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EFFECT OF ANTIMICROBIAL AGENTS ON PHYSICAL,
CHEMICAL AND MICROBIOLOGICAL CHARACTERISTICS OF
READY-TO-EAT BOLOGNA

Ayca Gedikoglu
Dr. Andrew D. Clarke, Thesis Supervisor
ABSTRACT
Quality and safety of ready-to-eat meat products can be altered by antimicrobial
agents such as lactates and diacetates. This project evaluated the effect of Ional (1.5%,
2.5%, 3.5%), Ional LC (1.5%, 2.5%, 3.5%) and Optiform SD4 (2.5%) compared to a
control on selected physical, chemical and microbiological characteristics of ready-to-eat
vacuum-packaged bologna slices stored less at than 40C for up to 112 days of retail
display. Water activity (aw), expressible moisture (WHC), pH, fat and moisture content,
cooking yield, texture profile analysis, puncture test, Hunter color values, total aerobic
plate count (PCA), yeast and mold count (YM), and lactobacilli count (MRS) were
evaluated. WHC, pH and texture profile parameters were significantly different (P<0.05)
between treatments. Bologna formulated with Optiform SD4 (2.5%) had the highest
springiness and hardness values after control and it had highest puncture value. Water
activity was not significantly different (P>0.05) between treatments. Furthermore, day of
display had no significant affect on aw. L value was significantly different for treatments,
but Hunter a and b values were not.

ix

Product with Optiform SD4 (2.5%) had the highest cooking yield. MRS, PCA and
YM values were not significantly affected by treatments (P>0.05); however, length of
storage had a significant affect on the log increase. Ional (2.5%) had the lowest increase
for MRS counts, while PCA count was lowest for treatments with Ional (3.5%). Presence
of antimicrobial agents had no significant affect on decreasing yeast and mold growth.
Overall, treatments with Ional (2.5%) and Optiform SD4 (2.5%) were most effective for
preserving the quality of the bolognas. Also, the highest levels of antimicrobial agents
had a detrimental affect on the quality of ready-to-eat bolognas.
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CHAPTER 1
INTRODUCTION
Over the years, food scientists have been researching how to produce safe, high
quality meat products. An important safety problem that meat producers have been facing
is post-process contamination. This type of contamination can happen during the slicing
and packaging. This is an important issue especially for deli meats and non-reheated
frankfurters due to being identified as a high risk product for listeriosis on a per serving
basis (FDA 2003). Sliced, vacuum packaged ready-to-eat meat products such as bologna
and poultry products are high risk products for listeriosis with a 6.7% incidence rate
(Samelis and Metaxopoulos 1999). High incidence rate and persistency of the Listeria
monocytogenes’ in food production environment makes this pathogen a major bacterium
of concern in this type of product.
Listeria monocytogenes is a psychotrophic bacterium that can grow in
unfavorable conditions and it can tolerate different environmental stress and processing
conditions (Wang and Muriana 1994). It can cause deaths with a 20% fatality rate (Mead
and others 1999; Geornaras and others 2006), miscarriages and stillbirths. In order to
minimize the presence of Listeria monocytogenes in ready-to-eat meat products and to
reduce the post-process contamination, many techniques have been developed, such as
irradiation, high pressure processing and post-package pasteurization. However, not all of
the techniques are applicable for use. For instance, irradiation is one of the techniques
that is detrimental for pathogenic and spoilage organisms. However, it has low consumer
acceptability and it cannot be used for comminuted meat products. Furthermore, high
pressure processing is also a very affective method for eliminating pathogenic organisms.
1

However, it can cause a change in the quality of the products. Some of the other negative
affects of HPP are not well known. Furthermore, both of the techniques have a high
investment cost (Hugas and others 2002). Therefore, researchers investigate safe, easy
and cheap methods to improve safety and quality of the meat products. Addition of
antimicrobial ingredients into the formulation of the meat products or treating meat
products with antimicrobial solutions after processing is one of the techniques used as an
extra hurdle to prevent pathogenic bacteria growth and it improves shelf life of meat
products.
In various studies, antimicrobial activity of salts and their acids in different meat
products have been demonstrated (Weaver and Shelef 1992; Harmayani and others 1993;
Wederquist and others 1994; Buncic and others 1995; Blom and others 1997; Mbandi and
Shelef 2001; Bedie and others 2001; Samelis and others 2002). Organic acids such as
lactic acid, acetic acid, citric acid and propionic acid as a dipping solution or their salts
such as sodium lactate, sodium diacetate, sodium citrate as in the formulation of the
product are commonly used. From those antimicrobials, sodium lactate and sodium
diacetate are the ones used most widely as individual compounds or in combination for
control of Listeria monocytogenes growth (Tompkin 2002). However, there are few
studies involved with evaluation of these antimicrobials against spoilage organisms and
their affect on quality attributes of the ready-to-eat meat products.
The objective of this study is to determine the effect of selected antimicrobial
agents on physical, chemical and microbiological characteristics of ready-to-eat bologna
that are stored at less than 40C up to 112 days of retail display.

2

CHAPTER 2
LITERATURE REVIEW
2.1

Meat Quality Factors
2.1.1 Color
Sensory characteristics of meat products such as color, texture and flavor are

important factors for consumers (Aktas and Kaya 2001; Knock and others 2006).
However, from those three factors probably color is the most important factor that is
affecting consumer decisions about buying meat products (Brewer and Harbers 1991).
A color is the result of a combination of a couple of factors. Any specific color
has three attributes, known as hue, chroma, and value. Hue describes the wavelength of
light radiation. Normally we think of hue as a color such as yellow, blue, green or red.
Chroma, is the purity or saturation that describes the intensity of a basic color with
respect to the amount of white light that is mixed with it. The value of color is an
indication of overall light reflectance (brightness) of the color.
The most important factor that contributes to meat color are the pigments that
absorb certain wavelengths of light and reflect others (Aberle and others 2001). Pigments
in the meat consist largely of two proteins: hemoglobin and myoglobin. In addition to
those, cytochrome C may also play a role in beef, lamb, pork and poultry color (Mancini
and Hunt 2005). Hemoglobin is found in blood and transports oxygen from the lungs to
cells. In muscle tissue, a maximum of 5% of the meat color comes from hemoglobin.
Myoglobin, which is also found in muscle tissue, is responsible for the storage of oxygen
in muscle tissues and 80 to 90% of the color comes from myoglobin (Aberle and others
2001).
3

The color of the meat also changes by meat being raw, cooked or cured. Four
major chemical states of myoglobin are primarly responsible for raw meat color. These
are deoxymyoglobin, oxymyoglobin, metmyoglobin and carboxymyoglobin (Kropf
2003).
In cooked meat, redness starts to decrease with increasing temperature that causes
progressive denaturation of pigments. Cooked meat pigments have brown color of
metmyoglobin.
In cured meat nitric oxide binds myoglobin in the following steps and in the final
produces a stable pink pigment called Nitroso-hemochromogen.
•

NO3 (Nitrate) → NO2 (Nitrite) [by nitrate reducing organisms]

•

NO2 (Nitrite) → NO (Nitric oxide) + H2O [absence of light and air]

•

NO + Mb(Myoglobin) → NOMMb (nitric oxide metmyoglobin)

•

NOMMb (Fe+3) → NOMb (Fe+2) (nitric oxide myoglobin)

•

NOMb + Heat + Smoke → NO-hemochromogen (stable pink pigment)
Nitrosyl hemochrome and dinitrosylhemochrome are heat stable pigments. They

don’t undergo further color changes upon additional cooking of cured meat products.
However, they are very susceptible to light fading. Light fading is a reaction catalyzed by
light, dissociation of nitric oxide from heme, followed by oxidation of nitric oxide and
heme groups by oxygen. Faded pigment is a brownish gray color and has its heme group
in the ferric state- Fe+3 (Mancini and Hunt 2005).
Packaging materials may also play a role in color change. Oxygen impermeable
films such as those used in vacuum packaging will usually cause metmyoglobin
formation.
4

In consumer sales, an oxygen permeable film is used to permit the meat surface to
“bloom”. This type of packaging film should have high oxygen permeability to permit
rapid and full “bloom”. An oxygen permeability rate of at least 5 liters per meter2 per day
is needed to prevent metmyoglobin formation (Landrock and Wallace 1955). Controlled
modified atmosphere packaging can eliminate the deoxymyoglobin color of meat. Carbon
dioxide, oxygen and nitrogen gases are used for controlled modified atmosphere
packaging.
In addition, pH of the meat, storage temperature and presence of oxygen, retail
display and presence of bacteria can affect the color of the meat products. Meat color is
affected by the pH of the meat. If the ultimate pH of muscle is high, which is
considerably higher than an isoelectric point, water in the muscle will still be associated
with them and fiber will be tightly packed together, presenting a barrier to diffusion. As a
result of this factor, the layer of bright red oxymyoglobin becomes reduced and the
undesirable purplish – red color of myoglobin predominates. This condition is called
dark, firm and dry (DFD). Furthermore, the high ultimate pH alters the absorption
characteristic of myoglobin and the meat surface becomes darker red. On the other hand,
a pale, soft and exudative (PSE) condition of meat results in a very pale color and the
ultimate pH of the muscle is very close to the isoelectric point. In this case, oxidation of
myoglobin to metmyoglobin is favored (Aberle and others 2001; Mancini and Hunt
2005).
According to MacDougall (1982), the total amount of metmyoglobin in fresh
meat was affected by the availability of oxygen and temperature, which affects the color
of the fresh meat. Rate of metmyoglobin formation and browning of exposed surfaces
5

increase with increasing temperature and air velocity. Oxidation by oxygen is also
accelerated at higher temperatures. It was also stated that exposure to light can cause
color change on frozen meat products (Zachariah and Saterlee 1973; MacDougall 1982;
Brewer and Harbers 1991).
Furthermore, presence of aerobic bacteria in meat is associated with brown
discoloration. For example: Pseudomonas geniculata, Pseudomonas aeroginosa,
Pseudomonas fluorescens and Achromobacter faciens. These bacteria were found to
cause metmyoglobin formation by reducing the oxygen tension to the meat surface
(Robach and Costilow 1962).
Another discoloration observed on the processed meat product is green
discoloration. Green discoloration on vacuum packaged meat products such as bologna
and frankfurthers is caused by Weissella viridescens. (Blickstad and Molin 1983; Jay and
others 2005).
In addition to green discoloration, yellow discoloration can be seen on vacuum
packaged luncheon meat. Enterococcus casseliflavus caused this type of discoloration.
Yellow discoloration is small spot type and it is fluorescent under long-wave ultraviolet
light (Broda and others 2000; Jay and others 2005).
In order to prevent color change of processed meat products, some ingredients are
added into the formulation of the meat products to stabilize color. A study conducted by
Maca and others (1999) showed that addition of 3% sodium lactate stabilized the color of
vacuum packaged beef top rounds. Similar results were obtained by Seyfert and others
(2006). They found that addition of 3% potassium lactate into the fresh pork sausage
promotes color stability.
6

2.1.2

Texture

Texture is a group of physical properties that is derived from the structure of food.
It is sensed by the feeling of touch through mouth or hands. It is highly correlated with
tenderness, juiciness and mouthfeel of the meat products.
Tenderness is one of the most important quality factors that is affecting
desirability of the meat products by consumers. It is suggested that tender meat can
influence the perception of the other factors through a sort of “halo effect”. If the meat is
tender, consumers see it as juicy and flavorful (Shorthose and Harris 1991). Tenderness
has strong positive correlation with overall likeness of the meat (Neely and others 1998)
and has been influenced by the presence of fat in the emulsified type products (Cofrades
and others 2000). According to Huffman and others (1996), when consumers were asked
if tenderness, juiciness or flavor was the most important factor determining their eating
satisfaction, 51% of consumers said that tenderness was the most important factor
determining their eating satisfaction at home or at a restaurant.
Ultimate pH of the meat has a significant effect on the texture of the meat
products. Low pH of meat around 5.1 to 5.2 promotes PSE formation. This happens
because of the fast pH drop of meat while the carcass temperature is still high. This can
cause the loss of some of the functional proteins and cracking of texture of sausage may
occur. Sausages made from 75 to 100% PSE meat show a cracking problem of texture
(Norman and others 2002). Figure 2.1 demonstrates the result of using a high amount of
PSE meat on sausage texture.

7

Figure 2.1. Cracked texture of pale soft and exudative sausage (Norman and others
2002).

Another pH related condition that causes textural difference is dark, firm and dry
(DFD). This occurs as a result of depletion of glycogen prior to animal slaughter and pH
of the muscle tissue stays high around 6.0 to 6.1, which results in firm texture with a
sticky surface (Aberle and others 2001).
Due to immobilization of water and increasing water holding capacity properties,
polysaccharides such as carrageenans (Egbert and others 1991) have been widely used in
sausages. Their affects on textural properties of sausage products were also investigated.
According to Xiong and others (1999) the addition of τ- or κ-carrageenans did not change
the tenderness and firmness of the 1% salt added low fat beef sausages in comparison to
control. On the other hand, addition of locust bean gum had a higher tenderness value in
comparison to control.

8

Another study conducted by Choi and others (2003) investigated the effect of a
sodium lactate combination with fat replacer on the texture of low fat sausages. The
results showed that 3.33% sodium lactate with fat replacer had an antimicrobial affect on
Listeria monocytogenes without being detrimental to textural properties of low-fat
sausage. Furthermore, according to Chin and others (2000), 1% konjac blend with the
addition of 2% soy protein isolate was most similar to textural properties of regular
bologna.
Effects of potassium lactate, sodium chloride and sodium acetate on tenderness of
injection-enhanced beef strip-loin steaks were investigated by Knock and others (2006).
Results indicated that the addition of potassium lactate did not affect the shear force
values; however, sodium acetate decreased the shear force values. This suggested that the
addition of acetate could positively affect tenderness of injection-enhanced beef strip-loin
steaks.
A study conducted by Jensen and others (2003) investigated the affect of sodium
lactate and sodium acetate on tenderness of enhanced pork during retail display.
According to the results, sodium acetate had the lowest shear values in comparison to
potassium lactate, sodium lactate and potassium diacetate combination. Control pork
chops and pork chops pumped with phosphate had the highest Warner-Bratzler shear
force values. This result suggested that the tenderness of pork chops could be enhanced
by sodium acetate.

9

2.1.3

Flavor

Flavor is another important factor that contributes to meat quality and it is one of
the parameters that affect consumers’ decisions (Aktas and Kaya 2001). Flavor of raw
meat comes from juice that depends on saltiness, sweetness of blood and less importantly
depends on presence of creatine and creatinine (Crocker 1945).
Flavor of the meat products can be affected by different processing procedures,
spices, antimicrobial ingredients and by the presence of spoilage organisms. One of the
known procedures that affect flavor of meat products is curing. Sodium nitrite has been
known to give characteristic cure flavor to meat products (Brooks and others 1940). Also,
due to antioxidant function of nitrite, sodium nitrite has been used for flavor stability
(Aberle and others 2001).
Another procedure used for development of aroma and flavor is smoking. Flavors
of smoking come from phenols, alcohol, organic acids and carbonyl groups of wood
smoke (Jay and others 2005).
Furthermore, fermentation has an affect on the flavor development of meat
products. Fermentation of meat products is done by the addition of starter cultures such
as Lactobacillus plantarum and Pediococcus acidilactici (Aberle and others 2001).
Lactobacilli contribute to the flavor of dry sausages through production of
aminopeptidases, which helps the generation of amino acids from sausage proteins (Jay
and others 2005). In addition, using Pediococcus cerevisiae as a starter culture in
fermented sausages leads to a more desirable product (Deibel and Niven 1957; Harris and
others 1957; Jay and others 2005).
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On the contrary, presence of Lactobacillus sakei causes production of
decarboxylases that helps the generation of biogenic amine and it can inhibit
aminopeptidases. This causes reduction of flavor enhancement in dry-fermented sausages
(Sanz and Toldra 1998; Jay and others 2005).
Drying and aging is another factor that can affect the flavor of meat products
(Aberle and others 2001). For example, during the aging of dry-cured hams, the surface
of the ham becomes covered with a heavy load of molds such as aspergilli and penicillia.
Some flavor aspects of the dry-cured hams come from these molds (Ayres and others
1967; Jay and others 2005). Moreover, the effect of electrical stimulation on meat
properties was investigated by Savell (1979). Results indicated that electrical stimulation
of the carcass enhanced meat flavor.
Spices have been known to contribute to the flavor of meat products. However,
their antioxidant affect has not been investigated well. According to the study conducted
by Dwivedi and others (2006), Chinese 5-spice blend, which is a combination of
cinnamon, cloves, fennel, pepper and star anise, had a dual effect on reducing rancid
flavor and odor formation. The study conducted by Simon and others (1973) examined
the affect of antioxidants such as BHA and BHT on the flavor of frankfurters. Results
indicated that the addition of BHA significantly improved the flavor of uncured
frankfurters.
In addition to antioxidants, the effect of antimicrobials on flavor improvements
also was studied by many scientists. Duxbury (1988); Choi and Chin (2003) stated that
sodium lactate could be used for flavor enhancement in the meat industry.

11

2.2

Presence of Microorganisms in Meat Products
2.2.1

Foodborne Pathogens
2.2.1.1 Listeria monocytogenes

Listeria monocytogenes is a gram positive, non-spore forming rod. Although it
grows well at a pH range of 6.0 to 8.0, some strains of Listeria monocytogenes can grow
at a pH range of 4.1 to 9.6. It is also one of the known foodborne pathogens after
Staphylococcus aureus that can grow water activity of less than 0.93 (Jay and others
2005). In addition, Listeria monocytogenes is psychrotrophic organisms that can grow
well in refrigerated temperatures (Junttila and others 1988). It is widely distributed in
nature. It can be found in decaying vegetation, sewage, silage, and animal feces and water
(Jay and others 2005). Also, it is found in fresh animal and plant origin products. It is a
very persistent organism that can tolerate different processing conditions and
environmental stress (Wang and Muriana 1994). According to Ryser and Marth (1988),
5*102/g inoculum of Listeria monocytogenes survived in cold-pack cheese, which had
0.30% sorbic acid, up to 130 days in 40C storage. Another study investigated the survival
of five strains of Listeria monocytogenes in eight processed meat products. The organism
survived, and in some cases increased in numbers by 3 to 4 logs up to 12 weeks at 4.40C
(Glass and Doyle 1990).
Even though only 0.02% of the food borne illnesses in the United States has been
linked to listeriois, with a 28% fatality rate (Tompkin 2002), Listeria monocytogenes is
an important foodborne pathogen and a great concern for the meat industry. High
incidence rate (6.7%) in sliced vacuum packaged ready-to-eat meat (RTE) and poultry
products (Samelis and Metaxopoulos 1999) led the United States Department of
12

Agriculture’s Food Safety and Inspection Service to mandate “zero tolerance” policy for
RTE meat products in 1989. According to the U.S. requirements, zero tolerance means
absence of Listeria monocytogenes in a 50 gram sample. Also, any product that has this
organism is called adulterated and must be subjected to recall and/or seizure (Jay and
others 2005).
Since the zero tolerance policy for RTE meat products was mandated in 1989, the
rate of listeriosis cases decreased 44% and remained constant until 1998 (FSIS 1999).
However, since 1998 an increase in listeriosis cases was observed. The outbreak that
occurred in 2000 was caused by eating Listeria monocytogenes contaminated RTE deli
turkey meat products. In this outbreak, in 10 states 29 people became ill, 4 people died
and 3 miscarriages or stillbirths occurred (CDC 2002).
The listeriosis outbreaks had been linked to post-process contamination, which
occurs after cooking prior to packaging. In order to prevent post process contamination of
Listeria monocytogenes in RTE meat products, meat companies started to investigate
techniques such as post-package pasteurization. Post-package pasteurization is the
addition of antimicrobials into the formulation of meat products or dipping the meat
products into organic acid solution before packaging to assure the safety of ready-to-eat
meat products.
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2.2.1.2 Staphylococcus aureus
Staphylococcus aureus is a gram-positive spore forming cocci. It grows well in
high salt concentrations up to 10% and some strains can even grow in 20% salt
concentration. It is also one of the special bacterium that can grow under 0.86 water
activity. In addition, it has been known to grow at a large pH range 4.0-9.8 (Jay and
others 2005). Staphylococcus aureus can be found mostly in foods with animal origins
such as pork, beef, chicken, turkey and eggs.
The outbreaks associated with this bacterium generally are caused by improper
holding temperature, improper handling of foods by a person with poor personal hygiene,
contaminated equipment and inadequate cooking. According to Bryan (1988), fermented
sausages were one of the meat products implicated with outbreaks of S. aureus. In
addition, the leading source of Staphylococcal gastroenteritis outbreaks in the United
States from 1973 to 1987 were caused by pork products with 96 outbreaks and these
outbreaks were followed by 26 outbreaks of bakery products, 22 outbreaks of beef
products, 20 outbreaks of turkey, 14 outbreaks of chicken and 9 outbreaks of egg (Bean
and Griffen 1990; Jay and others 2005).
In order to prevent Staphylococcus aureus growth, many techniques have been
developed. One of these techniques is the addition of lactic acid bacteria into products.
The action of preventing Staphylococcus aureus growth comes from metabolites of lactic
acid bacteria such as lactic acid and acetic acid.
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This was shown by Pazakova and others (1997). pH of the yogurt was adjusted by
hydrochloric acid, and no inhibition of Staphylococcus aureus was observed. In addition,
inhibition of Staphylococcus aureus in meat products by lactic acid bacteria and their
metabolites such as organic acids and bacteriocins had been studied by Hugas (1998).
Results of this study indicated that organic acids and bacteriocins can be used for the
inhibition of pathogens in the meat products.

2.2.1.3 Escherichia coli O157:H7
Escherichia coli O157:H7 is a gram-negative rod shaped bacterium. Most of the
Escherichia coli serotypes are known to be harmless. However, it is the
enterohemorrhagic strain of Escherichia coli (EHEC), Escherichia coli O157:H7 is the
one that causes the most concern. This strain can produce Shiga-like toxins (STEC) or
Verocytotoxin (VTEC) (Karch and others 2005).
Escherichia coli O157:H7 is one of the leading causes of foodborne illnesses.
According to the CDC (2000a), the total number of outbreaks caused by bacteria between
1994 and 1997 was 655. From those outbreaks, Escherichia coli O157:H7 was the second
leading outbreak source after Salmonella with 3260 cases and 8 deaths.
Food products that are the major concern for Escherichia coli O157:H7
contamination are hamburger patties, cold sandwiches, semi-dried fermented sausages,
salads, apple cider, milk, and water. Its survival on the different food products has been
investigated. Doyle and Schoeni (1984) investigated prevalence of Escherichia coli
O157:H7 in meat products according to different intrinsic and extrinsic parameters.
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They found the EHEC strain of Escherichia coli O157:H7 in 3.7% of 164 beef, 1.5% of
264 pork, 1.5% of 263 poultry and 2.0% of 205 lamb samples. According to Dempster
(1976), the growth of this bacterium can be suppressed by removal of water or addition of
salt. That was confirmed by the study conducted by Portocarrero and others (2002).
Results of this study indicated that with the addition of 4.5% of NaCl and with 0.91 aw
Escherichia coli O157:H7 growth was inhibited in properly cured country ham.

2.2.1.4 Salmonella spp.
Salmonella are the gram-negative, non-spore forming rods that cause foodborne
illnesses. Optimum growth requirements for Salmonella are a pH of 6.6 to 8.2, water
activity of 0.94 and above, and a temperature between 30 to 37 0C. Salmonella are found
in the nature and intestinal tract of animals such as birds, farm animals, reptiles and
humans (Jay and others 2005). Salmonella can contaminate meat during the evisceration
process, removal of feather or skin.
According to the CDC (2000a), Salmonella was the leading bacterial agent,
causing a total of 357 outbreaks, 32,610 illnesses and 13 deaths between 1993 and 1997.
Salmonella Typhimurium and Salmonella Enteritidis are two of the most common
foodborne illnesses causing Salmonella serotypes. Salmonella Typhimurium has been
commonly associated with raw and ready-to-eat meats (FSIS 2000). On the other hand,
Salmonella Enteritidis has been commonly associated with raw or undercooked eggs
(CDC 2000b).
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Prevalence of Salmonella spp. in different meat products has been investigated.
The study conducted by Mattick and others (2002) indicated that viable Salmonella
Typhimirium could be present in sausages cooked by barbequing or by grilling up to 6
minutes. This result suggested that undercooked sausages are high-risk foods for
Salmonella related foodborne illnesses and proper cooking temperature and time are
necessary to kill Salmonella spp. In another study, presence of Salmonella spp. on
country-cured hams was investigated. Hams were highly contaminated with Salmonella
spp. and after proper curing their survival was evaluated. Results showed that there was
6-log reduction of Salmonella spp. This proved that with following the correct production
procedures, country-cured hams do not carry any health risks for Salmonella spp.
(Portocarrero and others 2002).

2.2.2 Spoilage Organism
2.2.2.1 Lactic Acid Bacteria
Lactic acid bacteria are common spoilage organisms for meat products. They are
composed of 13 genera of gram-positive bacteria. These are Carnobacterium,
Enterococcus, Lactococcus, Lactobacillus, Lactosphaera, Leuconostoc, Oenococcus,
Pediococcus, Paralactobacillus, Streptococcus, Tetragenococcus, Vagococcus and
Weissella (Jay and others 2005).
Not all lactic acid bacteria genera are the cause of meat spoilage. However,
Lactobacillus sakei and Lactobacillus curvatus are known as major spoilage organisms
for vacuum packaged cooked meat products (Korkeala and Björkroth 1997).
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They are gram-positive, non-spore forming regular rods. Facultative anaerobic nature of
these organisms makes the vacuum packaged sausage products an easy source for
growth.

Spoilage by at least one of the strains of Lactobacillus sakei causes H2S

production and greening (Egan and others 1989). Other Lactobacilli causing greening and
spoilage of meat products are Lactobacillus fructivorans and Lactobacillus jensenii.
These two bacteria cause greening by production of H2O2 (Pearson and Gillett 1999).
In addition to Lactobacillus, Leuconostoc spp. are also an important lactic acid
bacteria, causing spoilage of cooked and vacuum packaged meat products (Dykes and
others 1994). One of the known bacterium in this group is Leuconostoc carnosum. This
bacterium is gram-positive, anaerobic, psychotropic cocci (Bjorkroth 1998). Type of
spoilage caused by this bacterium can be discoloration, yellow spots, off-odor, slime
formation and CO2 formation (Barlow and others 1992). Another Leuconostoc known to
cause spoilage of cooked sausages is Leuconostoc mesenteroides subsp. mesenteroides. It
had been found that Leuconostoc mesenteroides subsp. mesenteroides was one of the
spoilage organisms in vacuum packaged Vienna sausages (Dykes and others 1994).
Another lactic acid bacterium known to cause spoilage of meat products is
Carnobacterium. This is a gram-positive, non-spore forming regular rod. One of the
known Carnobacterium causes spoilage of vacuum packaged bolognas is C. viridans due
to its being able grow at refrigerated temperatures and facultative anaerobic nature. It
causes spoilage by greening (Holley and others 2002).
In addition to Carnobacterium, Weissella viridescens also cause spoilage of
refrigerated vacuum packaged bolognas and wieners by greening and sliminess
(Blickstad and Molin 1983).
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A study conducted by Peirson and others (2003) investigated the affect of heat treatment
and antimicrobial agents on the presence of Weissella viridescens, Carnobacterium
viridans and Aerococcus viridans in beef bologna. Results indicated that Weissella
viridescens was more heat resistant in comparison to Carnobacterium viridans and
Aerococcus viridans. Also, an addition of 3% sodium lactate and 0.3% sodium diacetate
had no significant affect on the reduction of Weissella viridescens; however, it reduced
the affect of greening caused by these organisms.

2.2.2.2 Brochotrix
These gram-positive, non-sporeforming, facultative anaerobic regular rods are
very similar to the genera of Lactobacillus and Listeria (Sneath and Jones 1976; Jay and
others 2005). One of the known spoilage bacteria of the Brochotrix family, which causes
spoilage of sliced, vacuum packaged and refrigerated bologna type sausages (Nielsen
1983) by souring (McLean and Sulzbacher 1953), is Brochotrix thermosphacta.
This bacterium has been found to be high in numbers in sliced sausage products
(Nielsen 1983), while it has been found to be low in whole sausage products (Borch and
Nerbrink 1989). Furthermore, according to Mukherji and Qvist (1981), both lactic acid
bacteria and Brochotrix thermosphacta caused the spoilage of Vienna sausages.
However, the high number of lactic acid bacteria can limit the growth of Brochotrix
thermosphacta in meat products (Collins-Thompson and Lopez 1982).
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2.2.2.3 Pseudomonas
These gram-negative, aerobic, motile rods can grow at refrigerated temperatures.
They are one of the main spoilage organisms for aerobically stored fresh meats.
According to the study conducted by Mayr and others (2003), Pseudomonas spp., had
been found 9 to 18% in both vacuum-packaged fresh beef and pork. Meanwhile they
were dominant in air-packaged fresh beef and pork over 11 days. Some of the known,
spoilage related Pseudomonas spp., isolated from fresh meat were P. fragi, P. lundensis
and P. putida (Ercolini and others 2007). In addition to those, Pseudomonas mephitica is
known to cause spoilage of fresh red meats by greening (Nicol and others 1970).

2.2.2.4 Yeast and Mold
Many of the yeast and mold genera are able to spoil refrigerated meat products.
These organisms are able to tolerate low temperature, pH and aw conditions. Some of the
known yeasts that cause spoilage of meat products are Debaromyces, Candida,
Rhodotorula and Trichosporon. From those, Debaromyces and Candida are found to be
cured meat spoilers. On the other hand, Trichosporon is known to cause rancidity on
refrigerated beef, poultry and lamb due to degradation of lipids by lipase (Jay and others
2005). Moreover, Mucor, Rhizopus and Thamnidium from the Mucoraceae family of the
molds have been known to cause spoilage of the refrigerated meat products by production
of whiskers. On the other hand, Alterneria, Aspergillus and Cladosporium from the
Moniliaceae family of the molds have been known to cause spoilage of country-cured
hams and bacons due to their high fat and low aw by causing black spot formation (Jay
and others 2005).
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2.3

Meat Preservation Techniques
2.3.1

Thermal Processing

Cooking or thermal processing is one of the techniques used to preserve food
products. There are two heating processes that kill pathogenic organisms and reduce or
kill vegetative cells and spores. These are pasteurization and sterilization. Pasteurization
is a moderate heating process that kills most of the vegetative cells, but does not destroy
spores. Also, it is able to kill all the non-spore forming disease-producing organisms.
During pasteurization, the product temperatures reached 58 to 750C. On the other hand,
sterilization is a high temperature heating process, which kills both vegetative cells and
spores. It takes a temperature around 1000C (Aberle and others 2001).
Thermal processing has also been used for prevention of post process
contamination by post-package pasteurization through steaming the package or dipping
the package into hot water. A study conducted by Murphy and others (2005) shows that
using 1.5s application of steam to ready-to-eat franks before packaging decreased the
Listeria monocytogenes growth up to a 3 logs. In another study, up to 3 logs reduction of
Listeria monocytogenes on deli turkey products was observed by submersed water postpackage pasteurization (Muriana and others 2004).

2.3.2

Drying

Drying is one of the oldest methods used for the preservation of meat products.
Removal of free water from meat products decreases the water activity (aw). This reduces
the activity of microorganisms and enzymes. In order to increase the safety of the meat
products, the drying process is done after the cooking process.
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Water activity is described as the ratio of water vapor pressure of food to the
vapor pressure of pure water at the same temperature. It has been known that most of the
spoilage bacteria grow around aw of 0.9, most spoilage yeasts are aw of 0.88 and most
spoilage molds are aw of 0.8 (Jay and others 2005).
According to the study conducted by Ingham and others (2004), survival of L.
monocytogenes in beef jerky was investigated. Results indicated that processors can
produce under alternative 1, if the aw of the beef jerky is less than 0.75 and it is stored in
room temperature for 1 week. A similar study investigated the survival of Staphylococcus
aureus and Listeria monocytogenes on vacuum-packaged beef jerky stored at 210C.
Results showed that drying beef jerky to less than aw of 0.87 prevented the bacterial
pathogen growth (Ingham and others 2006).

2.3.3

Fermentation

Meat fermentation is a process where organisms utilize the sugar source in the
meat batch to produce lactic acid. Generally, sugar is added as dextrose. Dextrose is able
to be utilized by most of the fermenting starter cultures. Mainly Lactobacillus,
Pediococcus and Micrococcus are used as starter cultures in meat fermentation. They
decrease the pH of the meat products from 5.2 to 4.0 depending on the type of fermented
sausage (Feiner 2006). This pH helps the preservation of the meat products, because most
of the pathogenic bacteria are not able to grow at low pH conditions.
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However, some of the important foodborne pathogens such as Escherichia coli
O157:H7, Staphylococcus aureus and Listeria monocytogenes are able to tolerate low pH
levels. According to Faith and others (1997), with the fermentation of pepperoni, the
number of Escherichia coli O157:H7 was reduced 2 log10 in 28 days, but in order to have
a 5 to 6 log10 reduction, the product needs to be kept at ambient temperature in air for 2
more weeks.

2.3.4 Preservation by Cold Storage
Cold storage or refrigeration is one of the techniques commonly used for
preservation of meat and meat products due to slowing down the activities of
microorganisms and also decreasing the activity of enzymes that cause chemical spoilage
of meat products. Many organisms are able to grow in refrigeration temperatures and they
have been called psychrotrophs (Mossel and Zwart 1960). Their ability to grow in low
temperatures decreased with decreasing temperatures, especially around subzero
temperatures.
Also, the ability to grow at low temperatures depends on the type of organisms.
Cocci have been known to be more cold resistant than gram-negative bacteria.
Furthermore, yeast and mold are able to tolerate very low freezing temperatures around 340C to 50C in comparison to bacteria with -5 to 00C (Jay and others 2005). Freezing is
also known to destroy Trichinella spiralis larvae in pork at less than -150C (Aberle and
others 2001).
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2.3.5

Preservation by Chemical Ingredients

Salts of organic acids such as sodium lactate, sodium diacetate, potassium lactate
and sodium citrate have demonstrated antimicrobial activity towards pathogenic and
spoilage organisms in different meat products (Bedie and others 2001; Samelis and others
2001; Uhart and others 2004; Barmpalia and others 2004). These chemicals were also
investigated for antilisterial activities to prevent post process contamination of Listeria
monocytogenes. This gains special importance for products such as ready-to-eat bologna
as this type of product can be exposed to contamination during peeling and slicing, and
could be consumed without further cooking that creates a high risk for consumers.
Addition of these chemicals into the formulation of the meat products can provide further
safety to minimize the growth of such a pathogen.
These chemicals can also be used as dipping solution instead of using in the
formulation. In this case lactic acid, acetic acid or citric acid solutions have been used to
provide antimicrobial activity. According to Barmpalia and others (2004), dipping into
lactic acid or acetic acid solution decreased the initial Listeria monocytogenes population
by 0.7 to 2.1 log CFU/cm2. Also, complete inhibition of Listeria monocytogenes was
observed on frankfurters both formulated with single antimicrobial and dipped into an
organic acid solution. Furthermore, many of these organic acids in low levels have been
commonly used for carcass decontaminants during slaughtering (Acuff 1991; Maca and
others 1997a).

24

2.3.5.1 Sodium Lactate
Sodium lactate has been used in food industry for many years as humectant (Reid
1969), flavor enhancer and improving shelf life (Duxbury 1988; Wederquist and others
1994). Also, the organic acid of sodium lactate has been used as a carcass decontaminant
(Acuff 1991). Due to its bacteriostatic properties (Lamkey and others 1991), sodium
lactate or lactic acid have been used in the formulation or as a dipping solution to prevent
pathogenic organism growth in meat products. It is suggested that antilisterial activity of
sodium lactate in the formulation of meat products comes from its humectant property
that reduces the water activity of the products (Shelef 1994; Samelis and others 2001). In
addition, Jensen and others (2003) suggested that inhibition of L. monocytogenes by
lactic acid could be due to pH reducing property (pKa=3.86).
Sodium lactate’s antilisterial activities have been shown in different meat
products such as turkey bologna (Wederquist and others 1994), frankfurters (Bedie and
others 2001), and wieners and cooked bratwurst (Glass and others 2002). Furthermore, its
effectiveness as an antimicrobial agent has been demonstrated on spoilage organisms in
different meat products such as fresh pork sausage (Brewer and others 1991; Lamkey and
others 1991), catfish fillets (Williams and others 1995), chicken breast meat (Williams
and Phillips 1998) and beef top rounds (Maca and others 1999).
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2.3.5.2 Sodium Diacetate
Sodium diacetate has been widely used as an antimicrobial agent, flavoring agent,
and a pH control agent for more than a decade (Branen and others 2002; Stekelenburg
2003). Its effectiveness as an antimicrobial agent is due to undissociated acids.
Undissociated acids become dissociated inside the cell membrane of organisms and the
cell interior becomes acidified (Hunter and Segal 1973). This could affect the
physiological or metabolic activities of the cell (Jensen and others 2003).
Effect of sodium diacetate alone and combination with other organic salts such as
sodium lactate to prevent pathogen growth in different meat products have been
demonstrated in different studies (Bedie and others 2001; Samelis and others 2002; Uhart
and others 2004; Geornaras and others 2006). In addition to some of the properties,
sodium diacetate is cheap and is an easily available antimicrobial agent. However, using
high levels of acetate or diacetate in the formulation, as a dipping solution or spray
solution, may cause discoloration (Lawrie 1985) and off flavor formation (Maca and
others 1997b). This problem could be prevented by using lower levels of sodium
diacetate with a combination of other salts.

2.3.5.3 Sodium Citrate
Sodium citrate and its acid form, citric acid, have been widely used in the food
industry to control pH of the foods and as a synergistic antioxidant (Anderson and
Marshall 1990), and also as a carcass decontaminant (Acuff 1991). Recent studies
demonstrated the possible use of sodium citrate as a meat tenderizer (Sitz and others
2005).
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Furthermore, it has been demonstrated that sodium citrate is an effective antimicrobial
agent against some of the food borne pathogens such as Clostridium perfringens
(Thippareddi and others 2003; Juneja and Thippareddi 2004). Moreover, citric acid
combined with acetic acid as a dipping solution had a significant effect on preventing the
growth of Listeria monocytogenes on frankfurters stored at 50C in vacuum packages up to
90 days (Palumbo and Williams 1994).

2.3.5.4 Sodium Benzoate
Sodium benzoate is a generally recognized as a safe (GRAS) chemical
preservative mostly used in carbonated beverages, fruit juices, jam, jellies, salad
dressings, margarines, pickles, olives (Russell and others 1999). Also, it has been used in
many countries as a dipping solution to prevent fungal growth in dry sausages (Sofos
1989).
Antilisterial effect of sodium or potassium benzoate has been demonstrated by
Samelis and others (2001) in sliced pork bologna; Geornaras and others (2005) in
vacuum packaged bologna and ham. Even tough only 0.1% of sodium benzoate is enough
to preserve food product with pH of 4.5 or less (Chipley 1983), sodium benzoate looses
its effectiveness as an antimicrobial agent above pH 4.5 (Sofos 1994).
Furthermore, it has been reported that sodium benzoate and benzoic acid can
cause urticaria, asthma and rhinitis in humans due to oral, dermal or inhalation exposure
(WHO 2000). In addition to these negative effects, sodium benzoate with the presence of
vitamin C or ascorbic acid may form benzene, which is a carcinogen (FDA 2007).
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Moreover, it has been suggested that sodium benzoate or benzoic acid may be
linked to DNA mutation and destruction of mitochondria of yeast cells, which are very
similar to human cells. However, there is no available data that investigated the effect of
sodium benzoate on human cells (WHO 2000).

2.3.5.5 Sodium Propionate
This chemical preservative is used mainly in chemically leavened bakery
products, some cheese and meat products. It is mainly used as mold inhibitor based on its
fungistatic action (Jay and others 2005). In addition to mold inhibition, some studies
investigated the effect of this antimicrobial agent on foodborne pathogens such as
Listeria monocytogenes by El-Shenawy and Marth (1992) and Salmonella spp. by
Cherrington and others (1992). Furthermore, Maca and others (1997a) found that a
sodium propionate combination with sodium lactate reduced the total aerobic plate count
in vacuum-packaged cooked top beef rounds. This GRAS preservative has no toxic or
carcinogenic properties, but it has been suggested that it may be linked to migraine
headaches.

2.3.6

Hurdle Technology

Hurdle technology is using two or more food preservation techniques together to
prevent growth of pathogenic organisms in food products (McMeekin and others 2000).
These technologies can use some of the parameters such as water activity, pH, absence of
oxygen and temperature, etc.
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Pathogens like Listeria monocytogenes and spoilage organisms like lactic acid
bacteria can be quite resistant to processing procedures. In order to reduce the risk of
listeriosis cases and improve the shelf life of the products many techniques have been
used in combinations.
The study conducted by McCormick and others (2005) investigated the inhibition
of Listeria monocytogenes and Salmonella Typhimurium in turkey bologna by in-package
pasteurization combined with biocide infused films. Combination of these techniques was
effective against growth of L. monocytogenes. However, nisin by itself was not effective
of reducing the S. Typhimurium growth. In another study, control of Listeria
monocytogenes in frankfurters by post-package irradiation with pediocin was evaluated.
Results showed that both of the techniques had a synergistic effect on inhibiting the
growth of L. monocytogenes (Chen and others 2004).
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CHAPTER 3
MATERIALS AND METHODS
3.1

Sample Preparation
Beef and pork trim were ground in the grinder (BIRO Model, AFMG-52, Ohio) as

13,608 g separate batches for 8 treatments. Table 3.1 shows the formulation of 13,608 g
of ready-to-eat bologna and Table 3.2 shows the amount of beef and pork used in
replications. Treatments for this experiment were Optiform SD4 (2.5%), Ional (1.5%),
(2.5%), (3.5%) and Ional LC (1.5%), (2.5%), (3.5%) and Control, which had no
antimicrobial ingredient in the formulation.
After grinding, a 10,989.5 g batch of ground meat was transferred into the
chopper (Mainca, CM-41, UK) for emulsification. During this process, each batch was
processed separately and between the batches the chopper was scraped to prevent
antimicrobial transfer from one batch to another. After the chopping was started, the
curing agent, antimicrobial ingredient except in control, spices and ice was slowly
introduced into the batches and chopped until the mix was emulsified. Then, the final
temperature was measured using a temperature probe and the temperature of each batch
was below 40C. After the emulsification, batches were transferred into a stuffer (Vemag,
Robot 500, UK) and processed separately.
During the stuffing, between each batch, 0.4 to 1 kg of each new batch was used
to clean the stuffer and then discarded. Sausages were stuffed into approximately 9 cm
diameter clear fibrous casings. Before the stuffing, casings were soaked in potable water
to prepare casings for stuffing. For each batch, four sausages sized at 3,000 to 4,000 g.
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Table 3.1. Formulation of ready-to-eat bologna.
Ingredients

Weight (g)

Meat

10,989.5

Ice

2040.3

Salt

304.7

Dextrose

136

White pepper

34.3

Quick cure

34

Onion powder

17.9

Monosodium glutamate

17.4

Garlic powder

8.9

Nutmeg

8.7

Coriander

8.7

Sodium erythorbate

7.6

Total

13,608

Table 3.2. Amount of beef and pork used in the formulation of ready-to-eat bolognas.
Replications

Beef (gram)

Pork (gram)

1

4561.2

6429.3

2

3663.5

7326

3

3296.5

7693
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The loose ends of the stuffed bolognas were stapled using a pressurized automatic stapler
(Tipper Clipper, Model C437L, Northern California). After this, each bologna was
labeled and their initial weight before cooking was recorded. Bolognas were hung on the
smoke racks and placed in the smoker (Enviro-Pak Microprocessor, Micro Pak Series,
MP1000). A temperature probe was inserted into the representative bologna, and then
bolognas were cooked in the smokehouse until the internal temperature reached 66.670C.
This process took approximately 8 hours. Table 3.3 shows the cooking schedule of readyto-eat bolognas. Later, bolognas were transferred into the cooler and kept in the cooler
until the temperature of the bolognas was equilibrated with the cooler’s temperature of
3.20C. This was verified by using a temperature probe.
After the equilibrium was reached, each bologna’s cooked weight was measured
and recorded. The bologna casings were peeled off and bolognas were sliced into 1 to 2
cm thick slices. Slices were vacuum packaged in 20 by 25 cm nylon vacuum pouches
(Prime Source, Kansas city, MO) using Multivac vacuum machine (Type-AG800,
Germany). Sliced bologna packages were separated into four groups for each treatment
and labeled accordingly for storage. For instance, for microbiological testing; for pH,
water holding capacity (WHC) and aw testing; for texture and Hunter color value testing;
and for proximate analysis the sliced bolognas were packaged separately. Labeling
information included the date, replication, name of the treatment, testing type and day of
use. Then packaged bologna slices were transferred to the retail display cooler (CRS-S196, Commercial Refrigerator Manufacturers Association). This process was replicated
two more times in the following two weeks.
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Each treatment was tested for cooking yield, pH, WHC, aw, texture profile
analysis, puncture test and Hunter L, a, b values, spoilage organisms for day 0, 28, 56, 84
and 112. Also, proximate analysis was conducted on 3 replications.

Table 3.3. Cooking schedule of ready-to-eat bolognas.

Stage

Oven /Core
Temperature
(0C)

Time

Humidity

Blower

Generator
Heat

Feed

1

48.8

30 min

40%

High

On

Off

2

54.4

90 min

40%

Low

On

On
(medium)

3

65.6

15 min

50%

High

On

Off

4

65.6

60 min

50%

High

Off

_

5

76.7/ 66.67

Variable

50%

_

_

_

6

Variable/ 37.8

Variable

_

Off

Shower on

_

7

No heat

1 min

_

Off

No heat

Damper
closed
Alarm on

3.1.1

Antimicrobial Ingredients of the Study

In this study, three different antimicrobial ingredients were used. All of these
antimicrobial ingredients are generally recognized as safe. The first one was Optiform SD
4 (PURAC, Blair, NE). This is a combination of L-sodium lactate and food grade sodium
diacetate in a liquid form. It was used for only one level (2.5%) in this study. Table 3.4
shows the amount of antimicrobial ingredients used in the formulations.
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The other antimicrobial ingredients used in this experiment were Ional and Ional
LC (World Technology Ingredients Inc., Jefferson, GA). Ional is water-soluble, buffered
sodium citrate granules. On the other hand, Ional LC is a water-soluble blend of buffered
sodium citrate and sodium diacetate granules. Both Ional and Ional LC were used in three
different levels in this study (1.5, 2.5 and 3.5%)

Table 3.4. Amount of antimicrobials used in the formulations.
Treatments

Weight

Control

–

Optiform SD 4 (2.5%)

355 mL

Ional (1.5%)

204 g

Ional (2.5%)

340 g

Ional (3.5%)

476 g

Ional LC (1.5%)

204 g

Ional LC (2.5%)

340 g

Ional LC (3.5%)

476 g

Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate

3.2

Cooking Yield
Cooking yield of the bolognas was determined by using the formula shown below

(Bishop and others 1993).
⎡ Cooked weight of the product ⎤
Cooking Yield % = ⎢
⎥ * 100
⎣ Uncooked weight of the product ⎦
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3.3

Water Holding Capacity
Water holding capacity of the samples was determined according to methods

reported by Wierbicki (1958). Between 0.48 to 0.52 grams of the bologna sample was
placed on the center of the Whatman® No. 1 filter paper. The paper with the meat sample
was placed between two plexiglass plates. The plates were pressed 1 minute with 500 psi
of pressure using a Carver press (Laboratory Press Model C, Carver, Inc., Wabash, IN).
After this, the filter paper was removed from the plates. Two circles of area appeared on
the paper. These were the meat area and water area. These areas were circled with pen
and calculated by using a transparent ribeye area grid sheet. The grid was marked for
measurement of 0.065 cm2. The formula used for calculation of water holding capacity
(WHC) is shown below (Grau and Hamm 1953; Price and Schweigert 1987) and WHC
was determined in duplicate for each treatment.

⎡ Area of free water ⎤
WHC = ⎢
⎣ Area of meat ⎥⎦

3.4

Water Activity

Water activity (aw) of the samples was determined by using an Aqualab machine
(Model CX 2, Decagon Devices, Pullman, WA). The temperature of the samples was
kept below than 210C and each treatment was duplicated.
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3.5

pH

A cooked 5 g sample was homogenized with 45 mL distilled water by using a
blender and then the pH of the slurry was determined by using a Fisher ACCUMET®
model 230A pH/ion meter. Measurements of pH were duplicated.

3.6

Proximate Analysis

Moisture, protein and fat content of the samples were determined based on AOAC
(1995) methods. Moisture content was determined by using a dry oven method, protein
content by Kjeldahl method, and fat content by Soxhlet method. Proximate analysis was
conducted by the University of Missouri-Columbia Experiment Station Chemical
Laboratories.

3.7

Microbiological Analysis

In order to determine the effect of the antimicrobial agents on the growth of
spoilage organisms, treatments were evaluated for total aerobic plate count, lactic acid
bacteria count and yeast and mold count by using plate count agar (PCA), De Man,
Rogosa and Sharpe agar (MRS) and Yeast and mold agar (YM), respectively. All of the
media and peptone water were obtained from Difco™ (Becton, Dickson and Company,
MD, USA).
A 10 g sample from each treatment was homogenized with 90 ml of sterile
peptone water in a Stomacher 400™ (Seward, Norfolk, UK) for 2 minutes. After this,
dilutions were plated in MRS, PCA and YM agars. Both MRS and PCA plates were kept
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in the 370C incubator for 48 hours. On the other hand, YM plates were kept in the 210C
incubator for 3 to 7 days.
All of the dilutions were duplicated and samples were evaluated at day 0, 28, 56, 84 and
112. After incubation, results were obtained by counting the colonies on the plates and
reported as cfu/g.

3.8

Texture Profile Analysis

Sliced bolognas were cut into approximately 2 cm length diameter and 3 cm
length height cylinder samples. Three samples were prepared for each treatment. Each
sample was compressed to 50% of its original height in two consecutive cycles at a
crosshead speed of 50 mm/min by using a TA-TX2 texture analyzer (Stable Micro
Systems, Surrey, UK) for the evaluation of texture profile analysis, which was described
by Bourne (1978). Triplicates of each treatment were evaluated for springiness,
cohesiveness, chewiness, gumminess and hardness.

3.9

Puncture Test

Approximately 8×4×3 cm length bologna slices were prepared for each treatment
in order to triplicate the test. A TA+Di texture analyzer (Texture Technologies Corp.,
Scarsdale, NY) was used for evaluation of the maximum force required to puncture
samples. Diameter of the probe was 6.38 mm and traveled 10 mm with the speed of 50
mm/min. Cell load capacity was 50 kg.
Before puncture and texture profile analysis testing, samples were kept in their
vacuum packaging for two hours until their temperature reached room temperature
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3.10

Hunter Color Values

Hunter color L (lightness), a (redness) and b (yellowness) values were evaluated
by using a Minolta color meter (Konica Minolta Chroma Meter (CR-410) colorimeter,
Minolta Ltd., Milton Keynes, UK). Vacuum packaged sliced bolognas were kept at room
temperature for two hours before use and their vacuum packages were removed. The
Minolta color meter was directly placed on the sliced bolognas’ surfaces. Color values
were measured in triplicate for each treatment.

3.11

Statistical Analysis

Three replications of ready-to-eat bolognas were evaluated for cooking yields,
WHC, aw, pH, TPA, puncture test, Hunter color values, spoilage organisms and
proximate analysis. Data was analyzed by analysis of variance (ANOVA) using the
general linear model (GLM) procedure of the SAS Institute, Inc. (2003). Means were
separated by least significant difference (LSD), when significant (P<0.05) treatment
effects were found.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1

Cooking Yield

Cooking yield of the bolognas was not significantly (P>0.05) affected by the
treatments. Furthermore, rep*trt effect had no significance on cooking yield (P>0.05).
Table 4.5 shows the means of the treatments replications’ cooking yield results.

Table 4.5. Effect of treatments on mean value of cooking yield.
Treatments

Cooking Yield (%)

Control

94.56ab

Optiform SD 4 (2.5%)

94.75a

Ional (1.5%)

94.31ab

Ional (2.5%)

94.34ab

Ional (3.5%)

94.06b

Ional LC (1.5%)

94.58ab

Ional LC (2.5%)

94.37ab

Ional LC (3.5%)

94.36ab

a,b

Different letters of same column indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate

According to Table 4.5, there was no significant difference (P>0.05) of cooking
yield between control and treatments. However, there was a significant difference of
cooking yield between treatments of Optiform SD 4 (2.5%) and Ional (3.5%).
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Ional (3.5%) had the lowest cooking yield and Optiform SD 4 (2.5%) had the highest
cooking yield. This statistical difference did not appear to be a meaningful difference
because, presence of sodium lactate could be the contributing factor increasing cooking
yield. Similar results were found by Maca and others (1997a); 13% increase in cooking
yield was observed on the cooked beef top round that was treated with sodium lactate.
This is much higher cooking yield in comparison to our results. This could be the result
of using whole muscle product instead of emulsified product. Papadopoulos and others
(1991) found that injecting the beef top rounds with up to 4% sodium lactate increased
the cooking yield of the product.

4.2

Water Holding Capacity

Water holding capacity of the ready-to-eat bolognas was significantly (P<0.05)
affected by the treatments. Addition of the antimicrobial ingredients to the formulation
decreased the water holding capacity of the treated bolognas. Table 4.6 shows the effect
of treatment and day of storage of WHC of ready-to-eat bolognas. Samples with control
had the highest WHC at all of the storage days. In addition, samples with Optiform SD 4
(2.5%) and the Ional (1.5%) showed the lowest decrease in water holding capacity.
Overall, the increase in the antimicrobial ingredient level caused the decrease in water
holding capacity of the treated bolognas. Choi and others (2003) reported similar results
obtained from low fat sausages formulated with sodium lactate. In addition, day of
storage had a significant (P<0.05) effect on water holding capacity of the treatments.
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The lowest water holding capacity was observed on the 112th day of Ional LC (3.5%)
treatment. However, the day of storage of Control, Optiform SD 4 (2.5%), Ional (1.5%)
and Ional (2.5%) had no significant effect (P<0.05) on WHC.

Table 4.6. Effect of treatment and day of storage on mean value of WHC of ready-to-eat
bolognas.
Day of Storage

Treatments

0

Control

56

84

112

x0.867

x0.922

x0.945

x1.044

xyz1.02

xy0.999

xy1.062

x1.184

xy1.091

Ional 1.5%

xyz1.005

xy0.947

xy1.056

x1.176

x1.205

Ional 2.5%

yz1.314

y1.219

y1.288

y1.475

y1.371

Ional 3.5%

a
yz1.273

a
y1.214

a
y1.356

b
z1.886

b
z2.064

Ional LC 1.5%

a
xyz1.021

a
xy1.023

a
xy1.126

b
y1.387

ab
y1.319

Ional LC 2.5%

a
yz1.208

a
xy1.164

ab
y1.268

ab
y1.425

b
y1.524

Ional LC 3.5%

ab
yz1.298

b
y1.187

ab
y1.248

a
y1.528

c
z2.136

Optiform SD4 2.5%

x0.869

28

a,b

Different letters of same row indicate significant difference (P<0.05)
Different letters of same column indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate
x,y,z

4.3

Water Activity

Water activity (aW) of the ready-to-eat bolognas was not significantly (P>0.05)
affected by the addition of antimicrobial ingredients. Barmpalia and others (2005)
obtained similar results with pork bologna. Results of Wederquist and others (1994) are
also inline with this data.
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Day of storage had no significant (P>0.05) effect on aW of the samples. Table 4.7
shows the effect of treatment and day of storage on water activity of ready-to-eat
bolognas. Water activity was not significantly (P>0.05) increased during the storage
period. Highest water activity was obtained from Control and it was followed by Ional
(1.5%) at 0 day. On the other hand, the lowest water activity was observed in samples
with Ional LC (3.5%).

Table 4.7. Effect of treatment and day of storage on mean value of aW of RTE bolognas.
Treatments

Day of Storage
0

28

56

84

112

Control

0.9428

0.943

0.947

0.9495

0.951

Optiform SD4 2.5%

0.9355

0.938

0.9422

0.9428

0.947

Ional 1.5%

0.9403

0.9418

0.9428

0.9473

0.9495

Ional 2.5%

0.9375

0.9442

0.9415

0.9507

0.9492

Ional 3.5%

0.9375

0.9363

0.938

0.9393

0.9492

Ional LC 1.5%

0.9387

0.9395

0.9398

0.9428

0.951

Ional LC 2.5%

0.936

0.9365

0.9377

0.9422

0.946

Ional LC 3.5%

0.9338

0.9345

0.9363

0.9435

0.9457

Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate
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4.4

pH

The product pH was significantly (P<0.05) affected by the treatments. As
expected, the addition of antimicrobials in the formulations decreased the pH of the
bolognas. In earlier studies, similar results were reported by Barmpalia and others (2005).
The initial pH of Control was 5.95. During storage, pH of the bolognas slightly
increased, which is shown in Table 4.8. The pH increase of bolognas during storage was
also reported by Mbandi and Shelef (2002).
Except for treatment with Optiform SD4 (2.5%), all the treatments and Control
did not have a significant change of the pH during storage. In addition, Optiform SD 4
(2.5%) was the only treatment that had no significant difference (P>0.05) of pH in
comparison to Control over the 112 days of storage. Lowest pH was observed from
treatments of Ional LC (3.5%) with pH of 5.75.
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Table 4.8. Effect of treatment and day of storage on mean value of pH of ready-to-eat
bolognas.
Treatments

Day of Storage
0

28

56

84

112

w5.93

w5.96

w6.01

Control

w5.95

w5.93

Optiform SD4 2.5%

a
wx5.85

wx5.88

Ional 1.5%

wx5.85

wx5.85

wx5.86

xy5.85

xy5.88

Ional 2.5%

x5.83

xy5.82

wxy5.83

yz5.83

xy5.88

Ional 3.5%

x5.76

xy5.78

xy5.82

yz5.83

yz5.83

Ional LC 1.5%

x5.82

xy5.80

xy5.82

yz5.82

yz5.83

Ional LC 2.5%

x5.76

y5.76

y5.76

z5.73

yz5.80

Ional LC 3.5%

x5.75

y5.76

y5.78

yz5.80

z5.75

ab

wx5.90

ab

wx5.95

ab

wx5.96

b

a,b

Different letters of same row indicate significant difference (P<0.05)
Different letters of same column indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form ofsodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate
w,x,y,z

4.5

Proximate Analysis

Treatment had significant (P<0.05) effect on moisture and ash content. On the
other hand, crude fat and crude protein values were not significantly (P>0.05) affected by
the treatments. The result of proximate analysis is shown in Table 4.9.
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Table 4.9. Proximate composition of ready-to-eat bologna treatments formulated with
chemical additives.
Treatments

Proximate Analysis (W/W%)
Moisture Crude Protein

Crude Fat

Ash

Control

59.48ab

15.83a

20.57ab

3.05a

Optiform SD4 2.5%

60.91a

15.31ab

18.62b

3.61b

Ional 1.5%

59.75ab

15.83a

19.66ab

3.51b

Ional 2.5%

59.19ab

15.61ab

19.81ab

3.88c

Ional 3.5%

57.25c

15.56ab

21.04a

4.07d

Ional LC 1.5%

58.79bc

15.19ab

21.55a

3.46b

Ional LC 2.5%

58.65bc

15.04ab

21.17a

3.8c

Ional LC 3.5%

58.47bc

14.94b

20.87a

4.08d

a,b,c,d

Different letters of same column indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate

4.5.1

Moisture Content

Mean moisture value was highest in bolognas formulated with Optiform SD 4
(2.5%). This could be the result of the addition of an antimicrobial agent as a buffer
solution. Control had significantly (P<0.05) different moisture value in comparison to
bolognas formulated with Ional (3.5%), which is shown in Table 4.9. This could be
linked to ash content, because control had the lowest ash content.
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4.5.2

Crude Protein

Treatment had no significant (P>0.05) effect on the difference of crude protein
value. Control and Ional (1.5%) had the highest crude protein values. Increasing the level
of sodium citrate caused 0.16 to 0.25% crude protein values reduction. Moreover, the
addition of sodium citrate and sodium diacetate into the formulation in increasing levels
caused 0.22 to 0.27 reduction of crude protein. Results also showed that Ional LC (3.5%)
had significant difference (P<0.05) crude protein content in comparison to Control and
Ional (1.5%), which is shown in Table 4.9.

4.5.3

Crude Fat

Treatment had no significant (P>0.05) effect on crude fat values. Samples with a
combination of sodium lactate and sodium diacetate had the lowest crude fat value.
Control did not have significantly (P>0.05) different fat content in comparison to all the
other treatments. Furthermore, all of the treatments had less than 30% fat content, which
was compliant with regulations. However, a study conducted by Wederquist and others
(1994) showed that turkey bolognas had lower fat content than bolognas in our study.

4.5.4 Ash

Treatment had significant (P<0.05) effect on ash values. The ash value of Control
was significantly (P<0.05) lower than all the treatments, which is shown in Table 4.9.
Treatment Ional LC (3.5%) and followed by Ional (3.5%) had the highest ash content.
There was no significant (P>0.05) difference between Ional (3.5%) and Ional LC (3.5%),
Ional (2.5%) and Ional LC (2.5%), and Ional (1.5%) and Ional LC (1.5%).
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In addition, Optiform SD 4 (2.5%) had no significant (P>0.05) difference from the lowest
percentage of Ional and Ional LC.

4.6

Results of Microbiological Analysis

Table 4.10 shows that the significant difference between treatments for lactic acid
bacteria count, total aerobic bacteria count and yeast and mold count as mean log value.
Day of storage had a significant (P<0.05) effect on microbial count. However, treatment
did not have a significant effect on microbial count except for lactic acid bacteria log
values at 84 days and yeast and mold log values at 112 days.
Furthermore, the total aerobic plate count was not significantly (P>0.05) affected
by the treatments. Due to no significant increase in the number of total aerobic count and
yeast and mold count, only 10-1, 10-2 and 10-3 were evaluated for all of the storage days.
On the other hand, the MRS count increased more significantly during the storage, so that
for day 0 dilutions of MRS agar were 10-1, 10-2 and 10-3; for day 28 dilutions were 10-2,
10-3 and 10-4; for day 56 dilutions were 10-3, 10-4 and 10-5; and for day 84 and day 112
dilutions were 10-4, 10-5 and 10-6.
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Table 4.10. Effect of treatment and day of storage on mean log value of number of
spoilage organisms on ready-to-eat bolognas.
Microbial
Analysis

MRS

PCA

YM

Treatments

Control
Optiform SD4 (2.5%)
Ional (1.5%)
Ional (2.5%)
Ional (3.5%)
Ional LC (1.5%)
Ional LC (2.5%)
Ional LC (3.5%)
Control
Optiform SD4 (2.5%)
Ional (1.5%)
Ional (2.5%)
Ional (3.5%)
Ional LC (1.5%)
Ional LC (2.5%)
Ional LC (3.5%)
Control
Optiform SD4 (2.5%)
Ional (1.5%)
Ional (2.5%)
Ional (3.5%)
Ional LC (1.5%)
Ional LC (2.5%)
Ional LC (3.5%)

0
1a
1a
1.17a
<1a
1.33a
1.33a
1.37a
1.22a
1.17a
<1a
1.17a
<1a
1.17
<1a
<1a
<1a
1.33ab
<1a
<1a
<1a
<1a
<1a
<1a
<1a

a,b

Day of Storage
28
56
84
bc
2.68ab 3.78bc
4.49
w
3.76b
4.25bc wx4.52bc
b
3.34
4.69bc wxy5.52c
2.81ab 4.67bc wxy5.48c
c
3.05ab 4.65b
y6.58
d
2.96ab 4.65bc
y6.67
3.31b
4.58bc xy6.39c
b
c
3.18
4.58bc
y6.44
1.59a
2ab
2.13ab
ab
ab
1.89
2
2ab
1.91ab 2ab
2ab
ab
ab
1.46
2
2ab
1.58
2
2
ab
ab
1.74
2
2ab
ab
ab
1.93
2
2ab
1.95ab 2ab
2.05ab
a
bc
<1
2
2bc
<1a
1.83ab
1.83ab
a
ab
<1
1.67
1.67ab
<1a
1.67a
1.67a
a
b
<1
2
2b
<1a
2b
2b
a
b
<1
2
2.31b
<1a
1.67ab
2b

112
5.29c
5.96c
4.97bc
4.57bc
5.61bc
5.96cd
5.68c
5.67c
2.96b
2.78b
2.75b
2.71b
2.34
2.99b
2.94b
3.17b
c
wx2.26
b
wxy2.69
b
w2.09
b
wxy2.62
b
wx2.32
c
y3.26
c
y3.22
c
xy2.97

Different letters of same row indicate significant difference (P≤0.05)
Different letters of same column indicate significant difference (P≤0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate
w,x,y
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4.6.1 Lactic Acid Bacteria Counts (MRS)

The lactic acid bacteria count was not significantly (P>0.05) affected by the
different treatments. However, day of storage had a significant (P<0.05) effect on the
increase in microbial count. Trt*day effect had no significance on MRS log values.
Treatment with Ional (2.5%) had the lowest microbial load at 112 days and the
number of lactic acid bacteria was reduced to 0.92 Log between 84 to 112 days. Control
samples had the lowest lactic acid bacteria count up to 28 days. This was unusual,
because it was contradictory to the earlier study of Bingol and Bostan (2007). On the
other hand, a study conducted by Barmpalia and others (2004) showed that control
frankfurter samples had the lowest lactic acid bacteria count at day 0 and day 20.
Furthermore, at day 40, control and one of the antimicrobial agents’ added to frankfurters
had the highest lactic acid bacteria count. This was similar to the result obtained in our
study.
In addition, control had no significant increase in lactic acid bacteria count until
the 56th day. A gradual increase in lactic acid bacteria count was observed on both control
and all the treatments up to 84 days. Lactic acid bacteria count reached its maximum at
84 days with 6.69 log (CFU/ml), which was the log value of Ional LC (1.5%). After day
84, all the treatments except Control and Optiform SD 4 (2.5%) showed log reduction.
The number of lactic acid bacteria in control samples reached to a log value of 5.29 at
day 112. Results of our study indicated that with or without an antimicrobial agent a
number of lactic acid bacteria in bologna samples were less in our study than the studies
of Barmpalia and others (2004), and Bingol and Bostan (2007).
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Log (CFU/ml)

8

Control

7

Optiform SD4 2.5%

6

Ional 1.5%

5

Ional 2.5%

4

Ional 3.5%

3
2

Ional LC 1.5%

1

Ional LC 2.5%

0

Ional LC 3.5%
0

28

56

84

112

Days of Storage

Figure 4.2. Number of lactic acid bacteria in the ready-to-eat bolognas formulated with
different antimicrobial ingredients and stored at less than 40C up to 112 days.
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4.6.2 Total Aerobic Plate Count (PCA)

The aerobic bacteria count was not significantly (P>0.05) affected by the addition
of antimicrobial ingredients in the formulation. However, the day of storage had a
significant (P<0.05) effect on the aerobic bacteria count. Combination of trt*day had no
significance (P>0.05) on the bacterial count.
The lowest increase in aerobic bacteria count was observed on Ional (2.5%) at 28
days and Ional (3.5%) at 112 days, which is shown in Figure 4.3. On the other hand, the
highest observed log value was 3.174 from treatment Ional LC (3.5%) at 112 days. The
biggest difference between treatments was observed at 112 days, but it was not
significant (P>0.05). Increasing the level of treatment did not decrease the bacterial count
in regular pattern for different treatments. Results were contradictory to the results
reported by Samelis and others 2001; Barmpalia and others 2004; and Bingol and Bostan
2007. On the other hand, Jensen and others (2003) found that control pork had the lowest
total aerobic plate count 0 hour and had lower microbial number in comparison to
samples injected with phosphate. Furthermore, a study conducted by Choi and Chin
(2003) showed that there was no significant difference of total bacteria count between
control sausage and antimicrobial treated sausages until the week 4 of storage.
Even though treatment had no significant difference on decreasing the bacterial
count. The total aerobic plate count was not higher than 2.9 log at 112 days for control.
This could be the result of the presence of a high number of lactic acid bacteria; in other
words, presence of competitive bacteria, vacuum packaging and curing agent.
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3.5

Control

Log (CFU/ml)

3

Optiform SD4 2.5%

2.5

Ional 1.5%

2

Ional 2.5%

1.5

Ional 3.5%

1

Ional LC 1.5%

0.5

Ional LC 2.5%

0

Ional LC 3.5%
0

28

56

84

112

Days of Storage

Figure 4.3. Number of aerobic bacteria in the ready-to-eat bolognas formulated with
different antimicrobial ingredients and stored at less than 40C up to 112 days.
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4.6.3

Yeast and Mold Count (YM)

Yeast and mold count were not significantly (P>0.05) affected by the different
treatments, but day of storage had a significant (P<0.05) effect on yeast and mold counts.
Furthermore, trt*day did not have a significant (P>0.05) effect on microbial count.
Control had the highest yeast and mold count at day 0, which is shown in Figure 4.4.
After 112 days, the lowest yeast and mold counts were observed on treatment Ional
(1.5%) with a 2.089 log value. The only significant difference was observed at day 112.
Barmpalia and others (2004) also reported that after 40 days of storage, yeast and
mold count on the frankfurters’ surface with or without antimicrobials was less than 3
log. Both Control and treatment Ional (3.5%) were significantly (P<0.05) different than
treatment Ional LC (1.5%) and (2.5%). Furthermore, treatment Ional (1.5%) was
significantly (P<0.05) different than all the levels of Ional LC. Increasing the level of the
antimicrobial agent did not show negative correlation with an increasing yeast and mold
count.
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Control

3.5

Log (CFU/ml)

3

Optiform SD4 2.5%

2.5

Ional 1.5%

2

Ional 2.5%

1.5

Ional 3.5%

1

Ional LC 1.5%

0.5

Ional LC 2.5%

0
0

28

56

84

112

Ional LC 3.5%

Days of Storage

Figure 4.4. Number of yeast and mold in the ready-to-eat bolognas formulated with
different antimicrobial ingredients and stored at less than 40C up to 112 days.
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4.7

Texture Profile Analysis
4.7.1 Springiness

Springiness was described as the height (cm) of the sausage recovered between
the end of compression 1 and the start of compression 2 (Choi and others 2003).
Springiness of the treatments were not significantly (P>0.05) affected by the day of
storage and trt*day effect. However, treatment had a significant (P<0.05) effect on
springiness values. Table 4.11 shows the significant difference of the mean value of
springiness between different treatments during 112 days of storage.
Control was significantly (P<0.05) different than the highest levels of Ional and
Ional LC at 0 day. Only Ional (1.5%) and Optiform SD4 (2.5%) were not significantly
(P>0.05) different than control at any of the storage days. Furthermore, control had the
highest springiness value at all of the storage days. Springiness of all the treatments was
increased over time. Choi and others (2003) investigated the effect of different sodium
lactate levels on texture of low-fat sausages. Their results showed that the addition of
sodium lactate up to 3.3% increased springiness but with the addition of 5% sodium
lactate springiness of low-fat sausages decreased. This was parallel with our results that
high levels of antimicrobial agents had a negative effect on the texture of bolognas.
Furthermore, Choi and Chin (2003) showed that an addition of 3.3% sodium lactate
caused a decrease in the springiness value of comminuted sausages, which agreed with
our results. However, they also found that during the 8 weeks of storage, springiness
values of sausage samples decreased over time, which was contradictory to our results.
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Table 4.11. Effect of treatment and day of storage on mean value of springiness of readyto-eat bolognas.
Day of Storage

Treatment

Control
Optiform SD4 (2.5%)

0

0.839a

28

56

0.833a

0.763abc 0.786ab

84

112

0.878a

0.867a

0.896a

0.798ab

0.806ab

0.819ab

Ional (1.5%)

0.747abc 0.789abc 0.781abc 0.781abc 0.811ab

Ional (2.5%)

0.749abc 0.777abc 0.784abc 0.766bc

0.791bc

Ional (3.5%)

0.689c

0.644d

0.709bc

0.692c

0.697c

Ional LC (1.5%)

0.789ab

0.731bc

0.753bc

0.780abc 0.734bc

Ional LC (2.5%)

0.773abc 0.722bcd 0.775bc

0.793abc 0.791bc

Ional LC (3.5%)

0.695bc

0.731bc

0.684cd

0.685c

0.736bc

a,b,c,d

Different letters of same column indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate

4.7.2

Cohesiveness

Cohesiveness was described by Choi and others (2003) as the ratio of the area
under compression curve 1 to the area under compression curve 2. Day of storage and
trt*day effect had no significance (P>0.05) on cohesiveness of the ready-to-eat bologna.
On the other hand, treatment had a significant (P<0.05) effect on cohesiveness of readyto-eat bolognas, which is shown in Table 4.12.
Cohesiveness of control was highest all of the storage days and increased over
time. Control’s cohesiveness value at day 0 was significantly (P<0.05) different at 56
days and 112 days.
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Furthermore, cohesiveness of control was significantly (P<0.05) different than all
the treatments at days 56 and 112. Addition of antimicrobial agents decreased the
cohesiveness of ready-to-eat bologna. Also, increasing the level of treatment did follow
an irregular pattern for cohesiveness of the texture of bolognas.
Chin and others (2000) found that the addition of fat replacements decreased the
cohesiveness of the low-fat bolognas. Another study investigated the effect of different
citrus fibers on the texture of bolognas. Addition of citrus fibers caused a decrease in
cohesiveness of bologna samples (Fernandez-Gines and others 2003). On the contrary,
Xiong and others (1999) found that increasing the NaCl content of the beef sausages
caused an increase in cohesiveness of the samples. Furthermore, Choi and others (2003)
results also showed that addition of sodium lactate caused an increase in cohesiveness of
low-fat sausages.
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Table 4.12. Effect of treatment and day of storage on mean value of cohesiveness of
ready-to-eat bolognas.
Day of Storage

Treatment

Control

0
a
x0.359

28

56

84

112

a
xy0.383

a
y0.460

a
xy0.422

a
y0.459

Optiform SD4 (2.5%)

0.282ab

0.353ab

0.325b

0.331ab

0.344b

Ional (1.5%)

0.258b

0.339abc

0.323b

0.317b

0.314b

Ional (2.5%)

0.276ab

0.318abc

0.337b

0.303b

0.309b

Ional (3.5%)

0.266ab

0.275bc

0.268b

0.272b

0.276b

Ional LC (1.5%)

0.343ab

0.249c

0.289b

0.275b

0.277b

Ional LC (2.5%)

0.309ab

0.269bc

0.277b

0.341ab

0.309b

Ional LC (3.5%)

0.323ab

0.249c

0.269b

0.310b

0.316b

a,b,c

Different letters of same column indicate significant difference (P<0.05)
Different letters of same row indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate

x,y

4.7.3

Chewiness

The addition of antimicrobial agents had a significant (P<0.05) effect on
chewiness of bolognas. Control had the highest chewiness values all of the storage days
and it was significantly (P<0.05) different than all of the treatments at day 56 and 112.
Significant difference between treatments is shown in Table 4.13.
Furthermore, day of storage and trt*day effect had no significance (P>0.05) on
chewiness of bologna samples. Only control and Ional (1.5%) had a significant (P<0.05)
difference of chewiness for 112 days of storage.
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Optiform SD 4 (2.5%) chewiness values were the closest to control’s and there was no
significant (P>0.05) difference of chewiness between them at day 0, 28 and 84.
Increasing the level of the antimicrobial agent caused a decrease in chewiness of the
bologna samples. This was consistent with the results of Choi and others (2003).

Table 4.13. Effect of treatment and day of storage on mean value of chewiness of readyto-eat bolognas.
Day of Storage

Treatment

Control
Optiform SD4 (2.5%)

0
a
x669.92

482.18ab

28
a
xy885.96

694.23ab

56
a
z1013.58

568.04b

84
a
xy749.47

570.23ab

112
a
y928.48

596.65b

Ional (1.5%)

b
x262.27

b
y643.43

bc
xy484.19

bc
xy414.28

bc
x391.19

Ional (2.5%)

343.99b

535.56bc

429.23bc

360.58bc

432.27bc

Ional (3.5%)

249.66b

258.32d

294.93c

265.41c

236.21c

Ional LC (1.5%)

405.85b

366.32c

418.11bc

355.43bc

344.57c

Ional LC (2.5%)

331.79b

364.67cd

321.53c

440.94bc

298.14c

Ional LC (3.5%)

323.65b

238.35d

266.8c

339.65bc

346.22c

a,b,c,d

Different letters of same column indicate significant difference (P<0.05)
Different letters of same row indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate

x,y

4.7.4 Gumminess

Gumminess was significantly (P<0.05) affected by both treatment and day of
storage. However, trt*day had no significant (P>0.05) effect on gumminess values.
Control had the highest gumminess values all of the storage days and its gumminess
values were significantly (P<0.05) different than all of the treatments at day 56 and 112.
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Optiform SD 4 (2.5%) gumminess values were not significantly (P>0.05) different than
control at day 0, 28 and 84. Results of our study were contradictory to the findings of
Choi and others (2003) and Choi and Chin (2003).
Day of storage had significant effect on gumminess values of control, Ional
(1.5%) and (2.5%), which is shown in Table 4.14. Control’s gumminess value at day 0
was significantly (P<0.05) different in comparison to all the other storage days except
day 84.

Table 4.14. Effect of treatment and day of storage on mean value of gumminess of readyto-eat bolognas.
Treatment

Control

Day of Storage
0

28
a

z739.91

56
a

xy1043.44

84
a

x1152.47

yz863.31

689.55ab

a
xy1035.88

Optiform SD4 (2.5%)

600.52ab

829.98ab

Ional (1.5%)

b
z340.46

ab
x785.27

bc
xy605.58

bc
yz514.21

bc
yz477.09

Ional (2.5%)

b
y414.75

bc
x677.45

bc
xy531.37

bc
xy456.31

bc
xy532.45

Ional (3.5%)

349.45b

374.93d

404.18c

374.81c

332.94c

Ional LC (1.5%)

483.54ab

470.89cd

523.15bc

435.57bc

439.58c

Ional LC (2.5%)

415.66b

486.29bc

415.14c

545.09bc

370.72c

Ional LC (3.5%)

445.98b

347.65d

382.31c

455.66bc

457.76c

a,b,c,d

686.54b

112
a

719.65b

Different letters of same column indicate significant difference (P<0.05)
Different letters of same row indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate
x,y,z
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4.7.5

Hardness

Hardness was described by Choi and others (2003) as the peak value of the
second compression. Ready-to-eat bolognas’ hardness values were significantly (P<0.05)
affected by application of different treatments and day of storage. Trt*day effect had no
significance (P>0.05). Hardness of control had no significant (P>0.05) difference in
comparison to Optiform SD (2.5%) all of the storage days. Control had the highest
hardness values all of the storage days except day 28. Table 4.15 shows a significant
difference between treatments during 112 days of storage. Decreasing hardness by
addition of these antimicrobial agents were demonstrated by Jensen and others (2003),
Sitz and others (2005), and Knock and others (2006).
The day of storage had significant (P<0.05) effect on hardness of samples with
control, Ional (1.5%) and (2.5%), and Optiform SD 4 (2.5%). Hardness of control was
lowest at day 0.
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Table 4.15. Effect of treatment and day of storage on mean value of hardness of readyto-eat bolognas.
Treatment

Day of Storage
0

28

56

84
a
yz2070.6

112

Control

a
z1939.8

a
x2705.5

a
xy2536.9

a
xyz2292.9

Optiform SD4 (2.5%)

ab
y1704.2

a
x2751.4

ab
y2001.7

ab
y2004.2

ab
y2102.4

Ional (1.5%)

b
y1337.5

ab
x2231.2

b
xy1776.5

abc
y1574.6

c
y1490.01

Ional (2.5%)

ab
y1347.1

b
x2101.9

b
xy1543

abc
xy1549.6

bc
xy1709.7

Ional (3.5%)

1332.6b

1319.4c

1517.3b

1379.1c

1209.9c

Ional LC (1.5%)

1305.9b

1747.2bc

1689.9b

1434.9bc

1481.3c

Ional LC (2.5%)

1368.5ab

1719.01bc

1617.7b

1641.6abc

1338.5c

Ional LC (3.5%)

1337.9b

1418.6c

1469.5b

1468.3bc

1417.2c

a,b,c

Different letters of same column indicate significant difference (P<0.05)
Different letters of same row indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate
x,y,z

4.8

Puncture Test

The single highest peak was measured to evaluate the maximum required force to
puncture the samples. Required force to puncture samples was not significantly (P>0.05)
different between treatments during days 0, 28, 56 and 84. The only significant difference
between control and treatment Ional (3.5%) and Ional LC (2.5%) and (3.5%) was at day
112, which is shown in Table 4.16.
Day of storage had a significant (P<0.05) effect on puncture values of Optiform
SD 4 (2.5%), Ional (3.5%) and Ional LC (2.5%). Over time puncture values decreased
except at day 112.
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Table 4.16. Effect of treatment and day of storage on mean value of puncture force
(gram) of ready-to-eat bolognas.
Treatment

Day of Storage
0

28

56

84

112

Control

866.2

733.2

761.9

719.2

852.6a

Optiform SD4 (2.5%)

x906.5

xy857.2

xy790.5

y680.7

ab
xy839.1

Ional (1.5%)

835.1

743.5

741.7

682.4

760.6abc

Ional (2.5%)

877.5

780.3

760.4

730.1

805.5abc

Ional (3.5%)

x802.7

xy648.2

xy673.7

y603.8

Ional LC (1.5%)

809.9

767.9

697.9

654.1

725.3abc

Ional LC (2.5%)

x924.8

y700.7

y695.5

y602.6

bc
y697.9

Ional LC (3.5%)

806.7

756.7

651.3

620.5

654.4c

c
xy654.7

a,b,c

Different letters of same column indicate significant difference (P<0.05)
Different letters of same row indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate

x,y

4.9

Hunter Color Values (L, a, b)

Color values of bologna samples were determined as triplicates for each
replication. In other words, a total of nine observations were made for each treatment for
a particular day. Table 4.17 shows the significant (P<0.05) difference between samples
during the day of storage.
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Table 4.17. Effect of treatment and day of storage on mean Hunter color values (L, a, b)
of ready-to-eat bolognas.
Color
Values

L

a

b

Treatments

Control
Optiform SD4 (2.5%)
Ional (1.5%)
Ional (2.5%)
Ional (3.5%)
Ional LC (1.5%)
Ional LC (2.5%)
Ional LC (3.5%)
Control
Optiform SD4 (2.5%)
Ional (1.5%)
Ional (2.5%)
Ional (3.5%)
Ional LC (1.5%)
Ional LC (2.5%)
Ional LC (3.5%)
Control
Optiform SD4 (2.5%)
Ional (1.5%)
Ional (2.5%)
Ional (3.5%)
Ional LC (1.5%)
Ional LC (2.5%)
Ional LC (3.5%)

0
50.92a
50.94a
50.26ab
50.47a
50.44a
51.02a
50.37ab
b
y49.19
y16.05
yz16.22
y16.23
yz15.76
y16.01
y15.77
y15.97
z15.78
7.16
7.09
7.01
7.09
7.12
7.16
7.17
7.12

a,b,c

Day of Storage
28
56
84
51.15ab
51.36ab
51.38ab
51.38a
51.17ab
50.98abc
ab
ab
51.23
50.97
50.95abc
51.04ab
50.78ab
50.86abc
ab
ab
50.97
50.77
50.86abc
51.44a
51.95a
51.99a
50.57ab
50.61b
50.37bc
b
b
c
xy50.13
xy50.35
xy50.15
a
z15.08
x17.32
x17.46
ab
z15.74
xyz16.69
x17.54
bc
15.22
16.24
z
y
x17.32
bc
z15.07
xy16.34
x17.24
abc
15.59
16.49
y
xy
x17.45
c
y15.54
y15.68
x17.16
bc
y15.82
y16.01
x17.41
bc
15.78
16.09
z
yz
x17.39
7.26
6.94
7.06
7.01
6.83
6.98
7.29
6.92
7.04
7.11
6.99
7.02
7.21
7.02
6.99
7.27
7.24
7.12
7.07
7.2
7.01
7.15
7.06
7.13

112
51.72a
51.16ab
50.7ab
51.46ab
51.24ab
51.69a
51.16ab
b
x50.44
xy16.76
xy16.93
xy16.84
x16.97
x16.98
x16.86
y16.22
xy16.79
7.02
6.99
7.04
7.02
7.15
7.15
7.11
7.04

Different letters of same column indicate significant difference (P<0.05)
Different letters of same row indicate significant difference (P<0.05)
Optiform SD 4 (PURAC): Liquid form of l-sodium lactate and sodium diacetate
Ional (World Technology Ingredients Inc.): Granule form of sodium citrate
Ional LC (World Technology Ingredients Inc.): Granule form of sodium citrate and sodium diacetate
x,y,z
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4.9.1 Lightness (L value)

Lightness of the samples was significantly (P<0.05) affected by both treatments
and day of storage. However, trt*day had no significant (P>0.05) effect on lightness of
samples. Control had significantly (P<0.05) different L values from Ional LC (3.5%) at
days 0, 84 and 112, which is shown in Figure 4.5. Lightness of samples increased over
time with a significant (P<0.05) increase observed on the treatment with Ional LC (3.5%)
between days 0 and 112 only. Similar results were observed by Brewer and others (1991)
and Maca and others (1999). Furthermore, an increase in the level of antimicrobial agents
caused a decrease in lightness values. This was parallel with the results of Papadopoulos

L Values

and others (1991), Maca and others (1999), and Calhoun and others (1999).

52.5
52
51.5
51
50.5
50
49.5
49
48.5
48
47.5

Control
Optiform SD4 2.5%
Ional 1.5%
Ional 2.5%
Ional 3.5%
Ional LC 1.5%
Ional LC 2.5%
Ional LC 3.5%
0

28

56

84

112

Day of Storage

Figure 4.5. Effect of treatment and day of storage on mean value of lightness of ready-toeat bolognas.
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4.9.2

Redness (a value)

Treatment did not significantly (P>0.05) affect the redness of the bologna
samples. Also, trt*day had no significant (P>0.05) affect on redness of samples.
However, only a significant (P<0.05) difference between treatments was observed on day
56, which is shown in Figure 4.6. Control had the highest redness value at day 56 and
was followed by Optiform SD 4 (2.5%).
Day of storage had a significant (P<0.05) affect on a values of bolognas. Redness
of treatments followed a similar pattern during storage and all of the treatments had the
highest redness values during storage day 84. After that, redness of all the treatments
decreased at day 112. Between day 84 and 112, the only significant change of redness
was observed on treatment with Ional LC 2.5%. A similar change in redness values was
also observed by Maca and others (1999) during 21 days of storage. Furthermore, they
also found that an increase in sodium lactate level caused an increase in a value. The
results of Papadopoulos and others (1991), and Choi and Chin (2003) were also parallel
with our findings.
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a Values

Control

18
17.5
17
16.5
16
15.5
15
14.5
14
13.5

Optiform SD4 2.5%
Ional 1.5%
Ional 2.5%
Ional 3.5%
Ional LC 1.5%
Ional LC 2.5%
0

28

56

84

112

Ional LC 3.5%

Days of Storage

Figure 4.6. Effect of treatment and day of storage on mean value of a values of ready-toeat bolognas.

4.9.3 Yellowness (b value)

Yellowness was not significantly (P>0.05) affected by both treatment and day of
storage. Also, trt*day had no significant affect on b values of samples, which is shown in
Figure 4.7. Papadopoulos and others (1991) found similar results.
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7.4
Control

7.3

Optiform SD 4 (2.5%)

7.2

Ional (1.5%)

7.1
7

Ional (2.5%)

6.9

Ional (3.5%)

6.8

Ional LC (1.5%)

6.7

Ional LC (2.5%)

6.6

Ional LC (3.5%)
0

28

56

84

112

Day of Storage

Figure 4.7. Effect of treatment and day of storage on mean value of yellowness of readyto-eat bolognas.
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CHAPTER 5
CONCLUSION

In this study, effects of antimicrobial agents on chemical, microbiological and
physical properties of ready-to-eat bologna type sausage store in a typical cooler of less
than 40C up to 112 days were evaluated. Antimicrobial agents used in this study were
Optiform SD 4 (2.5%), Ional (1.5%, 2.5%, 3.5%) and Ional LC (1.5%, 2.5%, 3.5%).
Parameters evaluated in this study were cooking yield, water activity (aw), expressible
moisture (WHC), pH, proximate analysis, lactobacilli count (MRS), total aerobic bacteria
count (PCA), yeast and mold count (YM), texture profile analysis, puncture test and
Hunter color values (L, a, b). Variables of this study were antimicrobial agents and day of
storage.
Results indicated that a cooking yield of the bolognas was highest the on
treatment with Optiform SD 4 (2.5%). Control had the highest pH and it was not
significantly (P>0.05) different than treatment with Optiform SD 4 (2.5%) on all of the
storage days. Also, pH of the bolognas decreased with increasing levels of antimicrobial
agents, but increased over time. Furthermore, water activity of the bolognas was not
affected by both treatments and day of storage. On the other hand, expressible moisture
of bolognas was highest on bolognas without antimicrobial and it was not significantly
(P>0.05) different than samples with Optiform SD 4 (2.5%) and Ional 1.5%. Both the
increasing level of treatment and the storage day decreased the water holding capacity of
the bolognas.
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The results of the microbiological analysis were not promising. This is because
the antimicrobial agents did not significantly (P>0.05) affect the lactic acid bacteria, yeast
and mold, and total aerobic bacteria count. However, the overall number of lactic acid
bacteria in all of the bologna samples was not higher than 107 after 112 days. Also, total
aerobic bacteria count and yeast and mold count was not higher than 103. In addition to
this, the lowest increase in lactic acid bacteria was observed in samples with Ional 2.5%.
Results of texture profile analysis indicated that springiness, cohesiveness,
chewiness, gumminess and hardness of the bolognas were significantly (P<0.05) affected
by the addition of the antimicrobial agents in the formulation. Moreover, only gumminess
and hardness of samples was significantly (P<0.05) affected by day of storage. Treatment
Optiform SD 4’s (2.5%) texture properties were closest to control. In addition, results of
the puncture test showed that treatment with the highest levels of Ional and Ional LC
were significantly (P<0.05) different than control.
Finally, results of the Hunter color test indicated that L values of control during
different storage days were different than Ional LC (3.5%). Redness and yellowness of
bologna samples were not affected by treatments. Only Ional’s (1.5%) redness values
were affected by day of storage. Also, lightened display had an affect on the visual
appearance of vacuum packaged bolognas. The side of the bolognas that was exposed to
light became faded. This could be the result of oxidation of the curing agent due to light.
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In conclusion, the best results were obtained from treatments with Optiform SD 4
(2.5%), Ional (1.5%) and (2.5%). However, overall results showed that the increasing
level of the antimicrobial agent had a negative affect on the quality characteristics of the
ready-to-eat bolognas.
Further studies are needed to evaluate the affect of antimicrobial agents on
sensory analysis. Also, consumer taste panel needs to be conducted to determine the
acceptability of the products formulated with these antimicrobial agents. Finally, in order
to minimize the effect of light on cured ready-to-eat sausages, different packaging
materials or storage type can be chosen to minimize quality defects in these types of
sausages.
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APPENDIX A
GLM Program for SAS
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A.1 pH

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day TRT$ pH;
proc print;
proc glm;classes rep trt day;
model pH =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.2 Water Activity

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day TRT$ aw;
proc print;
proc glm;classes rep trt day;
model aw =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:
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A.3 Expressible Moisture

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day TRT$ WHC;
proc print;
proc glm;classes rep trt day;
model WHC =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.4 Lactic Acid Bacteria

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day TRT$ MRS_Log;
proc print;
proc glm;classes rep trt day;
model MRS_Log =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:
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A.5 Total Aerobic Bacteria

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day TRT$ PCA_Log;
proc print;
proc glm;classes rep trt day;
model PCA_Log =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.6 Yeast and Mold

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day TRT$ YM_Log;
proc print;
proc glm;classes rep trt day;
model YM_Log =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:
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A.7 Springiness

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day Springiness;
proc print;
proc glm;classes rep trt day;
model Springiness =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.8 Cohesiveness

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day Cohesiveness;
proc print;
proc glm;classes rep trt day;
model Cohesiveness =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:
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A.9 Chewiness

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day Chewiness;
proc print;
proc glm;classes rep trt day;
model Chewiness =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.10 Gumminess

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day Gumminess;
proc print;
proc glm;classes rep trt day;
model Gumminess =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:
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A.11 Hardness

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day Hardness;
proc print;
proc glm;classes rep trt day;
model Hardness =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.12 Puncture Test

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day Puncture;
proc print;
proc glm;classes rep trt day;
model Puncture =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:
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A.13 Lightness

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day L;
proc print;
proc glm;classes rep trt day;
model L =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.14 Redness

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day a;
proc print;
proc glm;classes rep trt day;
model a =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:
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A.15 Yellowness

option ps=70 ls=100;
data d1;infile 'ayca1.csv' dsd missover firstobs=2;
title 'Ayca-1';
length trt$ 20;
input Rep Day b;
proc print;
proc glm;classes rep trt day;
model b =rep trt|day rep(trt day);
test h=trt|day e=rep(trt day);
means trt|day;
lsmeans trt|day/s p e=rep(trt day);
run;
quit:

A.16 Cooking Yield

data d2;infile 'ayca2.csv' dsd missover firstobs=2;
title 'Ayca-2';
length trt$ 20;
input Rep TRT$ CYield;
proc print;
proc glm; classes rep trt;
model CYield =rep trt rep*trt;
test h=trt e=rep*trt;
means trt;
lsmeans trt/s p e=rep*trt;
run;
quit;
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A.17 Proximate Analysis

data d3;infile 'ayca3.csv' dsd missover firstobs=2;
title 'Ayca-3';
length trt$ 20;
input Rep TRT$ Moisture Crude_P Crude_F Ash;
proc print;
proc glm;classes rep trt;
model Moisture Crude_P Crude_F Ash =rep trt;
means trt;
lsmeans trt/s p;
run;
quit;
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APPENDIX B
The GLM Procedure Output
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B.1 pH
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
120
239

R-Square
0.948057

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
3.37662500
0.18500000
3.56162500

360
240

Mean Square
0.02837500
0.00154167

Coeff Var
0.672186

Type I or III SS
1.63525000
0.94862500
0.07308333
0.08158333
0.63808333

Root MSE
0.039264

Mean Square
0.81762500
0.13551786
0.01827083
0.00291369
0.00818056

F Value
18.41

Pr>F
<0.0001

pH Mean
5.841250

F Value
530.35
87.90
11.85
1.89
5.31

Pr>F
<.0001
<.0001
<.0001
0.0098
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
0.94862500
0.13551786
16.57
<.0001
trt
4
0.07308333
0.01827083
2.23
0.0729
Day
28
0.08158333
0.00291369
0.36
0.9985
trt*day
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B.2 aw
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
120
239

R-Square
0.497389

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
40.10079150
40.52183050
80.62262200

360
240

Mean Square
0.33698144
0.33768192

Coeff Var
59.31424

Type I or III SS
0.59005816
2.40366136
1.32643543
9.45266103
26.32797551

Root MSE
0.581104

Mean Square
0.29502908
0.34338019
0.33160886
0.33759504
0.33753815

F Value
1.00

Pr>F
0.5044

aw Mean
0.979704

F Value
0.87
1.02
0.98
1.00
1.00

Pr>F
0.4200
0.4229
0.4201
0.4758
0.4950

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
2.40366136
0.34338019
1.02
0.4258
trt
4
1.32643543
0.33160886
0.98
0.4221
Day
28
9.45266103
0.33759504
1.00
0.4802
trt*day
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B.3 WHC
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
120
239

R-Square
0.905492

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
25.48168584
2.65958624
28.14127208

Mean Square
0.21413181
0.02216322

Coeff Var
11.97673

Root MSE
0.148873

Type I or III SS
0.53972155
9.87196556
5.56199985
3.70694351
5.80105538

Mean Square
0.26986077
1.41028079
1.39049996
0.13239084
0.07437250

360
240

F Value
9.66

Pr>F
<.0001

WHC Mean
1.243020

F Value
12.18
63.63
62.74
5.97
3.36

Pr>F
<.0001
<.0001
<.0001
<.0001
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
9.87196556
1.41028079
18.96
<.0001
trt
4
5.56199985
1.39049996
18.70
<.0001
Day
28
3.70694351
0.13239084
1.78
0.0247
trt*day
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B.4 Lactic Acid Bacteria
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
120
239

R-Square
0.988106

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
1068.761302
12.864443
1081.625745

Mean Square
8.981187
0.107204

Coeff Var
8.177010

Root MSE
0.327420

Type I or III SS
119.7273210
20.5231703
680.9713696
33.6598934
213.8795473

Mean Square
59.8636605
2.9318815
170.2428424
1.2021390
2.7420455

360
240

F Value
83.78

Pr>F
<.0001

MRS_Log Mean
4.004150

F Value
558.41
27.35
1588.03
11.21
25.58

Pr>F
<.0001
<.0001
<.0001
<.0001
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
20.5231703
2.9318815
1.07
0.3912
trt
4
680.9713696
170.2428424
62.09
<.0001
Day
28
33.6598934
1.2021390
0.44
0.9918
trt*day
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B.5 Total Aerobic Bacteria
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
120
239

R-Square
0.964176

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
188.3521654
6.9982255
195.3503909

Mean Square
1.5827913
0.0583185

Coeff Var
12.48251

Root MSE
0.241492

Type I or III SS
8.71359961
1.12981893
77.21583946
3.41549467
97.87741272

Mean Square
4.35679980
0.16140270
19.30305986
0.12198195
1.25483862

360
240

F Value
27.14

Pr>F
<.0001

PCA_Log Mean
1.934646

F Value
74.71
2.77
331.01
2.09
21.52

Pr>F
<.0001
0.0106
<.0001
0.0033
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
1.12981893
0.16140270
0.13
0.9960
trt
4
77.21583946
19.30305986
15.38
<.0001
Day
28
3.41549467
0.12198195
0.10
1.0000
trt*day
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B.6 Yeast and Mold
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
120
239

R-Square
0.934332

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
164.1561317
11.5374420
175.6935737

Mean Square
1.3794633
0.0961454

Coeff Var
18.22494

Root MSE
0.310073

Type I or III SS
14.14355143
3.80352620
93.89008744
8.00126543
44.31770123

Mean Square
7.07177572
0.54336089
23.47252186
0.28575948
0.56817566

360
240

F Value
14.35

Pr>F
<.0001

YM_Log Mean
1.701367

F Value
73.55
5.65
244.14
2.97
5.91

Pr>F
<.0001
<.0001
<.0001
<.0001
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
3.80352620
0.54336089
0.96
0.4689
trt
4
93.89008744
23.47252186
41.31
<.0001
Day
28
8.00126543
0.28575948
0.50
0.9783
trt*day
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B.7 Springiness
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.714941

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
2.35178666
0.93769467
3.28948133

Mean Square
0.01976291
0.00390706

Coeff Var
8.153582

Root MSE
0.062506

Type I or III SS
0.38911474
0.92116755
0.07200540
0.09946282
0.87003615

Mean Square
0.19455737
0.13159536
0.01800135
0.00355224
0.01115431

360
360

F Value
5.06

Pr>F
<.0001

Springiness Mean
0.766614

F Value
49.80
33.68
4.61
0.91
2.85

Pr>F
<.0001
<.0001
0.0013
0.6015
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
0.92116755
0.13159536
11.80
<.0001
trt
4
0.07200540
0.01800135
1.61
0.1791
Day
28
0.09946282
0.00355224
0.32
0.9994
trt*day
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B.8 Cohesiveness
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.598735

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
1.75786066
1.17809467
2.93595533

Coeff Var
22.28701

360
360

Mean Square
0.01477194
0.00490873

Root MSE
0.070062

Type I or III SS
0.06014544
0.62260546
0.03258490
0.23121341
0.81131145

F Value
3.01

Pr>F
<.0001

Cohesiveness Mean
0.314364

Mean Square
0.03007272
0.08894364
0.00814623
0.00825762
0.01040143

F Value
6.13
18.12
1.66
1.68
2.12

Pr>F
0.0025
<.0001
0.1601
0.0207
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
0.62260546
0.08894364
8.55
<.0001
trt
4
0.03258490
0.00814623
0.78
0.5395
Day
28
0.23121341
0.00825762
0.79
0.7499
trt*day
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B.9 Chewiness
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.758835

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
23574548.64
7492210.42
31066759.06

Mean Square
198105.45
31217.54

Coeff Var
39.43350

Root MSE
176.6849

Type I or III SS
5214825.24
11264971.69
540148.39
1513791.01
5040812.30

Mean Square
2607412.62
1609281.67
135037.10
54063.96
64625.80

360
360

F Value
6.35

Pr>F
<.0001

Chewiness Mean
448.0578

F Value
83.52
51.55
4.33
1.73
2.07

Pr>F
<.0001
<.0001
0.0021
0.0155
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
11264971.69
1609281.67
24.90
<.0001
trt
4
540148.39
135037.10
2.09
0.0901
Day
28
1513791.01
54063.96
0.84
0.6958
trt*day
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B.10 Gumminess
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.749239

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
27391143.59
9167475.05
36558618.64

Mean Square
230177.68
38197.81

Coeff Var
35.20291

Root MSE
195.4426

Type I or III SS
6475477.05
11989083.12
943156.70
1943087.09
6040339.62

Mean Square
3237738.53
1712726.16
235789.17
69395.97
77440.25

360
360

F Value
6.03

Pr>F
<.0001

Gumminess Mean
555.1887

F Value
84.76
44.84
6.17
1.82
2.03

Pr>F
<.0001
<.0001
<.0001
0.0093
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
11989083.12
1712726.16
22.12
<.0001
trt
4
943156.70
235789.17
3.04
0.0219
Day
28
1943087.09
69395.97
0.90
0.6171
trt*day
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B.11 Hardness
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.697356

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
143578601.2
62311230.0
205889831.1

Mean Square
1206542.9
259630.1

Coeff Var
29.97951

Root MSE
509.5391

Type I or III SS
57116633.86
35888523.73
11572739.68
7453124.31
31547579.58

Mean Square
28558316.93
5126931.96
2893184.92
266183.01
404456.15

360
360

F Value
4.65

Pr>F
<.0001

Hardness Mean
1699.624

F Value
110.00
19.75
11.14
1.03
1.56

Pr>F
<.0001
<.0001
<.0001
0.4353
0.0059

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
35888523.73
5126931.96
12.68
<.0001
trt
4
11572739.68
2893184.92
7.15
<.0001
Day
28
7453124.31
266183.01
0.66
0.8927
trt*day
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B.12 Puncture
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.837199

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
6757591.324
1314070.780
8071662.104

Mean Square
56786.482
5475.295

Coeff Var
9.907732

Root MSE
73.99524

Type I or III SS
1809235.138
730923.407
1390725.823
338594.821
2488112.136

Mean Square
904617.569
104417.630
347681.456
12092.672
31898.874

360
360

F Value
10.37

Pr>F
<.0001

Puncture Mean
746.8433

F Value
165.22
19.07
63.50
2.21
5.83

Pr>F
<.0001
<.0001
<.0001
0.0007
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
730923.407
104417.630
3.27
0.0042
trt
4
1390725.823
347681.456
10.90
<.0001
Day
28
338594.821
12092.672
0.38
0.9974
trt*day
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B.13 Lightness
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.932357

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
255.8741531
18.5638000
274.4379531

Coeff Var
0.546234

Type I or III SS
16.7671739
69.5093308
22.2255683
13.2122317
134.1598483

360
360

Mean Square
2.1502030
0.0773492

F Value
27.80

Root MSE
0.278117

L Mean
50.91536

Mean Square
8.3835869
9.9299044
5.5563921
0.4718654
1.7199981

F Value
108.39
128.38
71.84
6.10
22.24

Pr>F
<.0001

Pr>F
<.0001
<.0001
<.0001
<.0001
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
69.5093308
9.9299044
5.77
<.0001
trt
4
22.2255683
5.5563921
3.23
0.0166
Day
28
13.2122317
0.4718654
0.27
0.9999
trt*day

95

B.14 Redness
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

Sum of Squares
334.2081531
75.9145333
410.1226864

R-Square
0.814898

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Coeff Var
3.430155

Type I or III SS
69.3627206
6.6271886
153.2515572
22.0706517
82.8960350

360
360

Mean Square
2.8084719
0.3163106

F Value
8.88

Root MSE
0.562415

a Mean
16.39619

Mean Square
34.6813603
0.9467412
38.3128893
0.7882376
1.0627697

F Value
109.64
2.99
121.12
2.49
3.36

Pr>F
<.0001

Pr>F
<.0001
0.0050
<.0001
<.0001
<.0001

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
6.6271886
0.9467412
0.89
0.5179
trt
4
153.2515572
38.3128893
36.05
<.0001
Day
28
22.0706517
0.7882376
0.74
0.8111
trt*day
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B.15 Yellowness
The GLM Procedure

Class
rep
trt
day

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5
5
0 28 56 84 112

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
119
240
359

R-Square
0.393691

Source
Rep
trt
Day
trt*day
Rep(trt*day)

DF
2
7
4
28
78

Sum of Squares
33.77035000
52.00840000
85.77875000

Coeff Var
6.548057

Type I or III SS
2.00904500
2.30233667
0.85238056
6.24496611
22.36162167

360
360

Mean Square
0.28378445
0.21670167

F Value
1.31

Root MSE
0.465512

b Mean
7.109167

Mean Square
1.00452250
0.32890524
0.21309514
0.22303450
0.28668746

F Value
4.64
1.52
0.98
1.03
1.32

Pr>F
0.0409

Pr>F
0.0106
0.1618
0.4173
0.4299
0.0568

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
2.30233667
0.32890524
1.15
0.3429
trt
4
0.85238056
0.21309514
0.74
0.5654
Day
28
6.24496611
0.22303450
0.78
0.7692
trt*day
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B.16 Cooking Yield
The GLM Procedure

Class
rep
trt

Class Level Information
Levels
Values
2
23
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
15
48
63

R-Square
0.694537

Source
Rep
trt
Rep*trt

DF
1
7
7

Sum of Squares
27.55750000
12.12000000
39.67750000

Coeff Var
0.532197

64
64

Mean Square
1.83716667
0.25250000

Root MSE
0.502494

Type I or III SS
23.04000000
2.47000000
2.04750000

F Value
7.28

Pr>F
<.0001

Cooking Yield Mean
94.41875

Mean Square
23.04000000
0.35285714
0.29250000

F Value
91.25
1.40
1.16

Pr>F
<.0001
0.2283
0.3440

Tests of Hypotheses Using the Type III MS for Rep(trt*day) as an Error Term
Source
DF
Type III SS
Mean Square
F Value
Pr>F
7
2.47000000
0.35285714
1.21
0.4054
trt
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B.17 Moisture
The GLM Procedure

Class
rep
trt

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
9
14
23

R-Square
0.769241

Source
Rep
trt

DF
2
7

Sum of Squares
56.11807083
16.83442500
72.95249583

Mean Square
6.23534120
1.20245893

Coeff Var
1.856713

Root MSE
1.096567

Type I or III SS
32.35050833
23.76756250

Mean Square
16.17525417
3.39536607
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24
24

F Value
5.19

Pr>F
0.0032

Moisture Mean
59.05958

F Value
13.45
2.82

Pr>F
0.0006
0.0466

B.18 Crude Protein
The GLM Procedure

Class
rep
trt

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
9
14
23

R-Square
0.737133

Source
Rep
trt

DF
2
7

Sum of Squares
9.43993750
3.36635833
12.80629583

Mean Square
1.04888194
0.24045417

Coeff Var
3.181496

Root MSE
0.490361

Type I or III SS
6.95990833
2.48002917

Mean Square
3.47995417
0.35428988

100

24
24

F Value
4.36

Pr>F
0.0071

Crude_P Mean
15.41292

F Value
14.47
1.47

Pr>F
0.0004
0.2540

B.19 Crude Fat
The GLM Procedure

Class
rep
trt

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
9
14
23

R-Square
0.866544

Source
Rep
trt

DF
2
7

Sum of Squares
113.9744375
17.5531583
131.5275958

Mean Square
12.6638264
1.2537970

Coeff Var
5.485627

Root MSE
1.119731

Type I or III SS
93.93810833
20.03632917

Mean Square
46.96905417
2.86233274
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24
24

F Value
10.10

Pr>F
<.0001

Crude_F Mean
20.41208

F Value
37.46
2.28

Pr>F
<.0001
0.0894

B.20 Ash
The GLM Procedure

Class
rep
trt

Class Level Information
Levels
Values
3
123
8
C O I1.5 I2.5 I3.5 LC1.5 LC2.5 LC3.5

Number of Observations
Number of Observation Read
Number of Observation Used

Source
Model
Error
Corrected Total

DF
9
14
23

R-Square
0.982895

Source
Rep
trt

DF
2
7

Sum of Squares
7.51989583
0.13086667
7.65076250

Mean Square
0.83554398
0.00934762

Coeff Var
2.624583

Root MSE
0.096683

Type I or III SS
4.97280000
2.54709583

Mean Square
2.48640000
0.36387083
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24
24

F Value
89.39

Pr>F
<.0001

Ash Mean
3.683750

F Value
265.99
38.93

Pr>F
<.0001
<.0001
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