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Abstract

The effect of chemical, physical and microbial properties of mechanically deboned meat
(MDM) on the quality of emulsion-type meat product under 1ISO17025 construction were
studied. For this purpose, three major turkey MDM producer in Israel were used to obtain
202 MDM samples. The samples were analysed for chemical and microbial tests. The
chemical analysis conducting by using Near-Infrared (NIR), FOSS instrument. The best
result upon three producers were used for formulating the research samples.

Comminuted sausages formulated from MDM prepared according to ten different
formulas; high protein content (PH), low protein content (PL), high fat content (FH), low
fat content (FL), high ascorbic acid content (AH), low ascorbic acid content (AL), blank
formula without soya protein, sunflower oil, and ascorbic acid (BL), standard formula with
soya protein, sunflower oil, and ascorbic acid (SD), formula similar to standard formula
produced from MDM held for two days at 18'C (Hol2), and formula similar to standard
formula produced from MDM held for five days at 18'C (Hol5). The formulas designed to
trigger the following factors on sausage quality; protein content, fat content, pH degree,
and thawing MDM before emulsification.

All samples were cooked in steam with core temperature74-76'C. The cooked samples
were stored under chilling for four months to keep the samples in optimum condition
during the life of the investigation, by carrying on chemical, physical, microbial, and
organoleptic analysis to evaluate the formulas stability. The chemical analysis conducted
by using Near-Infrared (NIR), FOSS instrument. The physical analysis conducted by using
slice folding test method; to evaluate the structure and elasticity of the finished product.
Low moisture content of MDM should not be used as a control point to accept MDM
chemically because it combined with increase in fat content and decrease in protein content
that is essential for sausage emulsion. Increase protein, fat, ascorbic acid content in the
formulas has a negative effect on the organoleptic evaluation. The use of soya protein
isolate (SPI) in 3.5% in combination with 3% of sunflower oil showed the best
organoleptic evaluation and stability during shelf life for four months. The effect of
temperature increases for MDM during process due to long holding time or thawing step
decrease the shelf life of end product even when all pathogenic microbes are destructed due

to presence of spoilage microbes without significant decrease in MDM pH. This effect is



more than the whole processing effect itself. The dependant on meat pH measures to detect

the deterioration of meat was not related as early indicator to spoilage fact.
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Ch.1 Introduction

Chapter One Introduction

1.1 Introduction

Food is an essential part of our life; it comes second after security among most needs of
human being. Broadly, food industry comprises a complex network of activities pertaining
to supply, consumption, catering of food products, and food related services across the
world. Finished food products, as well as semi prepared items “instant food packs” are also
a part of the food industry. Food industry employs a massive number of skilled and
unskilled workers. In 2006 alone, the food industry accounted for over 1.5 million job in
the United States and 4 million jobs in Europe (EconomyWatch, 2010).
Meat production is one of the major activities in Europe. The main type of meat produced
is pork (48.7%) followed by poultry (23.6%) and beef (23.3%). Sheep, goat, equine and
rabbit meat production covers only a percentage of the total meat production (Mataragas et
al., 2008).
Meat is defined as the flesh of animals used as food, but it is often widened to include, as
well as the musculature, organs such as; liver, kidney, brains, and other edible tissues. The
carcass consists of muscular tissues, fatty tissues, bones residue, tendon and other
connective tissue, large blood vessels ...etc. The proportion of bone decreases as the animal
grows older and the percentage of muscular tissue is lower while fat getting higher.
However, the muscle protein can be divided into:

1. Soluble protein in water or dilute salt solutions: it is called the sarcoplasmic

proteins “as myoglobin, heamoglobin and other unspecified extracellular proteins”.

2. Soluble protein in concentrated salt solutions: it is called the myofibrillar proteins”

as myosin, actin, and titin”.

3. Insoluble protein: it is called the proteins of connective tissue and other formed

structures” as collagen and elastin” (Lawrie and Ledward, 2006).

The daily average share of protein consumed in Palestine for each person is 40.3 g which
is close to the reference daily intake (RDI) about (50 g/day) (Palestine, PCBS, 2010).
The meat production over the world according to FAO food outlook report in November

2012 present an increase in meat poultry production from 98.9 Million tons to 104.5
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Million tons with an increases of 5.7% in the years 2010 and 2012, respectively. Meat
consumption in 2012 is the highest in developed country, in which the average per capita
consumption is 79 kg/person/ year. In developing country the per capita consumption is
32.7 kg/person per year. Thus the world consumption is 42.5 kg/person per year (FAO,
2012).

In recent years, consumption of poultry meat and further processed poultry products has
greatly increased worldwide. One of the reasons for the increased consumer preference for
poultry products is the greater availability of choice for poultry cuts, such as wings, thighs,
and breast. As well due to the change in customer realization for healthy and nutritive
valuable product importance. Consequently, in USA, the consumption of chicken and
turkey for the period 1950 to 2007 was increased from 12 to 52 kg per capita. In Canada,
the per capita consumption of chicken was 21.5 kg in 1989 and reached to 31.8 kg in 2008
(Hrynets et al., 2011). However, the average yearly household quantities consumption for
processed poultry meat products in Palestine is 16.52 kg/capita in 2011 (Palestine, PCBS,
2012).

As a result, considerable quantity of poultry carcass parts such as; necks, backs, and
drumsticks, became available, as seen in (Figure 1.1 and 1.2). Utilization of these less
desirable parts can be achieved through mechanical deboning to produce mechanically
separated poultry meat (MSPM) for manufacturing of variety meats, mainly; canned meats
and emulsified-type products (Hrynets et al., 2011).

Mechanical recovered meat (MRM) or mechanically deboned meat (MDM) is common
name that represented the meat that adhering to bones and it can be recovered from animal
bones or poultry carcasses by mechanical application. The major type for this meat is
composed from proteins of connective tissue like collagen (Lawrie and Ledward, 2006).
MDM vyields range from 55 to 80% depending on the part deboned and deboning settings
(Mielnik et al., 2002).
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Figure 1.1: Chicken neck Figurel.2: Chicken backs

In general, the separation process for this meat remaining can be done by pressing a finely
ground mixture against perforations in a stainless steel drum or by applying high pressure
(10-25MPa) to roughly broken bones, as shown in Figure 1.3 (Lawrie and Ledward, 2006).

o

M
| ] Scrap
- T Bones

N

Figure 1.3: Processing to separate MDM from bones.

MD

The MDM must be free from detectable bone. The calcium content of MDM may not
exceed 1.5% calculated on dry matter (Codex Alimentarius, 1983). Calcium measurement

can indicate bone powder percentage in MDM.

The main problem encountered with MDM is due to its method of production, which
includes grinding meat and bones together and forcing the mixture through a perforated
drum with consequent separation into two fractions, includes; mechanically separated meat
and bone residue. This causes the release of a considerable amount of fat and heme
components from the bone marrow which becomes incorporated into the meat product.
Hence, the fundamental problems with proper utilization of MDM are the high content of
lipids, pigments and connective tissue. (Yang and Froning, 1992). This is lead to dark meat

color, susceptibility to lipid oxidation, undesired textural properties, and sometimes



Ch.1 Introduction

unpleasant odor due to fat rancidity. These properties may result in problems with further
processing and consumer acceptance (Hrynets et al., 2011).

Meat and meat products present an ideal substrate supporting the growth of several
spoilage and pathogenic bacteria. Intrinsic factors of meat such as pH and water activity
are not inhibitory for the growth of such microorganisms owning to their neutral and high
initial values, respectively (Mataragas et al., 2008).

Heat generation is observed in deboning process. The cooling system and temperature
control below 10°C will reduce the microbial multiplication (Lawrie and Ledward, 2006).
Mesophilic aerobic counts, psychrotrophic bacteria spp., Enterobacteriaceae, Coliforms,
Micrococcaceae, Enterococci, Brochothrix thermosphacta, Pseudomonas spp., Lactic acid
bacteria spp., and yeasts and mold are used in meat and poultry industries as general
indicators of processing hygiene, storage quality and potential shelf-life both in oxygen
atmosphere and in vacuum-packaged (del Rio et al., 2007).

Poultry meat and derived products are highly susceptible to microbial spoilage and in the
case of aerobic storage, the Pseudomonas and yeasts are the main microorganisms
prevailing (Ntzimani et al., 2008).

The avian microflora includes pathogens such as Salmonella spp., Campylobacter jejuni,
Listeria monocytogenes, and Escherichia coli. E.coli, as a normal part of the intestinal
microflora of birds is dominant on carcasses. With the appearance of enterohemorrhagic
E.coli O157:H7 in the food chain, E.coli has become of even greater concern than
Salmonella contamination. These microorganisms can attach firmly to both muscle and
skin as well as to the stainless steel surfaces of processing equipment. E.coli and
Salmonella typhimurium are detected both on broilers and on the surfaces of processing
systems such as belt chains and chilling baths (Kim and Day, 2007).

Despite all efforts implementation to maintain of good hygiene practices during meat
production, contamination of carcasses with meat-borne pathogens cannot be completely
prevented (Loretz et al., 2010).

MDM is commonly used in the formulation of sausages due to its fine consistency and
relatively low cost (Mielnik et al., 2002).

MDM has good nutritional value and functional properties. The MDM could have protein
around 15%. The chemical composition of MDM meat is subjected to an extremely large
variability and depends on species, breed and age of the animal as well as carcass parts

used, degree of trimming, machine type and setting. However, MDM could be tailored to
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fulfill the requirements of a consumer, organization, market or end product specifications
(Henckel et al., 2004).

The composition of MDM showed large variations in MDM chemical composition as a
function of raw material composition. The functional characteristics of most interest are
gel consistency, water retention and ability to emulsify fat. The choice of raw material
markedly influenced MDM properties, as water retention ability is related to emulsification
properties. The physicochemical and microbiological standards are also specified. The
denomination mechanically deboned meat should be followed by the animal species from
which it was taken from. The addition of MDM affects physical, microbiological, and

sensorial properties of the products (Daros et al., 2005).

SAUSAGES

Figure 1.4: Schematic representation of an emulsion, showing solubilized protein and fat globules

coated with protein (Source: Lawrie and Ledward, 2006)

The problem with the use of large ratios of MDM in meat products is the low stability of
this raw material. This is due to lipid and pigment oxidation as well as microbial growth. In
addition to the protein and fat contents, some technological aspects such as: pH, water
holding capacity, and emulsifying capacity are the main factors affecting the technological
quality of MDM. The functionality of myofibrillar proteins determines the quality of the
meat emulsion formed. This in turn will affect texture, yield of the process, and emulsion

stability.
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However, oxidized lipids which present in the MDM, can cause protein polymerization and
insolubilization, polypeptide chain rupture, amino acid destruction, and formation of
products with protein addition. These interactions influence negatively the functional
properties of the meat. The higher the instability of the material regards to lipid oxidation
(as in the case of the MDM), the greater the effects on the functionality.

According to Pollonio in 1994, quoted by Trindade et al., (2004) the chemical properties of
MDM alone can not be an accurate indicator for MDM quality. There is another important
factor that affecting MDM quality; like pH, water holding capacities, myofibrillar proteins
functionality, and emulsifying capacity.

In general, differences in the flavor (aroma and taste) of products consisted up to 20% of
MDM are not noticed. Thus became even more acceptable; as being softer and juicier.
During storage, the change in the flavor is more quickly detected than in products with no
addition of MDM. This change has been described as a residual flavor of liver and has
been attributed to the bone marrow (Trindade et al., 2004).

According to Beraquet in 2000, quoted by Trindade et al., (2004) the pH of manually
deboned meat lies between 5.8 and 5.9 for the breast and 6.2 and 6.3 for the thigh, whereas
MDMs have values between 6.5 and 7.0. These high pH values favor the water holding
capacity, but, on the other hand contribute to the increase in the bacterial load, speeding up
the spoilage process.

Non-meat proteins are added to improve water binding, stabilize fat, and control cost
(Andres et al., 2006).

However, their functionality can differ greatly. Whey and soy proteins are examples of
common non-meat additives used by the meat industry (Youssef and Barbut, 2011).
According to McMahon and Dawson in 1976, quoted by Froning (1981) they determined
the soluble protein content in manually and mechanically deboned turkey meat. The
percentage of these proteins was lower in the MDM than in the manually deboned meat.
The emulsifying capacity was higher in the manually deboned meat but, on the other hand,
the MDM presented greater water holding capacity.

The other major constituent of emulsion is fat and oil which played vital functional and
sensory roles in various emulsion food products. Fats interact with other ingredients to
develop texture, mouth feel and assist in the overall sensation of lubricity of foods.
(Youssef and Barbut, 2009).

Emulsion type cooked sausages composed of water, muscle proteins, fat particles, salt and

small amounts of non-meat ingredients, where the meat proteins serve as natural
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emulsifier. In this group of processed meat products, fat and protein concentration and
their chemical interactions, especially those occurring during the emulsification process,

exerted a marked impact on final product quality (Nieto et al., 2009).
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1.2 Justification of the Project:

1.2.1 There is no study for MDM turkey industry in our geographic boundaries.

1.2.2 There is a deviation in the quality of raw meat of sausage from MDM suppliers that

affect the end products.

1.2.3 Processing and quality of raw meat for sausage variations can affect sausage

quality.

1.3 Aims of Project:

1.3.1 The purpose of this research is to study the chemical composition and microbial
analysis for MDM from turkey carcass as raw material for sausage industry in
Palestine.

1.3.2 The study also followed the changes in protein content, fat content, and pH degree
in sausage formula and their effect on sausage quality.

1.3.3 In addition to investigate the effect of holding MDM before processing on sausage
quality as end product.

1.3.4 The study focused on the effect of storage condition on the stability of sausage.
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Chapter Two Literature Review

2.1 Introduction:

On reviewing the available literature, it is evident that extensive research has been carried
out to address various aspects of the sausage processing in Palestine manufacturing. With
this in mind, in an attempt to simplify and delimit the subject to some extent, this chapter
will focus primarily on the work that has been carried out on the sausage processing and
sausages raw materials quality.

The primary objective of this chapter is to provide an insight into the theoretical and
practical aspects of the sausage process. This will include an examination of the major raw
materials properties related to the sausage production that is mechanical deboned meat of
turkey (MDMT) carcass, with major emphasis being placed on the MDMT quality.
Chemical properties variations as protein, fat, collagen, salt and moisture in the MDMT.
Thus, the chapter will review and highlight the chemical properties of MDMT, process

variation in sausage production, sausage formulation and storage.

2.2 MDM in Sausage Production:

In the 60s, according to new revolution in customer behavior that comes from heart disease
panic that related to red meat consumption at that time. The customer demand increased in
white meat and their derivatives. The processed meat producers start use of mechanically
deboned poultry meat (MDPM) in the formulation of sausage to meet the demands of use
white meat with low cost (Daros, et al., 2005).

According to that, the production of MDM has tee off like an arrow to meet the huge
demands. The valuable chemical, technological properties of MDM and the low cost
because it is a by-product for meat industry made MDM a good solution to produce
comminuted, pasteurized meats (Koolmees et al., 1986).

Due to the new trend to use more MDM in processed meat production. Processed meat
product is affected by this change. According to Nagy et al., (2007) the producers of
processed meat products should not be satisfied only by the chemical composition of
MDM. But, they should require the histological characteristics for MDM to evaluate the
damaged that could happen on the different tissues in MDM and take care about the bone

particles content and size to adapted with customer safety requirements.
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According to Pollonio in 1994, quoted by Trindade, et al., (2004) the chemical properties
of MDM alone can not be an accurate indicator for MDM quality. There is another
important factor that affecting MDM quality; like pH, water holding capacities,
myofibrillar proteins functionality, and emulsifying capacity.

Mielnik et al. in 2002 investigated the quality of comminuted sausages formulated from
mechanically deboned poultry meat. They found the carcass part was the major factor that
affected moisture and fat content in the sausage and the turkey sausages were darker than
chicken sausage. They mentioned that the raw materials and the method of deboning meat
will affect the composition and storage stability of the sausage. They concluded that all
design factors species, carcass part, storage form and storage time affected both sensory
and physicochemical characteristics of the comminuted sausages

Daros, et al., in 2005 investigated the effect of adding MDPM on the rheological properties
of sausage. They found the percentage use of MDPM in sausage formulation affect the
compressive and tensile strength of sausage. Particularly, using of MDPM higher than 60%
in sausage formulation has negatively affected the rheological properties of sausage.

They refer this foundation to use of MDPM that is poor in myofibrillar proteins.

2.2.1. MDM Specification:

Generally, after removing the most meat from carcass manually, there is an amount of meat
that attached tightly to bones. That lifted amount of meat can removed at industrial scale
by using special machine to separate the meat residual from bones. This meat have some
generic terms like mechanically deboned meat (MDM); mechanically deboned tissue
(MDT) or mechanically recovered meat (MRM) (Hecer, et al., 2011).

Regulation of European commission (EC) 853/2004 defines 'Mechanically separated meat'
(MSM) as the product obtained by removing meat from flesh-bearing bones after boning or
from poultry carcasses, using mechanical means resulting in the loss or modification of the
muscle fiber structure.

The fish processing industry in Japan in the late 1940s was the initiator for mechanically
deboned meat as a result of high consumers demand for fish meat. This need appears in the
late 1950s in the USA for poultry industry. According to world demand increasing for

poultry meat the price rising for meat cuts and that reflected on the cost of processed meat
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product. So, that made the producer to use a new source of low cost meat with appropriate
characteristics that close to an expensive meat cuts such as MDM (Field, 1998)

Meat in general and particularly poultry meat is one of the top five most risky foods that
marked as a bacterial food poisoning source (Baeumler, et al., 2000; and Beli, et al., 2001).
MDM as by-product for poultry meat industry is the most dominant meat types to have the
highest microbial load in poultry meat category. That is due to deboning process that
includes heat generation during deboning process and the increase in the surface area for
meat associated with cellular fluids extraction from the meat and protein denaturation
(Kumar, et al., 1986).

In MDM case, the raw materials that involved in MDM production and the deboning
process method have highly impact on MDM characteristics and storage stability. The
most common MDM raw materials are back, neck, skin, and legs of poultry and that were
recognized as high microbial load (Hecer, et al., 2011).

In deboning machines manner, there are two types of mechanical meat separators in the
meat industry. The first one is a continuous separator that separate meat from bones
completely with minimum lifted breaks bones parts. The second type is a discontinuous
separator that separate meat from bones by compression and due to that compression force
the bones will crushed to finely parts (Botka-Petrak, et al., 2011). So, the type of MDM
separator should be considered as a major factor affected MDM characteristics

In a number of countries legal standards for MDM, based on chemical testing. MDM has
specific properties to be approved to use in sausage production. In lIsrael, Jordan and

recently in Palestine the chemical properties for MDM are shown in Table 2.1.

Table 2.1 The chemical properties of MDM in Israel, Palestine and Jordan.

Chemical Specification Israel™* Jordan** Palestine***
Protein > 13% >14% >14%

Fat < 15% < 25% < 15%
Moisture < 68% 58-72% 58-72%

Ash <2.2% <2.5% <2.5%

pH 5.7-6.9 6.2-6.4 6.2-6.4

* According to Israeli Standards code 4674

**According to Jordanian Standards code JISM1587-2004
*** According to Palestinian Standards code PS1031-2010
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According to (Koolmees et al., 1986; Crosland et al., 1995; and Henckel et al., 2004) the
variation in MDM chemical composition is highly miscellaneous due to animal type,
carcass parts, an amount of meat lifted on bones, separator type and setting. And MDM
could be similar in chemical compostion as meat cut that deboned manually.

Koolmees et al., in 1986 investigated the chemical properties and histometrical
examination for MDM from pigs, veal and poultry as criterion to evaluate the quality of
MDM. Also; they measured the size of the bone particles to evaluate the separator machine
that is used to produce MDM and their effect on MDM quality. They found the
mechanically deboned poultry meat had a higher crude protein and lower fat content than
mechanically deboned pork and veal that makes poultry MDM a precious source of meat
for processed meat producers. They mentioned that the press type machines produced
MDM with a higher cartilage content, a lower calcium content and a lower hard bone
residue than auger type machines and the bone particles in MDM produced by press type

machines were larger due to breaking bones effect.

Abdullah and Al-Najdawi in 2005 investigated the functional and sensory properties of
chicken meat from spent-hen carcasses deboned manually or mechanically in Jordan.
Samples were obtained from manual deboning of whole and skinned carcass and
mechanical deboning of whole and skinned carcass. They studied pH, emulsifying
capacity, water holding capacity (WHC), and pigment concentration for all samples. And
the sensory properties included aroma, color, texture and overall acceptability was
investigated. They found that skinned carcass before deboning mechanically or manually
have higher values for emulsifying capacity, while WHC values were not significantly
different even with higher pH values for mechanically deboned meat. They explained the
pH increasing by the bone marrow that involved in the mechanically deboned meat, due to

crushing bones during the process and also that gave the samples higher pigment level

Serdaroglu, et al., in 2005 investigated the effects of mechanically and hand deboning on
chemical composition of beef and turkey meat. Their Samples were analyzed for proximate
composition, cholesterol, Thiobarbituric acid (TBA), calcium and iron contents, hunter
color parameters and fatty acid composition. They found that the mechanical deboning

method can gave higher cholesterol, calcium, and iron content than hand deboning. They
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attributed that to the high fat content from bone marrow, which is rich source of fat. And

that high fat content cause low moisture content for MDM.

An investigated for histological and chemical characteristics of mechanically deboned meat
of broiler chickens were carried out by Botka-Petrak, et al., in 2011. They evaluated the
functional properties of MDPM produced from different carcass parts through varied
separator machine settings. They analyzed the content of water, lipid, protein, ash, and
calcium. They found that the chemical analysis was highly affected by carcass parts. They
concluded that the histological and chemical properties for MDPM can directly influences

the quality of final products.

2.3. Factors Affecting Sausage Quality:
The factors that affecting sausage quality vary and have different root cause. This research
highlighted three major root cause, namely; formula component, process holding, and

storage condition.

2.3.1. Formula Components:

The sausage formula is composed from many raw materials specified accordingly to,
product specification, the intended use, and the customer demands. These raw materials,
which have direct effect on the sausage quality, are major and minor constituents. The
major one will be investigated and are; protein content, fat content, and pH value.

Quasem, et al., in 2009 investigated the nutritive value of seven varieties of sausage meat
products produced in Jordan. They took samples of plain mortadella, mortadella with olive,
mortadella with pepper, mortadella with pistachio, silsisio, frankfurters, smoked salami
from Jordanian market. They found that the proximate analysis as percentage of
carbohydrate, fat, protein, ash, moisture and pH, of mentioned local sausages were: 4.3,
16.7,12.8, 2.3, 63.9 and 6.3, respectively.

2.3.1.1. Protein Content:

Meat proteins serve as the natural emulsifying agent in a meat emulsion. To create a stable
meat emulsion, these proteins must surround the finely chopped fat particles before
cooking. Myosin is the key player protein to generate fat emulsion and for water holding
capacity of emulsion meat type products that may hold the oil-water interface during the

emulsification steps (Xiong, 2000).
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As fat particle size decreases during chopping the emulsion stability will increase taking
account the fat-protein balance provided sufficient protein to coat all the fat particles. As
chopping continues, emulsion temperature increased causes the surface tension of the fat
particles to decrease. This decrease in surface tension further enhances the particle
reduction process and rapidly increases the surface area of the fat particles, and,
consequently, more protein is required to surround the fat globules either the emulsion will
separate due to lack of more protein.

In emulsified meat products, the functional properties of proteins are the most important
concern. Myofibrillar proteins particularly, myosin and actin are substantial role among
meat proteins in meat emulsion creation. The decrease in the protein content in emulsion
type meat product as in sausage production is a result of the MDM that included in the
production formula. This occurs because the protein content of the MDM is lower than that
for the meat muscle which has been substituted because it deboning from the meat left on
the bones. And therefore there is a decrease in the content of myofibrillar proteins,
particularly myosin, which are essential for stabilize the emulsion of cooked sausage. As a
result for that, this decrease in myofibrillar proteins will affect the tensile and compression
strength as this affects the emulsification ability of the formulation (Daros, et al., 2005).
Collagen is one of the major components of MDM protein since it attached strongly to the
bones. Also due to use some parts of carcasses with skin. Also, it is poor balance of amino
acids compared to myofibrillar proteins. This content of collagen has negative effect on
meat technological and nutritional characteristics (Trindade, et al., 2004).

In emulsion type meat products that contains a lot of MDM the non-meat proteins are the
supporter. It can improve water binding and stabilize fat. However, their functionality can
differ greatly. Whey and soy proteins are examples of common non-meat additives used by
the meat industry (Youssef and Barbut, 2011).

The usage of high percentage of soy protein may affect negatively the product texture and
flavor. However, soy protein can binds water effectively but in contrary it does not
emulsify fat efficiently as salt soluble muscle protein in emulsion type meat products
(Brewer, 2012).

Ahmad, et al., in (2010) founded soy protein isolate when it is used in buffalo meat sausage
it will improve their texture, juiciness and color.

In other words, the protein content proportional directly with meat emulsions firmness.

Particularly, when protein content elevated above 14% that will lead to start fat
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coalescence due to low uniformity of protein matrix as an effect of increasing protein

aggregation (Youssef, and Barbut, 2009).

Matulis et al., in 1995 investigated the effect of salt, fat, soy protein, and carrageenan on
the sensory characteristics of frankfurter. They found that the soy protein increased the
hardness and off-flavors, and decreased juiciness, saltiness, and flavor intensity.

They suggests that soy protein should be added to frankfurter at <3% to minimize these
effects. They also found that the flavor intensity increased as carrageenan and fat level
increased at 1.3% salt. As soy protein increased, juiciness scores decreased. This is due to
soy protein binding ability for free water that reduced moisture release on initial bite. Also
they found that when soy protein content increased, it replaced water on equal weight
basis. Also found that hardness decreased, cohesiveness and juiciness increased as fat level
increased. They recommended the percentage of adding soy protein in frankfurter should
be < 3%.

In another research studied the optimization of emulsion characteristics of beef, chicken
and turkey meat mixtures in model system using mixture design carried out by Zorba and
Kurt in 2006.They found that the turkey meat mixture had the highest protein
concentration than others. While, chicken meat had the highest pH, emulsion capacity,
emulsion stability value and the lowest emulsion density than others. As the pH moves
away from the isoelectric point, the net charge on proteins increased. That cause an
increase in the effects of proteins during emulsification. They concluded that pH of the

mixture have a primary effect on emulsion stability than the effect of protein concentration.

Youssef and Barbut (2011) investigated the effects of substituting 1.5% of the meat
proteins with low gelling soy protein isolate, high gelling soy protein isolate, native whey
protein isolate, and preheated whey protein isolate on emulsified meat batters prepared at
different protein levels (12, 13 and 14%), with all meat control batters prepared with
canola oil. They found the cooking losses were lower for all the non-meat protein
treatments compared to the all meat controls. They found when raising the protein level
from 12 to 14%, cooking losses increased in all treatments except for the native whey
protein treatments. Using low gelling soy protein increased emulsification and resulted in a

more stable meat batters at the 13 and 14% protein treatments.
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Their results showed in textural profile analysis that elevating protein level increased
hardness and cohesiveness. Non-meat protein addition resulted in lighter and less red
products compared to the all meat controls; color affected by non-meat protein type. They
concluded that the addition of soy protein concentrate increased sensory hardness of
frankfurters at all fat levels, off-flavor intensity and decreased saltiness. Besides of that,
hardness decreased as fat level increased. In contrary, fat increased the cohesiveness and
the juiciness. They agreed with Matulis et al.,(1995) in the recommended percentage of
adding soy protein that should be limited to < 3%.

2.3.1.2. Fat Content:

A major target of the meat industry in recent years has been to develop healthier meat
products, containing low fat and incorporating health natural ingredients.

Fats and oils play major functional and sensory roles in various food products. Fats interact
with other ingredients to develop texture, mouth feel and assist in the overall sensation of
richness of foods. The proposed relationships between high cholesterol level and the
increase in heart diseases has focusing on high fat food products including some meat
products (Giese, 1992).

Recently, consumers demand for low fat products and this causes a negative effect on
almost all emulsion meat type products. Therefore, while the fat content is reduced in these
types of products, it is necessary to know the changes occurring in various
physicochemical and technological properties of the products, and to remove the obstacles.
Therefore, researchers have been working to reduce animal fat usage in meat products.
That included the use of vegetable oils as a replacer for animal fat, giving rise to products
with a better fatty acid profile and lower cholesterol level compared to traditional ones
(Youssef and Barbut, 2009).

The formation of a balanced meat emulsion is an important issue in terms of the product
quality. In a balanced meat emulsion, the oil is effectively emulsified by protein water
phase and in the emulsion mass, accumulation of oil and a broken emulsion are not seen.
An unbalanced emulsion may be caused by inappropriate, mass production, improper
formulation, and lack of technological processes can cause many problems in emulsion
formation. The desired emulsion quality will not create and emulsion may be broken.

In meat emulsions which are significantly viscous, air pores may occur in the emulsions,
and oil or gelatin fills these pores during cooking. Thus, globules of oil and gelatin form an

undesirable appearance in the cooked product. Emulsion stability and viscosity decreased
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significantly in the emulsions of myofibrillar proteins with very low oil ratio. This may
lead to some problems with emulsion meat type products. Therefore, when low fat
emulsions are produced, this point should be taken into consideration and caution should
be taken to maintain the quality of products. So, in order to do that various stabilizers or
physical processes increasing stability should be used in emulsions preparation to end the
problems related to stability (Zorba, 2006).

Emulsion meat type cooked sausages composed of water, muscle proteins, fat particles, salt
and small amounts of non-meat ingredients, where the meat proteins serve as natural
emulsifier. Fat stability is essential for sausage meat batters and related processed meat
products. Processed meat products, fat and protein concentration and their chemical and
physical interactions, especially those occurring during the emulsification process, reflect
remarkable impact on final product quality (Allais et al., 2004).

According to Barbut (1998), fat stabilization during chopping is due to the formation of a
protein film around the fat particles that allows fat to hold inside the protein matrix. During
chopping, certain ligaments forces engage to hold the raw materials together, creating a
homogeneous matrix structure. Inadequate soluble protein extraction or inadequate fat to
protein ratio, as well as an inconsiderate reduction of fat particles size, could lead to
reduced emulsification ability, which might affect fat oxidation.

The textural attributes of the sausages were also found to be affected by fat concentration.
Emulsions with the lower fat proportion (15%) were slightly but significantly harder than
those with 30% fat (Nieto et al., 2009).

Fat is stabilized by emulsification and the generation of an interfacial protein film and it is
physically trapped within a continuous meat protein matrix created by specific protein—
protein interactions (Youssef and Barbut, 2011).

Egbert et al., in 1991 reported that flavor intensity, juiciness, and tenderness are directly
correlated with fat content and thus reducing fat content reduces overall acceptability.
Reducing the fat content of ground beef to 10% often results in a cooked product that is
bland and dry with a hard, rubbery texture.

When the total fat content is reduced, optimizing the remaining fat content and cooking
parameters to produce a good quality finished product are necessary to meet consumer
expectations, and, ultimately result in consumption of lower fat, lower calorie products
(Brewer, 2012).

Since fat acts as a carrier for flavor compounds and contributes to product texture, reducing

the fat content may alter product quality (Andre’s et al, 2006).
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Fat has a major impact on the binding properties, tenderness, juiciness, mouth feel and
overall appearance of processed meat products such as emulsion type products (Ahmad, et
al., 2010).

The storage stability of cooked sausages containing vegetable oils was also studied by
Papavergou, et al., in 1995. They produced comminuted cooked sausages using standard
industrial practices, by substituting corn oil, sunflower oil, cotton seed oil, soybean oil and
hydrogenated vegetable fat by animal fat. Upon processing, products were assessed for
their stability with respect to autoxidation and change in organoleptic properties under
vacuum-packed storage at 4'C. They found that changes in thiobarbituric acid (TBA)
values and organoleptic properties of products produced using corn oil, sunflower oil and
hydrogenated vegetable fat were similar to those observed for reference material produced
using lard. Samples produced using soybean and cotton seed oil, the TBA value changes
are more pronounced, exceeding the acceptable limits. More rapid deterioration of
organoleptic characteristics was also observed for the same samples, which showed flavor
problems after 3 months of storage at 4'C. They concluded the substitution of plant oils for
lard is considerably reduced the cholesterol content and increased the ratio of unsaturated

to saturated fatty acids of cooked sausages.

Alvarez et al., in 2007 investigated the stability of emulsion meat type product in two
different formulas. The high stability emulsions which had a fat:lean ratio of 20:80, and a
starch concentration of 5%. The second one is the low stability emulsions which had a
fat:lean ratio of 30:70 without starch added to determine the cooking losses. They found
that the high stability emulsions formula has lower cooking loss and more stable than the
second formula for in the same chopping time, due to the increase of fat:lean ratio in the

second formula.

Nieto et al., in 2009 investigated the effect of hydrolyzed potato protein on emulsion
quality using a factorial design with two fat percentage (15% and 30%) and two
hydrolyzed potato protein percentage (0% and 2.5%). They reported that when increasing

the fat proportion, hardness significantly increased.

Youssef, and Barbut, 2009 investigated the effects of protein level and fat to oil ratio on

emulsion stability, texture, microstructure and color of meat batters. They studded the beef
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meat batters formulated with increasing protein level (10-15%) and containing 25% beef
fat and compared to batters prepared with 25% canola oil. They found that the emulsion
stability of the canola oil treatments was higher at the 10-13% protein level compared to
the beef fat treatments. Protein level above 13% was reversed and the canola oil treatments
showed high fat and liquid separation, which did not occur at all in the beef fat treatments.
This indicates differences in stabilization of fat versus oil in such meat emulsions. They
found that the hardness of the cooked meat batters showed significantly higher values
when the protein level was raised, and was higher in canola oil than in beef fat meat
emulsions at similar protein levels. The products’ chewiness was higher in the canola oil
treatments compared to the beef fat emulsions. Also they noticed that the lightness

decreased and redness increased in canola oil batters as the protein level was raised.

2.3.1.3. The pH Effect:

The ultimate pH value of meat (from muscles) varies depending on the glycolytic potential
at slaughter time. (Monin and Sellier, 1985).

In extreme cases, the pH values vary between 4.8 and 7.2. But, the normal variation is
between 5.4 and 6.0. The long-lasting stress before slaughter causes a depletion of
glycogen reserves resulting in higher ultimate pH values known as dark, firm, and dry meat
(DFD). This is rather common in beef depending on the length and severity of stress
(Tarrant, 1989).

The pH value of cooked sausage is influenced by the pH values and the buffering capacity
of all the raw materials used. When meat is cooked to 70-80°C, pH value increases about
0.4 units. In a sausage batter, the difference between raw and cooked pH value is 0.0-0.4
depending on the starting value and the use of phosphates. The pH-value of cooked
sausage tends to be 6.2-6.3 irrespective of the pH-value of the raw batter or the use of

phosphates (Puolanne, et al., 2001).

According to Beraquet in 2000, quoted by Trindade, et al., (2004) the pH of manually
deboned meat lies between 5.8 and 5.9 for the breast and 6.2 and 6.3 for the thigh, whereas
MDMs have values between 6.5 and 7.0. These high pH values favor the water holding
capacity, but, on the other hand contribute to the increase in the bacterial load, speeding up
the spoilage process.

The MDM increases the WHC of the products, for it has a higher pH than the manually
deboned meats. According to McMahon and Dawson in 1976, quoted by Froning (1981)
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they determined the soluble protein content in manually and mechanically deboned turkey
meat. The percentage of these proteins was lower in the MSM than in the manually
deboned meat. The emulsifying capacity was higher in the manually deboned meat but, on
the other hand, the MSM presented greater water holding capacity. Same findings reported
by Trindade, et al., (2004).

Puolanne, et al., in 2001 investigated the combined effects of NaCl and raw meat pH on
water holding in cooked sausage with and without added phosphate. They tested the beef
and pork meat with varying pH values, and 0.5-2.5 % NaCl was used with or without
added commercial sausage phosphate (2.5 g/kg determined as P,0s).

They found the pH-values of raw batter increased to a level 0.0-0.7 unit higher than the
pH-values of the respective meat mixtures and the increase was higher in lower pH-values,
with higher salt levels and with added phosphate. Also, they found the cooking caused an
additional increase of about 0.0-0.2 units, and the increase was again higher at lower pH
values. The maximum in water holding was reached in 2.5% NaCl in all pH-values, both
with and without added phosphate. They showed that the combined effect of salt and pH is
important in high salt contents and low pH values. By 2.5% NaCl , where the maximum in
water holding was obtained, raw meat pH has the largest effect, but in low NaCl contents,
below 1.0%, only a minor effect in pH values below 5.9, and above that, almost no effect.
They were concluded that when lowering the salt content in cooked sausages, the pH of
the batter should be increased by using high pH meat mixtures and/or pH raising

phosphates in order to reach a high enough level of water holding.

Thomas, et al., in 2006 investigated the quality and shelf life evaluation of emulsion and
restructured buffalo meat nuggets at cold storage (4 + 1°C). They tested the buffalo meat
stored at 4 + 1°C for 24 hours and found the pH value 5.68. They found the pH values of
emulsion and restructured buffalo meat batter were 6.23 and 6.21, respectively.

They attributed the increase in the emulsion batter pH might be due to the addition of
phosphate in the formulation. However, pH of emulsion and restructured buffalo meat
nuggets were determined as 6.32 and 6.31, respectively. This increase in product pH
compared to emulsion pH is mainly due to the addition of buffalo fat (pH 7.06) and the
whole egg liquid (pH 7.83). It may also be attributed to protein denaturation during

cooking.
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Lorenzo and Franco in 2012 investigated the effect of fat content on chemical traits related
to dry-curing process, color and textural properties and changes of free fatty acids and
amino acids compositions during the processing of foal dry-cured sausages. They produced
three batches of dry fermented sausages with different pork back fat content; low fat,
medium fat and high fat, respectively. They found the fat level affected color and textural
parameters at the end of the process, showing dry-cured foal sausage with the higher level
of fat, the highest values of luminosity and the least hardness. They don’t found a
significant difference among batches on total viable counts, lactic acid bacteria and
Micrococcaceae during the process. In other hand, they found the increase in the fat level
encouraged the production of free fatty acids and 2-thiobarbituric acid reactive substances.
On the contrary, the batch with low fat content showed the highest levels of free amino
acids at the beginning and at the end of the process. Also, a decrease in the pH during the
28 first days of ripening (from 5.72 to 5.55) was observed and they attributed the reason of
that to the LAB growth which ferment the carbohydrates present in the fresh meat paste.
On the contrary, at the end of fermentation process an increase on pH values has been
observed, reached higher values in high fat sausages than the other ones. And they justified
the increase in pH values due to the liberation of peptides, amino acids and ammonia from

proteolytic reactions.

2.3.2. Processing:

Sausage manufacturing operations depend on the nature of the machines used in the
manufacturing process as some of the machines that have the ability to grind meat in
frozen temperature (-18'C), while other machines does not has this capability. So,
manufacturers resort to a partial thawing of the meat to make the machines can perform its
functions as required. Sometimes malfunction occurs in refrigeration units or defect in the
filling machines, leading to increased thawing period than usual for manufacturers, leading
to increased microbial growth in this meat.

The danger of such a step is the lack of control in microbial growth during this process. As
microbial tests need a long time to take the results then it will be too late to avoid spoil to
the meat. So, manufacturers resort to test the pH value and the changes in the physical
properties of the meat to judge the validity of the meat or spoilage. And some of them
depend on long cooking time to kill the pathogenic bacteria and avoid the spoilage for the
end product. They do the microbial tests on the finished product to be sure that will be safe

to the end consumer but they didn’t test the toxin that could be formed during the thawing
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step and can’t be destroyed by the cooking step due to most of these toxin as

Staphylococcus toxin is not markedly affected by heating or freezing as it is heat stable.

Lyon et al., 1998 investigated the effect of carcass stimulation, breast meat deboning time,
and marination on color and texture of broiler. They studied the cooked broiler breast meat
that post-chill deboning that needs 6 to 12 hours aging time in refrigerated space. They
were used electrical stimulation on carcass during bleeding and marination of muscle in
salt/phosphate solutions to alter the biochemistry of the muscle and the texture of cooked
breast meat. They found both electric stimulation and marination resulted in lower shear
values (more tender meat) compared to nonstimulated and unmarinated controls. Also, the
lowest shear values were noted for the combination of stimulation followed by marination.
They concluded the using of this combination of treatments resulted in tender cooked

breast meat without any additional aging beyond 1hour chilling.

2.3.3 Storage Conditions in Retails:

Consumers’ awareness has increased in recent times for microbiological quality of
sausages. Thus an understanding of microbial profile of sausage is important.
Microorganism comes into sausage from meat, spices and other ingredients, from
environment, equipment and handlers during processing affect the microbiological status
of the product. Processing also adds microbial contamination to sausages. While heat
treatment reduced microbial levels, recontamination takes place during post-processing,
handling and storage of sausage. While pathogenic microorganisms would affect the
consumer safety, spoilage microorganisms would affect the shelf life of the sausage.
Microorganisms load on meat products will mainly depend on the environment, kind of
meat and raw materials, equipment, handling practices, processing, packaging and storage
temperature (Sachindra et al., 2005).

Good Manufacturing Practices (GMP) and Standard Operating Procedures (SOP) are two
tools for a meat processing facility that help for the production of high quality and safe
meat products. The programs established for GMP's and SOP's will provide the basis for
other programs the help to assure the level of product quality such as standards for ISO
9001 and for product safety in the hazard analysis and critical control point (HACCP)
system or 1S0O22000. The 1S022000 by HACCP section can catch the critical point to
control it. This can give a guarantee for the consumer that buys a safe product with good

quality. In Palestinian retail market some seller do some wrong action to make saving in
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electricity bill. They turn off their refrigerator during night and in some village that don’t
have continuous electricity support all the day they can’t turn on their refrigerator due to
this problem. Also due to certain behaviour in some Palestinian retailers they sell the
refrigerated product on the street without any precautions.

Sachindra et al., 2005 investigated the microbial profile of buffalo sausage during
processing and storage. Their study was made on the microbial levels of buffalo sausage
during preparation and storage at 4+ 1'C. The microbial counts in raw minced meat and the
sausage emulsion showed similar trend with minimal microbial contamination during the
preparation of emulsion. They also analyzed cooked buffalo sausage for microbial counts
and indicated by their results that steam cooking for 45 min followed in the study was
effective in reducing the microbial counts substantially. Their investigation revealed that
shelf life of cooked buffalo sausage was 31 days in either vacuum or CO; at 4+ 1°'C. These
results indicated that spoilage of vacuum packed cooked buffalo sausage was likely due to
LAB while microflora other than LAB may be responsible for spoilage of CO, packed
cooked buffalo sausage. They suggested that measures such as low initial microbial counts,
hygienic precautions during preparation of sausage, steam cooking for 45 min, vacuum or
CO, packing and storage at 4 + 1'C would control the microbial growth and provide safety
to the buffalo sausage.

Ilayabharathi, et al., in 2012 investigated the shelf-life of sausage and its organoleptic
qualities at two different storage temperatures. They compared the shelf life of the sausage
from spent and broiler meat at chilling (6+1°C) and freezing (0'C) temperature using
polypropylene and low density polyethylene packaging material. They were tested the
sausage for physico-chemical properties, Microbial quality and sensory analysis at 0, 3, 6,
and 9th days of storage. They found the emulsion stability and cooking yield were higher
in broiler meat than in spent hen meat. They also found the microbial studies exposed a
linear increase in the counts from third day of storage onwards at chilling temperature. On
the contrary, at freezing temperature the counts remained static up to ninth day of storage.

Kamenik et al., 2012 investigated the effect of storage temperature on the quality of dry
fermented sausage Polican. They determined the influence of different storage
temperatures (5C and 15°C) on the quality of vacuum-packed dry fermented sausage
Polican. They found in the analysis performed (physical/chemical, sensory,

microbiological) no differences in sensory properties or basic physical/chemical and
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microbiological parameters in the products after storage under different temperature
conditions for 120 days. On other hand, they found that when stored at 15°C, the total
content of biogenic amines in samples was higher than that for samples stored at 5 C. They
concluded that if the principles of good manufacturing practice are observed at all phases
of the technological process, the storage temperature of 15 C does not represent a risk as

the consequent concentration of biogenic amines and polyamines remains extremely low.
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Chapter Three Materials and Methods

3.1 Introduction:

A number of aspects pertaining to sausage characteristics were investigated within this
research. This chapter provides an insight into the experimental procedures and
techniques used and present essential information regarding the selected materials.

The MDM chemical and microbial characteristics were investigated in this research.
Therefore, in a series of experiments, the effect of chemical composition of sausage
like protein, fat, and acidity on sausage quality and stability during shelf life were
investigated.

Pre-processing “thawing’ for MDM is sometimes applied prior to mincing, with the
aim of making the MDM applicable for further processing was explored; the effect of
this pre-processing step on sausage shelf life was investigated.

Organoleptic characteristics of sausage, e.g. color, texture, flavour ... etc, were also

examined to facilitate the evaluation for trials.

3.2 Materials Used in Sausage Preparation:
3.21 MDM Turkey:

It is a mechanical deboned meat (MRM) that is meat adhering to bones of neck,
back, and leg. It was recovered from turkey bones by mechanical treatment using
(Lima, France) Figure 3.1 shows the flow chart for producing MDM inside the
slaughterhouse. Each cartoon weight was 17-18 kg with temperature -18'C. It’s

bought from Israeli slaughterhouses.
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Collecting the Raw Materials for
MDM ( turkey neck, carcass of
breast and back parts)

Transfer the turkey parts to
deboning machine

Separate the bones from the meat
by pressing the turkey parts and
filtrate from bones

Fill the MDM in polyethylene
bags inside a carton and packed it

Transfer the ready MDM carton by
conveyer to the chock freezer at
-40°C and hold it

Transfer the frozen MDM when it
reach -18°C by conveyer to outside
to packed on wooden pallet

Hold the MDM pallet in store
freezer until finished the release
tests

Release the pallet and ready to
ship to the sausage producing
factory

Figure 3.1: Flow chart for MDM production
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3.2.3

3.24

3.2.5

3.2.6

3.2.7
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Potato Starch:

Its native potato starch with particle size between 10-70um use as filler and adsorb
more water by swelling. It is used to lower the cost of sausage. (Emsland Group,

Germany). It’s bought from local supplier.

Soya Isolate:

It’s a non genetically modified (GMQO) protein isolated from soybean with
percentage 90% in dry basis used as binder in sausage and to compensate the low
percentage of active protein myosin in MDM to form protein network structures
and binding water and fat. (Gushen, China, Isolated soy protein GS5100). It’s

bought from local supplier.

Sunflower Oil:

Its oil extracted from sunflower used to replace animal fat in the formula to control
the amount of fat is needed in the formula. It is being considered as meat extender

thus provides juiciness to the sausage. It’s bought from local supplier.

Sodium Nitrite:

It is use to form stable reddish colour for the sausage and to inhibit the spore former
microorganism, called Clostridium botulinum. It is use as a mixture with sodium

chloride in percentage of 6%. It’s bought from local supplier.

Sodium Chloride:

Its food grade salt. None iodized with particle size Minimum 80% passes through
0.6 mm (30 meshes). It’s bought from local supplier.

Sodium Diphosphate:

o o )
-O/'\D\O/F\’\O_ Na
OH OH >

Figure 3.2: Chemical structure for sodium diphosphate
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Its food grade phosphate with P,Os concentration from 50-52%. Its use to improve
binding and texture characteristics of sausage. It increases the water holding
capacity by increase the pH. Also it increases protein solubility and reduces lipid

rancidity. It’s bought from local supplier.

Monosodium Glutamate:

O
HO O~ Na™
NH.

Figure 3.3: Chemical structure for monosodium glutamate

It’s the sodium salt of glutamic acid. It’s a flavour enhancer in processed meat. It
improves the spice flavour and balancing the flavour. It’s bought from local

supplier.

Sodium Erythrobate:

HO

~ Na'0 OH _
Figure 3.4: Chemical structure for sodium erythrobate

It’s the sodium salt of erythrobic acid. It’s use as antioxidant and catalyst for
sodium nitrite reduction reaction to produce nitric oxide. This is to bind myoglobin
and stabilize the red colour for processed meat and prevent formation of
nitrosamine that considers a carcinogenic compound. It’s bought from local

supplier.

Spice Mix:
It’s an oil soluble material extracted from fruit of spice plated on sodium chloride to

be easy to use in sausage industry that already used and approved in Siniora.
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3.2.11 Ascorbic Acid:

HO
T H

HG\/‘\Q,;G
HO OH

Figure 3.5: Chemical structure for ascorbic acid

It’s the ascorbic acid. It’s use as accelerate colour development, inhibit nitrosamine
formation, prevent oxidation, and prevent color fading. When ascorbic acid is added to
cured meats, it oxidizes to become dehydroascorbic acid. It is this oxidation that
accelerates the reduction of nitrosomet-myoglobin to nitrosomyoglobin , which imparts to
cured meats their characteristic color. Ascorbic acid can prevent nitrosamine formation in
cured meats by reducing nitrate to nitrogen oxide, which will not be able to react with the
amines to form nitrosamines. It’s bought from local supplier.

3.2.12 Water:

It’s treated tap water. Pass through industrial water treatment system. The treatment system
composed from chlorine unit, sediment filter, softener unit, carbon filter, and UV unit. It is
used in Siniora food factory.

3.2.13 Red Beet color:

It’s a natural color extracted from the root of beet (Beta vulgaris) of chenopodiaceae with
water. The major component is betanin. It is reddish to dark violet color. The betanin

content was 0.45-0.6%. It’s bought from local supplier.

HO oOH

Figure 3.6: Chemical structure for betanin
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The following groups of microorganism were explored: Total viable counts (TVC),

total coliform, Escherichia coli spp., Staphylococcus aureus, Salmonella spp., Listeria

monocytogenes, lactic acid bacteria spp.(LAB), as well as yeast and molds. Table 3.1

shows the media types that were used in this research to isolate the related

microorganism.

Table 3.1 The materials used in research for microbial analysis

No. | Media Producer Code
1 | Plate Count Agar Oxoid CMO0463
2 | Phosphate Buffer Fluka 17202
3 | Buffered Peptone Water Oxoid CMO0509
4 | Violet Red Bile Agar Oxoid CM107
5 | Eosin Methylen Blue Agar Oxoid CMO0069
6 | MacConkey Agar Oxoid CMO0115
7 | Rappaport Vassiliadis Enrichment Broth Oxoid CMO0669
8 | Bismuth Sulfite Agar BD Difco 273300
9 | Buffered Listeria Enrichment Broth Base Himedia M1578
10 | Fraser Broth Base Oxoid CMO0897
11 | Listeria Oxford Medium Base Himedia M1145
12 | Dichloran- Rose Bengal- Chloramphenicol Agar Oxoid CMOQ727
13 | Baird Parker Agar Base Oxoid CMO0275
14 | MRS (ISO) De Man, Rogosa, Sharpe Agar Oxoid CM1153
15 | CO; generator pack (CO, Gen) Oxoid CDO0025A
16 | Crystal Violet Solution Hylabs BP300
17 | Decolorizer Solution “Acetone” Hylabs BP283
18 | lodine Solution Hylabs BP282
19 | Safranin Hylabs BP284

3.4 Materials and Equipments Used in Physical and Chemical Examinations:

341 pH Meter:

The pH was measured directly with a HI 1053P electrode HI1131(HI 2211,
Benchtop pH/ORP meter, Hanna Instruments, USA,2011). It’s bought from

local supplier.

3.4.2 FoodScan Instrument:

FoodScan™ Lab is a Near-Infrared (NIR) instrument. It is a quantitative

measurement of meat components requires measurement of several known
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samples for calibration. Unknown samples of similar type can then be scanned
and components can be determined by comparing the response to the calibration
data. Once calibration is completed, the method provides a simultaneous
measure of fat, moisture, salt, and protein that is extremely fast and non-

destructive.

Figure 3.7: FoodScan™ from FOSS

The availability of economical microprocessors that provide for easy calibration
using artificial neural networks (ANN) has made NIR instruments commonly
available for meat analysis. It is important to note that NIR analysis is highly
dependent on proper calibration of instruments with samples similar to the
unknowns to be measured. Recalibration is necessary for any change in sample
material that is outside the range of properties of the samples used for
calibration. The need for careful and proper calibration is viewed by some
analysts as a disadvantage for this method. The transmission measurements
utilize greater sample volume, which improves results. Repeatability ranges
from <0.2%, <0.2%, <0.2%, and 0.05% for fat, moisture, protein, and salt,
respectively. Furthermore, AOAC reports that the FOSS Food Scan™ with
ANN Method has been granted AOAC Official Method.

The protein, fat, salt, moisture and collagen were measured with a FoodScan™
Lab, FOSS Instrument, Sweden. Type 78810, 2011. Using ISIscan™ software
Ver. 4.3.0.12901, database Ver. 4.3.0.12705. It’s bought from local supplier.

3.4.3 Temperature Measurement and Monitors:

The temperature was measured with T106-T1 thermometer +0.5°C (Testo,

Germany, 2011). It’s bought from local supplier.
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The temperature inside the refrigerator was the sample of the trials stored was
monitored with mini data logger 174T +0.5C (Testo, Germany,2011). It’s
bought from local supplier.

3.5 Methods:

3.5.1 Selection for MDM Suppliers:

The major three MDM suppliers in Israel were chosen for this investigation. MDM
samples were tested for chemical properties. Accordingly, the best chemical
properties MDM were chosen for do the purpose of this research.

3.5.2 Sausage Preparation:

400 kg of frozen MDM were grounded in a commercial food mincer for 12 min.
Dry ingredients (salt, starch, nitrite, soy protein, erythrobate, etc) were slowly
added to the bowel cutter as powders while processing. Afterwards, cold water
and beet color were added. The addition of ingredients took place in less than 2
min for each trial. Final temperature of batters varied between -1+1'C. The
batters were stuffed in polyamide casing (60 mm diameter) with weight 1kg for
each piece. The sausages were then heat-processed in a temperature-controlled
oven by steam maintained at 85°C until a final core temperature reached 74-
76'C. Temperature was measured using the type-T thermocouple inserted into
the core of the control piece on the trolley. The time/temperature data were
recorded. Then, cooked samples were removed from the oven and cooled
immediately in a cold water shower and stored at 4°C.

We prepared 10 formulas with known ingredients. The blank formula (BL) does
not contain any additives that we will study on our research. That includes
(SPI), sunflower oil, and ascorbic acid. The formulas are divided into two parts.
One that will study the formula component effect that will be eight formulas.
The second will study the processing effect and that will be the last two
formulas. In the second part the formulas will be exactly same as the standard
formula that will compare with and the difference only with the MDM holding
time before processing. Each formula is composed from average 50kg. Each
test results come from three samples and three results that we took the average
for it. Samples were taken for laboratory inspection at the following timing:
Three samples at TO (after 2days from storage), T1 (after Lmonth from storage),
T2 (after 2months from storage), T3 (after 3months from storage), T4(after
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4months from storage) and conduct the needed tests. Table 3.2 showed the
formulas composition for each one and the ingredients inside it.

Table 3.2: The research formulas ingredients

Mix of . .
Formula/Treatment | MDM Additive(; and SOY Protein Sunflpwer Asco_r bic

Water solate oil Acid
Unit % % % % %
Blank (B0 300 | 200 (IO o
Standard (SD) 74.58 18.64 3.50 3.0 0.28
High Protein (PH) 72.58 18.14 6.0 3.0 0.28
Low Protein (PL) 76.58 19.14 1.0 3.0 0.28
High Fat (FH) 72.58 18.14 3.50 5.50 0.28
Low Fat (FL) 76.18 19.04 3.50 1.0 0.28
High Acid (AH) 74.32 18.58 3.50 3.0 0.60
Low Acid (AL) 74.72 18.68 3.50 3.0 0.10
Hol2* 74.58 18.64 3.50 3.0 0.28
Hol5** 74.58 18.64 3.50 3.0 0.28

*Trial code Hol2: It was held without refrigeration at 18°C for 2days.
** Trial code Hol5: It was held without refrigeration at 18°C for 5days.

3.5.3 Methods of Analysis :
3.5.3.1  Chemical Analysis:

3.5.3.1.1 Protein, fat, moisture, collagen, and Salt: all these parameter conducted by
using Near-Infrared (NIR) instrument FoodScan™ from Foss according to the
following:
Approximately 180-250 g ground sample were placed in a 140 mm round
sample dish, and the dish was placed in the FoodScan. Results were displayed

for percent (g/100g) fat, moisture, salt, protein, and collagen.
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Figure 3.8: FoodScan™ methodology from FOSS

The hardware is described in the following. From a tungsten-halogen lamp
housed at the back of the instrument, light is guided through an optical fiber into
the internal moving-grating monochromator, which provides monochromatic
light in the spectral region between 850 and 1050 nm. Through a second optical
fiber, light is then guided through a collimator lens positioned over the sample
cup in the sample chamber. The light is transmitted through the sample, and the
unabsorbed light strikes a detector. The detector measures the amount of light
and sends the result to the digital signal processor, which communicates with the
personal computer where the final results are calculated. The sample is placed in
a cup and positioned inside the FoodScan sample chamber. The sample cup is
rotated during the analysis process to sub-scan various zones up to 40 sub-scan
of the test sample that are then used to calculate the final result.
This procedure provides a more representative result from potentially
nonhomogeneous samples. Artificial Neural Network (ANN) calibration is a
technique designed to emulate the basic function of the human brain to solve
complex problems. The ANN model has the ability to describe both linear and
nonlinear relationships between spectral characteristics and compositional
analysis. The method is applicable to the simultaneous determination of fat,
moisture, salt and protein in meat and meat products (fresh meat, beef, pork, and
poultry, emulsions, and finished products).

3.5.3.1.2 The pH of meat samples were determined by weigh 10.0 g sample into clean,
dry Erlenmeyer and add 100 ml recently boiled H,O at 25°C. Shake until

particles are evenly suspended and mixture is free of lumps. Digest 30 min,
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shaking frequently. Let stand 10 min more, decant supernate into the 250 ml
beaker, and immediately determine pH, using electrode standardized by buffer
solutions of pH 4.01, and pH 9.01, both at 25°C.

Physical Analysis:

Folding test was modified from (Herrero et al., 2008) with slice thickness. This
test was conducted by folding a 3 and 2 mm thick slice of meat sausage slowly
in half, and then in half again to examine the structural failure of the sample.
The evaluation was performed in accordance with a five-point grade system as
follows:

Grade 5: No crack when folded into quadrants.

Grade 4: No crack when folded in half.

Grade 3: Crack develops gradually when folded in half.
Grade 2: Crack develops immediately when folded in half.
Grade 1: Crumbles when pressed by finger.

Organoleptic Test:

It was conducted with some modifications according to (del Rio et al., 2007).

As the following:

The six panelists who participated in the sensorial tests were trained in Siniora
for Food Industry as expert panelists for sausage evaluation and work in the
factory more than seven years. Each group of samples was labeled, at random,
with a two-digit code number. Panelists were asked to evaluate each batch of
samples, presented in a randomized order, and to assign scores for overall color,
flavor, taste, smell, and texture on a structured nine-point hedonic scale (1 to 9,
with 1 constituting the worst possible condition and 9 the best) with
“unacceptable” being interpreted as an average lower than 6. The overall
acceptability score was calculated value as an average score for all sensorial
scores parameter. Any sample takes average score lower than 6 will be excluded
from the tasting in the next session. Each assessor was served two slices with

2mm thickness sausage in a white plastic dish from each formula.
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Samples were processed and analysed for the micro-organisms accordance to
the test methods that are listed in Table 3.3.

Table 3.3: The organisms test methods used for sample analysis

Organism Test Method
Total viable count (TVC) | BAM- Chapter 3,Aerobic plate count
Psychrotrophic spp. ISO 17410:2001, Horizontal method for the

enumeration of psychrotrophic microorganisms

Total coliform and

Escherichia coli

BAM- Chapter 4, Enumeration of Escherichia coli and
the coliform bacteria

Salmonella spp.

BAM- Chapter 5, Salmonella

Listeria monocytogenes

BAM- Chapter 10, Detection and enumeration
of Listeria monocytogenes

Staphylococcus aureus

BAM- Chapter 12, Staphylococcus aureus

Lactobacillus spp.

ISO 15214:1998, Horizontal method for the
enumeration of mesophilic lactic acid bacteria, Colony
count technique at 30°C

Yeast and mold

BAM- Chapter 18, Yeasts, molds and mycotoxins

Statistical analysis:

Statistical analysis was performed using OriginPro Release 8.6. The factors

analyzed were formula type, parameter result and days of storage for the shelf-
life study (OriginLab Corporation, 2012).
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Chapter Four Results and Discussion

4.1 Introduction:

A knowledge of the mechanically deboned meat (MDM) specifications, sausage formula,
processing and storage conditions in retail products is an essential prerequisite for
interpretation of the sausage quality. The key variables of sausage processing, i.e.
temperature of MDM pre-processing, protein content, fat content, acid content, and storage
conditions vary in retails product. These variables are investigated in order to assess their
affect on the sausage quality. The sausage characteristics were evaluated by measuring
protein content, fat content, moisture content, salt content, pH value, microbial analysis
and sensorial analysis. All experiments took place in the factory production hall, while
sensorial analysis was examined by trained panellist team in Siniora for Food Industry.

4.2 MDM in Sausage Production:

Mechanically deboned meat is made from the deboning and cutting of parts with lower
commercial value such as back and neck, although deboning process could be applied to
whole part of poultry carcasses. This way of deboning process (from back and neck)
decreases the quality of mechanically deboned poultry meat. This limitation beside other
reasons are ended up with shorten the shelf-life product and high microbial load (Field,
1998).

4.2.1 MDM Specification:

Choosing raw materials for MDM has a significant influence on the MDM properties,
particularly related to water retention ability and emulsification properties (Orr and Woger,
1979).

The mechanical process of removing meat from the bone causes cell breakage, protein
denaturation, and an increase in lipids and heme groups; thus poorer the properties. The
most used raw materials for MDM production are back, necks and thighs either from the
initial carcass or after removing of most meat. The physicochemical and microbiological
standards are also specified and nominated as mechanically deboned meat and followed by
the animal species from which it was taken from. The addition of MDM affects physical,

microbiological, and sensorial properties of the products (Daros et al., 2005).
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4.2.1.1Chemical Composition:

In a number of countries legal standards for MDM, based on chemical testing. MDM has
specific properties to be approved to use in sausage production. In Israel, Palestine, and

Jordan the chemical properties for MDM is shown in Table 4.1.

Table 4.1: The chemical properties of MDM in Israel, Palestine, and Jordan.

Chemical Specification Israel™ Jordan** Palestine***
Protein > 13% >14% >14%
Fat <15% < 25% < 15%
Moisture < 68% 58-72% 58-72%
Ash <2.2% <2.5% <2.5%
pH 5.7-6.9 6.2-6.4 6.2-6.4

* According to Israeli Standards code 4674
**According to Jordanian Standards code JISM1587-2004
*** According to Palestinian Standards code PS1031-2010

The research has investigated three major MDM suppliers. Test and evaluation are
performed to investigate the delivered MDM supplied characteristics.
Figures 4.1, 4.2 and 4.3 presents the average chemical composition for supplier “A”, “B”

and “C” for protein, fat, collagen, salt and moisture content, respectively.
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Figure 4.1: The chemical analysis for MDM from supplier A
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Figure 4.2: The chemical analysis for MDM from supplier B
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Figure 4.3: The chemical analysis for MDM from supplier C

The results obtained showed a remarkable variation in characteristics among the three

suppliers even in the samples from the same supplier.
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Comparing the three results together showed several trends, as follow:

The results for average protein content was agreed with (Koolmees et al., 1986; Crosland
et al.,1995; and Serdaroglu et al., 2005) findings. Israel, Jordan and Palestine regulations
for MDM required a protein contents at least 13%. The results showed that this
requirement was met by tested MDM samples.

In contrary, the average fat content for MDM samples was not confirmed to any regional
regulations for MDM except Jordan which is more logical in this parameter due to the
amount of skin that comes from carcass parts used to produce MDM like the backs and the
neck.

The results showed that when fat content increased collagen content increased and the
moisture content decreased for the three suppliers. This increase in collagen content refer
to an increase in fat content directly due to the use of some carcass parts contained skin
with high percentage of collagen. Thus indicate the usage of more parts of carcass with
skin in the MDM production.

Moreover, the result for moisture content was decreased when fat content increased and
protein content decreased due to the use of parts with significant amount of skin that has
low moisture content. This finding was confirmed with Koolmees et al., (1986). Skin has
low moisture content than meat itself. So when the carcass part contains skin, the final
moisture content for MDM will reduce. The justification is accordance to Henckel et al.,
(2004) that found; the highest fat and collagen percentage was in back parts with skin in
comparison with breast parts and the moisture percentage and protein percentage was
lower. In other hand, Serdaroglu et al., (2005) was reported that turkey MDM had high fat
contents, that due to the low moisture content. And that increase in fat concentration
because of the high fat content from bone marrow. Which is rich with fat. Where Botka-
Petrak et al., (2011) found when moisture content was low the protein content was low and
fat content high. Except in MDM produced from neck parts that was low in moisture and
protein and fat was still low.

As shown in table 4.2 Protein content in MDM from supplier “C” is the highest result,
which is highly needed in emulsification upon sausage processing. According to Daros et
al., (2005) MDM is poor in myofibrillar proteins which will affect rheological properties of
sausage negatively as much used percentage in sausage formulation.

Basically, sausage that contains MDM as a substituent for whole meat muscle will decline
the tensile and compression strength, due to reduction in the emulsification ability of the
formulation (Li et al., 1998 and Farouk, et al., 2002).
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The fat content of supplier “C” also the lowest due to use of high percent of carcass part
with low skin content.

In practice, factories tend to save product cost by using MDM having lower content of
moisture. This will allow more water to be added to the meat emulsion upon processing.
This practiced rule is quite mistaken. The decrease in moisture content comes with an
increase in fat content and low protein content. This will obligate manufacturer to add
more water to the sausage for making emulsion, thus no attention for the effect of lower

protein content on emulsion stability.

Table 4.2: The summary of chemical analysis for the three suppliers of MDM

Supplier A Mean | Median | Min. Max. Star_lda}rd
Deviation
Protein 1475 | 14.87 12.21 16.82 1.19
Fat 17.5 16.78 11.17 24.97 2.94
Collagen 2.76 2.45 1.04 6.12 1.24
Salt 1.04 0.92 0.52 2.06 0.38
Moisture 64.47 | 65.22 56.17 71.02 3.33
Supplier B
Protein 14.83 14.7 13.55 16.64 0.71
Fat 16.84 17.2 13.56 20.1 1.93
Collagen 1.84 1.76 1.01 3.66 0.65
Salt 121 1.16 0.71 1.7 0.27
Moisture 66.02 | 66.29 62.64 69.46 1.92
Supplier C
Protein 1519 | 15.11 13.63 16.95 0.78
Fat 15.08 | 14.81 12.17 20.77 1.95
Collagen 1.84 1.64 0.76 3.65 0.7
Salt 1.46 1.42 0.68 2.19 0.37
Moisture 66.65 66.9 59.63 70.41 2.04

Manufacturer needed to use more percent of soy protein to compensate this decrease in
protein content in the MDM. The higher price of soy protein than MDM contradicting the
idea of lower cost formula.

4.2.1.2 Microbial Analysis:

Results presented in Figure 4.4 and 4.5 show that there is no significant difference in the
microbial load between of MDM from the three suppliers. This is due to operating under
Good Manufacturing Practice (GMP) conditions in the slaughterhouse of the three
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suppliers. The personal hygiene under the control of veterinary department in the three
slaughterhouses is effective due to this result of analysis.

Figure 4.4 and 4.5 presents a comparison in the average log and CFU/g respectively; of
microbial load for supplier “A”, “B” and “C” in total viable count (TVC), total coliform

and Staphylococcus aureus.

(=52 Supplier A

ESEHSupplier C

Log CFU/g

Figure 4.4: Microbial analysis for MDM from the three suppliers Log CFU/g
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Figure 4.5: Microbial analysis for MDM from the three suppliers CFU/g

The MDM in the three suppliers did not contain Escherichia coli. Accordingly, the
chemical and microbial analysis of MDM from supplier “C” were chosen for this study,
since the highest contains of protein that needed to stabilize the meat emulsion samples.

4.3 Factors Affecting Sausage Quality:

The variation in formula components of the sample plays a major role in determining the
sausage characteristics, therefore the influence of parameters such as protein, fat and acid
content were studied.

4.3.1 Formula Components:

The sausage formula composed from many raw materials were determined according to
several factors include; product specification, the intended use, governmental specification,
and customer demands. These raw materials, which have direct effect on the sausage
quality, are major and minor constituents. This study investigated the major constituents
through analyzing several compositions, namely; protein content, fat content and acid pH

degree.
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Table 4.3: The research formulas ingredients.

Formula vMbM | Ad d'\i/tl:\);e(;fan q Soy Protein Sunflpwer Asco_rbic
Water Isolate Oil Acid
Unit % % % % %
Blank (BL) 00 | 700 | IR oo
Standard (SD) 74.58 18.64 3.50 3.0 0.28
High Protein (PH) 72.58 18.14 6.0 3.0 0.28
Low Protein (PL) 76.58 19.14 1.0 3.0 0.28
High Fat (FH) 72.58 18.14 3.50 5.50 0.28
Low Fat (FL) 76.18 19.04 3.50 1.0 0.28
High Acid (AH) 74.32 18.58 3.50 3.0 0.60
Low Acid (AL) 74.72 18.68 3.50 3.0 0.10
Hol2* 74.58 18.64 3.50 3.0 0.28
Hol5** 74.58 18.64 3.50 3.0 0.28

* Trial code Hol2: It was held without refrigeration at 18°C for 2days.
** Trial code Hol5: It was held without refrigeration at 18°C for 5days.

We prepared 10 formulas with known ingredients. The blank formula (BL) did not contain
any additive that we will study in the research. That includes (SPI), sunflower oil, and
ascorbic acid. The formulas divided into two parts. One that will study the formula
component effect that will be eight formulas. The second will study the processing effect
and that will be the last two formulas. In the second part the formulas will be exactly same
as the standard formula that will be compared with and the difference only with the MDM
holding time before processing.

Each formula is composed of 50 Kg that filled in polyamide casing with caliber 60mm and
1Kg weight for each unit. The quantity of all ingredients were same except those
ingredients we were changed for research purpose and that includes SPI, sunflower oil, and
ascorbic acid. The variation in percentage of MDM and other additives due to dilution
effect comes from addition of those ingredients. Each test results comes from three
samples and three results that we take its average. We took from each formula three
samples at TO (after 2days from storage), T1 (after 1month from storage), T2 (after
2months from storage), T3(after 3months from storage), T4(after 4months from storage)
and conduct the needed tests. Table 4.3 shows the formulas composition for each one and
the ingredients inside it.
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4.3.1.1 Protein Content:

The effect of protein content was studied through analyzing the samples prepared with
constant composition and variable protein content.
Figure 4.6, 4.7 and 4.8 shows that by increasing the amount of soy protein isolate (SPI)

caused an increase in protein content and decreasing in fat and moisture content.
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Figure 4.6: Protein content during storage time. Where BL: Blank without soy protein, vegetable
oil and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low protein formula
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Figure 4.7: Fat content during storage time. Where BL: Blank without soy protein, vegetable oil
and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low protein formula
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Figure 4.8: Moisture content during storage time. Where BL: Blank without soy protein, vegetable
oil and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low protein formula
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Moreover, the use of SPI in formulas SD, PH and PL affected the moisture and fat content
in these formulas as protein content increased the fat and moisture content decreased.
Formulas BL, PL, SD, and PH expressed different protein content 10.76, 11.87, 13.18 and
15.19 percentage respectively. SPI, it was 0, 1, 3.5, 6% respectively.

The correlation between protein content and pH value was evaluated. The pH value was
decreased by 0.15 degree during four months storage time at stored 4'C for formula BL. In
contrast, formula SD, PH and PL increased by 0.19, 0.2 and 0.19, respectively. This could

be due to the use of SPI in these formulas and reflect the stability of emulsion during

storage.
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Figure 4.9: pH degree during storage time. Where BL: Blank without soy protein, vegetable oil
and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low protein formula

Sensorial evaluation was determined for prepared samples from different angles. Color,
flavor, taste, smell, texture, acceptability and folding were used as an indictors to access

the sensorial variation among different studied formulas.
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Figure 4.10: Degree of color evaluation during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low
protein formula
Figure 4.10 showed that, the color in formula PH have higher score than others. This is due
to high percentage of SPI in the formula which helped to make the product darker. The
impression of the panelist for formula PH is that more meat content formula. This results
agrees with Ahmad et al., (2010) who found that color score increased as soy protein
isolate increased. In fact, the raw SPI color was brown and that gave the sausage batter
darker color when we increased the usage percentage. According to Nieto et al., 2009 who
found the same result when they were used hydrolyzed potato protein with 80% protein
content “ that actually close to our SPI in protein content”, the dark color of meat

emulsion were attributed to the brown color of the hydrolyzed potato protein.
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Figure 4.11: Degree of flavor evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low
protein formula
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Figure 4.12: Degree of taste evaluation during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low

protein formula
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Figure 4.13: Degree of smell evaluation during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low

protein formula

On the other side, the use of high percentage of SPI in PH formula created a negative effect
on flavor, taste, and smell score, as reported in figures 4.11, 4.12 and 4.13.

Formula PL, which contain lower SPI and high fat and moisture content than SD formula
got higher score in flavor, taste, and smell score. At the same time BL formula, which
contain no SPI content and the moisture content higher than PL formula and lower in fat
content ranked lower than PL formula. Especially for the first two months storage time.
The figures showed that when SPI content increased, the flavor, taste and smell were
decreased. This results confirmed with Matulis et al., (1995) who found that as soy protein

increased for all fat concentration, off-flavor increased.
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Figure 4.14: Degree of texture evaluation during storage time. Where BL: Blank without soy

protein,vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula; PL: Low
protein formula
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Figure 4.15: Degree of general acceptance during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula;
PL: Low protein formula
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Figure 4.16: Degree of Folding at 2mm slice during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula;
PL: Low protein formula
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Figure 4.17: Degree of Folding at 3mm slice during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; PH: High protein formula;

PL: Low protein formula
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Never the less, the use of high percentage of SPI in formula PH made it more dryer than
other formulas, thus broken easier in 2mm slice thickness and the overall acceptability for
it is lower than other formulas, as shown in figures 4.14, 4.15, 4.16 and 4.17.

Same figures revealed that the best texture and overall acceptability for all formulas was to
formula SD with 3.5 percent of SPI. Formula PL ranked second place with 1.0 percent of
SPI. This is why PL formula ranked first in folding score for 2mm slice thickness. Due to
its high content of fat and moisture. Where PH formula takes the worst rank in texture and
acceptability. Even the hardness that happen in this formula reflected on the folding test to
make it crack easily than other formulas. That agrees with Matulis et al., (1995) who found
when SPI increased hardness will increased and in contrary cohesiveness decreased due to

sandy mouth feeling effect that presented in our study as texture score.

4.3.1.2 Fat Content:

The characteristics of sausage samples of different fat content (constant in other
components) were examined. Figure 4.18, 4.19, and 4.20 showed that by increasing the
added sunflower oil lead to expected result of increased fat content and decreased the

protein and moisture content.

16.0 4

15.5 4 BL
SD
-FH

FL

15.0

14.5 -
)
14.0

4 o

13.5 4 v v

B & @
13.0 H

® 4
4
@

Protein %

12.5 + N E=— A B = A

12.0
115

110- _— . |
; ™ - -

10.5

T T T T
1 3 B

O -~

Storage Tiﬁme (Month)
Figure 4.18: Protein content during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula; FL: Low

fat formula
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Figure 4.19: Fat content during storage time. Where BL: Blank without soy protein, vegetable oil
and ascorbic acid; SD: Standard formula; FH: High fat formula; FL: Low fat formula
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Figure 4.20: Moisture content during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula; FL: Low
fat formula
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Further information were gathered from these figures. The use of sunflower oil in
formulas SD, FH, and FL affect protein and moisture content, therefore, as fat content
increased the protein and moisture content decreased.

The fat content in formulas BL, FL, SD, and FH were 16.75, 16.96, 17.65, and 18.92%
respectively, while the sunflower oil added was 0, 1, 3.0, 5.5%, respectively.

We also triggered the effect of added sunflower on pH for all formulas. Figures 4.21
presents the average pH degree for formulas BL,SD,FH, and FL, respectively.

An amount of 0.15 degree in pH was decreased during four months storage at 4'C in
formula BL. In contract, formula SD, PH, and PL increased 0.19, 0.15 and 0.17 degree in
pH respectively. This could be due to the use of SPI in these formulas in the same
percentage (3.5%) and reflected the stability of emulsion during storage. Also the amount
added of sunflower oil has an effect on pH for all formulas. We observe the pH will be
more acidic when we increased the percentage of added sunflower oil. And the formula FH
start decrease in pH degree more sharp that other formulas that related to rancidity

reaction.
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Figure 4.21: pH degree during storage time. Where BL: Blank without soy protein, vegetable oil
and ascorbic acid; SD: Standard formula; FH: High fat formula; FL: Low fat formula

Sensorial evaluation was determined for prepared samples from different angles. Color,
flavor, taste, smell, texture, acceptability and folding were used as an indictors to access
the sensorial variation among different studied formulas.

Color analysis was shown in figure 4.22. The color in FH formula is lower score than other
formula after one month of storage at 4'C. The high percentage of sunflower oil used in FH
formula (5.5%) made the product lighter in color which affected the impression of the

panelist to describe it as less meat content formulas.
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Figure 4.22: Degree of color evaluation during storage time. Where BL: Blank without
soy protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;
FL: Low fat formula

Figures 4.23, 4.24, and 4.25 showed flavor, taste, and smell analysis for tested formulas.
The use of high percentage of sunflower oil in FH formula made a positive effect on its
flavor, taste, and smell score, respectively for the first two months. This is due to the
enhancing effect of the oil soluble spices that become clearer with high fat content. This
effect of high fat content become negative as samples start to go rancid by third month

storage time and increased sharply in the fourth month.
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Figure 4.23: Degree of flavor evaluation during storage time. Where BL. Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;
FL: Low fat formula
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Figure 4.24: Degree of taste evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;
FL: Low fat formula
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Figure 4.25: Degree of smell evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;
FL: Low fat formula

Different view for oil content was investigated through the other sensorial evaluations.
Data plotted in figures 4.26 showed that, the high percentage of sunflower oil in FH
formula enhanced the juiciness, thus highly scored for texture.
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Figure 4.26: Degree of texture evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;
FL: Low fat formula

The effect of sunflower oil on all formulas in sensorial evaluation summarized by overall
acceptability that shown in figure 4.27. That shown the best overall acceptability for the
formulas was to SD formula with (3.0% sunflower oil). Formula FL comes in the second
place (1.0% sunflower oil). The lowest score in overall acceptability was for FH formula

which is highly affected by rancidity effect during the life time of the project.
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Figure 4.27: Degree of general acceptance during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;
FL: Low fat formula

Figures 4.28 and 4.29 shows the effect of using sunflower oil on slice elasticity. These
figures shows the better formula in folding for slice 2mm thickness during the first of
experiment life was FH formula. Then gown down from score 5 to score 4 like the other
formulas. But in folding for slice 3mm thickness formula FH takes same score as SD

formula at the experiment life while formulas FL and BL were cracked easier than FH and

SD formulas due to lower content of fat.
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Figure 4.28: Degree of Folding at 2mm slice during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;

FL: Low fat formula
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Figure 4.29: Degree of Folding at 3mm slice during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; FH: High fat formula;
FL: Low fat formula
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4.3.1.3 The pH Effect:

The characteristics of sausage samples of different ascorbic acid content (constant in other
component) were examined. Figure 4.30, 4.31, and 4.32 shows that by increasing the

ascorbic acid, no effect on samples protein, fat, and moisture content.
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Figure 4.30: Protein content during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula, AH: High ascorbic acid formula;
AL: Low ascorbic acid formula
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Figure 4.31: Fat content during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula
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Figure 4.32: Moisture content during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula
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The chemical parameters studied showed lower variation during storage in the four
months. The variations in protein content in SD, AH, and AL formulas was 0.31, 0.26 and
0.35%, and for fat content was 0.17, 0.12 and 0.14%, respectively.

An obvious trend was seen for moisture content in formulas SD, AH, AL. The results was
0.41, 0.26 and 0.24%, respectively.
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Figure 4.33: pH degree during storage time. Where BL: Blank without soy protein,
vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula
The pH degree decreased by 0.15 degree during four months storage at 4°C in formula BL.
While, formulas SD and AL increased by 0.19 and 0.17 degrees respectively. In the other
hand, an increase of 0.09 degree appeared for formula AH in the first two months and
decreased 0.02 in the last two months.
Sensorial evaluation was determined for prepared samples from different angles. Color,
flavor, taste, smell, texture, acceptability and folding were used as an indictors to access
the sensorial variation among different studied formulas.
The average sensorial score for color, flavor, taste, smell, texture, and overall acceptability
respectively for formulas BL,SD,AH, and AL were determined.
Figure 4.34, 4.35, 4.36, 4.37, 4.38 and 4.39 showed a failure of formula AH in taste after
three months storage time (4'C) with minimum score of 5.33, accordingly to our

methodology, failed in overall acceptability. Any sample with score lower than six will be
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neglected from sensorial evaluation and will be dismissed for next month evaluation till the
end of storage time.

The other formulas get closer score in all parameters except the texture score with small
differences. However, SD formula ranked first followed by AL formula, while BL formula
comes last.

For texture score an observation of higher differences between SD and AL formulas in
comparison with BL formula. This is justified by use of SPI and sunflower oil in SD and
AL formulas. While, missed in BL formula, which enhanced the amount of protein and fat
content in SD and AL formulas than formula BL. This variation reflected in juiciness and

elasticity of SD and AL formulas than BL formula.

Color Score

1 Storage Ti?ne (Month) x
Figure 4.34: Degree of color evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;

AL: Low ascorbic acid formula
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Flavor Score

0 1 2 3 4
Storage Time (Month)

Figure 4.35: Degree of flavor evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula

Taste Score

0 1

Storage Tifne (Month) ’
Figure 4.36: Degree of taste evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;

AL: Low ascorbic acid formula
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Smell Score

0 1 3 B

2
Storage Time (Month)
Figure 4.37: Degree of smell evaluation during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula
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Texture Score
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Figure 4.38: Degree of texture evaluation during storage time. Where BL: Blank without soy

protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula
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Storage Time (Month)
Figure 4.39: Degree of general acceptance during storage time. Where BL: Blank without soy

protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula

Folding score were tested for all samples using two different slice thickness. The folding
score for 2mm and 3mm slice thickness were investigated for formulas BL,SD,AH, and
AL.

Several observations were raised by upon testing. As shown in figure 4.40, the first folding
result for 2mm slice after 24hr of storage at (4'C) for SD, AH, and AL formulas was the
same. After one month storage time AH formula start to be less elastic than SD and AL

formulas. By the end of the fourth month formula AH was less elastic even more than BL

formula (not contain SPI or sunflower).

69



Ch.4 Results and Discussion

Folding Score

3 4

0 1 2
Storage Time (Month)

Figure 4.40: Degree of Folding at 2mm slice during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula

In the other hand, figure 4.41 illustrated that the first folding result of 3mm slice thickness
after two months of storage at (4'C) for BL, SD, AH and AL formulas the same. However,

after three months AH formula slices start to be less elastic like BL than SD and AL

formulas slices.
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Figure 4.41: Degree of Folding at 3mm slice during storage time. Where BL: Blank without soy
protein, vegetable oil and ascorbic acid; SD: Standard formula; AH: High ascorbic acid formula;
AL: Low ascorbic acid formula

4.3.2 Processing:

Due to mincing machines limitations in the sausage factories some factories were
defrosting the MDM at ambient temperature (~20'C) over one or two nights; enable
mincing.

The effect of holding MDM in elevated storage temperature was examined during
controlled refrigerator set point 18°'C. Samples were kept for two and five days in

comparison with MDM processed without holding time.
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Figure 4.42: Protein content for MDM during holding time at 18°C
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Figure 4.43: Fat content for MDM during holding time at 18°C
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Figure 4.44: Moisture content for MDM during holding time at 18°C
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Figure 4.45: Salt content for MDM during holding time at 18°C

Figures 4.42, 4.43, 4.44 and 4.45 presents the average chemical composition for protein,

fat, moisture, and salt content for SD, Hol2, and Hol5 samples.
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Results showed that the protein, fat and salt content were increased during holding time
increases. The average result for protein, fat and salt content increase from day 0 to day 5
with 0.48%, 0.49% and 0.69% respectively. On the contrary, the moisture content
decrease due to ice crystal in MDM melt and separate from the MDM. The average result
for moisture content decrease from day O to day 5 with 1.67%.

We observe from physical inspection during incubation that, the color for MDM turned to
gray from outside and the color inside still red to pink and no any bad smell comes from it.
The correlation between MDM holding time and pH value was evaluated. Figures 4.46

presents the average pH degree for samples SD,Hol2, and Hol5.
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Figure 4.46: pH degree for MDM during holding time at 18°C.

We observe that, the pH degree were decreased by 0.07 degree after 2days and 0.13 degree
after 5days. The final pH was 6.09 which is acceptable degree in the factories standard and
the decrease in pH by 0.13 degree can be negligible decreased to judge the spoilage of
MDM.

Results presented in Table 4.4 showed that, the TVC increased by 0.25 log CFU/g after
two days for samples held time at 18'C and increased 0.95 log CFU/g after five days.
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Table 4.4: The microbial analysis for MDM during holding time at 18°C log CFU/g.

Holding
TVC T.coliform L.monocytogenes | S.aureus | Lactobacillus spp. | Yeast
Time (Day)
0 4.60 2.45 2.65 250 150 1.30
2 4.85 3.25 2.85 2.85 2.40 2.0
> 5,55 4.10 3.0 3.10 270 245

The increase in TVC during holding time leading to MDM spoilage. Even other pathogenic
and spoilage bacteria that also increased. For total coliform that increased by 0.80 log
CFU/qg after two days for samples held time at 18'C and increased 1.65 log CFU/g after
five days. For Listeria monocytogenes that increased by 0.20 log CFU/g after two days for
samples held time at 18'C and increased 0.35 log CFU/g after five days. For
Staphylococcus aureus that increased by 0.35 log CFU/g after two days for samples held
time at 18°C and increased 0.60 log CFU/g after five days. For Lactobacillus spp. that
increased by 0.90 log CFU/g after two days for samples held time at 18'C and increased
1.20 log CFU/qg after five days. For yeast that increased by 0.70 log CFU/g after two days
for samples held time at 18'C and increased 1.15 log CFU/g after five days. That was
evidence that MDM was spoilage during increase of holding time and not accepted for
sausage production.

The research has investigated the three samples of MDM during processing. Test and
evaluation are performed to investigate the chemical characteristics of sausage pre-cooking
delivered emulsion from MDM from the three samples SD, Hol2, and Hol5 samples with
constant ingredients.

Figures 4.47, 4.48, 4.49 and 4.50 showed the chemical composition for protein, fat,
moisture, and salt content in formula SD, Hol2, and Hol5 after processing and in

precooking state.
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Figure 4.47: Protein content for samples precooking. Where SD: Standard formula and without
holding MDM; Hol2: Standard formula and with holding MDM at 18°C for 2days; Hol5: Standard
formula and with holding MDM at 18-C for 5days
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Figure 4.48: Fat content for samples precooking. Where SD: Standard formula and without
holding MDM; Hol2: Standard formula and with holding MDM at 18°C for 2days; Hol5: Standard
formula and with holding MDM at 18-C for 5days
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Figure 4.49: Moisture content for samples precooking. Where SD: Standard formula and without
holding MDM; Hol2: Standard formula and with holding MDM at 18°C for 2days; Hol5: Standard
formula and with holding MDM at 18°C for 5days
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Figure 4.50: Salt content for samples precooking. Where SD: Standard formula and without
holding MDM; Hol2: Standard formula and with holding MDM at 18°C for 2days; Hol5: Standard
formula and with holding MDM at 18°C for 5days
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We noticed that, protein, fat, and salt content were increased in emulsion according to
MDM holding time increases at holding temperature 18°C as the result comes from MDM
analysis before processing. The average result for protein content between the emulsion
that produced from MDM samples SD, Hol2, and Hol5 was 13.10, 13.39, and 13.50%. The
average result for fat content between the emulsion that produced from MDM samples SD,
Hol2, and Hol5 was 17.65, 17.72, and 18.05%. The average result for salt content between
the emulsion that produced from MDM samples SD, Hol2, and Hol5 was 1.70, 1.82, and
1.98%. On the contrary, the moisture content was decreased due to melting the ice crystal
in MDM, thus separated from MDM. The average result for moisture content between the
emulsion that produced from MDM samples SD, Hol2, and Hol5 was 61.34, 60.98, and
60.02%.

We observe form physical inspection during processing that, the color for emulsion
produced from MDM that held for two and five days was pale in comparison to the
emulsion that produced from MDM without holding time.

The correlation between MDM holding time on emulsion that produced from it and pH
value was evaluated. Figures 4.51 presents the average pH degree for emulsion produced
from MDM samples SD, Hol2, and Hol5.
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Figure 4.51: pH degree for samples precooking. Where SD: Standard formula and without
holding MDM; Hol2: Standard formula and with holding MDM at 18°C for 2days; Hol5: Standard
formula and with holding MDM at 18°C for Sdays
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The pH degree decreased in emulsion according to MDM that used in. The average result
for pH degree between the emulsion that produced from MDM samples SD, Hol2, and
Hol5 was 6.07, 6.05, and 5.96%.

The effect of holding time for MDM on emulsion microbial load at precooking state was

studied through analyzing the samples prepared with constant composition.

Table 4.5: The microbial analysis for samples precooking log CFU/g.

Formula | TVC T.coliform L. monocytogenes S.aureus Lactobacillus spp. Yeast

Sp* 4.68 251 2.75 2.53 1.55 1.34
Hol2* 4.96 3.35 2.93 2.95 245 2.04
Holo™* 5.82 4.32 3.15 3.22 2.85 2.56

*SD: Standard formula, without holding MDM
**Hol2: Standard formula with holding MDM at 18°C for two days
***Hol5: Standard formula and with holding MDM at 18°C for five days.

Table 4.5 showed the effect of processing in microbial load for all formulas. That increase
in microbial load will increase the sausage spoilage probability. Other pathogenic and
spoilage bacteria also increased in the same manner. We observe from the last result that,
there is an effect on microbial load during processing that includes emulsification and

filling.

Table 4.6: Processing effect reflected on the microbial analysis for samples precooking log CFU/g.

Formula VG T coliform L. monocytogenes | S.aureus Lactobacillus spp. Yeast

D" 1 008 0.06 01 0.03 0.05 0.04
Hol2** 011 0.1 0.08 0.1 0.05 0.04
HOIS™™ | 0,27 0.22 0.15 0.12 0.15 0.11

*SD: Standard formula, without holding MDM

**Hol2: Standard formula with holding MDM at 18°C for two days
***Hol5: Standard formula and with holding MDM at 18'C for five days.

From the results presented in Table 4.6. the emulsification and filling processes had low
effect on sausage microbial status than holding MDM at ambient temperature. And that
effect of these processes were increased, when the raw MDM had a considerable high

microbial load.
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4.3.3 Storage Conditions in Retails:

The effect of increase storage temperature on sausage characteristics was examined during
controlled incubator temperature with set point 18°C and 37°C for 0, 2, 4, 7 and 10 storage
days. In comparison of sausage produced from MDM processed with no incubation time
during processing with the sausage produced from MDM processed with incubation time
two and five days at ambient temperature.

Test and evaluation are performed to investigate the chemical characteristics of cooking

sausage delivered from the three samples SD, Hol2, and Hol5 with constant ingredients.
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Figure 4.52: Protein content during storage time at temperature 18°C. Where SD: Standard

formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18+C for
2days; Hol5: Standard formula and with holding MDM at 18°C for 5days
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Figure 4.53: Fat content during storage time at temperature 18°C. Where SD: Standard
formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18-C for

2days; Hol5: Standard formula and with holding MDM at 18°C for 5days
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Figure 4.54: Moisture content during storage time at temperature 18°C. Where SD: Standard

formula and Without holding MDM; Hol2: Standard formula and with holding MDM at 18°C
for 2days; Hol5: Standard formula and with holding MDM at 18°C for 5days
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Figure 4.55: Salt content during storage time at temperature 18°C. Where SD: Standard
formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18°C for
2days; Hol5: Standard formula and with holding MDM at 18°C for 5days

Salt %

Figures 4.52, 4,53, 4.54 and 4.55 presents the average chemical composition for protein,
fat, moisture, and salt content for formulas SD,Hol2, and Hol5 during storage time in
incubator at 18°C.

For SD and Hol2 samples the protein, fat, and salt content were decreased during holding
time increases during the first four days then start to increase in the seventh day storage
time.

On the other hand, for SD and Hol2 samples the moisture content increased by increasing
holding time, for the first four days storage then starts to decrease in the seventh day
storage time. Different results obtained for Hol5 sample the protein, fat, and salt content
were increased during holding time increases, while moisture content decreased. It is
worthy nothing these results showed many holes contained water and CO, gases. The SD
and Hol2 samples expressed these observations after the seventh day of storage.

The correlation between MDM holding time that used to produce sausage and pH value
was evaluated. Figures 4.56 presents the average pH degree for samples SD,Hol2, and

Hol5 during storage time.
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Figure 4.56: pH degree during storage time at temperature 18°C. Where SD: Standard
formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18<C for
2days; Hol5: Standard formula and with holding MDM at 18°C for 5days

We observe that, the pH degree increased in the first two days and start to decrease after
that for all samples. The end results for average pH degree in SD, Hol2 and Hol5 were
+0.09, +0.06 and -0.04 respectively.

The effect of MDM holding time that used to produce sausage and microbial load during

storage time and incubation at 18°C was evaluated.

Table 4.7: The microbial analysis for the three trials during incubation in incubator at 18°C log CFU/g.

Incubation TVC Psychrotrophic spp.
Time(Day) SD* Hol2** Hol5*** SD* Hol2** Hol5***
0 0 0 0 0 0 0
2 0 0 3.40 0 0 0
4 0 2.50 4.20 0 0 0
7 3.25 4.10 4.65 0 0 0
10 3.75 4.40 5.10 0 0 345

*SD: Standard formula, without holding MDM
**Hol2: Standard formula with holding MDM at 18°C for two days
***Ho|5: Standard formula and with holding MDM at 18°C for five days.
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From the results presented in Table 4.7. The microbial analysis for SD, Hol2, and Hol5
samples showed that, TVC and Psychrotrophic spp. count were increased. On the other
hand, the T.coliform, Salmonella spp., Listeria monocytogenes, Lactobacillus spp.,
Staphylococcus aureus and yeast showed absent for all samples. That was due the high
temperature that was used in cooking process with core temperature above 75°C for all
samples.

At the same time, the Psychrotrophic spp. grown only in Hol5 samples after ten days of
incubation at 18'C.

The results showed that even when the sausage is cooked in appropriate temperature and
destruct all pathogenic microbes, the spoilage bacteria will grow faster when the MDM
that used in sausage production is exposed to thawing process. And that reflect shorter
shelf life than what we produce from MDM without thawing process.

We drive the same manner on the samples at 37°C. Figures 4.57, 4.58, 4.59 and 4.60
presents the average chemical composition for protein, fat, moisture, and salt content for

samples SD,Hol2 and Hol5 during incubation time in incubator at 37°C.

14.0 —&— SD
® - Hol2

13.9 4 4 — Hol5

13.8 -
13.7 - S ®
13.6 - F g

13.5 - .

Protein %

13.4 4 e
13.3 4

13.2 - —

13.1 4

1 1 1 I 1 i I 1 i

| ]
0 1 2 3 4 5 6 7 8 9 10
Storage Time (Day)
Figure 4.57: Protein content during storage time at temperature 37°C. Where SD: Standard

formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18°C for
2days; Hol5: Standard formula and with holding MDM at 18°C for 5days
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Figure 4.58: Fat content during storage time at temperature 37°C. Where SD: Standard
formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18°C for
2days; Hol5: Standard formula and with holding MDM at 18°C for Sdays
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Figure 4.59: Moisture content during storage time at temperature 37°C. Where SD: Standard
formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18°C for

2days; Hol5: Standard formula and with holding MDM at 18°C for 5days
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Figure 4.60: Salt content during storage time at temperature 37°C. Where SD: Standard
formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18°C for
2days; Hol5: Standard formula and with holding MDM at 18°C for 5days
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The protein, fat, and salt content were decreased during holding time increases at holding
temperature 37'C. On the other hand, the moisture content for SD, Hol2, and Hol5 samples
were decreased during holding time increases at holding temperature 37°C, thus many holes
in the samples that contained water and CO, gas. This water was separated from the
product due to active spoilage microbes and cause reduction on moisture content for all
samples.

The correlation between MDM holding time that is used to produce sausage and pH value
was evaluated. Figures 4.61 presents the average pH degree for samples SD, Hol2, and

Hol5 during storage time.
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Figure 4.61: pH degree during storage time at temperature 37°C. Where SD: Standard
formula and without holding MDM; Hol2: Standard formula and with holding MDM at 18<C for
2days; Hol5: Standard formula and with holding MDM at 18°C for 5days

From results obtained the pH degree increased during the first two days and start to

decrease. The result for average pH degree in formulas SD, Hol2, and Hol5 were -0.14,

-0.16 and -0.12 respectively.

The effect of MDM holding time that used to produce sausage and microbial load during

storage time and incubation at 37°C was evaluated.

Table 4.8: The microbial analysis for the three trials during incubation in incubator at 37°C log CFU/g.

TVC Psychrotrophic spp. Lactobacillus spp.
Incubation Time(Day)
SD* | Hol2** | Hol5*** | SD* | Hol2** | Hol5*** | SD* | Hol2** | Hol5***

0 0 0 0 0 0 0 0 0 0
2 0o | 325 | 355 | © 0 0 0 0 0
4 345| 445 | 470 | O 0 0 0 0 0
7 485| 530 | 58 |[220| 240 | 265 | O 0 0
10 580 | 6.20 6.50 3.45 | 3.90 4.05 250 | 265 3.10

*SD: Standard formula, without holding MDM
**Hol2: Standard formula with holding MDM at 18°C for two days
***Hol5: Standard formula and with holding MDM at 18°C for five days.
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From the results presented in Table 4.8. The microbial analysis for SD, Hol2, and Hol5
samples including the TVC, Psychrotrophic spp. and Lactobacillus spp. count were
increased.

On the other hand the test for T.coliform, Salmonella spp., Listeria monocytogenes,
Staphylococcus aureus and yeast were absent in all samples. That was due the high
temperature used during cooking process with core temperature above 75°C for all samples.
It is obvious that, the Lactobacillus spp. grown only after 10 days of incubation at 37°C for
all samples.

The results confirmed to the same findings that we had when we incubate the sausage at
18'C. Even when the initial microbial load for TVC, pathogenic microbes and spoilage
microbes for cooked sausage were nil, the sausage will not react in the shelf-life storage
time at the same manner. The stability of these products can be affected negatively by the

initial microbial load in the raw MDM that we started with.
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Chapter Five Conclusion

e There was considerable high variation in protein, fat, collagen, and moisture
content on mechanically deboned meat (MDM) from different suppliers even from
the same supplier from ship to another one.

e The decrease in moisture content can be an indicator the increase in fat content and
decrease in protein content for the same mechanically deboned meat (MDM). thus a
decrease in functional protein content, i.e. myosin, which that will affect the
sausage emulsion stability.

e Sausage do not contain soy protein isolate (SPI) will lose the elasticity and
acceptability of organolepitic properties during the shelf life storage. As a result,
the pH will decrease due to weak stability of emulsion. Same result happened to
samples contained no fat.

e The increase of using soy protein isolate (SPI) more than 3.5% can affect
negatively the texture, flavor and would produce darker color for cooked sausage.

e The increase of using sunflower oil more than 3.0% resulted in producing off color
and bad smell. This is due to rancidity reaction although of increasing sausage
elasticity.

e The use of ascorbic acid should be controlled to be maximum 0.28%; the using
percentage in 0.6% start acidification of sausage that gave bad effect on
organoleptic properties during shelf life.

e The use of soya protein isolate (SPI) in 3.5% in combination with 3% of sunflower
oil showed the best organoleptic evaluation and stability during shelf life for four
months.

e Sausage with protein content less than 12% considered less stable than that
controlled to be around 12%. The fat content in sausage more than 18% is high
susceptible to rancidity that local standard allowed fat content to be up to 25%.

e The effect of thawing mechanically deboned meat (MDM) during process decrease
the shelf life of end product even when all pathogenic microbes are destructed due
to presence of spoilage microbes without significant decrease in MDM pH. This
effect is more than the whole processing effect itself.

e The dependant on meat pH measures to detect the deterioration of meat was not

related as early indicator to spoilage fact.
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1. Goal: To analyze a meat samples for protein and collagen percentage

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Materials:

3.1 FOSS, FoodScan™

3.2 No need for any reagent or sample preparation when we use NIR instruments.

4. Procedure:

4.1 Approximately 180-250 g ground sample was placed in a 140 mm round sample
dish, and the dish was placed in the FoodScan.

4.2 Results were displayed for percent (g/100g).

5. Determination and Calculation:

5.1 The instrument will appear the result within one minutes on the screen and as print
out as a direct value for protein/collagen percentage in the sample.

6. Records:

6.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02)

7. Keeping Documents:

7.1 All documents are kept for 1 year from the date of analysis.

8. References:

8.1 AOAC (2007)
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1. Goals: To analyze a meat samples for Fat percentage

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Materials:

3.1 FOSS, FoodScan™

3.2 No need for any reagent or sample preparation when we use NIR instruments.

4. Procedure:

4.1 Approximately 180-250 g ground sample was placed in a 140 mm round sample
dish, and the dish was placed in the FoodScan.

4.2 Results were displayed for percent (g/100g).

5. Determination and Calculation:

5.1 The instrument will appear the result within one minutes on the screen and as print
out as a direct value for protein/collagen percentage in the sample.

6. Records:

6.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02)

7. Keeping Documents:

7.1 All documents are kept for 1 year from the date of analysis.

8. References:

8.1 AOAC (2007)
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1. Goals: To analyze a meat samples for Salt percentage

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Materials:

3.1 FOSS, FoodScan™

3.2 No need for any reagent or sample preparation when we use NIR instruments.

4. Procedure:

4.1 Approximately 180-250 g ground sample was placed in a 140 mm round sample
dish, and the dish was placed in the FoodScan.

4.2 Results were displayed for percent (g/100g).

5. Determination and Calculation:

5.1 The instrument will appear the result within one minutes on the screen and as print
out as a direct value for protein/collagen percentage in the sample.

6. Records:

6.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02)

7. Keeping Documents:

7.1 All documents are kept for 1 year from the date of analysis.
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1. Goals: To measure pH in a meat samples.

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP.

3. Determination:

3.1 Weigh 10.0 g sample into clean, dry Erlenmeyer and add 100 ml recently boiled

H,O at 25°C.

3.2 Shake until particles are evenly suspended and mixture is free of lumps. Digest 30

min, shaking frequently.

3.3 Let stand 10 min more, decant supernate into the 250 ml beaker, and immediately

determine pH, using electrode and potentiometer standardized by buffer solutions
of pH 4.01, and of pH 9.18, both at 25 C.

4. Records:

4.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02)

5. Keeping Documents:

5.1 All documents are kept for 1 year from the date of analysis.

6. References:
6.1 AOAC (2007)
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1. Goals: To prepare a meat samples for microbial analysis.

2. Responsibilities:
2.1 Lab Technician: is responsible to apply this SOP.
2.2 Lab Manager: is responsible to follow up the application for this SOP.

3. Materials Used:

3.1 Mechanical blender.

3.2 Sterile glass.

3.3 Balance: with weights; 2000 g capacity, sensitivity of 0.1 g

3.4 Sterile beakers

3.5 Sterile graduated pipettes, 1.0 and 10.0 ml

3.6 Butterfield's phosphate, Fluka, 17202

3.7 Sterile knives, forks, spatulas, forceps, scissors, and tablespoons (for sample
handling)

4. Procedure:

4.1 Whenever possible, submit samples to the laboratory in the original unopened
containers.

4.2 1If products are in bulk or in containers too large for submission to the laboratory, -
as in raw meat -transfer representative portions to sterile containers under aseptic
conditions. Sterilize one-piece stainless steel spoons, forceps, spatulas, and scissors
in an autoclave or dry-heat oven.

4.3 Use containers that are clean, dry, leak-proof, wide-mouthed, sterile, and of a size
suitable for samples of the product.

4.4 Containers such as plastic jars or metal cans that are leak-proof may be
hermetically sealed.

4.5 Whenever possible, avoid glass containers, which may break and contaminate the
food product.

4.6 Take care not to overfill bags or permit puncture by wire closure. Identify each
sample unit.

4.7 Do not use a felt pen on plastic because the ink might penetrate the container.

4.8 Whenever possible, obtain at least 100 g for each sample unit. Submit open and
closed controls of sterile containers with the sample.

4.9 Deliver samples to the laboratory promptly with the original storage conditions
maintained as nearly as possible.

4.10 Make a record for all samples of the times and dates of collection and of
arrival at the laboratory.
411 Transport frozen or refrigerated products in approved insulated containers

of rigid construction so that they will arrive at the laboratory unchanged. Collect
frozen samples in pre-chilled containers.

4.12 Place containers in a freezer long enough to chill them thoroughly. Keep
frozen samples solidly frozen at all times. Cool refrigerated samples in ice at 0-4'C
and transport them in a sample chest with suitable refrigerant capable of
maintaining the sample at 0-4°C until arrival at the laboratory.
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4.13 Do not freeze refrigerated products. Unless otherwise specified, refrigerated

samples should not be analyzed more than 36 h after collection.

5. Sampling Plans:

5.1 Salmonella Species:

5.1.1 Sample Collection:

51.1.1 Individual 25 g analytical units may be combined into 375 g composites.

5.1.1.2  Each sample should be mixed to ensure homogeneity before withdrawing a
25 g analytical unit. The analytical units can be composited (fifteen 25 g
units into a 375 g composite), Samples should be pre-enriched at a 1:9
sample-to-broth ratio.

5.1.1.3 A sample unit consists of a minimum of 100 g and is usually a consumer-
size container of product. Take sample units at random to ensure that a
sample is representative of the lot. When using sample containers, submit a
control consisting of one empty sample container that has been exposed to
the same conditions as those under which the sample was collected. Collect
more than one sample unit from large institutional or bulk containers when
the number of sample units required exceeds the number of containers in the
lot.

5.1.2 Sample Analysis:

5.1.2.1  The laboratory will analyze each sample for the presence of Salmonella
according to methods described in this SOP.

5.1.2.2  Take a 25 g analytical unit at random from each 100 g sample unit. When a
sample unit consists of more than one container, aseptically mix the
contents of each container before taking the 25 g analytical unit.

5.1.2.3  To reduce the analytical workload, the analytical units may be composited.
The maximum size of a composite unit is 375 g or 15 analytical units.

5.1.2.4  Refrigerate perishable samples and samples supporting microbial growth.
An analytical control is required for each sample tested. The sampled lot is
acceptable only if analyses of all composite units are negative for
Salmonella. If one or more composite units are positive for Salmonella, the
lot is rejected, provided that the analytical control is negative for
Salmonella.

5125 A lot will not be re-sampled unless the environmental control for
Salmonella is positive. For all samples positive for Salmonella.

5.1.2.6  These sampling plans apply to food products intended for human
consumption.

5.2 Other Microbial Tests: For all microbes other than Salmonella spp.

5.2.1 Sample Collection:

5.2.1.1  From any lot of food, collect ten 225-227g subsamples (or retail packages)
at random. Do not break or cut larger retail packages to obtain 225-227g
subsample. Collect the intact retail unit as the subsample even if it is larger
than 225-227g.

5.2.2 Sample Analysis:

5.2.2.1  Analyze samples as indicated in current compliance programs.

156




Appendices

Modification MeatoScan Lab Issue date:
#0 Sample Preparation (SOP)LA 007 01/11/2012
Version #1 rasilly s laY) alais) s1aY) dzala | raghilly laY) s g’i}g;ngs
il
Llie amly)a | Llis sy Bypalyi jalu

6. Receipt of Samples:

6.1 As soon as the sample arrives at the laboratory, the analyst should note its general
physical condition. If the sample cannot be analyzed immediately, it should be
stored as described later.

7. Condition of Sampling Container:

7.1 Check sampling containers for gross physical defects.

7.2 Carefully inspect plastic bags for tears, pinholes, and puncture marks.

7.3 If sample units were collected in plastic bottles, check bottles for fractures and
loose lids.

7.4 If plastic bags were used for sampling, be certain that twist wires did not puncture
surrounding bags.

7.5 Any cross-contamination resulting from one or more of above defects would
invalidate the sample, and the collecting district should be notified.

8. Labeling and Records:
8.1 See SOP’s” LO 006 and LO 003”.

9. Storage:

9.1 If possible, examine samples immediately upon receipt.

9.2 If analysis must be postponed, however, store frozen samples at -20'C until
examination.

9.3 Refrigerate unfrozen perishable samples at 0-4'C not longer than 36 h.

10.Thawing:

10.1 Use aseptic technique when handling product.

10.2 Before handling or analysis of sample, clean immediate and surrounding
work areas.

10.3 Swab immediate work area with commercial germicidal agent.

10.4 Preferably, do not thaw frozen samples before analysis.

10.5 If necessary to temper a frozen sample to obtain an analytical portion, thaw
it in the original container or in the container in which it was received in the
laboratory.

10.6 Whenever possible, avoid transferring the sample to a second container for
thawing.

10.7 Normally, a sample can be thawed at 2-5'C within 18 h. If rapid thawing is
desired, thaw the sample at less than 45°C for not more than 15 min.

10.8 When thawing a sample at elevated temperatures, agitate the sample
continuously in thermostatically controlled water bath.

11.Mixing:

111 To ensure more even distribution, mix the samples with sterile spoons or
other utensils before withdrawing the analytical unit from a sample of 100 g or
greater.

11.2 Use a 50 g analytical unit to determine aerobic plate count value.

11.3 Other analytical unit sizes (e.g., 25 g for Salmonella) may be recommended,
depending on specific analysis to be performed.
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114 If contents of package are obviously not homogeneous (e.g., a frozen meat),
macerate entire contents of package and withdraw the analytical unit.

12.Weighing:

12.1 Tare the balance with the stomacher bag; then aseptically and accurately
weigh unthawed food (if frozen) into the stomacher bag.

12.2 If entire sample weighs less than the required amount, weigh portion
equivalent to one-half of sample and adjust amount of diluent or broth accordingly.

12.3 Add 450 ml Butterfield's phosphate-buffered dilution water to the stomacher
bag containing 50 g analytical unit.

12.4 Transfer the stomacher bag to the stomacher and start mixing for 1min.
repeat the step if you see the sample not homogenized.

125 This results in a dilution of 10, Make dilutions of original homogenate
promptly, using pipette that deliver required volume accurately.

12.6 Do not deliver less than 10% of total volume of pipette. For example, do not
use pipette with capacity greater than 10 ml to deliver 1 ml volumes; for delivering
0.1 ml volumes, do not use pipette with capacity greater than 1.0 ml.

12.7 Prepare all decimal dilutions with 90 ml of sterile diluent plus 10 ml of
previous dilution, unless otherwise specified.
12.8 Shake all dilutions vigorously 25 times in 30 cm arc in 7 s. Not more than

15 min should elapse from the time sample is blended until all dilutions are in
appropriate media.

13.Reporting:
13.1 Report all aerobic plate counts computed from duplicate plates containing

less than 25 colonies as less than 25 estimated count.

13.2 Report all aerobic plate counts computed from duplicate plates containing
more than 250 colonies as estimated counts.

13.3 Counts outside the normal 25-250 range may give erroneous indications of
the actual bacterial composition of the sample.

134 Dilution factors may exaggerate low counts (less than 25), and crowded
plates (greater than 250) may be difficult to count or may inhibit the growth of
some bacteria, resulting in a low count.

135 Report counts less than 25 or more than 250 colonies as estimated aerobic
plate counts (EAPC). Use the following guide:

13.5.1 Normal plates (25-250): Select spreader-free plate(s), count all colony forming
units (CFU), including those of pinpoint size, on selected plate(s). Record
dilution(s) used and total number of colonies counted.
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13.5.2 Plates with more than 250 colonies: When number of CFU per plate exceeds
250, for all dilutions, record the counts as too numerous to count (TNTC) for all
but the plate closest to 250, and count CFU in those portions of plate that are
representative of colony distribution. Mark calculated TVC with EAPC to
denote that it was estimated from counts outside 25-250 per plate range.

13.5.3 Spreaders: Spreading colonies are usually of 3 distinct types:

135.3.1

13.5.3.2
13.5.3.3

A chain of colonies, not too distinctly separated, that appears to be caused
by disintegration of a bacterial clump.

One that develops in film of water between agar and bottom of dish.

One that forms in film of water at edge or on surface of agar.

If plates prepared from sample have excessive spreader growth so that
area covered by spreaders, including total area of repressed growth,
exceeds 50% of plate area, or area of repressed growth exceeds 25% of
plate area, report plates as spreaders. When it is necessary to count
plates containing spreaders not eliminated by above, count each of the 3
distinct spreader types as one source.

For the first type, if only one chain exists, count it as a single colony. If
one or more chains appear to originate from separate sources, count
each source as one colony.

Do not count each individual growth in such chains as a separate colony.
Types 2 and 3 usually result in distinct colonies and are counted as such.
Combine the spreader count and the colony count to compute the TVC.

13.5.4 Plates with no CFU:

When plates from all dilutions have no colonies, report TVC as less than
1 times the corresponding lowest dilution used.

Mark calculated TVC with asterisk to denote that it was estimated from
counts outside the 25-250 per plate range.

When plate(s) from a sample are known to be contaminated or otherwise
unsatisfactory, record the result(s) as laboratory accident (LA).

14.Computing and Recording Counts:

141

To avoid creating a fictitious impression of precision and accuracy when

computing TVC, report only the first two significant digits.

14.2

Round by raising the second digit to the next highest number when the

third digit is 6, 7, 8, or 9 and use zeros for each successive digit toward the right
from the second digit.

159




Appendices

Modification MeatoScan Lab Issue date:
#0 Sample Preparation (SOP)LA 007 01/11/2012
Version #1 sabilly £ aY) alais) s1aY) dzala | raghilly laY) s g’i)ge #
. ages
‘sl
Llie am).a Ll am). Bpalys sl
14.3 Round down when the third digit is 1, 2, 3, or 4. When the third digit is 5,
round up when the second digit is odd and round down when the second digit is
even.
14.4 Plates with 25-250 CFU:

Formula: N=XC/[ (1 *n1) + (0.1 *ny) ] * (d)

145

- Where N = Number of colonies per ml or g of product
- X C=Sum of all colonies on all plates counted

- ny = Number of plates in first dilution counted

- nz = Number of plates in second dilution counted

- d = Dilution from which the first counts were obtained

When counts of duplicate plates fall within and without the 25-250 colony

range, use only those counts that fall within this range.

14.6

All plates with fewer than 25 CFU: When plates from both dilutions yield

fewer than 25 CFU each, record actual plate count but record the count as less than
25 x 1/d when d is the dilution factor for the dilution from which the first counts
were obtained.

14.7

All plates with more than 250 CFU: When plates from both 2 dilutions yield

more than 250 CFU each (but fewer than 100/cm?), estimate the aerobic counts
from the plates (EAPC) nearest 250 and multiply by the dilution.

TNTC, Too Numerous To Count.
EAPC, Estimated Aerobic Plate Count.

14.8

All plates with spreaders and/or laboratory accident. Report respectively as

Spreader (SPR), or Laboratory Accident (LA).

14.9

All plates with more than an average of 100 CFU per sq cm. Estimate the

TVC as greater than 100 times the highest dilution plated, times the area of the

plate.

15.Records:

15.1

The report of sample analysis (LO003 — F01) and (LO003 — F02).

16.Keeping Documents:

16.1

All documents are kept for 1 year from the date of analysis.

17.References:

17.1

BAM-FDA, 8" ed. Chapter 1.
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1. Goals: To analyze a meat samples for Total Viable Count”TAC”. The TVC is
intended to indicate the level of mesophilc microorganism in a meat sample.

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP.

3. Media Used:

3.1 Use Plate Count Agar “ PCA”, Oxoid, CM0463

4. Procedure:

4.1 Prepare plate count agar (PCA) according to manufacturer's instructions.

4.2 Cool to 48°C before use.

4.3 For sample preparation review Sample Preparation SOP (LA 007).

4.4 Using separate sterile pipette, prepare decimal dilutions of 10,10, 10 and others
as appropriate of food homogenate.

4.5 By transferring 10 ml of previous dilution to 90 ml of diluent. Avoid sampling
foam.

4.6 Shake all dilutions 25 times in 30 cm (1 ft) arc within 7 s.

4.7 Pipet 1 ml of each dilution into separate, duplicate, appropriately marked petri
dishes.

4.8 Reshake dilution bottle 25 times in 30 cm arc within 7 s if it stands more than 3 min
before it is pipetted into petri dish.

4.9 Add 12-15 ml plate count agar (cooled to 45 + 1°C) to each plate within 15 min of

original dilution.

4.10 Add agar to the latter two for each series of samples.
411 Pour agar and dilution water control plates for each series of samples.
4.12 Immediately mix sample dilutions and agar medium thoroughly and

uniformly by alternate rotation and back-and-forth motion of plates on flat level

surface.
4.13 Let agar solidify.
4.14 Invert solidified petri dishes, and incubate promptly for 48 + 2 h at 35 C.
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4.15 Do not stack plates when pouring agar or when agar is solidifying.

5. Reporting:

5.1 See Sample Preparation SOP (LA 007), section 13.

6. Computing and Recording Counts:

6.1 See Sample Preparation SOP (LA 007), section 14,
7. Records:

7.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).
8. Keeping Documents:

8.1 All documents are kept for 1 year from the date of analysis.

9. References:
9.1 BAM-FDA, 8" ed. Chapter 3.
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1. Goals: To analyze a meat samples for total aerobic Psychrotrophic spp.

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP.

3. Media Used:

3.1 Use Plate Count Agar “ PCA”, Oxoid, CM0463

4. Procedure:

4.1 Prepare plate count agar (PCA) according to manufacturer's instructions.

4.2 Cool to 48°C before use.

4.3 For sample preparation review Sample Preparation SOP (LA 007).

4.4 Using separate sterile pipette, prepare decimal dilutions of 107,107, 10 and others
as appropriate of food homogenate.

4.5 By transferring 10 ml of previous dilution to 90 ml of diluent. Avoid sampling
foam.

4.6 Shake all dilutions 25 times in 30 cm (1 ft) arc within 7 s.

4.7 Pipet 1 ml of each dilution into separate, duplicate, appropriately marked petri
dishes.

4.8 Reshake dilution bottle 25 times in 30 cm arc within 7 s if it stands more than 3 min
before it is pipetted into petri dish.

4.9 Add 12-15 ml plate count agar (cooled to 45 + 1°C) to each plate within 15 min of

original dilution.

4.10 Add agar to the latter two for each series of samples.
411 Pour agar and dilution water control plates for each series of samples.
4.12 Immediately mix sample dilutions and agar medium thoroughly and

uniformly by alternate rotation and back-and-forth motion of plates on flat level

surface.
4.13 Let agar solidify.
4.14 Invert solidified petri dishes, and incubate promptly for 10 days at 6.5°C.
4.15 Do not stack plates when pouring agar or when agar is solidifying.
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5. Reporting:

5.1 See Sample Preparation SOP (LA 007), section 13.

6. Computing and Recording Counts:

6.1 See Sample Preparation SOP (LA 007), section 14.

7. Records:

7.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).
8. Keeping Documents:

8.1 All documents are kept for 1 year from the date of analysis.

9. References:

9.1 Microbiology of food and animal feeding stuffs — Horizontal method for the

enumeration of psychrotrophic microorganisms, 1ISO 17410:2001.
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1. Goals: To identify and distinguish the type of bacteria between gram positive and
gram negative

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP.

3. Materials Used:

3.1 Crystal Violet Solution, Hylabs, BP300.

3.2 Decolorizer Solution “Acetone, Hylabs, BP283.

3.3 lodine Solution, Hylabs, BP282.

3.4 Safranin Solution, Hylabs, BP284.

3.5 Glass slide, 25 x 75 mm

3.6 Forceps

3.7 Microscope, with oil immersion objective lens (95-100X) and 10X ocular

4. Procedure:

4.1 Place a slide with a bacterial smear on a staining rack.

4.2 Stain the slide with crystal violet for 1-2 min.

4.3 Pour off the stain.
- Note: fingers stain Gram-positive - use forceps.

4.4 Flood slide with Gram's iodine for 1-2 min.

4.5 Pour off the iodine.

4.6 Decolourize by washing the slide briefly with acetone (2-3 seconds).

4.7 Wash slide thoroughly with water to remove the acetone - do not delay with this
step.

4.8 Flood slide with safranin counterstain for 2 min.

4.9 Wash with water.

4.10 Blot excess water and dry in hand over bunsen flame.

5. Reporting:

5.1 Gram reaction is based on the structure of the bacterial cell wall.
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5.2 In Gram-positive bacteria: the dark purple crystal violet stain is retained by the
thick layer of peptidoglycan which forms the outer layer of the cell.
5.3 In Gram-negative bacteria: the thin peptidoglycan layer in the periplasm does not

retain the dark stain, and the pink safranin counterstain stains the peptidoglycan

layer.
GRAM + GREAM -
Peaptidoglean
= Paptidoglyean
HMembrane Membrane
:| Periplazm
Lipapalyzaccharide
& protein
6. Records:

6.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).
7. Keeping Documents:

7.1 All documents are kept for 1 year from the date of analysis.

8. References:

8.1 BAM-FDA, 8" ed. Chapter 2.
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1. Goals: To analyze a meat samples for Total Coliform ”TC” and Fecal Coliform
FC” . It is intended to indicate the level of contamination by microorganism in a

meat sample from environment or some fecal sources.
2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.
2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Media used:

3.1 Violet Red Bile Agar (VRBA), Oxoid, CM107.

3.2 Eosin Methylen Blue Agar (EMBA), Oxoid, CM0069

4. Procedure:

4.1 Prepare violet red bile agar (VRBA) according to manufacturer's instructions.

4.2 Cool to 48°C before use.

4.3 Prepare, homogenize, and decimally dilute sample as described in Sample
Preparation SOP (LA 007).

4.4 The isolated colonies will be obtained when plated.

4.5 Transfer two 1 ml aliquots of each dilution to petri dishes, and use either of the
following two pour plating methods, depending on whether injured or stressed cells
are suspected to be present.

4.6 Pour 10 ml VRBA tempered to 48°C into plates.

4.7 Swirl plates to mix, and let solidify.

4.8 To prevent surface growth and spreading of colonies, overlay with 5 ml VRBA, and
let solidify.

4.9 Then overlay with 8-10 ml of melted, cooled VRBA and let solidify.

4.10 Invert solidified plates and incubate 18-24 h at 35 C.

4.11 Examine plates under magnifying lens and with illumination.

4.12 Count purple-red colonies that are 0.5 mm or larger in diameter and
surrounded by zone of precipitated bile acids. Plates should have 25-250 colonies.

4.13 Fecal coliform analyses are done at 45.5+ 0.2°C.
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4.14 To perform the completed test for E. coli, streak for isolation colony, a

loopful to EMB agar plate and incubate for 18-24 h at 35 C.

4.15 Examine plates for suspicious E. coli colonies, i.e., dark centered and flat,
with or without metallic sheen.

4.16 Perform Gram stain, all cultures appearing as Gram-negative, short rods.

5. Reporting:

5.1 See Sample Preparation SOP (LA 007), section 13.

6. Computing and Recording Counts:

6.1 See Sample Preparation SOP (LA 007), section 14,

7. Records:

7.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).

8. Keeping Documents:

8.1 All documents are kept for 1 year from the date of analysis.

9. References:

9.1 BAM-FDA, 8" ed. Chapter 4.
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1. Goals: To analyze a meat samples for gram positive Staphylococcus aureus. That
indicates the level of contamination by microorganism in a meat sample from

environment or personal bad hygiene.
2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Media used:

3.1 Baird-Parker Agar Base (BPAB),0Oxoid, CM0275

4. Procedure:

4.1 Prepare all media according to manufacturer's instructions.

4.2 Cool to 48°C before use.

4.3 Prepare, homogenize, and decimally dilute sample as described in Sample
Preparation SOP (LA 007).

4.4 The isolated colonies will be obtained when plated.

4.5 For each dilution to be plated, aseptically transfer 1 ml sample suspension to 3
plates of Baird-Parker agar.

4.6 Distributing 1 ml of inoculum equitably to 3 plates (e.g., 0.4 ml, 0.3 ml, and 0.3
ml).

4.7 Spread inoculum over surface of agar plate, using sterile bent glass streaking rod.

4.8 Retain plates in upright position until inoculum is absorbed by agar (about 10 min
on properly dried plates).

4.9 If inoculum is not readily absorbed, place plates upright in incubator for about 1 h.

4.10 Invert plates and incubate 45-48 h at 35 C.

411 Select plates containing 20-200 colonies, unless only plates at lower
dilutions (>200 colonies) have colonies with typical appearance of S. aureus.

4.12 Colonies of S. aureus are circular, smooth, convex, moist, 2-3 mm in
diameter on uncrowded plates, gray to jet-black, frequently with light-colored (off-
white) margin, surrounded by opaque zone and frequently with an outer clear zone;

colonies have buttery to gummy consistency when touched with inoculating needle.
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4.13 Occasionally from various foods and dairy products, nonlipolytic strains of

similar appearance may be encountered, except that surrounding opaque and clear
zones are absent.

4.14 Strains isolated from frozen or desiccated foods that have been stored for
extended periods frequently develop less black coloration than typical colonies and
may have rough appearance and dry texture.

4.15 When plates of the lowest dilution contain <20 colonies, these may be used.
If plates containing >200 colonies have colonies with the typical appearance of S.
aureus and typical colonies do not appear at higher dilutions, use these plates for
the enumeration of S. aureus, but do not count nontypical colonies.

4.16 Add number of colonies on triplicate plates represented by colonies and
multiply by the sample dilution factor.

5. Reporting:

5.1 See Sample Preparation SOP (LA 007), section 13.

6. Computing and Recording Counts:

6.1 See Sample Preparation SOP (LA 007), section 14.

7. Records:

7.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).

8. Keeping Documents:

8.1 All documents are kept for 1 year from the date of analysis.

9. References:

9.1 BAM-FDA, 8" ed. Chapter 12.
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1. Goals: To analyze a meat samples for presence of Salmonella spp. It is intended to
indicate the level of contamination by microorganism in a meat sample from
environment or fecal sources or cross contamination from raw meat to end product.

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Media used:

3.1 Rappaport-Vassiliadis Enrichment Broth (RV) broth, Oxoid, CM06609.
3.2 Bismuth Sulfite Agar (BSA), BD-Difco, 273300.

3.3 MacConkey Agar (MCA), Oxoid, CM0115.

3.4 Buffered Peptone Water, Oxoid, CM05009.

4. Procedure:

4.1 Prepare all media according to manufacturer's instructions.

4.2 Cool to 48°C before use.

4.3 Prepare, homogenize, and decimally dilute sample as described in Sample
Preparation SOP (LA 007).

4.4 The isolated colonies will be obtained when plated.

4.5 Refrigerating incubated pre-enrichments and selective enrichments of low-moisture
foods for up to 72 h. With this option, sample analyses can be initiated as late as
Wednesday or Thursday without weekend work being involved.

4.6 The following method is based on the analysis of a 25 g analytical unit at a 1:9
sample/broth ratio. Depending on the extent of compositing, add enough broth to
maintain this 1:9 ratio unless otherwise indicated.

4.7 Aseptically weigh 25 g sample into sterile blending container.

4.8 Add 225 ml sterile buffered peptone water and blend 2 min.

4.9 Aseptically transfer homogenized mixture to sterile wide-mouth, screw-cap jar (500
ml) or other appropriate container and let stand 60+5 min at room temperature with
jar securely capped.

4.10 If mixture is ground or comminuted, blending may be omitted. For samples

that do not require blending, add buffered peptone water and mix thoroughly; let

stand for 60+5 min at room temperature with jar securely capped.

4.11 Mix well by swirling and determine pH with pH meter. Adjust pH, if
necessary, to 6.8+0.2.

4.12 Incubate sample mixtures 24+2 h at 35°C.

4.13 Gently shake incubated sample.

4.14 Transfer 0.1 ml mixture to 10 ml Rappaport-Vassiliadis (RV) medium.
Vortex.
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4.15 Incubate RV medium 24+2 h at 42+0.2C.
4.16 Mix (vortex, if tube) and streak 0.1ml on bismuth sulfite (BS) agar.

4.16.1 Prepare BS plates the day before streaking and store in dark at room
temperature until streaked.

4.17 Incubate plates 24+2 h at 35°C.
4.18 Examine plates for presence of colonies that may be Salmonella.
5. Reporting:

5.1 Typical Salmonella Colony Morphology: Bismuth sulfite (BS) agar. Brown, gray,
or black colonies; sometimes they have a metallic sheen. Surrounding medium is
usually brown at first, but may turn black in time with increased incubation,
producing the so-called halo effect.

5.2 If typical colonies are present on the BS agar after 24+2 h incubation, then pick 2 or
more colonies.

5.3 Irrespective of whether or not BS agar plates are picked at 24+2 h, re-incubate BS
agar plates an additional 24+2 h.

5.4 BS agar: Atypically some strains produce green colonies with little or no darkening
of the surrounding medium. If typical or suspicious colonies are not present on BS
agar after 24+2 h, then do not pick any colonies but re-incubate an additional 24+2
h.

5.5 MacConkey agar: Typical colonies appear transparent and colorless, sometimes
with dark center. Colonies of Salmonella will clear areas of precipitated bile caused
by other organisms sometimes present.

6. Computing and Recording Counts:

6.1 See Sample Preparation SOP (LA 007), section 14,

7. Records:

7.1 The report of sample analysis (LO003-F01) and (LO003-F02).
8. Keeping Documents:

8.1 All documents are kept for 1 year from the date of analysis.

9. References:

9.1 BAM-FDA, 8" ed. Chapter 5.
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1. Goals: To analyze a meat samples for presence of Listeria monocytogenes. It is
intended to indicate the level of contamination by microorganism in a meat sample
from environment or fecal sources or cross contamination from raw meat to end

product.
2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.
2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Media used:

3.1 Buffered Listeria Enrichment Broth (BLEB) Base, Himedia, M1578

3.2 Listeria Oxford Medium Base, Himedia, M1145

4. Procedure:

4.1 Sample treatment. Sample refrigeration at 4 C is recommended for handling,
storing, and shipping materials to be analyzed for L. monocytogenes, which will
grow, although slowly, at this temperature if other conditions permit. However, if
the sample is already frozen, it should not be thawed until analysis.

4.2 A 25-g sample should be retained for possible pathogen enumeration. Store it at 5 C
if it is not frozen or, if frozen, in a non-defrosting freezer.

4.3 Prepare all media according to manufacturer's instructions.

4.4 Cool to 48°C before use.

4.5 Prepare, homogenize, and decimally dilute sample as described in Sample
Preparation SOP (LA 007).

4.6 The isolated colonies will be obtained when plated.

4.7 Refrigerating incubated pre-enrichments and selective enrichments of low-moisture
foods for up to 72 h. With this option, sample analyses can be initiated as late as
Wednesday or Thursday without weekend work being involved.

4.8 The following method are based on the analysis of a 25 g analytical unit at a 1.9
sample/broth ratio. Depending on the extent of compositing, add enough broth to
maintain this 1:9 ratio unless otherwise indicated.

4.9 Aseptically weigh 25 g sample into sterile blending container.

173




Appendices

Modification MeatoScan Lab Issue date:
#0 Listeria monocytogenes Count (SOP)LA 014 01/11/2012
Version #1 radailly £laY) slaic) s)aY) Azl | cadgilly ehaY) aee Ezggs# 2
sl
Llis aaly). Llic sl sl alu
4.10 Analytical portions (25 g) are pre-enriched for Listeria species at 30 C for 4
h in buffered Listeria enrichment broth (BLEB) base,

411 Incubation for selective enrichment is continued at 30C for a total of 48 h.

4.12 The enrichment culture is streaked at 24 and 48 h on the differential

selective Oxford agar in order to isolate Listeria species.

4.13 If L. monocytogenes is detected in a food sample, enumeration of the level
of contamination in the food is required.

5. Reporting:

5.1 See Sample Preparation SOP (LA 007), section 13.

5.2 Positive reaction colony, blackening of medium around the colony

6. Computing and Recording Counts:

6.1 See Sample Preparation SOP (LA 007), section 14,

7. Records:

7.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).

8. Keeping Documents:

8.1 All documents are kept for 1 year from the date of analysis.

9. References:

9.1 BAM-FDA, 8" ed. Chapter 10.
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1. Goals: To analyze a meat samples for Lactobacillus spp. Count. The
Lactobacillus spp. count is intended to indicate the level of mesophilic lactic acid
bacteria in a meat sample that could cause spoilage to the meat.

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP.

3. Material Used:

3.1 MRS (ISO) De Man, Rogosa, Sharpe Agar (MRS), Oxoid, CM1153

3.2 CO;, generator pack (CO, Gen), Oxoid, CD0025A

4. Procedure:

4.1 Prepare all media according to manufacturer's instructions.

4.2 Cool to 48°C before use.

4.3 Prepare, homogenize, and decimally dilute sample as described in Sample

Preparation SOP (LA 007).

4.4 Take two sterile Petri dishes. Using a fresh sterile pipette, transfer to each dish 1 ml
of the first decimal dilution of the initial suspension.

4.5 Repeat the procedure described with the further dilutions, using a fresh sterile
pipette for each decimal dilution.

- Note: if high numbers of lactic acid bacteria are expected, it is possible to
inoculate only those dilutions necessary to be able to enumerate according to
the general case.

4.6 Pour into each Petri dish approximately 15 ml of the MRS medium which has been
prepared then cooled to approximately 47°C in the water bath.

4.7 Carefully mix the inoculum with the medium and allow the mixture to solidify.

4.8 Invert the prepared dishes and incubate them in the incubator set at 30°'C for 72 h +
3h.

4.9 Avoid desiccation of the agar during incubation so that the medium does not

become too inhibitory.
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4.10 Inoculation of other pairs of dishes, under the same conditions, using

decimal dilutions of the test sample or of the initial suspension. Incubation of the

dishes at 30°C for 72 h.

411 Calculation of the number of mesophilic lactic acid bacteria per g or per ml
of test sample from the number of colonies obtained in the dishes selected, and
possibly confirmed.

- Note: Surface plating in combination with incubation under anaerobic or
microaerobic conditions can be applied instead of the pour-plating procedure
described. Candle jars may be used to obtain appropriate conditions.

- Itisalso possible to use a double-layer MRS medium.

4.12 It may be necessary in some cases and for some products to confirm the
colonies obtained by simple techniques such as Gram staining. Such a procedure, if
conducted, should be mentioned in the test report

5. Reporting:

5.1 See Sample Preparation SOP (LA 007), section 13.

6. Computing and Recording Counts:

6.1 See Sample Preparation SOP (LA 007), section 14.

7. Records:

7.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).

8. Keeping Documents:

8.1 All documents are kept for 1 year from the date of analysis.

9. References:

9.1 Microbiology of food and animal feeding stuffs- Horizontal method for the
enumeration of Mesophilic Lactic Acid bacteria, colony — count technique at 30°C,
ISO 15214:1998.
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1. Goals: To analyze a meat samples for presence of Yeasts and Molds spp. It is
intended to indicate the level of contamination by microorganism in a meat sample
from environment or cross contamination from raw meat or employees to end
product.

2. Responsibilities:
2.1 Lab Technician: is responsible to apply this SOP.
2.2 Lab Manager: is responsible to follow up the application for this SOP

3. Media used:
3.1 Dichloran Rose Bengal Chloramphenicol (DRBC) Agar, Oxoid, CM0727

4. Procedure:

4.1 Prepare all media according to manufacturer's instructions.

4.2 Cool to 48°C before use.

4.3 Prepare, homogenize, and decimally dilute sample as described in Sample
Preparation SOP (LA 007).

4.4 Plating and incubation of sample

4.4.1 For Spread-plate method:

441.1

4412

Aseptically pipet 0.1 ml of each dilution on pre- poured, solidified DRBC
agar plates and spread inoculum with a sterile, bent glass rod.
Plate each dilution in triplicate.

4.4.2 For Pour-plate method:

4421

4422
4423

4424

4425

Use sterile pipet to place 1.0 ml portions of sample dilution into pre-labeled
15 x 100 mm Petri plates

Immediately add 20-25 ml tempered DRBC agar.

Mix contents by gently swirling plates clockwise, then counterclockwise,
taking care to avoid spillage on dish lid.

After adding sample dilution, add agar within 1-2 min; otherwise, dilution
may begin to adhere to dish bottom (especially if sample is high in starch
content and dishes are plastic) and may not mix uniformly.

Plate each dilution in triplicate.

4.5 From preparation of first sample dilution to pouring or surface-plating of final
plate, no more than 20 min (preferably 10 min) should elapse.

- Note: Spread plating of diluted sample is considered better than the pour plate
method. When the pour plate technique is used, fungal colonies on the surface
grow faster and often obscure those underneath the surface, resulting in less
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accurate enumeration. Surface plating gives a more uniform growth and makes
colony isolation easier.
- DRBC agar should be used for spread plates only.

4.6 Incubate plates in the dark at 25°C for 5 days.
4.7 Do not stack plates higher than 3 and do not invert.

- Note: Let plates remain undisturbed until counting.

4.8 If there is no growth at 5 days, re-incubate for another 48 h.

4.9 Do not count colonies before the end of the incubation period because handling of
plates could result in secondary growth from dislodged spores, making final counts
invalid.

4.10 Count plates containing 10-150 colonies. If mainly yeasts are present, plates
with 150 colonies are usually countable. However, if substantial amounts of mold
are present, depending on the type of mold, the upper countable limit may have to
be lowered at the discretion of the analyst.

5. Reporting:

5.1 See Sample Preparation SOP (LA 007), section 13.

6. Computing and Recording Counts:
6.1 See Sample Preparation SOP (LA 007), section 14.

7. Records:
7.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02).

8. Keeping Documents:
8.1 All documents are kept for 1 year from the date of analysis.

9. References:
9.1 BAM-FDA, 8" ed. Chapter 18.
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. Goals: To measure the moisture content percentage for the samples.

. Definition:

2.1 Moisture content: the water that physically or chemically bound to a solid food
matrix which exerts a lower vapor pressure than pure liquid at the same
temperature.

. Responsibilities:

3.1 Lab Technician: is responsible to apply this SOP.

3.2 Lab Manager: is responsible to follow up the application for this SOP

. Procedure:

4.1 Approximately 180-250 g ground sample was placed in a 140 mm round
sample dish, and the dish was placed in the FoodScan.

4.2 Results were displayed for percent (g/100g).

. Determination and Calculation:

5.1 The instrument will appear the result within one minutes on the screen and as
print out as a direct value for protein/collagen percentage in the sample.

. Records:

6.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02)

. Keeping Documents:

7.1 All documents are kept for 1 year from the date of analysis.

. References:

8.1 AOAC (2007)
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1. Goals: To see the crack point that reflects the strength of the binding and the
internal structure for the sausage.

2. Responsibilities:

2.1 Lab Technician: is responsible to apply this SOP.

2.2 Lab Manager: is responsible to follow up the application for this SOP.

3. Materials:

3.1 Slicer with sharp knife.

4. Determination and Calculation:

4.1 This test was conducted by folding a 3 mm and 2mm thick slice of meat sausage
slowly in half, and then in half again to examine the structural failure of the sample.

4.2 The evaluation was performed in accordance with a five-point grade system as
follows:

- Grade 5: No crack when folded into quadrants.

- Grade 4: No crack when folded in half.

- Grade 3: Crack develops gradually when folded in half.

- Grade 2: Crack develops immediately when folded in half.
- Grade 1: Crumbles when pressed by finger.

5. Records:

5.1 The report of sample analysis (LO003 — FO1) and (LO003 — F02)

6. Keeping Documents:

6.1 All documents are kept for 1 year from the date of analysis.

7. References:

7.1 Herrero, de la Hoz, Orddfiez, Herranz, Romero de Avila, Cambero, Tensile
properties of cooked meat sausages and their correlation with Texture Profile
Analysis (TPA) parameters and physico-chemical characteristics. Meat Science,
(2008), 80:690-696.
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- AOAC :Association Of Analytical Communities

- BAM: Bacteriological Analytical Manual

- TVC: Total Viable Count

- Spp.: Species

- L BAM-FDA, 8" ed. Chapter 3.

- % Microbiology of food and animal feeding stuffs — Horizontal method for the
enumeration of psychrotrophic microorganisms, 1ISO 17410:2001.

- 3 BAM-FDA, 8" ed. Chapter 4.

- * BAM-FDA, 8" ed. Chapter 5.

- ® BAM-FDA, 8" ed. Chapter 10.

- ®% BAM-FDA, 8" ed. Chapter 12.

- ": Microbiology of Food and Animal Feeding Stuffs- Hroizontal Method for The

~

Enumeration of Mesophilic Lactic Acid Bacteria, Colony — Count Technique at
30°C, ISO 15214:1998.

- 8% BAM-FDA, 8" ed. Chapter 18.

- % BAM-FDA, 8" ed. Chapter 2.

- 1% Association of Official Analytical Chemists (AOAC). Official methods of
analysis, 18" ed. Washington, DC. (2007).

- ™ Herrero, de la Hoz, Ordéfiez, Herranz, Romero de Avila, Cambero, Tensile
properties of cooked meat sausages and their correlation with Texture Profile
Analysis (TPA) parameters and physico-chemical characteristics. Meat Science,
(2008), 80:690-696.
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