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Abstract

The study was conducted to examine the effect of storage period on
physicochemical, microbial and sensorial properties of three different
types of fresh beef sausage obtained from three sources in Khartoum
State (Factory A, factory B and Khartoum North loca market C).
The Physicochemical, microbial and sensorial properties were made
immediately after processing. Then the three sausage types were stored in
deep-freezer at -10°C for 6 months. Analyses were carried out at zero
time then every two months (2, 4 and 6) months. For type A: moisture
ranged (57.32-58.01%), oil (22.25-26.57%), protein (11.67-12.95%), ash
(5.09-7.19%) and pH(6.10-6.74), through the storage period. For type B
moisture ranged (56.32-59.01%), oil (24.76-27.64%), protein (9.60-
12.56%), ash (4.26-9.06%) , and pH(6.10-6.74) through storage period.
For type C moisture ranged (56.00-58.72%), oil (26.78-29.54%), protein
(12.73-13.63%), ash (4.03-5.27%), and pH (6.02-6.45) through the
storage period. Physical properties (weight and length) of all stored
samples were almost similar, (17.38-31.79) g and (9.50-10.00) cm. Total
viable count of type A showed the lowest number (4.48-4.55)' cfulg
and type B showed (5.68-6.48) cfu/g while type C showed the highest
number of total microbes (6.62-6.73) cfu/g. Sensorial properties showed
significant differences between the three types, type B showed the lowest
acceptability.
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CHAPTER ONE
INTRODUCTION

Meat is one of the most popular and nutritious food items which come
from flesh of animals that are suitable as food (Forestet et al., 2001).
Meat and other animal products make valuable contributions to diets of
developing countries due to its high nutritional qualities (Olusolaet et al.,
2010). Meat is defined as those animal tissues, which are suitable for used
as food and it is often widen to include, as the musculature, organs such
as liver and kidney, brains and other edible tissues (Lawrie, 1991).
Different kinds of meat exist as a result of their methods of preparation
and preservation. Sausage making began as a means of meat preservation
and is one of oldest processed foods. The term comes from chopped lean
meat, water, seasonings, salt and fat that is mixed together to form a
sausage batter. Although it is not a true emulsion, a dispersed phase of fat
globules is embedded in a continuous phase of protein and water.
Sausages may be stuffed into natural or artificial casings. There are many
sausage varieties including those made from beef, pork, poultry, wild
game and veal. Processing techniques can be used to classify sausages
into the categories of fresh sausage, uncooked smoked sausage, cooked ,
semi-dry, dry sausage and cooked meat specialties (Lawrie,1991) .

In the Sudan many factories produce sausages including beef and poultry

with different techniques.

Objectives:

To determine and evaluate the proximate chemical composition
and sensory quality of chosen three fresh beef meat sausage.

To determine and evaluate the microbiological quality and shelf
life of chosen three fresh meat sausages.



CHAPTER TWO

LITERATURE REVIEW

2.1 Meat definition

Meat is defined as those animals' tissues, which are suitable for use as
food. All processed or manufactured product, which might be prepared
from tissues, are included in definition .The processed meat products are
defined as those in which properties of fresh meat have been modified by
use of one or more procedures, such as grinding or chopping addition of
seasoning, aternation of color or heat treatment .Generally, mesat
processing developed soon after people become hunter (Judge et al.,
1990)

2.2 Nutritive value of meat

Nutritionally, meat is a very good source of essential amino acids to
lesser extent of certain minerals .Although vitamins and essential fatty
acids are also present, meat is not usualy relied upon for these
componentsin awell-balanced diet (Lawarie, 1991).

With regard to essential amino acids there are significant differences that
may exist between animals species, specific muscle location, or the breed
and animals age have important effects .The amino acid content may be
affected by processing (eg. .ionizing radiation, heat).But unless
processing condition are both sever and prolonged, such destruction is
minimal. Rather more important is the possibility that certain amino acids
may become unavailable (Bender, 1966).

Meat is generally good source of all minerals except calcium of meat is
present in bones and teeth (Judge et al., 1990). Meat is also important
source of fat vitamins A, D. E and K that are found primary in body fat
and variety meat (kidney, liver, heart). Mesat is very poor source of water



soluble vitamin C except when a scorbate has been added to processed
meat product (Judge et al., 1990).

Carbohydrate constitutes less than one percent of weight of meat most of
which is present as glycogen and lactic acid thus the liver is a good
source of carbohydrate (Judge et al., 1990).

Processed meat generally contains less protein and water and more fat
than consumed portion of fresh meat .Caloric content of some product is
further increased by added cereal or flour .Percentage of some mineralsin
processed meats are higher than in fresh mat because of added salts and
seasoning (Judge et al., 1990).

2.3 Physicochemical properties

Quality like beauty is subjective attribute. Various definitions have put
forward over the years, but that all have suffered from the lack of any
obj ective approach and have generally concluded that quality of meat was
that for which the public was prepared highest price (Cooper and Willis,
1984).

2.3.1 Meat color

Color is perhaps the most critical component of fresh meat appearance,
and more importantly a consumer's perception of meat quality is strongly
influenced by product appearance. Meat color and eventua discoloration
of meat is combined function of (a)muscle PH ;(b) antioxidation
status;(c) oxidation of muscle pigments and (d)oxidation of lipids (Chirs
and Kerth,1968 ).The appearance of meat surface to consumer depend on
the quality of myoglobin present also on type of myoglobin molecule, on
its chemical state and on the chemical and physical condition of other
components in meat .In fresh meat ,before cooking the myoglobin is
oxymyoglobin which is known as bloom and it represents the bright red
color desired by purchasers. The principle pigment of cooked meat is

known as globin haemichromgen (Lawarie, 1991).
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2.3.2 Tenderness and texture

Inekoronye and Ngoddy (1992) reported that when the meat is heated in
the water, the connective tissue is changed to assort of tender gelation
and it became more .There have been many attempts to device objective
physical methods of assessment by test panel thus ,physical methods have
included measuring force of shearing penetrating ,compressing and
stretching the meat. Chemical methods have involved determination of
connective tissue and enzymes digestion amongst other criteria (Lawarie,
1991).Tenderness is probably the most important factor considered by the
consumer in assessing the quality of meat .Two structure component
have been shown to determine the tender of the meat, namely the
collagen of connective tissue and contractile apparatus of myofiber
protein (Zaglul and Cassens ,1987). Kumar et al. (1974) Showed that the
pre-slaughter and post-slaughter factor effecting meat texture include
species, sex, age, feed, pre-rigor factors and processing.

2.3.3 Flavor

Flavor is a complex sensation. It involves odor, taste, texture,
temperature, and pH .Of these odor is most important without it, one of
the four primary taste sensation -bitter sweet ,sour or saline
predomination (Lawarie, 1991).

Lawarie(1979) reported that evaluation of taste and odor still depends
mainly on taste panel Judge et al., (1990) reported that constituents of the
meat tissue become flavor compounds upon being heated. Also some
evidence shows that inosinic mono phosphate (IMP) and hypoxanthine
enhance flavor meat or aroma. Since IMP and hypoxanthine are break
down products of ATP, it is obvious that muscle with large energy stores
would have more pronounced flavor. Most of the constituent of meat

responsible for the flavor are water soluble component of muscle tissue.



They also reported that some undesirable flavor changes occur during
storage could be due to metabolic products.

2.3.4 Water holding capacity

Water holding capacity is ability of meat to retain its water or added
water during application of external forces such as cutting ,heating or
processing .Many of physical properties of meat including color, texture
and firmness of raw meat ,juiciness and tenderness of cooked meat are
particularly depend on water holding capacity (Judge et al., 1990).The
water holding capacity of meat is of obvious importance .This
particularly seen in comminuted meat such as burger where the structure
of tissue has been destroyed and longer able to the present the release of
fluid from protein (Lawrie, 1991).

2.3.5 Juiciness

The principle of juiciness in meat ,as detected by the marbling that are
present also saves enhance juiciness during the cooking process when the
melted fat apparently become trandlated along the bands of perimysial
connective tissue. This uniform distribution of lipids throughout the
muscle may act as barrier to moisture cooking (Judge et al, 1990). Good
quality juicier, the difference being at least partly attribution of lipids to
higher content of intramuscular fat in the former. Also, there are some
suggestions that juiciness reaches a minimum where the pH level of meat
Is about six. This possibly reflects the greater ability of muscle protein to
bind water pH level (Mohammed, 2005). The degree of shrinking on
cooking directly correlate with loss of juiciness and the pal atability.

2.4 Chemical composition of meat

In general, meat composed of water, fat, protein, minerals and small
proportion of carbohydrate. The most voluble component from the

nutritional and processing point of view is protein (FAO, 2007).



2.4.1 Meat protein

Muscle proteins are often classified into three group based on their
solubility: sarcoplasmic protein, myofibrillar proteins and stroma
proteins. The sarcoplasmic protein which include myoglobin and other
heme pigments are water soluble. Myoglobin is very important for meat
color but plays only a minor role in meat functionality (Smith,2001).
Myosin plays an important role in fat emulsification and water holding
capacity of products like sausage(Xiong, 2009). The myofibrillar protein
which are soluble protein (1% salt concentration) mainly consist of actin
and myosin (Barbut, 1995). Collagen is converted to gelatin when cooked
at high temperatures and so a high level of collagen can be detrimental to
meat emulsion stability because of protein matrix degradation (Ladwig et
al., 1989). Raw red muscle meat contains around 20-25g protein/100g.
the protein is highly digestible, around 94% compared to the digestibility
of 78% in beans and 86% in whole wheat (Bhulla, 1999).

2.4.2 Thefat of the meat

Lipids in meat are of three discrete types subcutaneous, inter muscular,
intra muscular. Fatty tissue of carcasses usualy contains triacylglycerol
fat. The amount that accumulates in animals depends on a number of
factor, including genetic predisposition, age, gender and sex status, level
of nutrition and exercise (Alan and Jane, 1995).

2.4.3 Thewater of meat

Water is quantitatively the most important component of meat comprising
up to 75% of weight. The water content is inversely related to fat content
but is un affected by protein content exception young animals. The
majority of water is bond between the thick and myofibrils binding is
looser than in living animals and some loss, as drips, from freshly cut
surfaces isinevitable if undesirable (Alan and Jane, 1995).



2.4.4 pH

After harvest, the loss of circulatory competency requires that the muscle
tissue shifts to anaerobic metabolism this results in accumulation of
metabolic by-products, especialy lactic acid, resulting in pH decline from
about 6.8t5.7. The pH is usually determine fresh rather than cooked meat
sample (Leo and Nollet, 2012).

245 Minerals

The mineral contents of meat include calcium, phosphorus, sodium,
potassium, chlorine, magnesium with the level of each of these minerals
above 0.1% and trace elements such as iron, copper, zinc and many other.
Blood , liver, kidney, other red organs and to a lesser extent lean meat in
particular beef are good sources of iron. Iron intake is important to
combat a anemia which particularly in developing countries is still
widespread amongst children and pregnant women. Iron in meat has a
higher bio-availability better desorption and metabolism than iron plant
products (FAO, 2007).

2.5 Microorganismsin meat

The potential for growth and for toxin production of residue population in
finished products depends on the type of organism present and their
ability to grow to level of concern under the storage condition applied
during the product shelf life (Javadi et al., 2011).

Meat products may be contaminated with micro organisms from handler
who carry pathogenic micro organism during processes of manufacturing,
packaging and marketing. Improper cooking, refrigeration or storage may
lead to meat borne illness (Zurea and Rincons, 1988). It is important to
keep micro organism at low for reasons of aesthetic, public hedth
products shelf life (Jay,1996).

Meat being a good materia for bacteria growth, its quality depend on

initial  bacterial contamination .This contamination causes meat
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deterioration ,lower quality ,and some time illness may cause by their
toxins.

In the Sudan there are studies on general of aerobic bacteriaincluded in
fresh meat Bacillus SPP , Saphyloc ocus SPP .,Pseudomonas SPP
acintrto  bacteria SPP.,E.coli ,Proteus SPP.,Sop, ,Salmonella SPP.
(Hussein,1987; Mohammed, 2000).

Mold species include Coladosporium ,Sporotrium, Geotrichum
,Penocilluim and mucor while yeast species include Candida SPP
,Cryptococcus SPP and Rhodotorula SPP (Garica-Lopez et al., 1998).

2.6 Deterioration of meat quality

Number of methods are employed through the meat industry to retard
deterioration changes and extend length of acceptability period .This
depends in mainly on preservative method and inherent properties of
specific meat items. The postmortem changes associated with conversion
to meat subsequent storage and hand linking are caused by micro
organism(bacteria,mold , and yeast),insect ,indigenous enzymes naturally
present in meat ,oxgenous enzymes and physical effects (freezer burn,
drop, light ,fading and discoloration ) .The microbial sources include
equipment ,clothing and hands of personnel, air, water, and doors(Judge
el al., 1990).

2.6.1 Chemical deterioration changes

Oxidative rancidity is described by the presence of two molecular weight
adhydes, acids and ketone that formed during oxidation and
decomposition of fatty acids molecules .The rate of auto —oxidation is
enhanced by proxidants such sodium chloride ,some metal ions (e.g
Coppr,ions), heat ultraviolet light ,low pH, and numerous other substance
oragents ,develop meat of rancidity is related by anidance of roxidanncoe
of proxidants by storing meat in refrigerated darkness and minimizing

amount of air in container (Judge et al., 1990).
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2.6.2 Physical deterioration changes

Dehydration is the loss of moisture from the surface that concentrated
pigments and due to loss of intracellular water, reduces light reaction ,the
meat surface during storage produce dried appeal and acceptability .An
excessive loss of moisture from meat surface result in freezer burn which
IS characterized by cock —like texture and gray to tan color (Judge et
al.,1990).The loss of weight that results is due to losses of meat moisture
during refrigerated storage and known as it is shrinkage .physical
changes accompanying shrinkage during prolonged refrigeration storage
include surface dehydration and discoloration (Judge et al., 1990).0ff
flavors may occur when meat is storaged in the presence of aromatic
compounds such as apples or onions (Judge et al ., 1990)

2.7 Preservation of meat

Meat preservation became necessary for transporting meat for long
distances without spilling of texture, color, and nutritional value after the
development and rapid growth of super markets (Nychas et al. 2008).The
aims of preservation methods are (a)to inhibit the microbia spoilage and
(b)to minimize the oxidation and enzymatic spoilage. Traditiona method
of meat preservation such as drying smoking, brining, fermentation,
refrigeration and canning have been replaced by new preservation
techniques such as chemical, bio preservative and non thermal techniques
(Zhou et al., 2010).Current preservation methods are broadly categorized
into three methods (a@)controlling temperature (b)controlling water
activity (c)use of chemical or bio preservatives (Zhou et al. 2010).A
combination of these techniques can be used to diminish the process of
spoilage(Bagamboula et al., 2004).

2.7.1 Low temperature methods

The basic am of techniques is to dow or limit the spoilage rate as

temperature below the microbial growth (Cassen ,1994).Low temperature
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methods of storage are used in three level(a)chilling (b)freezing and (c)
super chilling .Al these level to inhibit or completely stop bacterial
growth (Zhou et al., 2010). However, the growth of psychrophilic by all
level of refrigeration (Neumeyer et al.,1997).And both enzymatic
changes will continue at a much slower rate (Barket et al.2004).

2.7.1.1 Chilling

Chilling is employed at daughtering plants immediately after
slaughtering and during transport and storage .Chilling is credited for
meat hygiene, safety, shelf ,appearance and nutrional quality
(Cassen, 1994 ; Zhou et al.,2010).1t is necessary to reduce the temperature
of carcass immediately after evisceration to 40 C within 4h or
slaughtering (USDC,1995).

2.7.1.2 Freezing

Freezing is an excellent method of keeping the original characteristic of
fresh meat .Meat contains about 50-75%by weight water, depending on
the species ,and the process of freezing converts most of the water into
ice (Heniz and Hautzinger,2007 ).The preservation capacity of frozen
meat is limited because the physical, chemical, or bio chemical reactions
that take place in animal tissues after slaughtering do not stop absolutely
after cold treatment (Rosmini et al., 2004).

2.7.2 Controlled water activity

Microbiological safety of food is directly influenced by the water activity
.The term water activity refers to water which is not bound to food
molecules and can support the growth of microorganisms. It represents
the ratio of the water vapour pressure of the food to the water vapour
pressure of pure water under the same conditions (Ghaly et al ., 2010).
Water activity in meat products is equivalent to the relative humidity of
air in equilibrium with the product (Comaposada et al ., 2000)Water

activity in meat is control by drying, refrigeration, adding chemicals or a
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combination of these methods. Sodium chloride and sugar have been used
to control water activity as free water binds up in their presence which
results in an osmotic imbalance and finally inhibition of cell growth (Ray,
2004).

2.7.3 Chemical methods for preservation

Traditional methods for preservation of meat by salting and picking are
well accepted procedures. Other chemicals have been used as food
additives for preservation of meat but every country has drawn its rules
and regulations and established limits for the purpose of prevention of
harmful effects to human (Cassens, 1994).

Antimicrobial compounds added during processing should not be used as
a substitute for poor processing conditions or to cover up an aready
spoiled product (Ray, 2004). They offer a good protection for meat in
combination with refrigeration (Cassen, 1994). Common antimicrobial
compounds include: chlorides, nitrites, sulfides and organic acids
(Chipley, 2005; Ray, 2004; Archer, 2002).

2.8 Meat products

The assessment of quality in manufactured meat products is still largely
subjective and based on the judge ment of either trained taste panels or
individual .There are, however, some aspects of quality, in the finished
product, and during the actual may be controlled by objective methods of
assessment . These methods are being increasingly used and supplemented
as newer ones become available. They include the estimation of fat,
protein, moisture and dioxide by the accepted and well tried analytical
procedures.

In generaly terms ,quality control is necessary in order to a ensure that
the product composition is uniform does not fall below established
stander, b comply with legidation ,and ¢ maintain quality at level to

S11 -



trances which are acceptable while the cost of production (Herschdoefer,
1968).

2.8.1 Classification of meat products

Thereisagresat effort in developing world to increase the satisfaction and
to take care of the hedth of the consumer (FAO, 2000).There are
numerous type of meat products and processes used to manufacture
products (Borchert and cassens,1998).These types are frank further,
sausages, mortadella, pastrami and minced meat.

2.8.2 Sausages as meat product

Sausages are cylindrically shaped mixture s of various sizes consisting of
protein, fat, water, salt, color and flavors. The texture of sausage depends
on the type of meat that is mixed and comminuted together with ice, salt,
pieces, flavoring, curing agent .and selected meat trimming s to form a
sausages emulsion .Exposure to heat then stabilizer or solidifies the
emulsion (Joseph, 1960).

The protein content and water content in sausage are 7.5-12.7%
respectively in beef sausage (Pearson 1999). Nonmeat binders less than
10% total meat not less than 55% nitrite 200 ppm (SSM O, 2007).

2.8.2.1 Ingredients of beef sausage making

Good sausage cannot be made from unsatisfactory raw material.
Formulation for sausages compromises between the desired quality of
product and its cost (Isidor and sedky , 1972).

2.8.2.2 Beef

Beef quality is ,in genera determined by number of interdependent
extrinsic factors such as breed, condition, sexexercise, pre-slaughter,
treatment. slaughtering conditions and finally, method or handling,
chilling and degree of aging (Isidor et al.1972).

Although al type of beef are suitable for sausage making one of the most
difficult problems for sausage maker is choose satisfactory beef at
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reasonable price, many sausage products can ruined if the sausage maker
uses the wrong grade or wrong cut or improper processing, well selected
and well prepared beef is essential if the sausage —maker and consumer
are to be satisfied (Isidor et al.1972).

2.8.2.3 Fat

Beef fat has particular properties. It easily becomes sour or rancid if
improperly handled or if kept under condition. It’s farprefrable to use the
beef fat fresh as possible without freezing or storing if, the best fat for
making sausage is from zebu hump and kidney fat .The white fat of
younger animals is preferred for fresh frankfurter type sausage while the
white making .The amount of added fat depends on the type of sausage
and on fat content of meat used manufacturing .In genera the tota
content of fatty should not exceed 25% (Isidor et at.1972)

Although beef fat is valuable sausage materials is requires special care,
and precaution must be taken against undesirable changes of fat .

2.8.2.4 Sausage casings

After the meat has chopped, it is formed into patties or placed into a
container.

The containers such as pans for loaves and casings for links, will hold
their shape during cooking .Traditional sausage casing are made from
parts of aimentary canal of various animals .These natural casings are
largely made up of collagen which has unique characteristic of variation
permeability moisture and heat make casings more porous and tend to
soften them .Sausage made from natural casings have a'snap" when bitten
Into that is considered adesirable sensory characteristic (Tronsky, 2003).
The high costs of animal casing couple with a slower rate of stuffing
contribute to a higher cost for product in this type of casing (Pearson and
Gillet,1999).
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Cellulose casing include those from cotton bags or wood pulp (Pearson
and Gillett,(1999).

2.8.2.5 Seasoning

Seasoning are any ingredients which improve flavor and include spices,
herbs , vegetable ,nuts ,and other substance (monosodium glutamate) etc,
while enhancing flavor, they stimulate the secretion of digestive juices
(Isidor et al .1972)

Some spices have alimited preservative effect and some contribute to the
bacterial contamination of sausage . The taste of spice generally depends
on the flavor of the oil contains, spices are usually ground before adding
to meat (Isidor et al. 1972).
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CAHPTER THREE

MATERIALSAND METHODS
3.1 Materials

Fresh sausage of beef meat was obtained from three different factories in
different locations in Khartoum State (Factory A factory B and local
market C).Fresh sausage was stored frozen at -18°C.

3.2 Chemical analysis

3.2.1 Moistur e content

The moisture content was determined according to standard methods of
association of official analytical chemists (AOAC, 2003).

Principle

The moisture content is a weighed sample removed by heating the sample
in an oven under atmospheric pressure at 105 +1°C. Then the difference
in weight before and after drying is calculated as a percentage from the
initial weight.

Procedure

A sample of 59 +1mg was weighed into a pre-dried and tarred dish .Then
the sample was placed into an oven (NO.03-822, fnd400, Turkey) at
105+1°C until a constant weight was obtained .After that the cover
sample was transferred to desiccators and cool to room temperature
before reweighing. Triplicate results were obtained for each sample and
the mean value was reported.

Calculation

(m2 — m3)

— = x100
(m2 —m1l) X

Moisture content % =

Where:

M1= weight dish+ cover
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M2= weight of dish + cover +sample before drying
M 3= weight of dish + cover+ sample after drying

The dry matter (DM) was percentage was calculated by subtracting the
percentage of moisture from 100%.

3.2.2 Fat content

The crude fat in the product was determined according to the standard
method of AOAC (2003)

Principle

The methods determines the substance which are soluble in Hexane (40-
60°C) and extractable under specific of Soxhlte Extraction method. The
dried Hexane extract is weighted as percentage of dry mater as crude fat
Procedure

A sample of 5g+1mg was weighted into an extraction thimbles (30-100
mm)and covered with cotton that previoudy extracted with hexane.
Then ,the sample and a pre-dried and weighted in Erelenmeyer flask
containing about 150 ml hexane (N01622,BDH,England) were attached
to the extraction unit (Electrothermal ,England) and the temperature was
adjusted to produce about 150 to 200 drops of the condensed solvent per
minute for 16 hours .At the end of the distillation period, the flask with
was disconnected from the unit and the solvent was redistilled .Later ,the
flask with the remaining crude hexane was put in an oven at 105°Cfor 3
hours ,cooled to room temperature in a desiccators ,reweighed and the
dried extract was register as crude fat (% DM) according to the following
formula:

Fat content (%) = (wl-w2) x100

W3
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Where:

W1= weight of flask and ether extract
W2 = weight of empty flask
W3=initial weight of sample

3.2.3 Crudeprotein

The crude protein was determined in al samples by micro —kjeldahl
method using a copper sulphate and sodium sulphate catalyst according to
the official method of the AOAC (2003).

Principle

The method consists of sample oxidation and of nitrogen to ammonia,
which reacts with the excess amount of sulphuric acid forming
ammonium sulphate. The solution is made alkaline and the ammonia is
distilled into a standard solution of boric acid (2%) to form the ammonia
—boric acid complex , which is titrated against a standard solution of
HCL(0.1). Accordingly, the crude protein content is caculated by
multiplying thee total N% by 6.25 as a conversion factor for protein.
Procedure

2 gm = 1mg sample was accurately weighed and transferred together with
2-3 glass pellets \kjeldahl catalysit (No33064,BDH,Germany ) and 30 ml
concentrated sulphuric acid into kjeldahi digestion flask .After that ,the
flask was placed into a a kjeldahl unit (Tecator, Sweden) for about 3
hours, until a colorless digest was obtained. Following, the flask was |eft
to cool to room temperature .The distillation of ammonia was carried out
in 30ml boric acid (2%)by using 40ml distilled water and 60 ml sodium
hydroxide solution (%).Finally,the distillate was titrated with standard

solution of 0.1HCL in the presence of 2-3 drops of indicator
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(Bromocreasol green and methyl red) until a brown reddish colour was

observed.
Calculation
Crudeprotein% = (TV x N x 14.00 x F) x 100%
1000xsample weight (Q)
Where:

TV=actua volume of HCL used for sample
N= normality of HCL
F= protein conversion factor =6.25

3.2.4 Ash content
The standard analytical method of AOAC (2003) was used for
determination of ash content in the samples.
Principle
The inorganic materials which are varying in concentration and
composition are customary determined as a residue after being ignited at
a specified heat degree.
Procedure
A sample of 2gm +1mg was weighed into a pre-heated, cooled weighted
and tarred porcelain crucible and placed into a muffle furnace (Carbolite
,Sheffeild ,England) at 50 to 600°C until a constant weighted and a white
gray ash was obtained. The crucible was transferred to a descanter then
allowed to cool to room temperature and weighed after that the ash
content was calculated as a percentage based on the initial weight of
sample.
Calculation

Ash % = (Wt of crucible +ash) — (Wt of empty crucible)

Initial weight (Wt) x100
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3.2.5 pH measurement

Ten gram of the sample were placed in gar in blender and 100 ml water
were added .The mixture was blended at high speed for 1 min. The pH of
the mixture was measured by using a pre calibrated PH meter model (HI
8521microprocessor bench PH/MV/°C meter).This has been calibrated
with two standard buffers (6.8 and 4.0).

3.3 Microbiological analysis

3.3.1 Preparation of serial dilutions

Ten gram of each sample were weighed aseptically and homogenized in
90 ml of sterile diluents (0.1%peptone water to give (10" ) dilution
Aseptically 1ml from the dilution (10™) was transferred to a tube contain
9ml sterile diluents .This makes adilution of (107 ) then the same way
the preparation of seria dilutions was continued up to the (10°)
(Harrigan,1998).

3.3.2 Total bacterial count

Total viable count of bacteria was carried out by using the pour plate
count method as describe by (Harrigan ,1998). One ml of every dilution
was transferred aseptically into sterile Petri dish and to each plate 15 ml
of sterile melted plate count agar were added .The inoculums was mixed
with medium and allowed to solidify. The plates were then incubate at
37°C for 48 hours . A colony counter machine was used to count the
viable bacteria and the result s were presented as cfu/g Test for coli form
number (MPN) technique (Harrigan ,1998).

3.3.3 Presumptivetest for coliforms

One ml of each of three first dilution (10, 102 and10™®) was inoculated
in triplicates of 9ml of Mac Conkey broth in test tubes with Duraham
tubes. Then the tubes were incubated at 37°C for 48 hour .The production
of acid together with sufficient gas to fill the concave of the Duraham

tubes is recorded as positive presumptive test( Harrigan,1998).
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3.3.4 Confirmed test for coliforms

A fermentation tube of brilliant green 2% broth was inoculated by using
sterile loop from every showing positive result in presumptive test. Then
the tube were incubated at 37°C for 48 hours the most probable number
of total coliform (MPN) was recorded by using the table of the most
probable number from the combination of positive and negatives tube
Harrigan,1998).

3.3.5Test for E.coli

A fermentation tube of E .Coli was inoculated from every tube showing
positive result in the presumptive test .the tubes were incubated in water
bath at 44.5°C for 4 hours. The presence of E.Coli was recorded. For
further confirmation of E. Coli test a plate of Eosin Methylene Blue A
gar (EMB)agar was aseptically inoculated by streaking from a tube of E
.coli broth showing positive result .The plates were incubated at 37°C for
48 hours .Colonies with metallic green sheen showing a positive result
(Harrigan,1998).

3.3.6 Detection of salmonella

Twenty five grams of sample were weighed aseptically and mixed well
with 250 ml sterile nutrient broth .This were incubated at 37°C for 24
hours . Then 10 ml were drawn aseptically and added to 100 ml of selenite
cystine broth The broth was incubated at 37°C for 24 hours. Then with a
loop full streaking was done on solidified bismuth sulphite a gar in plates
were then incubated at 37°C for 72 hours. Black metallic sheen colonies
indicated the presence of Salmonella italies. A confirmatory test was
carried out by taking a discrete black sheen colony and sub culturing it
in triple sugar iron agar tubes. Production of a black colour at bottom of

the tube confirmed the presence of salmonella (Hrrigan,1998).
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3.3.7 Staphylococcus aureus

Amount of 0.1 ml from every dilution was transferred on to surface of
each sterile well solidified Baird parker agar medium in plates and spread
al over plates using sterile bent glass rod .Then incubated for 24-36
hours at 37° C and the plates were examined for Staphylococcus aureus
which appeared as black shine convex colonies surround by a clear zone
of 2-5m in width (Harrigan,1998).

3.4 Sensory evaluation

Sensory evaluation was done as described by Ranganna (2001). Using the
hedonic scoring test method. In this method 20 trained panelists from the
Food Science and Technology Dept, College of Agricultural Studies,
Sudan University of Science and Technology were asked to evaluate the
products with regard of their color, flavor, taste, overal acceptability,
using the following hedonic scale:

1= excdllent, 2= very good, 3= good, 4= acceptable, 5= unacceptable.

3.5 Statistical analysis

The result were Subjected to Statistical Analysis (SAS) by using two
factors completely randomized design. The mean value were also tested
and separated by using Duncan's Multiple Range Test (DMRT) as
described by Montgonery and Douglas (2001).
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CHAPTER FOUR
RESULTSAND DISCUSSION

4.1Changesin chemical composition of beef sausage

4.1.1 Moisture content

As shown in (Table 1) moisture content of sausage samples slightly
increased with increased storage period, this may be due to efficiency of
storage. These results disagree with Winger and Fannema (1976) who
stated that moisture loss increased with increasing storage period. Also
disagrees with Dino (2004) who stated that there was slight decrease in
moi sture content during frozen storage.

4.1.2 Oil content

The fat content decreased during storage period (Table2), this decrease in
frozen stored sausage, may be due to losses of triglycerides. Similar result
was obtained by Dino (2004) who found that the fat content of meat
decreased during frozen storage. This result is different from with those
obtained by Desmond and Troy (2001) who found that sample treated
with citric acid had higher oil content when compared with control
samples.

4.1.3 Protein content

The protein of beef sausage (Table 3), decreased with increased storage
period which may be due slow and little analysis of protein during the
frozen storage. This result agrees with that of Lyon (1984) who stated
that when freezing cured meat at -34° C, percentage of protein decreased
from 19.7%to 18.3%. AL-Aswad (2000) also stated that frozen storage
resulted in a decrease in protein of meat. It aso agrees with result
obtained by Al-Hao (2008) who stated that protein of chicken meat

decreased with increasing storage time.
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4.1.4 Ash content

In (Table 4) the ash percentage increased with increased storage time
,because salt ,sugar and spices diffuse in the sausage .This finding is
comparable to that of Lyon (1984) and Al-Hao (2008) who stated that
the ash percentage increased during frozen storage in cured poultry meat
stored at -18°C for 0,15 and 30 days.

4.1.5 pH values

As shown in (Table 5) increasing the storage period resulted in
fluctuation of pH value. This may be due the accumulation of bacterial
metabolites and domination of protein. Parrish et al. (1969) reported that
frozen storage resulted in an increase of meat pH. Also Lester (1996)
stated that pH increased during frozen storage. Naveena et al. (2006)
stated that the pH of chicken patties increased during storage. Banani et
al.(2006) stated that with the progress of storage time pH of meet samples
seem to increase . Muhasin (2009) reported that increased storage time
resulted in an increase of sausage pH. Al-Hao (2009) stated that
processed meat stored at -18°C for 30 days resulted in an increased pH.

4.2 Changesin physical properties of beef sausage

4.2.1 Effect of storage period on weight of beef sausage

Table (6) shows significant difference (P<0.05) in sample A,B and C with
high scores in sample A at zero time of storage period and low scoresin

sample C at 4 month storagetime..

4.2.2 Effect of storage period on length (cm) of beef sausage
Table (7) shows significant (P>0.05 ) difference in sample A,B and C
with high scores in sample A at 6 month and low scores in sample B and

C at same storage month.
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Table (1): Effect of storage period on moisture content (%) of beef sausage

Storage period

Beef sausage samples

(month) Factory A Factory B Factory C
0 57.32%¢ 56.32% 58.09%°
+0.05 +1.30 +1.64
5 58.01%° 59.012 58.72%
+0.07 +0.33 +0.62
4 58.00%° 58.28%° 56.00°
+1.00 +0.57 +3.46
5 57.72%¢ 56.72%° 58.255%°
+0.55 +0.76 +0.28
L sdoos 2.128"
SE+ 0.7292
Vaues are mean+SD.
Mean values sharing the same super script letter (s) do not differ

significantly (P>0.05) according to DMRT.
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Table (2): Effect of storage period on oil content (%) of beef sausage

Storage period Beef sausage samples
(month) Factory A Factory B Factory C
0 26.57%% 27.64%¢ 29.542
+0.18 +2.30 +0.56
5 25.92%¢ 27.31° 28.82%
+0.05 +1.70 +1.02
A 2225 25.18% 28.00%°
+1.93 +0.15 +1.00
5 2275 24.76° 26.78°%
+1.10 +0.42 +0.70
L sdoos 0.1998"
SE+ 0.6846
Vaues are mean+SD.

Mean values sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (3): Effect of storage period on protein content (%) of beef

Storage period

Beef sausage samples

(month) Factory A Factory B Factory C
0 12.95%° 12.56™ 13.63?
+0.59 +0.41 +0.16
5 12.33%% 11.73° 13.38®
+0.34 +0.12 +0.33
4 11.92% 9.75 12.80™
+0.11 +0.57 +0.31
5 11.67¢ 9.60' 12.73%
+0.78 +0.11 +0.32
L sdoos 0.6762*
SE+ 0.2317
Vaues are mean+SD.
Mean values sharing the same super script letter (s) do not differ

significantly (P>0.05) according to DMRT.
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Table (4): Effect of storage period on ash content (%) of beef sausage

Storage period Beef sausage samples
(month) Factory A Factory B Factory C
0 5,220 4.26° 4.11°
+0.21 +0.05 +0.11
5 5.09% 4.45° 4.03°
+0.18 +1.42 +0.07
4 6.00% 6.37" 5.27°%
+0.30 +0.28 +0.45
5 7.19° 9.06 4.89%
+1.08 +0.09 +0.84
L sdoos 1.097*
SE+ 0.3759
Values are mean+SD.

Mean vaues sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (5): Effect of storage period on pH-value of beef sausage

Storage period Beef sausage samples
(month) Factory A Factory B Factory C
0 6.27°% 6.38° 6.34%
+0.03 +0.08 +0.03
5 6.10% 6.38° 6.02°
+0.09 +0.07 +0.02
4 6.74° 6.99% 6.45°
+0.21 +0.02 +0.039
5 6.37° 6.42° 6.26%%
+0.19 +0.05 +0.02
L sdoos 0.2442*%
SE+ 0.08367
Vaues are mean+SD.

Mean values sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (6): Effect of storage period on weight (g) of beef sausage

Storage period Beef sausage samples
(month) FactoryA | FactoryB |  FactoryC
Scores
0 3L.79° 23.40° 19.00°
2 29.10° 22.80" 18.3%°
4 29.00 22,607 17.20
6 29.00° 22.40° 17.3¢
L sdo.os 0.8510
SE+ 0.2915
Vaues are mean+SD.

Mean values sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (7): Effect of storage period on lengths (cm) of beef sausage

Storage period Beef sausage samples
(month) Factory A H Factory B H Factory C
Scores
0 10.00° 10.00° 10.00°
2 10.00* 10.00° 10.00
4 10.00° 10.00° 9.50%
5 10.50 9.50° 9.50°
L sdoos 1.379"°
SE+ 0.4726
Vaues are meanSD.

Mean vaues sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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4.3 Changesin microbial properties of beef sausage

4.3.1 Effect of storage period on total viable count of fresh beef
sausage

Table (8) shows that total count does not differ significantly (P>0.05) in
sample A and C during storage period and significant of in count of
bacteria was observed in sample B between values after 2 month and
other values. Similar results were reported by (Kumar et al.,2007) in

chicken meat.

4.3.2 Effect of storage period on yeasts and moulds count of beef

sausage

As shown in Table (9) count of yeasts and moulds do not differ
significantly (P>0.05) in sample C but significant difference (P>0.05 )
was observed between zero time and other value in sample B. On the
other hand no yeasts and moulds were recorded in all storage time in
sample A .The count increased with advancement of storage days this due
to post processing contamination and handling, (Das et al., 2013) also

reported similar results in chicken nuggets and chicken snakes.

4.3.3 Effect of storage period on Staphylococcus aureus count of beef

sausage

The Table No.(10) shows lower content of Saphylococcus aureus
(P>0.05 ) in sample A but higher content in sample C with different
significance (P>0.05 ) at various storage periods within sample A,B and
C . Also Molan (1992) agrees with this result.

4.3.4 Effect of storage period on total Coliforms of beef sausage
The Table No. (11) Shows the effect of storage period on total Coliforms
of beef sausage with no different significance (P>0.05) in sample A and
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B. The highest content of total Coliforms with different significance
(P>0.05) was found in sample C. Also Molan (1992) reported highest
value, and with increased storage period the total Coliforms decreased

significantly
4.3.5 Effect of storage period on E.coli of beef sausage

The Table No.(12) shows no E.coli throw 6 month of storage period in
sample A. Sample B showed significant difference in E.coli count, while
sample C which recorded the highest number of E.coli did not show
significant difference along the period of storage .These results are in

agreement with (Dorsa, et al., 1998).

4.3.6 Effect of storage period on Salmonella of beef sausage

Table (13) shows detection of Salmonella of beef sausage where it is
positive in sample C al through the storage period. On the other hand
Salmonella was not detected in sample A and B in al the storage
periods.

4.4Changesin sensorial properties of beef sausage

4.4.1 Effect of storage period on color

Table (14) shows no significant (P>0.05) difference in sample A and C
but significant (P>0.05) difference was observed in sample B with lower
score at zero month.

4.4.2 Effect of storage period on taste

Table (15) shows significant (P>0.05 ) differencesin sample A ,B and C
during storage period with low scores in sample B at zero storage period
and high scoresin sample C at the same storage period.

4.4.3Effect of storage period on flavor

Table (16) shows low scoresin sample B and high scoresin sample C
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with different significant (P>0.05) differences throw thetime of storage
4.4.4 Effect of storage period on general acceptability

Table No.(17) shows no significant (P>0.05 ) difference in sample A, but
significant difference was observed in sample B and C with low scoresin
sample B at zero time of storage and high scores in sample C at 2 month
of storagetime.
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Table (8): Effect of storage period on total viable count (cfu/g) of beef
sausage

Storage period Beef sausage samples
(month) Factory A Factory B Factory C
0 4.48° 5.79° 6.62°
+0.21 +0.50 +0.16
2 4.52° 6.48% 6.64°
+0.22 +0.52 +0.16
4 453° 5.68° 6.68°
+0.22 +0.52 +0.16
5 4.55° 5.86° 6.73°
+0.22 +0.43 +0.47
L sdoos 0.4459*
SE+ 0.1528
Vaues are mean+SD.

Mean values sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (9): Effect of storage period on yeast and moulds count (cfu/g) of
beef sausage

Storage period Beef sausage samples
(month) Factory A Factory B Factory C
0 0.00¢ 2.15° 3.782
+0.00 +0.09 +0.05
5 0.00¢ 2.82° 3.85°
+0.00 +0.09 +0.06
A 0.00° 2.82° 3.83°
+0.00 +0.09 +0.06
5 0.00° 2.86° 3.88°
+0.00 +0.09 +0.05
L sdoos 0.5487
SE+ 0.188
Vaues are mean+SD.

Mean vaues sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (10): Effect of storage period on Saphylococcus aureus count
(cfu/g) of beef sausage

Storage period Beef sausage samples
mon actory actory actory
(month) F A F B F C
0 2.69° 2.90 3.81°
+0.05 +0.07 +0.07
5 2.78% 2.93° 3.842
+0.06 +0.07 +0.08
4 2.78% 3.59° 3.88?
+0.06 +0.07 +0.08
5 2.84% 3.63° 3.91®
+0.06 +0.03 +0.06
L sdoos 0.1305*
SE+ 0.04472
Vaues are mean+SD.

Mean values sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (11): Effect of storage period on total coli forms (MPN/g)of beef

sausage

Storage period
(month)

Beef sausage samples

Factory A Factory B Factory C
0 11.00° 18.33° 37.67°
+2.00 +3.05 +3.78
5 12.00° 19.33° 39.33°
+1.00 +3.05 +3.51
A 12.00¢ 19.33° 41.33®
+1.00 +3.05 +2.52
5 13.00¢ 21.67° 46,332
+1.00 +2.52 +5.86
L sdoos 5071
SE+ 1.737
Vaues are meantSD.

Mean vaues sharing the same super script letter (s) do not differ

significantly (P>0.05) according to DMRT.
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Table (12): Effect of storage period on E.coli (cfu/g)of beef sausage

Storage period Beef sausage samples
(month) Factory A Factory B Factory C
0 0.00° 5.33° 12.67%
+0.00 +2.08 +2.08
5 0.00° 5.33° 13.67%
+0.00 +2.08 +2.08
A 0.00° 6.67° 15.332
+0.00 +0.58 +3.21
5 0.00° 9.00° 15.67%
+0.00 +2.00 +3.05
L sdoos 3.127"
SE+ 1.071
Vaues are mean+SD.

Mean vaues sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (13): Effect of storage period on Salmonella of beef sausage

Storage period

Beef sausage samples

(month) Factory A Factory B Factory C
0 -ve -ve +ve
2 -ve -ve +tve
4 -ve -ve +ve
6 -ve -ve +ve
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Table (14): Effect of storage period on color of beef sausage

Storage period Beef sausage samples
(month) FactoryA | FactoryB |  Factory C

Scor es

0 3.08° 1.58" 3.00?

+0.27 +0.13 +0.25

2 2.67° 2.50% 3.25°2

+0.34 +0.11 +0.29

A 3.08° 1.67° 2.922

+0.27 +0.15 +0.16

5 2.67% 2.50%® 3.25?

+0.34 +0.11 +0.29
L sdoos 0.8894*
SE+ 0.3179

Vaues are mean+SD.

Mean vaues sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (15): Effect of storage period on taste of beef sausage

Storage period Beef sausage samples
(month) FactoryA | FactoryB |  FactoryC
Scores
0 3.17%° 2.00¢ 3.58?
+0.24 +0.13 +0.29
5 2.75%% 2.58°™ 3.33®
+0.17 +0.14 +0.27
4 2.58" 2.33 2,90
+0.15 +0.12 +0.23
5 2,750 2.58° 3.50®
+0.17 +0.14 +0.28
L sdoos 0.835*
SE+ 0.2985
Vaues are mean+SD.

Mean vaues sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (16): Effect of storage period of flavor of beef sausage

Storage period Beef sausage samples
(month) FactoryA | FactoryB |  Factory C
Scores
0 3.08%° 2.08° 3.67°
+0.27 +0.10 +0.28
5 3.25% 2.67%¢ 3.25%
+0.31 +0.18 +0.24
A 3.00%¢ 2.75%¢ 2.83%¢
+0.22 +0.19 +0.19
5 258 2.83%¢ 3.50°
+0.15 +0.25 +0.20
L sdoos 0.8757*
SE+ 0.313
Vaues are mean+SD.

Mean vaues sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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Table (17): Effect of storage period on genera acceptability of beef
sausage

Storage period Beef sausage samples
(month) Factory A | FactoryB |  Factory C

Scores

0 3.33® 1.83° 3.33*

+0.41 +0.16 +0.41

5 3.33® 2.92% 3.67®

+0.41 +0.41 +0.52

4 2.92% 2.83" 333"

+0.41 +0.37 +0.41

5 3.17® 2.92%® 3.922

+0.36 +0.41 +0.46
L sdoos 0.8835*
SE+ 0.3158

Vaues are mean+SD.

Mean values sharing the same super script letter (s) do not differ
significantly (P>0.05) according to DMRT.
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CHAPTER FIVE

CONCLUSIONSAND RECOMMENDATION

5.1 Conclusions

1. Chemica and Physica properties values in this study are
acceptable and unstable during storage period

2. Sensoria and microbial properties are affected by storage period.

3. Sample A has good quality than sample B, while sample C has
higher number of microrganisms and lowest quality.

5.2 Recommendation

1. Deep-freezer must be used to store meat and do not store local
market sausage for along time.

2. More attention and care should be taken to prepare fresh beef meat
in factories.

3. Production of sausage should be monitored carefully by the factory

owners as well as official authorities.
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APPENDICES
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Appendix (1): Moisture content of beef sausage during storage
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Appendix (2) : Oil content of beef sausageduring storage
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Appendix (3):Crudeprotein of beef sausageduring storage
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Appendix (4):Ash content of beef sausageduring storage
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| S
EA BB =5C
35 -
30 -
25 -
E 20 1
(@]
E’ 15 -
2 10
0 2 4

Storage period (month)

Appendix. (6): Weight of beef sausage during storage
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Appendix. (7): Length of beef sausageduring storage
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Appendix(8): Total viable count of bacteria of beef sausage during
storage J
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Appendix. (9): Yeastsand moulds of beef sausage during storage
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Appendix. (10): Staphylococcus aureus of beef sausage during
storage
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Fig. (11): Coliformsof beef sausage during storage
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Appendix. (12): E. coli of beef sausage during storage
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Appendix. (13): Colour of beef sausage during storage
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Appendix. (14): Taste of beef sausage during storage
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Appendix. (15): Flavour of beef sausage during storage
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Appendix. (16): General acceptability of beef sausage during storage
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