dry fermented camel meat sausages and
were significantly decreased (p < 0.05) in all samples during the cold
storage period at 4°C (Figure 4-6). Control samples had higher numbers of
molds and yeasts (range 4.16-3.17) log CFU g compared to others
samples inoculated with Lactobacillus casei and Lactobacillus paracasei
which had numbers (ranged between 4.11-2.15) and (4.13-2.33) log CFU ¢
! respectively during the cold storage period at 4°C (Figure 4-6).
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Figure 4-6 Molds and Yeasts Count (log CFU g*) for semi-dry fermented camel
meat sausage inoculated with Lactobacillus casei (CAC?), Lactobacillus paracasei
(CAPC?) and control (CANS) during the cold storage at 4°C for 45 days

Table 4-18 shows the numbers of Molds and Yeasts Count (log CFU
g for semi-dry fermented camel meat sausages inoculated with
Lactobacillus rhamnsus and control during the cold storage at 4°C for 45
days. The control samples of molds and yeasts had higher numbers (range
4.42-3.30) log CFU g* compared to the samples inoculated with L.
rhamnsus (range 4.22—2.40) log CFU g™ during the cold storage period at
4°C (Table 4-18).

! Camel inoculated with Lactobacillus casei
% Camel inoculated with Lactobacillus para casei
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Table 4-18 Molds and Yeasts Count (log CFU g*) for semi-dry fermented camel
meat sausages inoculated with Lactobacillus rhamnsus (CAR) and control during
the cold storage at 4°C for 45 days

Storage/day Control CAR
0 4.42+0.02° 4.22+0.027
10 4.36+0.02° 4.10+0.03°
20 4.00+0.03° 3.97+0.02°
30 3.95+0.02¢ 3.90+0.02¢
40 3.88+0.02° ¢ 3.80+0.02
45 3.30+0.02f 2.40+0.03f

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

Our results are in agreement with report of Al-ahmad et al. (2014),
who demonstrated reduced number of yeasts and molds in the starter
cultures compared to the control in smoked fermented semi-dry sausages.
This decline in the number of yeasts and molds in the samples inoculated
with lactic acid bacteria compared with the control can be due to the
competition among LAB, yeasts and molds (Al-Ahmad et al., 2014).

4.4, Sensoryevaluation

The addition of starter culture improved the sensory properties of
samples inoculated with starter culture compared to control. LAB resulted
In- to increasing the lactic acid, and promoting the color, reducing the
enzyme rancidity and improving the sensory properties of the final product
(Al-Ahmad et al., 2014). There are many factors affecting the sensory
characteristics of meat products such as the meats used as raw materials
(genetic type, feed, age, sex, and rearing system), microorganisms selected
as microbial starters for the fermentation and type of processing
technologies (cooking, drying, ripening, smoking, etc.) (Ahmad and Amer,
2013). Sensorial analysis included the evaluation of color, flavor, texture
and overall acceptability.
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4.4.1. Sensory evaluation based on beef and camel meat

Tables 4-19, 4-20 and 4-21 show the sensory evaluation of semi-dry
fermented beef meat sausage of samples inoculated with L. casei, L.
paracasei and control, but Tables 4-22 and 4-23 show the sensory
evaluation of semi-dry fermented beef meat sausage control and the
samples inoculated with L. rhamnsus during the cold storage at 4°C for 45

days.

Figures 4-7, 4-8 and 4-9 show the sensory evaluation of semi-dry
fermented camel meat sausage of samples inoculated with L. casel, L.
paracasei and control, but Tables 4-24 and 4-25 show the sensory
evaluation of semi-dry fermented camel meat sausage control and the
samples inoculated with L. rhamnsus during the cold storage at 4°C for 45

days.
4.4.1.1. Color based on beef meat

Storage time had a significant effect (p<0.05) on color scores in all the
samples of semi-dry fermented beef meat sausage inoculated with L. casei.
During the cold storage period at 4°C, the color scores significantly
(p<0.05) decreased (range 7.85- 6.75) (Table 4-19). As shown in Table 4-
20, storage period had a significant effect (p<0.05) on the color scores in
the samples of semi-dry fermented sausage inoculated with L. paracasei,
the color scores decreased (range 8.07-7.5). Storage period had a
significant effect (p<0.05) on the color scores in all samples of semi-dry
fermented sausage (control) (Table 4-21). The control samples had lower
color scores (range 7.75- 6.16) compared to those samples inoculated with
L. casei and L. paracasei during the cold storage period at 4°C (Table 4-
21).
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The control samples of semi-dry fermented beef sausage had lower
color scores (range 7.80- 6.70) (Table 4-22) compared to those inoculated
with L. rhamnsus range (8.40-7.84) during the cold storage period at 4°C
(Table 4-23).

Table 4-19 Sensory evaluation of semi-dry fermented beef meat sausages
inoculated with Lactobacillus casei during the cold storage at 4°C for 45 days

Storage/day Color Flavor Texture Owerall
acceptability
0 7.85+0.01° 6.83+0.01° 7.82+0.02° 7.33+0.01°
10 7.76+0.01° 6.5+0.03" 7.8+0.042 7.00+0.01°
20 7.5+0.03° 6.37+0.02° 7.5+0.02° 6.56+0.01°
30 7.4+0.02¢ 6.16+0.01° 6.6+0.03° 6.33+0.03¢
40 7.00+0.1° 5.71+0.18" 6.46+0.01 6.30+0.02¢
45 6.75+0.02" 5.63+0.02° 6.13+0.02° 6.22+0.03°

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

4.4.1.2. Color based on camel meat

Lactic acid bacteria result in increasing the lactic acid and promote the
color of the product and reduced enzyme rancidity of fat and improving the
sensory evaluation of final product (Heinz and Hautzinger 2009) During
the cold storage period at 4°C, the score values of color significantly
decreased (p < 0.05) in all samples of semi-dry fermented camel meat
sausage. Control samples had lower score values of color (range 7.50-6.10)
compared to those inoculated with L. casei and L. paracasei which
obtained (range 7.53-6.13 and 7.77-6.66) respectively, during the cold
storage period at 4°C (Figure 4-7, 4-8 and 4-9).

Control samples of semi-dry fermented camel meat sausage had
lower score values of color (range 7.50-6.10) (Table 4-24) compared to

those samples inoculated with L. rhamnsus which obtained (range 8. 35-
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7.55) during the cold storage period at 4°C (Table 4-25). The decrease in
color scores during storage may be due to the lipid oxidation and
subsequent oxidized compounds reacting with amino acids during the non-
enzymatic browning of the product (Ahmad and Amer, 2013). Our results
are in agreement with the findings of Ahmad and Amer (2013), who
reported that during the cold storage, scores of color significantly (p<0.05)

decreased in the semi-dry fermented sausages.
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Figure 4-7 Sensory evaluation of semi-dry fermented camel meat sausages
inoculated with Lactobacillus casei during the cold storage at 4°C for 45 days
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4.4.1.3. Flavor based on beef meat

During the cold storage period at 4°C, the flavor scores significantly
decreased (p < 0.05) in all samples of semi-dry fermented beef meat
sausage inoculated with L. casei (range 6.83- 5.63) during the cold storage
period at 4°C (Table 4-19). There were significant differences (p < 0.05) in
flavor scores in all samples of semi-dry fermented beef meat sausage
inoculated with L. paracasei, which had the highest flavor scores during
the cold storage, as shown in Table 4-20. The flavor scores decreased in all
samples (range 6.87-5.83) during the cold storage period at 4°C. There
were significant differences (p < 0.05) in the flavor scores of semi-dry
fermented beef meat sausage (control) and decrease in all samples during
the cold storage (Table 4-21). The control sample had lower scores (range
6.66-5.60) compared to those inoculated with L. casei and L. paracasei
during the cold storage period at 4°C.

Table 4-22 shows significant differences (p < 0.05) in the flavor
scores of semi-dry fermented beef meat sausage (control) and decrease In
all samples during the cold storage period at 4°C. The control sample had
lower scores (range 6.80-5.60) compared to those inoculated with L.
rhamnsus (range 8.00-7.40) during the cold storage period at 4°C (Table 4-
23).
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Table 4-20 Sensory evaluation of semi-dry fermented beef meat sausages
inoculated with Lactobacillus paracasei during the cold storage at 4°C for 45 days

Storage/day Color Flavor Texture Owerall
acceptability

0 8.07+0.06% 6.87+0.02° 8+0.1° 8+0.01°
10 8+0.02° 6.53+0.04° 7.86+0.02° 7.8+0.03"
20 7.85+0.01° 6.4+0.04° 7.66+0.03b 7.16+0.01°
30 7.83+0.01° 6.18+0.01° 6.66+0.02° 7+0.01¢
40 7.76+0.01° 6.13+0.01° 6.5+0.02¢ 6.5+0.03°
45 7.5+0.03° 5.83+0.02" 6.16+0.01° 6.44+0.04°

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

4.4.1.4. Flavor based on camel meat

During the cold storage period at 4°C, the score values of flavor
significantly decreased (p< 0.05) in all samples of semi-dry fermented
camel meat sausage. Control samples had lower score values of flavor
(range 6.63-5.51) compared to those samples inoculated with L. casei and
L. paracasei which scores (range 6.8- 5.60 and 6.85-5.80) respectively,
during the cold storage period at 4°C (Figure 4-7, 4-8 and 4-9).

Control samples of semi-dry fermented camel meat sausages had
lower score values of flavor (range 6.70-5.50) (Table 4-24) compared to
those samples of semi-dry fermented camel meat sausages inoculated with
L. rhamnsus which scores range 7.95-7.10 during the cold storage period at
4°C (Table 4-25).
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Figure 4-8 Sensory evaluation of semi-dry fermented camel meat sausages
inoculated with Lactobacillus paracasei during cold storage at 4°C for 45 days

The characteristic flavor of fermented sausages mainly originates from
the breakdown of carbohydrates, lipids, and proteins through the action of
microbial and endogenous meat enzymes (Ahmad and Amer, 2013). The
development of flavor is also influenced by several variables such as
product formulation (especially spices), processing conditions, and starter
culture (Ahmad and Amer, 2013). Our results are corresponding with those
obtained by Ahmad and Amer (2013), who indicated a decrease of flavor
for semi-dry sausage during the refrigerated storage.

4.4.1.5. Texture based on beef meat

Texture is a predominant element of the quality and acceptability of
foods. It is perceived from the sensory impressions of the physical

properties of a material, its nature, composition and behavior on
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deformation received from the senses of touch, sight and hearing (Ahmad
and Amer, 2013). As shown in Table 4-19, texture scores of semi-dry
fermented beef meat sausage. There were significantly decreased (p<0.05)
in all samples of semi-dry fermented sausage inoculated with L. casei
(range 7.82-6.13) during the cold storage period at 4°C, also there were
significant differences (p<0.05) in the texture scores of semi-dry fermented
beef meat sausage inoculated with L. Paracasei and texture scores
decreased in all samples, (range 8.0-6.16) during the cold storage period at
4°C (Table 4-20). During the cold storage period at 4°C, the scores of
texture decreased significantly (p<0.05) in all samples of semi-dry
fermented beef meat sausage (control) (Table 4-21). The control sample
had lower score of texture (range 7.50-6.00) compared to those samples
inoculated with L. casei and L. paracasei during the cold storage period at
4°C (Table 4-21).

During the cold storage period at 4°C, the scores of texture
significantly decreased (p<0.05) in all samples of semi-dry fermented beef
meat sausage (control) (Table 4-22). The control samples had lower score
of texture (range 7.80-6.10) compared to those samples inoculated with L.
rhamnsus which had (8.13-7.53) during the cold storage period at 4°C
(Table 4-23).
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Table 4-21 Sensory evaluation of semi-dry fermented beef meat sausages control
during the cold storage at 4°C for 45 days

Storage/day Color Flavor Texture Owerall
acceptability
0 7.75+0.01° 6.66+0.01° 7.5+0.03° 7.25+0.02%
10 7.4+0.03" 6.3+0.03" 6.85+0.02" 6.75+0.01°
20 7.000.09° 5.83+0.01c 6.66+0.01° 6.50+0.04°
30 6.83+0.01° 5.66+0.01° 6.5+0.03 6.30+0.03°
40 6.38+0.03° 5.63+0.03° 6.34+0.02° 6.07+0.12°
45 6.16+0.02" 5.6+0.02° 6.00+0.1" 5.83+0.02f

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

4.4.1.6. Texture based on camel meat

Texture is a powerful element of the quality and acceptability of
foods. It is perceived from sensory impressions of the physical properties
of material, its nature, composition and behavior on deformation received
from senses of touch, sight and hearing (Ahmad and Amer, 2013) During
the cold storage period at 4°C, the scores of texture significantly decreased
(p< 0.05) in all samples of semi-dry fermented camel meat sausage (Figure
4-7, 4-8 and 4-9). Control sample had lower scores of texture (range 7.16-
5.67) compared to those samples inoculated with L. casei and L. paracasei
which had scores of texture (range 7.33-5.95 and 7.37-6.10) respectively
during the cold storage period at 4°C.

Control samples of semi-dry fermented camel meat sausage had lower
scores of texture (range 7.30-5.90) (Table 4-24) compared to those samples
inoculated with L. rhamnsus which had scores of texture (range 8.10-7.45)
during the cold storage period at 4°C (Table 4-25). The significant decrease
in texture during storage may be due to changes in the disulfide bonds and
contents of amino acid (Ahmad and Amer, 2013). Increasing levels of fat
constantly improved the scores of texture (as obtained by Ahmad and Amer
(2013) during the refrigerated storage (2°C) indicated that the scores of the
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texture of semi-dry fermented sausages incorporated with 20% and 25% fat

significantly (p<0.05) decreased.
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Figure 4-9 Sensory evaluation of semi-dry fermented camel meat sausages control
(CANS) during the cold storage at 4°C for 45 days

4.4.1.7. Overall acce ptability based on beef meat

According to Table 4-19, overall acceptability scores significantly
decreased (p<0.05) in all samples of semi-dry fermented beef meat sausage
inoculated with L. casei and ranged between 7.33-6.22 during the cold
storage period at 4°C. The samples of semi-dry fermented beef meat
sausage inoculated with L. paracasei had the highest overall acceptability
scores during the storage period at 4°C. Overall acceptability scores
significantly decreased (p<0.05) in all samples of semi-dry beef meat
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fermented sausage inoculated with L. paracasei (range 8.0-6.44) during the
cold storage period at 4°C (Table 4-20). The control samples of semi-dry
fermented beef meat sausage had lower overall acceptability scores (range
7.25-5.83) compared to those samples inoculated with L. casei and L.
paracasei during the storage period at 4°C (Table 4-21).

The control samples of semi-dry fermented beef meat sausage had
lower overall acceptability scores (range 7.30-6.20) (Table 4-22) compared
to those samples inoculated with L. rhamnsus which had overall
acceptability scores (range 8.50-7.80) during the storage period at 4°C
(Table 4-23).

Table 4-22 Sensory evaluation of semi-dry fermented beef meat sausages control
during the cold storage at 4°C for 45 days

Storage/day Color Flavor Texture Owerall
acceptability
0 7.80+0.027 6.80+0.02° 7.80+0.03° 7.30+0.03°
10 7.70+0.03° 6.45+0.02° 7.75+0.02° 6.90+0.02°
20 7.45+0.02° 6.30+0.03° 7.40+0.02° 6.50+0.03°
30 7.35+0.02° 6.10+0.02° 6.50+0.03¢ 6.30+0.03¢
40 6.90+0.02° 5.70+0.02° 6.40+0.02° 6.25+0.02°
45 6.70+0.03' 5.60+0.02" 6.10+0.02" 6.20+0.02"

*Values are means of three replications + standard deviation (SD).
**Means with different superscript letter within column represent significant differences (p< 0.05).

The best sensory characteristics regarding in color, flavor, texture and
overall acceptability scores were found in the samples of semi-dry
fermented beef meat sausage inoculated with L. paracasei and L. rhamnsus
during the cold storage period at 4°C (Table 4-20 and 4-23).
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Table 4-23. Sensory evaluation of semi-dry fermented beef meat sausages inculated
with L. rhamnsus during refrigerated storage at 4°C for 45 days

Storage/day Color Flavor Texture Owerall
acceptability
0 8.40+0.03 8.00+0.02° 8.13+0.01° 8.50+0.02%
10 8.20+0.02° 7.97+0.02% 8.00+£0.02° 8.35+0.02°
20 8.00+0.03° 7.85+0.03° 7.92+0.02° 8.30+0.02°
30 7.95+0.02° 7.76+0.02° 7.87+0.02° 8.20+0.03¢
40 7.87+0.02° 7.58+0.02° 7.66+0.02° 7.85+0.02°
45 7.84+0.01° 7.40+0.02° 7.53+0.03" 7.80+0.03f

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

4.4.1.8. Overall acce ptability based on camel meat

During the cold storage period at 4°C, the scores of overall
acceptability significantly decreased (p< 0.05) in all samples of semi-dry
fermented camel meat sausage (Figure 4-7, 4-8 and 4-9). Control samples
had lower overall acceptability scores (range 6.6- 5.80) compared to those
samples inoculated with Lactobacillus casei and Lactobacillus paracasei
which scores (range 7.31-6.10 and 7.51-6.40) respectively during the cold
storage period at 4°C.

Control samples of semi-dry fermented camel meat sausage had lower
overall acceptability scores (range 7.25- 6.00) (Table 4-24) compared to
those samples inoculated with L. rhamnsus which scores (range 8.45-7.75)

during the cold storage period at 4°C (Table 4-25).
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Table 4-24. Sensory evaluation of semi-dry fermented camel meat sausages control
during the cold storage at 4°C for 45 day

Storage/day Color Flavor Texture Owerall
acceptability
0 7.50+0.02° 6.70+0.02 7.30+0.02 7.25+0.03°
10 7.10+0.02° 6.40+0.03° 6.70+0.02° 6.85:0.02°
20 6.85+0.03° 6.25+0.03° 6.50+0.03° 6.40+0.02°
30 6.60+0.02° 6.00+0.03° 6.40+0.02° 6.20+0.03°
40 6.30+0.03° 5.60+0.02° 6.25+0.02° 6.10+0.02°
45 6.10+0.02" 5.50+0.03' 5.90+0.02' 6.00+0.02"

*Values are means of three replications + standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).

The best overall acceptability scores were found for semi-dry camel
meat fermented sausage inoculated with Lactobacillus paracasei and L.
rhamnsus during the cold storage period at 4°C (Figure 4-8 and Table 4-
25).

Table 4-25 Sensory evaluation of semi-dry fermented camel meat sausages
inoculated with L. rhamnsus during the cold storage at 4°C for 45 days

Storage/day Color Flavor Texture Owerall
acceptability
0 8.35+0.03% 7.95+0.02% 8.10+0.02 8.45+0.02°
10 8.15+0.02° 7.90+0.02° 7.90+0.03" 8.30+0.03°
20 7.95+0.02° 7.75+0.02° 7.85+0.02° 8.25+0.02°
30 7.80+0.02¢ 7.70+0.03° 7.80+0.02¢ 8.15+0.02¢
40 7.75+0.03° 7.55+0.02° 7.60+0.02° 7.80+0.02°
45 7.55+0.02" 7.10+0.02" 7.45+0.02" 7.75+0.02"

*Values are means of three replications * standard deviation (SD).

**Means with different superscript letter within column represent significant differences (p< 0.05).
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5.1. Conclusion

It is concluded that the fermentation process with L. casei, L.
paracasei and L. rhamnsus of the low fat content semi-dry fermented
sausage processed from beef and camel meat led to the dominance of lactic
acid bacteria on the microflora in the fermented sausage; it helped to
improve the sensorial quality, safety and shelf life by inhibition the
spoilage and the growth of pathogenic bacterial and kept them in

appropriate condition within 45 days of the refrigerated storage at 4°C.

There was significant increase in aerobic plate count particularly lactic acid
bacteria (predominant microorganism) but, drop in counts of yeast and
molds. The protein, fat and ash contents were significantly increased in all
semi-dry fermented sausages while the moisture content decrease in all
samples. The lactic acid value increased in all samples results in drop in pH
value. The best sensory evaluation in the color, flavor, texture and overall
acceptability scores was obtained in the samples of semi-dry fermented
sausage inoculated with L. paracasei and L. rhamnsus.

The use of Lactobacillus casei, L. paracasei and L. rhamnsusin processing
fermented sausages improved the quality and nutritional value of food by
presenting functional properties.

5.2. Recommendation

1- Recommend to study the use of probiotic as mixture and study the effect
on quality and safety of the fermented sausages.

2- Recommend to study the use other strain of Lactobacillus or of
Bifidobacterium in formulation of fermented sausages.

3- Recommend to study the effect of probiotics on pathogenic bacteria.
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3- Recommend to use other source of plant oil like (olive, Walnut and

sesame) oil as ingredient in formulation semi-dry fermented sausages.

4- Recommend to change the storage period and temperature and study
effect these on safety and quality of the product.

5- Recommend to use other source of meat like sheep and buffalo in the

formulation of semi-dry fermented sausages.

6- Recommend to study other method of manufacturing, for example, dry,

smoking or cooking in the fermented sausages.

117



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

References

Ahmad, S., and Srivastava, P.K. (2007). Quality and shelf life evaluation
of fermented sausages of buffalo meat with different levels of
heart and fat. Meat Science, 75(4), 603-609.

Ahmad, S., Rizawi, J.A., Khan, M.S., and Srivastava, P.K. (2012). Effect
of byproduct incorporation on physicochemical and
microbiological quality and shelf life of buffalo meat fermented
sausage. Journal Food Process Technology, 3(195), 1-6.

Ahmad, S., and Amer, B. (2013). Sensory quality of fermented sausages
as influenced by different combined cultures of lactic acid
bacteria fermentation during refrigerated storage. Journal of
Food Processing and Technology, 4(2).

Ahmed, AM.H., and Ely, L.M.l. (2015). Effect of Ilactic acid
producing bacteria on some potential pathogens in sausage.
Journal AssiutVeterinary Medical, 61(144), 240-247.

Abdelhadi, O.M.A., Babiker, S.A., Hocquette, J.F., Picard, B., Durand,
D., and Faye, B. (2013). Effect of ageing on meat quality of the
one humped camel (Camelus dromedar-ius). Emirates Journal of
Food and Agriculture, 25 (2), 150-158.

AdebayoTayo, B., and Akpeji, S. (2016). Probiotic viability,
physicochemical and sensory properties of probiotic pineapple
juice. Fermentation, 2(4), 20.

Afshin J., Saied S., and Babak A. (2011). Microbial properties of hot
smoked sausage during shelf life. Global Veterinaria, 7(5), 423-
426.

118



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Al-Ahmad, Sh., Azizieh, A., and Yaziji, S. (2014). The effect of
commercial starter cultures on quality parameters of smoked
fermented semi-dry sausage. Journal Agriculture Science of
University Damascus, 1(30), 253-268.

Al-Ahmad, S. (2014-2015). The effect of starter cultures on the
physicochemical, microbiological and sensory characteristics of
semi-dried sausages. International Journal of Chem Tech
Research, 7(4): 2020-2028.

Albano, H., van Reenen, C. A., Todorov, S. D., Cruz, D., Fraga, L.,
Hogg, T., Dicks, L. M.T. and Teixeira, P. (2009). Phenotypic and
genetic heterogeneity of lactic acid bacteria isolated from
“Alheira”, a traditional fermented sausage produced in Portugal.
Meat Science, 82(3), 389-398.

Al-Jay, B., Blank, G., McConnrell, B., and Kbayat, M. (1987).
Antioxidant activity of  selected spices used in fermented meat

sausage. Journal of Food Protection, 50(1), 25-27.

American Cancer Society Dietary Guidelines Advisory Committee on
Diet, Nutrition, and Cancer Prevention. (1996). Guidelines on
diet, nutrition and cancer prevention: Reducing the risk of cancer
with healthy food choices and physical activity. CA: A Cancer
Journal for Clinicians, 46(6), 325-341.

American Meat Institute Foundation. (1960). The science of meat and
meat products. San Francisco, CA.: W.H Freeman and Co.

American Meat Institute. (1982). Good manufacturing practices,
fermented dry and semi-dry sausages. American Meat Institute.
AMI, Washington D.C.

119



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

AOAC (Association of Official Analytical Chemists). (2006). Moisture
in meat. In: Horwitz, W.and Latimer, GW. (Ed): Official
Methods of Analysis of AOAC International. 18th. Edition.
Maryland, No. 950.46. 39:1.

AOAC (Association of Official Analytical Chemists). (2006). Fat
(crude) or ether extract in meat. In: Horwitz, W. and Latimer,
GW. (Ed): Official Methods of Analysis of AOAC International.
18th. Edition. Maryland, No. 960.39. 39:2.

AOAC (Association of Official Analytical Chemists). (2006). Nitrogen
in meat - Kjeldahl method In: Horwitz, W. and Latimer, GW.
(Ed): Official Methods of Analysis of AOAC International. 18th.
Edition. Maryland, N0.928.08. 39:5.

AOAC (Association of Official Analytical Chemists). (2006). Ash of
meat In: Horwitz, W. and Latimer, GW. (Ed): Official methods
of analysis of AOAC International. 18th. Edition. Maryland, No.
950.153. 394.

AOAC (Association of Official Analytical Chemists). (2000). In: Cunnif
P. (Ed): Official methods of analysis of AOAC International.
25" Edition. Washington, DC, USA, No. 937.05.; 1-23.

Argyri, A.A., Zoumpopoulou, G., Karatzas, K.A.G., Tsakalidou, E.,
Nychas, G.J.E., Panagou, E.Z., and Tassou, C.C. (2013).
Selection of potential probiotic lactic acid bacteria from
fermented olives by in vitro tests. Food Microbiology, 33(2),
282-291.

Asmare, H. (2012). Development and evaluation of Chickpea and Rice

based dry fermented sausages. Addis Ababa, Ethiopia. Pp.109.

120



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Asmare, H. and Admassu, S. (2013). Development and evaluation of dry
fermented Sausages Processed from Blends of Chickpea Flour
and Beef. East African Journal Science, 7(1), 17-30.

Axelsson, L. (1998). Lactic acid bacteria: Classification and physiology.
In: Lactic acid bacteria. Ed. Salminen, S. and Wright, A. von.
Marcel Deccer. Pp. 1-72.

Aziz, S., Naher, S., Abukawsar, M.D., and Roy, S.K. (2012).
Comparative studies on physicochemical properties and GC-MS
analysis of essential oil of the two varieties of the black pepper
(Piper nigrum Linn.). International Journal of Pharmaceutical
and Phytopharmacological Research, 2(2), 67-70.

Babaei, Z., Bagheri, G.H., Salehifar, A., Javadian, B., and Karimzadeh,
L. (2011). Determination of nitrate and nitrite residue in meat
product produced in some city of Mazandaran in 2009. Journal
Mazandaran University Medical Science, 21(1), 228-233.

Babiker, S. A., and Yousif, K.H. (1990). Chemical composition and
quality of camel meat. Meat Science, 27, 283-287.

Bacha, K., Jonsson, H., and Ashenafi, M. (2010). Microbial Dynamics
during the Fermentation of Wakalim, a Traditional Ethiopian
Fermented Sausage, Journal Food Quality, 33(3), 370-390.

Bacus, J.N. (1986). Fermented Meat and Poultry Products, Pearson,
In "Advances in Meat Research", ed. by A.M., Dutson T.R.,
London, Macmillan Education UK, 123-164.

Baldini, P., Cantoni, E., Colla, F., Diaferia, C., Gabba, L., Spotti, E., ...
and Tenca, P. (2000). Dry sausages ripening: Influence of
thermo hygrometric conditions on microbiological, chemical and
physico-chemical characteristics. Food Research International,
33(3-4), 161-170.

121



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Barat, A.Z.Y., Khomeiri, M., Akbarzadeh, A., Heidari, Z., Bashghareh,
H., and Haghighi, N. (2015). Effect of levels of camel meat on
physiochemical and sensory properties of hamburger. Basic
Research Journal of Microbiology. 2(4), 55-60.

Blank, G., Al-Khayat, M., and Ismond, M. (1987). Germination and heat
resistance of Bacillus sbutilis spores produced on clove and
eugenol based media. Food Microbiology, 4, 35-42.

Borovic, B., Velebit, B., Moracanin, S.V., Lakicevic, B., and Baltic, T.
(2015). Molecular characterization of lactic acid bacteria in
levacka sausage. Procedia Food Science, 5, 14-17.

Bowser, T.J., Mwavita, M., Al-Sakini, A., McGlynn, W., and Maness,
N.O. (2014). Quality and shelf life of fermented lamb meat
sausage with rosemary extract. The Open Food Science Journal,
8(1), 22-31.

Bozkurt, H., and Bayram, M. (2006). Colour and textural attributes of
sucuk during ripening. Meat Science, 73(2), 344-350.

Bryan, N.S. (2006). Nitrite in nitric oxide biology: Cause or
consequence? A systems-based review. Free Radical Biology
and Medicine, 41(5), 691-701.

Caggia, C., De Angelis, M., Pitino, I., Pino, A., and Randazzo, C.L.
(2015). Probiotic features of Lactobacillus strains isolated from
Ragusano and Pecorino Siciliano cheeses. Food Microbiology,
50, 109-117.

Campbell-Platt, G. (1987). Fermented foods of the world: A dictionary
and guide. London: Butter Works.

122



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Canadian Food Inspection Agency. (2003). Guide to food labeling and
advertising. Meat and Poultry products. http://www.Inspection.
gc.ca/ English/ fssa/ labeti/ guide/ chl4e. Shtml.

Casarotti, S.N., Carneiro, B.M., Todorov, S.D., Nero, L.A., Rahal, P.,
and Penna, A.L.B. (2017). In vitro assessment of safety and
probiotic potential characteristics of Lactobacillus strains
isolated from water buffalo mozzarella cheese. Annals of
Microbiology, 67(4), 289-301.

Cassens, R. (1995). Use of sodium nitrite in cured meats today. Food
Technology, 7, 72-80.

Chipault, J.R., Mizuno, G.R., Hawkins, 1.M., and Lundberg, W.O.
(1952). The antioxidant properties of natural Spices. Food
Research, 17, 46-55.

Christiansen, L.N., Tompkin, R.B., Shaparis, A.B., Kueper, T.V.,
Johnston, R.W., Kautter, D.A., and Kolari, O.J. (1974). Effect
of sodium nitrite on toxin production by Clostridium botulinum
in bacon. Applied Microbiology, 27(4), 733-737.

Cogan, T.M. (199S). Flavor production by dairy starter cultures. Journal
Applied Bacteriology, 79, 49S-64S.

Cygnarowicz-Provost, M., Whiting, R.C., and Craig, J.C. (1994). Steam
Surface Pasteurization of Beef Frankfurters, Journal Food
Science, 59(1), 1-5.

Daly, C. and Davis, R. (1998). The biotechnology of lactic acid bacteria
with emphasis on applications in food safety and human health.
Agriculture Food Science, 7(2), 251-265.

Dawood, A., Alkanhal, M.A. (1995). Nutrient composition of Najidi-

camel meat. Meat Science, 39,71-78.

123


http://www/

Production and formulation of a new low- fat fermented functional camel meat sausage by

Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Decagon Devices Inc. (2010). 2365 NE Hopkins CT Pullman, WA

99163. 13961-02. 800-755-2751. www.decagon.com.

De Vuyst, L., Falony, G., and Leroy, F. (2008). Probiotics in fermented

sausages. Meat Science, 80(1), 75-78.

Dogbatsey, F.K. (2011). The combined effects of Pediococcus

Acidilactici and Lactobacillus Curvatus on Listeria
Monocytogenes  ATCC 43251 in  dry  fermented
sausages (Doctoral dissertation, University of Wisconsin--Stout).
Menomonie W.l. American Psychological Association, 6th
edition, Pp.74.

Dykhuizen, R.S., Frazer, R., Duncan, C., Smith, C.C., Golden, M.,

Benjamin, N., and Leifert, C. (1996). Antimicrobial effect of
acidified nitrite on gut pathogens: importance of dietary nitrate in
host defense. Antimicrobial Agents and Chemotherapy, 40(6),
1422-1425.

Elgasim, E. A., and Alkanhal, M. A. (1992). Proximate composition,

amino acids and inorganic minerals content of Arabian camel

meat: comparative study. Food Chemistry, 45, 1-4.

Engesser, D.M., and Hammes, W.P. (1994). Non-heme catalase activity

of lactic acid bacteria. Systematic and Applied Microbiology,
17(1), 11-19.

Fakolade, P.O., and Omojola, A.B. (2008). Proximate composition, pH

value and microbiological evaluation of ‘Kundi’ (dried meat)
product from beef and camel meat. In Conference on
International Research on Food Security, Natural Resource

Managementand Rural Development. Meat Science Laboratory,

124



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Animal Science Department, University of Ibadan. Nigeria, Pp.
7-9.

FAO (1991). Guideline for slaughtering, meat cutting and further

processing. Animal production and health paper. Meat as raw
material-non meat ingredient and basic techniques in further

processing of meat vol. 91, 48, Rome, ltaly.

Farnworth, E.R. (2008). Handbook of Fermented Functional Foods (2nd

Ed). New York: Taylor and Francis Group, LLC.

Feiner, G. (2006). Meat products handbook. Practical Science and

Technology. Woodhead Publishing Ltd, UK. Pp. 239-285.

Fernandez-L6pez, J., Sendra, E., Sayas-Barbera, E., Navarro, C., and

Pérez-Alvarez, JA. (2008). Physico-chemical  and
microbiological profiles of “salchichén” (Spanish dry-fermented
sausage) enriched with orange fiber. Meat Science, 80(2), 410-
417.

Ferreira, V., Barbosa, J., Silva, J., Vendeiro, S., Mota, A., Silva, F., ...

Food

and Teixeira, P. (2007). Chemical and microbiological
characterisation of “Salpicdo de Vinhais” and “Chourica de
Vinhais”: Traditional dry sausages produced in the North of
Portugal. Food Microbiology, 24(6), 618-623.

and Agriculture  Organization/World Health  Organization
(FAO/WHO) (2002). Guidelines for the evaluation of probiotics
in food, Report of a Joint FAO/WHO Working Group on
Drafting Guidelines for the Evaluation of Probiotics in Food,
London, Ontario, Canada.

125



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Font de Valdez, G., de Giori, G.S., Garro, M., Mozzi, F., and Oliver, G.,
(1990). Lactic acid bacteria from naturally fermented vegetables.
MAN Microbiology, aliments, nutrition, 8(2), 175-179.

Forrest, J.C., Aberle, E.D., Gerrard, D.E., Mills, W.E., Hedrick, H.B.,
Judge, M.D., and Merkel, R. A., (2001). The Principles of Meat
Science. Kendall/Hunt Publishing Company: U.S. 4th Edition.

Fox, J.B. (1987). The pigments of meat. In: Price J, Schweigert BS,
editors. The science of meat and meat products. Food and
Nutrition Press. Westport, Connecticut, USA. Pp. 193-219.

Fraqueza, M.J. (2015). Antibiotic resistance of lactic acid bacteria
isolated from dry-fermented sausages. International journal of
food microbiology, 212, 76-88.

Furlan, L.T.R., Padilla, A.P., and Campderros, M.E. (2014).
Development of reduced fat minced meats using inulin and
bovine plasma proteins as fat replacers. Meat Science, 96(2),
762—768.

Gerhard, F. (2006). Meat products handbook: Practical science and
technology. Cambridge, England: Wood head Publishing
Limited.

Gervais, P., Marechal, P.A. and Molin, P. (1996). Water relations of
solid state fermentation, Journal of Scientific and Industrial
Research, 55:343-357.

Ghajarbeygi, P., Kazeminia, M., Panahifard, M.P., Mahmoudi, R., and
Niaraki, A.S. (2016). Hygienic quality of meat products in
Qazvin province during (2011-2014), Iran. Archives of Hygiene
Sciences, 5(4), 254-263.

126



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Gheisari, H.R., and Ranjpar, V.R. (2013). Antioxidative and
antimicrobial effects of garlic in ground camel meat. Turkish
Journal of Veterinary and Animal Sciences, 36 (1), 13-20.

Giese, J. (1992). Developing low-fat meat products. Food Technology,
(USA), 46, 100-108.

Gotterup, 1., Olsen, K., Knochel, S., Tjener, K., Stahnke, L.H., and
Moller, 1.K. (2007). Relationship between nitrate/nitrite
reductase activities in meat associated staphylococci and
nitrosylmyoglobin formation in a cured meat model system.
International Journal Food Microbiology, 120(3), 303-310.

Gray, M.L., and Killinger, A.H. (1966). Listeria monocytogenes and
listeric infections. Bacteriology Review, 30(2), 309-382.

Guizani, N and Mothershaw, A. (2007). Fermentation as a Method for
Food Preservation. In book Handbook of Food Preservation.
Second Edition. Food science and technology. Editorial advisory
board. Edited by Shafiur Rahman, M., Boca Raton London New
York, Pp. 1088

Haghshenas, B., Haghshenas, M., Nami, Y., Khosroushahi, A.Y.,
Abdullah, N., Barzegari, A., Rosli, R., and Hejazi, M.S. (2016).
Probiotic assessment of Lactobacillus plantarum 15HN and
Enterococcus mundtii 50H isolated from traditional dairies
microbiota. Advanced Pharmaceutical Bulletin, 6(1), 37-47.

Hall, M.A., and Maurer, A.J. (1986). Spice extracts, lauricidin, and
propylene glycol as inhibitors of Clostridium botulinum in turkey
frankfurter slurries. Poultry Science, 65(6), 1167-1171.

Hammes, W.P., and Knauf, H.J., (1994). Starters in the processing of
meat products. Meat Science, 36, 155-168.

127



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Heinz, G., and Hautzinger, P. (2009). Meat Processing Technology for
Small to Medium Scale Producers, Food and Agriculture
Organization of the United Nations (FAQO). Rome, Italy.

Hemat, E., Sheshetawy, E.L., and Safaa, M.F. (2010). Influence of
partial replacement of beef meat by geminated lentil on quality
characteristics of dry fermented sausage, World Journal of Dairy
and Food Science,5 (2): 197-206.

Hill, C., Guarner, F., Reid, G., Gibson, G.R., Merenstein, D.J., Pot, B., ...
and Calder, P.C. (2014). Expert consensus document. The
International Scientific Association for Probiotics and Prebiotics
consensus statement on the scope and appropriate use of the term
probiotic. Nature Reviews Gastroenterology & Hepatology,
11(8), 506-514.

Holzapfel, W.H., Geisen, R., and Schillinger, U. (1995). Biological
preservation of foods with reference to protective cultures,
bacteriocins and food-grade enzymes. International Journal of
Food Microbiology, 24(3), 343-362.

Hord, N.G., Tang, Y., and Bryan, N.S. (2009). Food sources of nitrates
and nitrites: the physiologic context for potential health benefits—
.The American Journal of Clinical Nutrition, 90(1), 1-10.

Hui, Y.H., Goddik, L.M., Hansen, A.S., Nip, W.K., Stanfield, P.S., and
Toldra, F. (2004). Handbook of food and beverage fermentation
technology. Marcel Dekker, Inc. New York, Pp. 353-368, 385-
458.

Hutkins, R.W. (2006). Meat Fermentation: In Microbiology and
Technology of fermented foods. IST. Edition. Blackwell
publishing. Pp. 457.

128



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Ikeme, A.l. (1990). Meat Science and Technology. A Comprehensive
Approach. African-Fep. Publishers Itd.

Jalarama Reddy, K., Pandey, M.C., Harilal, P.T., and Radhakrishna, K.
(2013). Optimization and quality evaluation of freeze dried
mutton Manchurian. International Journal Food Research, 20(6),
3101-3106.

Jensen, L.B., and Paddock, L.S. (1940). Sausage treatment. United States
Patent No. 2,225,783. Washington, DC: U.S. Patent and
Trademark Office.

Kadim, I.T., Mahgoub, O., Al Marzooqi, W., Al Zadjali, S., Annamalai,
K., and Mansour, M.H. (2006). Effects of age on composition
and quality of muscle longissimus thoracis of the Omani Arabian
camel (Camelus dromedaries). Meat Science, 73,619-625.

Kamkar, A., Hoseini, H., and Bahonar, A.R. (2005). Evaluation of the
chemical composition of sausages produced in Iran. Pajouhesh-
Va-Sazandegi, 18(4):36-41.

Kandler, O. (1983). Carbohydrate metabolism in lactic acid bacteria.
Antonie van Leeuwenhoek, 49(3), 209-224.

Kim, J., Maurice, R.M., and Chen, W. (1995). Antimicrobial activity of
some essential oli components against five food-borne
pathogens. Journal of Agriculture and Food Chemistry, 43(11),
2839-2845.

K Opondo, F.B.O. (2011). Influence of drying methods and fruit
position on the mother plant on seed quality of spider plant
(Cleome gynandra L.) Morphotypes from western Kenya.

Advances in Applied Science Research, 2(3), 74-83.

129



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Kramer, R.E. (1985). Antioxidants in clove. Journal of the American
Oil Chemists’ Society, 62(1), 111-113.

Krkic, N., Lazic, V., Petrovic, L., Gvozdenovic, J., and Pejic, D. (2012).
Properties of Chitosan-Laminated collagen film.  Food
Technology and Biotechnology, 50(4), 483-489.

Lawrie, R.A.  (1985). Meat Science. 4th Edition. Pergamon Press
Oxford.

Leistner, L. (1986). Allgemeines  Uber rohschinken. Fleischwirtsch
66,496-510.

Leistner, L. (2000). Basic aspects of food preservation by hurdle
technology. International Journal of Food Microbiology, 55,
181-186.

Leroy, F., Verluyten, J., and Vuyst, L. (2006). Functional meat starter
cultures for improved sausage fermentation. International
Journal of Food Microbiology, 106, 270-285.

Lin, Y. (2017). Lactobacillus mediated delivery of therapeutic peptides
in the gastrointestinal tract. Published by Karolinska Institutet.
Printed by E-print AB.

Liu, G., Griffiths, M.W., Shang, N., Chen, S., and Li, P. (2010).
Applicability of bacteriocinogenic Lactobacillus pentosus 31-1
as a novel functional starter culture or coculture for fermented
sausage manufacture. Journal of Food Protection, 73(2), 292-
298.

Lucke, F.K., (1994). Fermented meat products. Food Research
International 27, 299-307.

130



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Lu, Y. (2010). The development of a cured, fermented sheepmeat
sausage designed to minimise species and pastoral-diet flavours
(Doctoral dissertation, Auckland University of Technology).

Magsood, S., Abushelaibi, A., Manheem, K., and Kadim, I.T. (2015).
Characterisation of the lipid and protein fraction of fresh camel
meat and the associated changes during refrigerated storage.
Journal of Food Composition and Analysis, 41, 212-220.

Menegas, L.Z., Pimentel, T.C., Garcia, S., and Prudencio, S.H. (2013).
Dry-fermented chicken sausage produced with inulin and corn
oil: Physicochemical, microbiological, and textural
characteristics and acceptability during storage. Meat Science,
93(3), 501-506.

Meng, T., and Schaffner, W. (1997). Mathematical models for the effects
of pH, temperature and sodium chloride on the growth of
Bacillus sfearothemophilus in salty carrots. Applied Environ.
Microbiology, 63(4), 1237-1243.

Michet, C.J. (2015). Validation of a HACCP program for the production
of artisan fermented dry cured pork products (Doctoral
dissertation, University of Minnesota). Pp. 110.

Moretti, V.M., Madonia, G., Diaferia, C., Mentasti, T., Paleari, M.A.,
Panseri, S., and Gandini, G., (2004). Chemical and
Microbiological Parameters and Sensory Attributes of Typical
Sicilian  Salami  Ripened in Different Conditions, Meat
Science, 66(4): 845-854.

Muguerza, E., Gimeno, O., Ansorena, D., and Astiasaran, I. (2004). New
formulations for healthier dry fermented sausages: a review.
Trends Food Science Technology, 15,452-457.

131



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Murthy, C.T., and Bhattacharya, S. (1998). Moisture dependant physical
and uniaxial compression properties of black pepper. Journal of
Food Engineering, 37(2), 193-205.

Nakyinsige, K., Man, Y.B., and Sazili, A.Q. (2012). Halal authenticity
Issues in meat and meat products. Meat Science, 91(3), 207-214.

Nanasombat, S, and Wimuttigosol, P. (2012). Control of Salmonella
Rissen and Staphylococcus aureus in fermented beef sausage by
a combination of cinnamon and mace oils. Kasetsart Journal
Natural Science, 46, 620-628.

Nishimura, T., Rhue M.R., Okitani, A. and Kato, H. (1988). Components
contributing to the improvement of meat taste during storage.
Agricultural Biology and Chemistry, 52, 2323-2330.

Norma, N.P., and Hotchkiss, H.J. (1998). Food Science (5 ed.).
Maryland, Aspen.

Ockerman, H.W., and Basu, L. (2007). Production and consumption of
fermented meat products. In Handbook of Fermented Meat and
Poultry, edited by F. Toldra. Ames, lowa: Blackwell Publishing.

Olivares, A., Navarro, J.L., Salvador, A., and Flores, M. (2010). Sensory
acceptability of slow fermented sausages based on fat content
and ripening time. Meat Science, 86(2), 251-257.

Oxford encyclopedia of Foods and Drinks (2004). Edited by Andrew
Smith, F.  Publisher: Oxford University Press. Print Publication
Date: 2012 Print ISBN-13: Published online: 2013.

Pacific, G.H. (2007). Meat Processing Technology for Small-to Medium
scale Producers. Bangkok: Food and Agriculture Organization of

the United Nations Regional Office for Asia and Africa.

132



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Papavergou, E.J. (2011). Biogenic amine levels in dry fermented
sausages produced and sold in Greece. Procedia Food Science 1:
1126-1131.

Pederson, C.S. (1971). Microbiology of Food Fermentation. Westport
CT.: AVI Pub Co. Inc.

Peter, K.V. (2001). "Introduction." Handbook of Herbs and Spices. Ed.
K.V. Peter. 1st ed. Cambridge, England: Woodhead Publishing
Limited, 1-12.

Pothakos, V., Devlieghere, F., Villani, F., Bjorkroth, J., and Ercolini, D.
(2015). Lactic acid bacteria and their controversial role in fresh
meat spoilage. Meat Science, 109, 66-74.

Puolanne, E. (1977). Einfluss von verringerten Nitrit und Nitratzusatzen
auf die Eigenschaften der Rohwurst. Maataloustieteellinen
aikakauskirja. Journal of Science and Agricultural Society of
Finland, 49,1-106.

Rahman, M.S. (2007). Handbook of food preservation (2 ed.). Newyork:
CRC press.

Reale, A., Di Renzo, T., Rossi, F., Zotta, T., lacumin, L., Preziuso, M.,
Parente, E., Sorrentino, E., and Coppola, R. (2015). Tolerance of
Lactobacillus casei, Lactobacillus paracasei and Lactobacillus
rhamnosus strains to stress factors encountered in food
processing and in the gastro-intestinal tract. LWT-Food Science
and Technology, 60, 721-728.

Reis, J.A., Paula, A.T., Casarotti, S.N., and Penna, A.L.B., (2012).
Lactic acid bacteria antimicrobial compounds: characteristics and
applications. Food Engineering Reviews, 4(2), 124-140.

133



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Rogov, J.A., Kovalev, Y.L., Tokaev, E.S., and Kaplan, M.A. (1989).
Iron absorption from meat and meat products: Part |—theoretical
foundations for estimating available iron. Meat Science, 25:221—
226.

Romans, J.R., Costello, W.J., Carlson, C.W., Greaser, M.L., and Jones,
K.W. (2001). The meat we eat. Danville, IL. Ill.: Interstate
Publishers, c2001.

Rust, R. (2007). Products "semidry and dry fermented sausages"”. In
Handbook of Fermented Meat and Poultry, edited by Toldra, F.
Ames, lowa: Blackwell Publishing, U.S.

Sahraoui, N., Degand, G., Errahmani, M.B., Baaissa, B., Guetarni, D.,
Clinquart, A., and Hornick, J.L. (2017). Determination of
collagen content in Algerian camel meat. International Research
Journal of Public and Environmental Health, 4 (3), 36-40.

Scott, S.J. and Hui, Y.H. (2004). Food Processing Principles and
Applications. Victoria: Blackwell Publishing.

Shreelavaniya, R., and Kamaraj, S. (2017). Effect of Moisture Content
on Physical Properties of Black Pepper. International Journal of
Current Microbiology and Applied Sciences, 6(10), 4873-4879.

Silva, B.C., Sandes, S.H.C., Alvim, L.B., Bomfim, M.R.Q., Nicoli, J.R.,
Neumann, E., and Nunes, A.C. (2017). Selection of a candidate
probiotic strain of Pediococcus pentosaceus from the faecal
microbiota of horses by in vitro testing and health claims in a
mouse model of Salmonella infection. Journal of Applied
Microbiology, 122(1), 225-238.

Smith, J.L., and Palumbo, S.A. (1973). Microbiology of Lebanon
bologna. Applied Microbiology, 26(4), 489-496.

134



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Solieri, L., Bianchi, A., Mottolese, G., Lemmetti, F., and Giudici, P.
(2014). Tailoring the probiotic potential of non-starter
Lactobacillus strains from ripened Parmigiano Reggiano cheese
by in vitro screening and principal component analysis. Food
Microbiology, 38, 240-249.

Soltanizadeh, N., Kadivar, M., Keramat, J., Bahrami, H., and Poorreza,
F. (2010). Camel cocktail sausage and its physicochemical and
sensory quality. International Journal of Food Sciences and
Nutrition, 61(2), 226-243.

Srinivassane, S. (2011). Development And Evaluation Of Omega-3 Fatty
Acids Enriched Chicken Frankfurters. Dalhousie University
Nova Scotia Agricultural College. Pp. 113.

Steinkraus, K.H. (2002). Fermentation in world food processing:
Comprehensive review. Food Science: Food Safety, 1, 23-32.

Tallard, N.M. (2006). Cattle and Beef International Commodity Profile
Markets and Trade Division. Food and Agriculture Organization.

Talon, R., Lebert, I., Lebert, A., Leroy, S., Garriga, M., Aymerich, T.,
Drosinos, E.H., Zanardi, E., lanieri A., Fraquesza, M.J., Patarata,
L. (2007). Traditional dry fermented sausages produced in small-
scale processing units in Mediterranean countries and Slovakia,
1: Microbial Ecosystems of Processing Environments, Meat
Science, 77(4), 570-579.

Toldra, F. (2002). Dry-cured meat products. Trumbull. CT: Food &
Nutrition Press. 1-238.

Toldra, F., and Reig, M. (2007). Sausages. In Y.H. Yui ed. Handbook of
food products manufacturing John Wiley and Sons Inc.,
Hoboken, New Jersey. Pp. 252-262.

135



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Trzaskowska, M., Kolozyn-Krajewska, D., Wojciak, K., and
Dolatowski, Z. (2014). Microbiological quality of raw-fermented
sausages with Lactobacillus casei LOCK 0900 probiotic strain.
Food Control, 35(1), 184-191.

Valsta, L.M., Tapanainen, H., and Mannisto, S. (2005). Meat fats in
nutrition. Meat Science, 70,525-530.

Vanderzalt, C., and Splittstoesser, D.F. (1992). Compendium of methods
for microbiological examination of food. 3rd. Washington:
Publisher by Amer Public Health Assn.

Varnam, A.H., and Sutherland, J.P. (1995). Meat and Meat Products:
Technology, Chemistry and Microbiology. London, UK:
Chapman and Hall, Pp. 314-354.

Verdenelli, M.C., Ghelfi, F., Silvi, S., Orpianesi, C., Cecchini, C., and
Cresci, A. (2009). Probiotic properties of Lactobacillus
rhamnosus and Lactobacillus paracasei isolated from human
faeces. European Journal of Nutrition, 48(6), 355-363.

Verluyten, J., Leroy, F., and De V., L. (2004). Effects of different spices
used in the production of fermented sausages on growth of and
curvacin a production by Lactobacillus curvatus LTH 1174.
Applied and Environmental Microbiology 70, (8), 4807— 4813.

Vignola, G., Fontana, C., and Fadda, S. (2010). Semi-dry and dry
fermented sausages. Chapter 22. Handbook of Meat Processing.
Fidel Toldré editor. A John Wiley & Sons, Inc., Publication.

Vijayakumar, M., llavenil, S., Kim, D.H., Arasu, M.V., Priya, K., and
Choi, K.C. (2015). In-vitro assessment of the probiotic potential
of Lactobacillus plantarum KCC-24 isolated from lItalian rye-

grass (Lolium multiflorum) forage. Anaerobe, 32, 90-97.

136



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Viscofan Annual Report (2012). Pp. 36-38. http//
www.viscofan.com/ES/Paginas/default.aspx ~ Accessed  on
09/22/13.

Visessanguan, W., Benjakul, S., Riebroy, S., and Thepkasikul, P.
(2004a). Changes in composition and functional properties of
proteins and their contributions to Nham characteristics. Meat
Science, 66, 579-588

Wang, F.S. (2000). Effects of three preservative agents on the shelf life
of vacuum packaged Chinese-style sausage stored at 20 C. Meat
Science, 56(1):67-71.

Wang, C.Y., Lin, P.R., Ng, C.C., and Shyu, Y.T. (2010). Probiotic
properties of Lactobacillus strains isolated from the feces of
breast-fed infants and Taiwanese pickled cabbage. Anaerobe,
16(6), 578-585.

Williams, O.J. (2002). Capture and handling of camels destined for the
abattoir. Central Australian camel industry association and rural
industry research and development corporation.

Xiong, T., Peng, F., Liu, Y., Deng, Y., Wang, X., and Xie, M. (2014).
Fermentation of Chinese sauerkraut in pure culture and binary
co-culture with Leuconostoc mesenteroides and Lactobacillus
plantarum. LWT-Food Science and Technology, 59(2), 713-717.

Yaghoubifar, M.A., Shakerinejad, A., and Akaberi, A. (2009). To
compare the quality and safety of sausages marketed in Sabzevar

with standard. Journal Sabzevar University Medical Science,
16(2), 114-120

137



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

Zanardi, E., Ghidini, S., Conter, M., and lanieri, A., (2010). Mineral
composition of Italian salami and effect of NaCl partial
replacement on compositional, physico-chemical and sensory
parameters, Meat Science, 86(3): 742-747.

Zeuthen, P. (2008). A historical perspective of meat fermentation. In:
oldr, F., Hui, Y .H., Astiasar n, I., Nip, W.-K., Sebranek, J.G.,
Silveira, E.F., Stahnke, L.H., and Talon, R., editors. Handbook of
fermented meat and poultry. Ames, lowa: Blackwell Publishing.
Pp. 3-8.

Zhang, Y., Zhao, Y., Yuan, S., Wang, H., and He, C. (2013).
Electrocatalysis and detection of nitrite on a reduced graphene/
Pd nanocomposite modified glassy carbon electrode. Sensors
Actuators B Chem, 185: 602—607.

Zhang, B., Wang, Y., Tan, Z., Li, Z., Jiao, Z., and Huang, Q. (2016).
Screening of Probiotic Activities of Lactobacilli Strains Isolated
from Traditional Tibetan Qula, A Raw Yak Milk Cheese. Asian-
Australasian Journal of Animal Sciences, 29(10), 1490-1499.

138



#2% Production and formulation of a new low- fat fermented functional camel meat sausage by
Lactobacilluscasei, L. paracasei and L. rhamnsus Faleeha Hussein

CRVLES

25l e gz GRS elel el 3035 upwge (b)) 5 ey Sua b adlas )l
S g 395 (ol ) e elle 5 el (B85 SV ez Sisngn §pme5S (b g
(J58) 5yl (e 250l A5 cliee g5 Jlaa 0 jid g o8 CdsS I oolitnl b SUiS da (g eSS
5 b S Sy L il e plad . ugwgialy 5 (SHLL ¢ S oglewligSY dliwg 4 0l zedls
IS holed) (So5domssSee sl Shy (PH. 5 Sy sl juSB o «ugby (09 p) (alond
o i) g (el SSY Glag Sl JS h)led 9 pede 9 ST S )led il slags S
slod > Jbsu )3 (6)155 59y O 5 Fe e Ve Ve e jlam (5 hpdy 9 €L fpab g jlas )
dod (5055 s 33 Sl SIS (sla 638l sl o ol (Lt 9,8 slazdUl s LT ¥ °C
5 L. paracasei b oas qili sladiges 1 (Go) ¥0 slp ¥ °C) Loy 0 S b » Sas
«v/aa) log CFU. gt « <y & Lactobacillus casei, Lactobacillus rhamnsus
P e gl S oS bl i S Ao (6 eSS g (phewds WUT Ly 0 (A/YYF g AIYA
yal)b plod Lol a8 o o ials Loy 3 ()03 (o )3 adiges plod jd S 5,05 3g5 g Cugb, (slgine
g e baigad plos > PH [tals i ol Gl Bl 2uSB 5 o2 0afign Jio S0 gl
5 2955w clendsS i G Shy Sl 3038 (o ) L Sl el SV abig 4y gl SSY
s L. rhamnsus, Lactobacillus paracasel Ly oud guili sbd pwoss Lumwow sw
FO e ¥ OC clod o)80ke cubls b aJg Joamo a5 sl )lis gols « colps g W diges ol
S9> &5 Sl doss (eSS uawge 45 33 (LS (g (b)) a8 (o L3 1, S,

JyiS aige b awslio 3 cwl L. rhamnsus, L. paracasei , Lactobacillus casei

MBSl (o iy

A Lo S5y S dog (5055 oz W5 ¢ ol SV (55 548 Lol

139



b Zle 9 (55,9UiS ud
S 59US (659U 9 (owiipee (50

8 @lho (oo g pole 095

u):gﬂu/(dj(uljgﬁﬂ;u/"‘@yy,yﬁ -7 ﬂ'ff U 55)‘/)/{}' s
922 u};g?u/, ‘;M}ﬁ

LSS

axor ool )25 355 (G9) (SO dw 55D

ALy (G5 A yd il gly Al

I s (5555

1747 oo Wi



