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ABSTRACT

A test product using harp seal (Phoca groenlandica) meat (Seal Meat Shepherd’s Pie)
was developed and processed by the sous vide method. Changes in nutrient content were tested

after the product was ized at five different tis schedules (65°, 70°, 75°, 80°
and 85°C for 105, 60, 43, 35 and 30 min respectively) and were also tested after the product was
prepared by the conventional method of cooking. A non-pasteurized sample acted as control.
The nutrients tested were thiamin, fatty acids, protein and amino acids. Percent fat and moisture
content and pH and water activity were recorded for all the variations studied. Resuits showed
small variations in the amounts of nutrients as  result of some of the treatments when compared
statistically with the non-pasteurized sample. Microbial changes in the product processed at the

85°C for 30 min izing schedule, ized product and i prepared
samples were monitored. Changes in the texture of the meat were tested after the heat treatments
and in the non-pasteurized samples. Optimum ization schedules were ined for some

of the factors as follows: for Q-3 fatty acids (65°C for 105 min), for amino acids (85°C for 30
min) and for texture (70° to 80°C for 60 to 35 min). The pasteurized product did not show any
increase in the growth of aerobic and anaerobic bacteria when stored at both 2.2°C and 8°C for
21 days. .
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L. INTRODUCTION

L.L. Sous vide technology

In response to consumer demands for high quality, easy to prepare and fresh tasting
convenience foods, food scientists have been applying their knowledge to provide an
extended shelf-life foods (Rhodes, 1991). Sous vide, meaning "under vacuum®, has been 2
method of lled food ing in use since i 1978. The

process is also known as cuisine en papillote sous vide, cuisson sous vide and sous vide
cook-chill (SVCC) (Mason er al., 1990; Church and Parsons, 1993).

L.L.1. Sous vide methodology

For the sous vide method, a raw or partially cooked portion of food is placed in a pouch
or rigid tray. Afer removal of the air, the package is sealed. Using steam or hot water,
the packaged food is then subjected to a pasteurization temperature range of 65° to 90°C
(with corresponding time periods), followed by immediate chilling to 3°C or lower. When
it is under highly controlled ions of i ing, time and
temperature, the food will remain fresh-tasting and safe for consumption for up to 28 days
if stored below 3°C. Tests on the sensory quality of cook-chill and sous vide products
have been extensively reviewed by Mason et al. (1990) and resuits indicate the superior
quality of sous vide processed foods in comparison to foods prepared by other cook-chill




non-vacuum methods. Mason ef al. (1990) concluded that, "Conventional cook-chill can
be enhanced in terms of both product quality and storage life by the application of vacuum
been described in detail by Schafheitle (1990).

Only high quality, food grade, oxygen impermeable, flexible pouches or bags, or
thin rectangular trays should be used for vacuum cooking and storage (see Figure 1.1.
which shows an example of the semi-rigid tray system). The thin profile geometry of the
containers allows rapid heating and cooling of the product, a process which cannot be
realized with cylindrical metal cans (Ghazala er al., 1995). The permesbility of the plastics
and films used is affected by the composition, temperature, relative humidity and integrity
of the films and plastic containers used (Beauchemin, 1989). The sous vide process
involves heat treatment in a water saturated atmosphere, followed by a relatively long
storage period at refrigerated temperatures and this, plus the chemistry of the food,
determines the selection of the ideal plastic. The plastics used are muiti layered, by co-
extrusion or with adhesives, to maintain barriers after thermal processing. The integrity of
the heat seal is just as important as the choice of plastic materials for barrier purposes
(Campbeil, 1993).
LLLL and of sous vide Eighteen years is a
relatively short length of time for a new food technology to become established and, as
well as the accolades it has received, it has also had some setbacks. Since its introduction

in France by Georges Pralus, it has continued to remain popular at many food
establishments and food chains in Europe. Lioutas (1988) has considered possible reasons



Figure 1.1. Picture of a sous vide product in a single portion semi-rigid tray.



Seal Shepherd’s Pie




why controlled atmosphere packaging has been applied so successfully in Europe but is
still in its infancy in the U.S, listing the advantages of geographically smaller
countries/distribution  systems, frequency of consumer shopping and higher
awareness/acceptance of refrigerated foods in Europe versus non acceptance in the U.S.
of the higher price associated with sous vide, plus the absence of large food chains
dedicated to high quality refrigerated foods as in Europe.

processing methods: 1) vacuum packaging removes oxygen and thus retards growth of
aerobic bacteria and reduces the effect of deterioration due to oxidation of fats and

vitamins, 2) because the foods are fully or partially cooked after sealing in the pouch or
bag, juices and volatile flavours are retained, as are water soluble nutrients, 3) foods
prepared by the sous vide method usually do not have any preservatives, a positive aspect
for many consumers, and 4) when prepared at controlled central locations, sous vide has
the potential to consistently deliver superior cuisine on a large scale to the food industry,
or on a smaller scale, to the individual consumer (Rhodehamel, 1992).

Disadvantages: The main concem with sous vide technology is with the potential
health hazard of improperly prepared foods. The psychrotropic food-borne pathogens,
especially Clostridium botulimem, are of particular concern because the methods of
preparing, distributing and storing provide prime areas for contamination. Rhodehamel
(1992) lists four concerns related to the technique. These concerns are: 1) sous vide
products are generally formulated with very little or no preservatives and even salt may be
omitted, 2) the products receive minimal thermal processing, i.e. are only pasteurized, 3)



the anaerobic environment created by the removal of oxygen encourages the growth of
anaerobic foodborne pathogens if the product is not stored at correct refrigeration

temperatures, and 4) it is difficult to monitor temperature control of the product once it

leaves the ing plant, and abuse may occur.

The advantages of the sous vide method can only be realized if precautions are
taken at each step of the process to prevent or minimize microbial contamination. An
important step to include in sous vide production is the calculation and use of the D
(decimal reduction time) value, i.e. the time (min) at a specified temperature needed to
reduce a microbial population by 90%.

1.1.2. Microbiological considerations
The most important determining factors to ensure safety during the shelf life of sous vide
products are: the initial concentration of bacteria in the raw materials, and refrigeration
that is properly controlled. In addition, factors that will increase the safety of the food
are: a high thermal destruction rate of microorganisms (F value) during the heat treatment;
PH; water activity (a.); relative bumidity; and expert packaging (Besuchemin, 1990). For
food products that cannot tolerate a high i control of C.

can be improved by using a lower storage temperature combined with a food pH of 5.0 or
lower, an s, of 0.97 or lower and/or a sait concentration of 3.5% or higher (Betts and
Gaze, 1995).

The F value is affected by a number of factors. These factors include the initial

concentration of bacteria before heat treatment, the severity of the heat treatment in



relation to time and temperature, the thermal diffusivity into the food, the geometry of the
package and the presence of entrapped gas in the package, the type of heat treatment and
the thermal resistance of the bacteria (Beauchemin, 1990). The cooking process has to be

planned to utilize the maxi icrobiologi ion rate with no adverse effects on
the quality, by considering the value of F and the value of the quality degradation rate (C).
The temperatures achieved during the heating period are monitored using a probe or
thermocouple in the product.

L12.1. Shelf life studies Shelf life studies measure the physical, chemical,
microbiological and sensory changes during controlled storage conditions. The time when
the quality or sensory attributes of the food product become unacceptable is the maximum
sheif life of the food product (Burn and Prentice, 1994).

The most important factors affecting the shelf life of food are the content of
microorganisms and the metabolites they produce during their growth. The metabolites,
such as organic acids, can cause chemical and sensory changes or physical changes (eg.
swelling of packed foods from carbon dioxide production). Each food product, either raw
or has a different microbiological quality standard. It is generally accepted
that meat spoilage occurs when the number of colony forming units (CFU) of bacteria
reach 10”/g (Stiles, 1991; Bailey ef al, 1993; Burn and Prentice, 1994). Therefore, a shelf

life study on products containing meat should continue until this value is reached.



1.13. Nutritional aspects
Apart from the better organoleptic quality obtainable through retention of flavour and
juiciness in the sealed sous vide package, a positive effect on retention of nutrients would
be expected, since this method offers the possibility of retarding both the oxidation and the
leaching of water soluble vitamins (Petersen, 1993). However, according to Creed (1995)
and Church and Parsons (1993), there is little objective evidence to support the theory that
high quality taste and texture means an automatic high nutrient retention. Nutritional
labelling of processed foods has become mandatory in many countries and of interest to
many consumers. Therefore it is important to know which nutrients are affected by the
sous vide method. Various experimental techniques have been used to analyse vitamin
retention in meal components. Only a few analyses have been made of prepared dishes,
including those prepared by the sous vide method (Creed, 1995). When research on
combination foods has been reported, the temperatures used for processing have usually
been >100°C. Pasteurizing temperatures used in the sous vide technique do not reach this
level

While a certain amount of work has been done on vitamin retention during sous
vide processing, little or no attention has been paid to retention of fatty acids and amino
acids (Bognar et al., 1990) in sous vide products. No change in the content of protein,
fat, carbohydrate and minerals is expected (Creed, 1995). Smith and Alvarez (1988)
reported that amino nitrogen, non-protein nitrogen and pH did not change during storage
of vacuum packaged turkey breast rolls. In chilled and pasteurized chilled meals, it has
been reported by Bognar (1990) that no significant changes were found in the content of



protein, fat, carbohydrates and minerals after 10 and 28 days storage at 2°C, followed by
reheating. Fatty acids did not change and only sulphur containing amino acids showed
slight change. There is need for more research in the area of fatty acids and amino acids in
sous vide products.

1.2. Harp seal (Phoca groenlandica) meat

Harp seal (Phoca groenlandica) is the most abundant species of seal in the Atlantic region

of Canada, parti off the coast of and Labrador, where its population
has been estimated at 3 million during the winter months (Stenson, 1995). Seal meat is a

nutritious meat which is underutilized as a human food source. Seal meat constitutes a
large portion of the native diet in Northern Canada (Kuhnlein and Soueida, 1992; Wein,
1994). However, seal meat ion by ive Canadians i ly limited

L.2.1. Fat composition of harp seal meat

The fat content of harp seal meat ranges from 1.8 to 3.7% (g/g, wet muscie mass)
depending on the sex of the animal and time of year (Beck ef al., 1993; Shahidi and
Synowiecki, 1993; Gales er al.,, 1994). Furthermore, the fat is composed of a higher
percent of polyunsaturated fatty acids (PUFA) than meat from land animals. Pork and
beef meat contain, respectively, 10.4 and 6.2% PUFA (% of total fatty acids) compared to
24.6% PUFA for seal meat. Saturated fatty acids in seal meat are approximately 17% of



total fatty acids, compared to 37% and 47% in pork and beef respectively.
Monounsaturated fatty acid (MUFA) levels are similar in seal meat, pork and beef
(Shahidi and Synowiecki, 1993). The omega-3 (Q-3) fatty acids, eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), are present in seal meat but not in meat from
land animals. The skeletal muscle fat of the adult female harp seal contains from 2.6 -
7.4% EPA and from 2.5 - 8.0% DHA on a total fatty acid basis (Engelhardt and Walker,
1974). Much attention has been focused on these long chain fatty acids as having a
possible ic use in ing certain heart litions (Holub, 1990; Kinsella,

1986; Turley and Strain, 1993).

Oxidation of PUFAs proceeds at a faster rate than does that of saturated fatty
acids (SFAs) (Nawar, 1985), so that intramuscular fat in raw seal meat would be expected
to deteriorate more quickly than the saturated fat from beef or pork. The primary
products of fat oxidation, hydroperoxides, decompose to produce a range of secondary
products such as aldehydes, ketones and alcohols which give undesirable flavours to the
fat and hence, the meat. Much of the strong flavour and odour attributed to seal meat is
the result of buildup of these byproducts in the fat. Properly handled fresh or fresh frozen
raw and cooked seal meat should benefit from the vacuum packaging involved with sous

vide processing.



1.2.2. Protein and mineral composition of seal meat
Table 1.1. lists the protein and minerals found in 100g of various cooked high biological
value protein foods. Seal meat values for iron from two species of seal indicate a very
high content of this mineral in comparison with land animal values.

1.2.3. Use of seal meat for the test product
Numerous combination dishes can be prepared using the meat of harp seal. Use of the
sous vide technique to produce these food products has not been investigated. It is
suspected that this processing form, which considerably reduces the amount of oxygen
present, would be a highly acceptable method for seafood preparation. In addition,
combination of the seal meat with other ingredients would reduce the contribution of any
strong flavour from the meat. If the meat dishes were prepared in a controlled setting,
provide a way to utilize this nutrient dense mest. A traditional mixed dish containing meat
was chosen for this research on quality and nutritional changes. Seal Meat Shepherd's Pie,
(SMSP) with ground seal meat, gravy and vegetables, contains 24% seal meat. [t is one
of many dishes that can be used as a vehicle for this meat.
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L.3. Fats and fatty scids

L.3.1. Composition of fats and fatty acids
Most fats and oils can be classified as mixed glycerides. A food fat or oil is a combination
of three fatty acids on a glycerol molecule and is called a triacyiglycerol. Many of the
properties of food fats are a reflection of their fatty acid components, the arrangement of
the fatty acids on the glycerol and interactions between the fatty acids.

The most common and important fatty acids contain between 12 and 22 carbons

and are found in many different plant and animal fats. In general, the fatty acids have an

even number of carbon atoms. The naturally occurring fatty acids can be grouped on the -

basis of the number of double bonds in the fatty acid chain. Fatty acids containing a single
double bond between two of the carbon atoms in a fatty acid chain are referred to as
monounsaturated fatty acids (MUFA). Ifa fatty acid contains two or more double bonds
it is referred to as a polyunsaturated fatty acid (PUFA) (deMan, 1992). In PUFAs, the
double bonds are arranged in the cis configuration in most naturally occurring fats. The
trans configuration of double bonds occurs mainly in fats that have undergone the
hydrogenation process.

Long chain fatty acids having the first double bond occur at carbon 3 or carbon 6
from the methyl end of the fatty acid chain are referred to as Q-3 or Q-6 fatty acids. Fatty
acids belonging to the Q-3 and Q-6 families of PUFAs cannot be synthesized de novo by
animals. Because they are important components of cell membranes and serve as

for a number of biologically active some of these fatty acids are




considered to be essential fatty acids (EFA). However, because all but linoleic acid
(C18:2 n-6) and linolenic (C18:3 n-3) can be provided by conversion of other fatty acids,
these two are the only true EFAs.

1.3.2. Dietary requirements for fat and fatty acids

Dietary lipids or fats are necessary to the body for a number of reasons. They serve as
concentrated sources of energy and a source of essential fatty acids. They also act as
carriers of the fat soluble vitamins. Keen interest in fat in the diet has been ongoing for the
past two to three decades. The average intake of fat (as a percentage of total energy) in
Canada is 38% (Health and Welfare Canada, 1990) and in Britain is 42% (British
Nutrition ion, 1992). The ions from the National Research Council

(NRC) (1989) of the USA, as cited by the British Nutrition Foundation (1992), and from
Health and Welfare Canada (Nutrition recommendations. Report of the Scientific Review
Committee, 1990) are for 30% of energy from fat compared to 33% recommended by the
British Committee on Medical Aspects of Food Policy (British Nutrition Foundation,
1992).

Not only has an interest developed in the total fat content of foods, but the type of
fat has importance. Recommendations for the type of fatty acids to be included in the diet
have also been made. A balance of unsaturated fatty acids:saturated fatty acids, in a ratio
of 2:1, is recommended (Health and Welfare Canada, 1990). Recent investigations have
shown that dietary trans fatty acids may adversely affect plasma cholesterol risk factors
for heart disease (Mensink and Katan, 1990; Mensink ef al., 1992; Troisi et al., 1992;



Zock and Katan, 1992; Wood et al., 1993; Judd ef al, 1994). Although foods containing
cis double bonds are recommended over foods that are high in trans double bonds, no
specific ratio of cis to trans fatty acids in the diet has been recommended (Health and
Welfare Canada, 1990). The governments of many nations have made recommendations
to the public regarding the issue of dietary fat reduction and fat and fatty acid intakes, with
Foundation, 1992).

Evidence supporting a beneficial role for long chain, highly unsaturated, -3 fatty
acids in the diet continues to accumulate (Kinsella, 1986; Neison and Ackman, 1988;
Ackman, 1990; Holub, 1990; Nettleton, 1991). Epidemiological studies have suggested
that the consumption of fish and/or oils containing EPA and DHA can reduce the risk of
arterial thrombosis and thus offer protection against cardiovascular disease (Turley and
Strain, 1993). It has been suggested that the position of the Q-3 fatty acids, i.e. sal, sn2
or sn3, on the triacylglycerol molecule is important and that marine mammals have a more
favoursble arrangement than do fish (Ackman, as cited in Kyle, 1991). Nutrition
recommendations from Heaith and Welfare Canada (1990) suggest that Q-6 fatty acids
should be present in the diet providing at least 3% of energy, and that Q-3 fatty acids
should be inchuded in the diet at 0.5% of total energy content. Except for infants, the
health risk of underconsuming adequate amounts of fatty acids is far less than the health
risk of overconsuming them.
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1.3.3. Fat deterioration

In addition to chemical analysis of foods and food fats for fat and fatty acid content,
research is ongoing into the chemical and physical changes to fatty acids that occur when
foods are processed and In spite of the ions for fat reduction,

foods continue to be manufactured with high percentages of fat. The question arises as to
whether the fats and fatty acids that may be declared on the label are actually present in
the form and amount listed. Changes that can occur to fats during preparation and storage
include lipolysis, oxidation and thermal decomposition (Nawar, 1985). Of these, the main
concern is with oxidation which can proceed during both food production and distribution
whether or not the food is heated or unheated during preparation. Lipid oxidation is one
of the major causes of food spoilage. It leads to the development of off-flavours and off-
odours (rancidity) and these changes in the fat can lead to a decrease in the nutritional
quality of the food. Fats that are high in fatty acids are

to oxidation which, once it is initiated, proceeds rapidly.

1.3.4. Oxidation

The reaction with oxygen is referred to as autoxidation (Nawar, 1985; Cosgrove ef al.,
1987) and can be precipitated by any number of catalysts. The production of free radicals
from oxygen and the fatty acid is thermodynamically difficult, requiring an activation
energy of about 35 kcal/mol (Nawar, 1985). Extending the induction period, which is
prior to activation and during which time oxidation has not yet begun, is important for the
overall control of oxidation. The first few radicals necessary to start the propagation



reaction are produced through some catalytic process. Metal catalysis and/or exposure to
light are most often implicated in the reaction, although more recently, it has been
suggested that singlet oxygen is the active species involved, with plant and animal
pigments such as chlorophyll or myoglobin acting as the sensitizers. Once there are
sufficient free radicals to begin the chain reaction, hydrogen ions are removed from the
unsaturated farty acid chains at the allylic position. Oxygen is added at this location with
the result that peroxy radicals form and these in tumn remove hydrogen from the a-

ic groups of other to yield ide and free radical groups. The
free radicals react with oxygen to continue the sequence described. There is usually a shift
in the position of double bonds during the reaction, resulting in isomeric hydroperoxides.
resulting in a variety of products, some of which are responsible for flavour and odour
changes in the food (Nawar, 1985).

Delaying the activation or initiation step prolongs the sheif life of the product.
Anything that can be considered to catalyze the reaction should be controlled. Elimination
of as much oxygen as possible removes a main factor in the equation.

1.3.5. Factors which initiate oxidation of fatty acids

Factors that would affect oxidation in a food product include moisture content, metal
catalysts and temperature.

1.3.5.1. Water activity (a.) It has been shown that oxidation rates depend strongly on
the water activity of foods. An s of 0.1 to 0.3 induces rapid oxidation, but at activities



from 0.3 to 0.5, the oxidation slows down. Above 0.5, oxidation proceeds at a more
normal rate (Nawar, 1985).

1.3.5.2. Metals The transition metals, such as cobalt, copper, iron, manganese and nickel,
are major pro-oxidants. If present in amounts even as low as 0.1 ppm, they can decrease
the length of the induction period and increase the rate of oxidation (Nawar, 1985).

Iron is present in relatively high amounts in seal meat. As reported by Rhee
(1989), non-heme iron, released from meat that has been cooked, appears to accelerate
lipid oxidation, but it is not known whether some fatty acids are more susceptible to this
than others. Rhee and Ziprin (1987) found that the higher total pigment and myogiobin
concentration in beef compared to chicken and pork correlated with increased lipid
oxidation. Ahn ef al. (1993) found that a combination of antioxidant, in particular metal
chelators, plus vacuum packaging of hot cooked turkey patties provided better protection
from oxidation than cold packaging. Ringed seal meat (Phoca hispida) contains
approximately 6 to 10 times more iron than does beef (Kuhnlein and Soudeida, 1992;
Pennington, 1994) (see Table 1.1.) and the iron could be expected to have an effect on
lipid oxidation. Iron content of harp seal (P. groeniandica) has been recorded at even
higher levels than ringed seal meat (Shahidi and Sayoweicki, 1993).
1.3.5.3. Temperature
The rate of oxidation incresses as the is increased. is also

important in terms of the effect of oxygen partial pressure on the rate of oxidation. As the

temperature increases, the increase in rate with increasing oxygen concentration becomes



less evident, since oxygen becomes less soluble as the temperature is raised (Nawar,
1985).

1.4. Thiamin

Thiamin (Vitamin B1) was officially discovered in 1897 by Christian Eijkman (Gubler,
1984). Eijkman, observing poultry fed polished rice and noticing the appearance of
symptoms similar to those of beriberi in humans, wondered if there was a connection
between refining of cereal products and the symptoms of weakness and polyneuritis in
humans. He and his associate, Gerrit Grijns, fed kitchen scraps, and later rice bran or
polishings, to the birds and found that they improved dramatically. From these findings
Eijkman and Grijns were able to establish that a substance in the bran and germ prevented
the symptoms from occurring. In 1911, Casimir Funk isolated what was known as the
antiberiberi principle and, because it was determined that it contained an amine, referred to
it as a "vitamine”, the name that was eventually adopted in general to designate the whole
class of trace nutritional factors. After isolation and crystallization of the active substance
from rice bran by B.C.P. Jansen and W. Donath in 1926, Robert R. Williams and his
group, under the suspices of Capt. E.B. Vedder, succeeded in presenting a chemical
formula in 1936. As well, they proposed the name of thiamine, also accepted with the



Thiamin is present in practically all plant and animal tissues, however its content in
many foods is small and food preparation may result in considerable losses. Thiamin is
essentially absent in fats and oils and in any highly refined foods. Considerable variation in
recorded values is evident when comparison is made of thiamin values from different
information sources.

Health and Weifare Canada (1990) recommends 0.4 mg thiamin/1000 kcal (0.48

mg/5000 kJ) energy per day. ions are based parti on energy from
carbohydrate sources.

L4.1. Chemical structure and forms of thiamin
The chemical structure of thiamin is shown in Figure 1.2. Williams and his group studied
the molecular structure of thiamin and found that thiamin can be cleaved at the methylene
bridge into a pyrimidine derivative (2-methyl-4-amino-S-hydroxy methylpyrimidine) and a

thiszole ring (4-methyl-S. iazole) (Gubler, 1984; Lambert and

deLeenheer, 1992). About 80-90% of the total thiamin, ie. thiamin plus thiamin
phosphate ester content in cells, is thiamin pyrophosphate (TPP), the coenzyme form of
thiamin. In some animal tissues, thiamin triphosphate (TTP) is present in amounts of 70-
80% total thiamin, (Kawasaki, 1992). In plant products, thiamin occurs predominantly in
the nonphosphorylated, or free, form (Gubler, 1984).

The double sait form of thiamin with hydrochloric acid (CiHuCLN.OS;
molecular weight 337.28) is soluble in water, slightly less soluble in methanol and glycerol,
nearly insoluble in ethanol and insoluble in ether and benzene (Merck Index, 1983). This
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Figure 1.2. Chemical structures of thiamin and its ion to thi




form of thiamin is used most often in experimental studies. The more stable form, thiamin
mononitrate (CioHi7NsO.S: molecular weight 327.36), is most often used in fortification
of foods, especially enrichment of flour mixes.

1.4.2. Physiological functions of thiamin

The physiological functions of thiamin were first demonstrated in 1936 by RHS.
Thompson and R.E. Johnson who showed a correlation between a high blood pyruvate
level and Vitamin Bl deficiency. Soon after, R.A. Peters and coworkers demonstrated
that thiamin was essential for carbohydrate metabolism (Gubler, 1984).

Thiamin must be converted into thiamin phosphates before exerting its
physiological function as a coenzyme in cells. Thiamin pyrophosphate functions as a
coenzyme for several important enzymes in carbohydrate and amino acid metabolism
(Ottaway, 1993). Many of these reactions are important for the generation of an adequate
supply of ATP and so a deficiency of the active form of thiamin will affect those tissues
that have a high energy requirement, such as nerves, muscles and heart. During a
deficiency of thiamin, the main pathology occurs primarily in these aress. Thiamin
deficiency is known to affect nerve function, especially in peripheral nerves. The disease
state, known commonly as beriberi, has been associated with those countries of the world
which rely heavily on refined grain carbohydrates as the chief food energy source. In

countries, deficiency is usually iated with lism, due to the poor




deficiency, with central nervous system involvement, results in Wemnicke Korsakov
syndrome.

1.4.3. Determination of thismin

Thiochrome is quantitatively formed from thiamin by alkaline (pH >8) oxidation with
cyanogen bromide or potassium ferricyanide (Figure 1.2.). Thiochrome is a highly
fluorescent blue compound with an excitation maximum of about 365 nm and an emission

maximum close to 435 nm.

L.4.4. Factors affecting availability of thiamin
Temperature, pH and time of heating, processing and storage, are the most important
factors contributing to the loss of thiamin in food products (Dwivedi and Amold, 1973).
Investigations into the effects of sulphur, iron, copper and phenols on thiamin stability
have been done and have shown the difficulty of working with real and complex food
systems. In addition, water activity, light and oxygen interactions are factors to consider
in the degradation and analysis of thiamin.
L44.1 pH Destruction of thiamin is more rapid in alkaline than in acid conditions
(Dwivedi and Amold, 1973). When thiamin solutions at pH 7.0 and above were heated,
hydrogen sulfide was a major product. Heating of thiamin solutions at pH 6.0 or below
resulted in cleavage of thiamin at the methylene bridge between the thiazole and
moieties, ing 4-methyl-5-(B thiazole as the principle
sulfur containing product (Dwivedi and Ammold, 1973). Alazamora ef al (1992)
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suggested that significant improvement in thiamin stability can be achieved with slight
lowering of pH of canned low acid foods, such as meats and vegetables, from a pH of 5.9
t0 6.4 down to ~pH 5. A dramatic retention of thiamin after processing was observed in
another experiment with canned low acid foods. Briozzo er al. (1987) lowered the pH of
pea and com purees from 6.9 and 6.5 (respectively) to 5.6 and achieved a 95% and 63%
(respectively) increase in thiamin retention. Model systems have also been used to
demonstrate the beneficial effect of low pH on thiamin (Fox e al., 1982).

1.4.4.2. Sulphites Bisulphites and other inorganic bases are known to degrade thiamin by
(Gubler, 1984). Thiosulphites are found in onion and garlic (Clydesdale er al., 1991;
Carson, 1987), but the proportion of these ingredients in the SMSP product (1.0% of
onion and 0.1% of garlic) is not expected to have an influence on thiamin retention.
1.4.43. Proteins and carbohydrates Thiaminases, which are present in small
concentrations in vegetable and animal food products also degrade thiamin. During
cooking, the enzymes will be denatured and therefore should not have any effect on
thiamin. Naturally occuring proteins and amino acids are known to have a protective
effect on thiamin (Dwivedi and Amold, 1973), but once these proteins have been
denatured by the heating of the product, this protecti ‘would not by
carbohydrates, indicated that few reactions of any significance occured. Only when
carbohydrates which participate in the Maillard type reaction were involved were there




Amold, 1973) and thiamin hydrochloride with xylose, maltose and glucose (Doyon and
Smyrl, 1983) indicated a destruction of thiamin. In the research of Doyon and Smyri the
loss of thiamin was 37%. If these reducing sugars do not figure prominently in the food
product under investigation and the moisture content of the product is not low enough to
promote the Maillard reaction within the time of the food preparation, it can be assumed
this reaction would not be significant.
1.4.4.4. Minerals Copper is known to complex with thiamin causing decomposition of
the vitamin (Dwivedi and Amold, 1973). Iron, within the thermostable hemin products of
animal tissues, binds thiamin, making it unavailable. Porzio et al. (1973) refer to thiamin
modifying factors containing hemoglobin and myoglobin in tuna, beef and pork which
have antithiamin activity. Seal meat used in our test product is extremely high in iron and
seal meat is also a significant source of copper. To date, studies have not been done on
the possible influences of these minerals on the stability of thiamin in cooked food
products containing seal meat.
14.4.5. Phenols Interaction of thiamin with phenols has been noted. Initial studies were
conflicting, but investigation by Yang and Pratt (1984) showed that two cinnamic acid
i caffeic acid and ic acid, degraded thiamin with the major product
being thiamin disulphide. Tannins have also been implicated in thiamin breakdown
(Rungruangsak ef al., 1977). On the other hand, plant antioxidants such as quercetin,
found in onion in amounts five to ten times higher than many other vegetables (Hertog et
al., 1992), might have a protective effect on this vitamin (Benterud, 1977). Further




investigation into the amounts needed for a beneficial effect and the result of processing
on the antioxidant are needed.

L4.4.6. and time The i of thiamin retention versus temperature

variation has been examined at length. It has been shown that thermal degradation of
thiamin follows the Arrhenius equation (Feliciotti and Esselen, 1957). This also applies to
thermal destruction during processing of foods. There have been many studies on the
thermal destruction kinetics of thiamin (Feliciotti and Esselen, 1957; Mulley et al., 1975b;
Skjoldebrand er af, 1983). Increases in temperature lead to increased destruction of
thiamin. A correlation between the destruction of thiamin and the destruction of target
microorganisms has shown that the destruction rate of the vitamin can be safely used to
assure the ion rate of the mi it (Feliciotti and Esselen, 1957). The
degradation of the vitamin has long been used as an indication that temperatures reached

in thermal processing were sufficient to destroy target microorganisms (Teixeira et al.,
1969; Fox et al., 1982).

‘Thiamin, bound to protein, as in tissues, is more stable to thermal destruction than
is free thiamin. In the sous vide method, essentially waterless cooking takes place where
the nutrients remain sealed with the product. Research has shown that this method of
preservation should be very beneficial to retention of this vitamin. Recommendations for
minimal loss of thiamin during processing suggest deaeration or inert gas treatment where
possible (Benterud, 1977). Most studies of the effect of heat on thiamin have used
temperatures >100°C (Dwivedi and Amold, 1972; Mulley ef al., 19758; Augustin ez al.,
1980; Skjoldebrand et al, 1983; Briozzo ef al, 1987, Ramaswamy er al., 1990;
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Alazamoro et al., 1992; Banga et al., 1992; Steet and Tong, 1994). Some studies using

lower have been with model systems (Fox ef al., 1982).

1.4.4.7. Water activity (a,) Water activity in model systems has been studied (Arabshadi
and Lund, 1988) with the conclusion that intermediate to high water activity was
beneficial to thiamin retention. When both a. and pH observations were combined the a.

was deemed to have little effect (Fox ef al., 1982).

1.4.5. Choice of thiamin as nutrient index

As part of our overall study of the effects of various pasteurization time-temperatures on
the quality of a sous vide product, thiamin was chosen as a suitable index because of its
sensitivity to heat. Single pure foods have been tested for thiamin stability versus
microbial level using low temperature (70° to 100°C) cooking methods (Awonorin and
Ayoade, 1993). Some studies using model systems of the sous vide method have been
explored. However, very little research into thiamin stability has been carried out using
food components processed by the sous vide method.

LS. Protein and amino acids

Proteins are complex, multifaceted, and multireactive structures composed of linear chains

of amino acids that are joined by peptide bonds. They play an important role in the
structure and function of cells. Numerous proteins have been isolated, purified and
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sequenced. It is the ratio and sequence of the amino acids that are specific for each
For optimal growth and repair of the body, humans require sufficient amounts of
nine of the main twenty amino acids found in foods. These nine amino acids; histidine,

(Henley and Kuster, 1994), are considered to be essential to the body and a food protein
containing all of them in adequate amounts is referred to as a complete protein. Food
proteins containing lesser amounts of one or more of the essential amino acids are referred
to as incomplete proteins. Complete proteins are found mainly in animal products.

Energy from protein should comprise 10 to 13% of total energy depending on age,
sex and level of activity (Health and Weifare Canada, 1990).

LS.1. Reactions of proteins during food processing
The properties of proteins give them superb characteristics for functioning in biological
systems, but these characteristics also make many proteins susceptible to environmental
stresses. Food processing, which includes the many steps a food undergoes between
harvest and consumption, can modify proteins and change the functionality, nutritional
quality or safety of the food.

Hest treatment of food proteins brings about changes in texture and flavour of
processing can result in changes, which range from slight changes in the hydration of the
protein or its relation with other molecules in the system, to moderate chemical changes in



the amino acid side chains, and to actual thermal destruction at very high temperatures.
‘When optimally processed, these changes can contribute to improvement in the
characteristics of the food.

1.5.2. Protein denaturation
Heat is the most common physical agent capable of changing proteins through
Protei o is any ification in "

tertiary or quaternary) not accompanied by the rupture of the peptide bonds involved in
the primary structure. The ultimate step in densturation may be a totally unfolded
polypeptide structure. The rate of denaturation by heat depends on many factors, such as
the nature of the protein, protein concentration, water activity, pH, ionic strength and the
kind of ions present.

1.5.3. Food processing effects on amino acids
Heat can cause the chemical alteration of amino acid residues, especially in alkaline
(acid) type amino acids, giutamine and asparagine, are deaminated under alkaline
In acid eavi is destroyed at high temperatures, and
hydroxyl containing amino acids, serine and threonine, are slowly destroyed. Ultraviolet
light destroys the aromatic amino acids tryptophan, phenylalanine and tyrosine (Finley,
1985). Thermal trestments carried out in the presence of oxygen lead to the partial
destruction of the tryptophan residues in proteins (Finley, 1985). All amino acids are




sensitive to dry heat. Lysine is particularly sensitive to the Maillard reaction involving a
reducing sugar, an amino acid and alkaline treatment and/or dry heat (Cheftel er al.,
1985).

Isopeptides are formed during heating of proteins. As noted by Otterbu (1989),
the ease of formation of isopeptide crosslinks in any specific protein is dependent on,
among other things, the concentration of glutamic acid and aspartic acid in relation to
lysine. Due to the competitive nature of reducing sugars and lipids, their presence
together in a food can reduce the formation of the isopeptides.

Fay et al. (1991) conclude from literature research that significant isomerization

only occurs unde i iti alkaline pH, and/or treatment time.
Temperature and pH prevailing under normal food processing conditions produce
negligible isomerization.

The sulpbur-containing amino acids, methionine and cystine, are damaged by
reaction products from lipid oxidation. Methionine has been studied as an amino acid that
reacts with fat in protein containing foods. Finley (1985) notes that lysine losses appeared
to occur during the initial oxidation induction period whereas tryptophan losses occurred

through the peroxidation period of lipid ination of free
amino acids before and after pasteurizing might indicate any changes that may have
occurred due to heating




1.5.4. Protein and amino acid i in Seal Meat 's Pie

susceptibilities to any damage resulting from processing. In the present study, the effect
of additional heat on already heat denatured protein is of interest. According to Finley
(1985), in the literature there is no agreement on the effects of food processing on the
nutritional quality of food proteins. Food processing factors expected to influence the
product would include heat, heat in the presence of oxygen and reaction with lipid
oxidation products. It is not expected that the Maillard reaction would be a factor in this
research because of the very moist conditions and the acidic environment. Hamm (1977)
reports on several research papers which conclude that normal cooking does not have
However, meat dishes Containing added carbohydrates did show a greater loss of amino
acids (Hamm, 1977).

L.6. Texture

Texture, along with taste, odour and appearance, is one of the sensory properties of foods.
Food texture is related to the microstructure of the food. Food processing, which
generally makes use of heating, freezing, emulsification, etc. can have important influences
on the mi and physical ies, and hence the texture, of a food. The
texture of protein based muscle foods is significantly affected by cooking. Connective




tissue denaturation by heat can result in softening, while thermal denaturation of
contractile proteins (myosin and actin) can lead to toughening. Fiber breaking, resulting
from grinding of the muscle tissue will also affect the texture of the meat. Breaking the
fibers will increase the tenderness of the meat (Stanley, 1987).

L.6.1. Influence of heat on texture

Meat tenderness is one of the most important quality criteria when evaluating results of
cooking conditions. Thermal treatment of tough meat would have a beneficial effect on
the tenderness if the meat were cooked for sufficient time. Connective tissue, which is
predominantly collagen and found in higher amounts in the tougher cuts of meats, will
begin to soften or break down to gelatin at 50° to 60°C in a moist environment. Muscle
fiber proteins in beef will begin to denature, shrink and toughen at approximately 60° to
70°C (Bennion, 1980). This was confirmed by Bertola et al (1994) in testing
time/temperature variations on cylinders of beef muscle heated in water baths from 60° to
81°C. They observed that denaturation of actin began at 66°C. After 30 min at 68°C the
protein was completely denstured. Protein denaturation was followed by Differential
sous vide technique should create a favourable climate for tenderization of meats because
of the lower temperatures used. However, the temperature range for denaturation of
proteins is species specific and therefore the muscle protein of each animal species would
require i igation to d ine if an ideal ti range for optimal texture

can be found.



1.6.2. Measurement of texture

The measurement of texture may be accomplished directly by the use of sense of touch,
which is subjective. However, because the stimulus of texture perception is mainly
mechanical in nature, it can be measured by physical or objective methods. [nstrumental
tests for texture rely on ion and flow istic of the food

material.  Precision of objective measurcments is potentially superior to subjective
but testing equif and must be carefully

In most uniaxial compressive tests, a food specimen is deformed at a constant

deformation rate (Peleg, 1987). The force that develops is recorded continuously and the

relationship between force and time is shown by an upward curving line. The shape and

size of the test sample must be specified and maintained. The larger the number of units in
the food speciman to be tested, the more precise and reliable the results will be.

1.7. Objectives

The overall objectives of the present study are:

1. To develop a value-added food product using an underutilized marine species.

2. To prepare the product using the sous vide method with optimization of
time/temperature schedules.

3. To compare the product with i prepared and ized sample
products for nutritional and quality changes.




2. MATERIALS AND METHODS

2.1. Product formulation

2.L.1. Preparation of product

Figure 2.1. shows a summary flow chart of the preparation of seal meat shepherd's pie
(SMSP). Harp seal meat was obtained from animals populating the waters surrounding
Newfoundland and Labrador in the winters of 1993 and 1995. Other ingredients were
obtained at local supermarkets. Seal meat that had been stored at -40°C was allowed to
thaw in a refrigerator. Seal meat from the flank and rump sections (see Figure 2.2.) was
cut into about 4 cm cubes, mixed together, ground and reground using an Omas TS8 food
grinder fitted with a 4 mm die (Omcan, Mississsuga, ON). The meat, 600 g, was cooked
in 28 g com oil for 10 min at which time the red colour of the meat disappeared. Chopped
onion, 35 g, plus 3 g minced garfic was added to the fried meat and cooked for 3 min. All
purpose flour, 16 g, was stirred into the mixture of meat. One beef bouillon cube (6 g),
dissolved in 250 mL boiling water, was blended with the mixture. In a separate container,
135 g peeled diced carrots were cooked in simmering water for 5 min, and then drained
and added to the meat along with the following: 484 g drained canned peas, 50 g tomato
paste, 3 g dried parsley, 1 g dried thyme, 6 g salt and 1 g black pepper. This mixture was
further cooked for 8 min and then homogenized in a food processor for 5 min.



FLOW CHART FOR PREPARATION OF SEAL MEAT SHEPHERD'S PIE

FRY GROUND SEAL MEAT IN CORN OIL (10 min) UNTIL REDNESS
DISAPPEARS

ADD CHOPPED ONION & GARLIC & COOK (3 min); ADD FLOUR

4 13

PRE-COOK DICED CARROTS IN
BOILING WfTER (5 min)
PRE-COOK POTATO IN BOILING
BLEND BOUILLON, CANNED PEAS, WATER UNTIL TENDER;
CARROTS, TOMATO PASTE, HERBS, | MASH WITH 2% MILK AND CORN OIL
SALT & PEPPER INTO MEAT MARGARINE
SIMMER (8 min);
HOMOGENIZE ALL n
+
‘COMBINE MEAT-VEGETABLE MIXTURE:POTATO IN 1.3:1 RATIO
4

WEIGH 280 g BLENDED PRODUCT INTO RETORT TRAYS & VACUUM SEAL
+

PASTEURIZE AT ASSIGNED TIME /TEMPERATURE

Figure 2.1. Flow chart for preparation of seal meat shepherd's pie (SMSP).



Figure 2.2. Diagram of harp seal (P. groenlandica) indicating typical cuts of the carcass.



One kilogram of peeled white potatoes was cooked separately in boiling water
until fork tender, drained and then mashed with 250 mL 2% M.F. homogenized milk phus
120 g corn oil margarine. The amount of mashed potato produced by this formula was in
excess of that needed for the correct ratio of meat-vegetable mixture:potato and the
excess potato was discarded. Prior to processing and pasteurization, mixtures of the meat-
vegetable and potato were blended together in a 1.3:1 (w/w) meat-vegetable:potato ratio.
‘The final product contained 41% (w/w) of the meat-vegetable mixture as seal meat. The
procedure that was followed gave a yield of seven individual trays, each containing 280 g
of product. Approximately 65 to 70% of the original weight of the ingredients was used.
Moisture losses and discard loss from the mashed potato formula account for a difference
in raw weight and finished total weight.

While this preparation technique involved homogenization to ensure adequate
blending for sample analysis, a product for the market would not inciude this procedure.

2.1.2. Sous vide processing and pastearization
Two hundred and eighty grams of the product were placed in s Dynopak PE-HE (Dyno
CP 505) 145 x 105 x 34 mm rectangular vacuum packaging tray supplied by Stock Steri-
Technic Canada Inc. (Ste. Genevieve, PQ). The tray was covered with a Dynoseal ST
1580 Top Web film (Stock Steri-Technic Canada, Inc.). The product was vacuum sealed
(950 mbar) using the Stock Dyno Sealing Machine Model 462 VGA (Stock Steri-Technic
Canada, Inc.). Following sealing of the trays of samples, a predetermined number of trays



were removed, cooled to refrigerator temperature (2° to 5°C) and stored at -40°C for use
as non-pasteurized samples.

Trays filled with the product were pasteurized at 65°, 70°, 75°, 80° or 85°C for
105, 60, 43, 35, or 30 min, respectively, using a Julabo 8VC water bath (Julabo

L ) with 5 L capacity and £0.2°C accuracy. After
removal from the water bath, the trays were immediately chilled to about 5°C in ice water
for 15 min and then stored for 30 days at 40°C in a walk-in type freezer. Freezing was
necessary to preserve the product until analysis could be performed within 30 days.

2.1.3. Conventional treatment

For the conventional trestment, the meat-vegetable mixture was cooked on a stovetop at
85°C to 90°C for a further 25 min before being homogenized and biended with the potato
in the 1.3:1 ratio. The product was placed in an aluminum tray and covered with plastic
wrap plus aluminum foil, allowed to cool ovemnight to refrigerator temperature (2° - 5°C)
and then stored at -40°C. The formula yield was seven 280 g trays.

2.1.4. Variations of product

The product was prepared in quantities sufficient to complete the particular study being
undertaken. For each study the product was prepared on three separate occasions and on
each occasion some containers were processed using the sous vide protocol, some were
prepared by the conventional protocol and some were left as non-pasteurized. An attempt
'was made to use the same types and brands of ingredients for each set to reduce variability



between sets. The type of 100% corn oil margarine used in the preparation of Set 1 was
the hard, block form of margarine. The type of margarine used for Sets 2 and 3 was the
soft, tub form due to non-availability of the hard type during the preparation of these latter
two sets.

Procedure for the preparation of the product for fatty acid analysis followed the
steps outlined above. Procedure for the preparation of the product for protein and amino
acid analyses followed the steps outlined above and, in addition, samples of the product
prepared at each temperature variation plus the conventional and non-pasteurized
variations were freeze dried prior to analysis. Procedures for preparation of the product
for microbiological, thiamin and texture tests were adjusted to meet the needs of those
tests.
2.1.4.1. Microbiological variation One hundred and ninety trays of the SMSP were
prepared. Fifty-six trays of the product were pasteurized at 85°C for 30 min using a Stock
Pilot-Rotor 900 mode retort (Stock America, Inc. Milwaukee, WI). This heat treatment,

one of the five ti research ization variations giving a 12 D in the

target bacteria, is equivalent to the water bath method which also gives a 12 D reduction.
The retort, which can pasteurize 60 trays together, was used because this experiment
required many more samples. Half of the trays of pasteurized samples, plus half of the
non-pasteurized and conventional sample trays, were stored in an upright refrigerator

at 8°C ing an abusive refri and the remaining

half were stored in a walk-in refri at 22°C ing the

refrigerator temperature).




2.1.4.2. Thiamin variation The product was spiked with thiamin hydrochloride. The
total weight of the meat mixture obtained from a preparation of 2 complete set (65°C to

85°C plus i treatment and ized treatment trays) was determined.

This weight was used to calculate the amount of thiamin hydrochloride to add based on
0.35 mg/g of meat mixture. The thiamin hydrochloride was dissolved in 50 mL of distilled
water, added to the meat mixture and dispersed throughout the mixture using a food
mixer. The prepared mashed potato was added to the meat mixture in a ratio of 1.3:1
(wiw) of meat-vegetable:potato. Addition of the potato gave a final content of 0.2 mg
thiamin hydrochloride per gram of SMSP product. To avoid the excessive moisture loss
that would occur during the conventional preparation method of the SMSP for thiamin
analysis, a covered aluminum pan was used and the product was baked at 180°C for 1 h.

2.1.4.3. Texture varistion In this variation, following the preparation of pasteurized and
processor. Mashed potato was not used with this test. Two hundred and seventy grams
of the meat mixture were weighed into retort trays for pasteurization treatment and for the
non-pasteurized trestment. This amount of meat mixture allowed for effective and correct
sealing of the trays. Portions of the meat were cooked by the conventional method and
stored in plastic containers until measurement. All of the meat product samples were

stored at 2.2°C until analysis.



&

2.2. Microbiological method

2.2.1. Microbiolegical analysis
Figure 2.3. shows a summary flow chart of the microbiological testing procedures. All of
the five ti izatie inations result in a 12 D reduction of

making it and it ical, from a ive, to

use all of the pasteurization schedules. The 85°C for 30 minutes pasteurization schedule
was chosen to represent the sous vide process. Both storage temperature variations of
(85°C) and ? prepared SMSP product were

analyzed for aerobic and anaerobic bacteria after day 0 and at 2 day intervals for the first

week. Following this, these variations of product and storage temperature were analyzed
once each week until 21 days, the suggested minimal shelf life for a similar sous vide
processed product, had elapsed.
Sterilization of al equipment and the work area was performed routinely. On each
sampling day, 50 g duplicate samples (weighed to the nearest 1/1000th) of each treatment;
i and i prepared, each stored at the two

temperatures of 2.2°C and 8°C, were each weighed into a separate blender jar. (This level
or accuracy was also used for the methods for fat, fatty acid, thiamin, protein and amino
acid determinations.) Each sample was blended with 450 mL 0.1% sterile peptone water
(Difco, Detroit, MI) in a Waring commercial blender (Dynamic Co. of America, New
Hartford, CO) for two minutes. The pH of this dilution (10") was measured using the
Orion pH meter model 720 (Orion Research Inc., Chicago. IL) and serial dilutions of 107
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FLOW CHART FOR MICROBIOLOGICAL PROCEDURES

s i
BLEND 50 g SAMPLE WITH 450 mL 0.1% PEPTONE WATER FOR 2 MIN
v
MEASURE pH

+

PREPARE DILUTIONS OF 10° TO 10*
+

PLATE DILUTIONS ON TRYPTIC SOY AGAR (TSA)
+
INCUBATE PLATES AEROBICALLY & ANAEROBICALLY AT 37°C FOR 48 h

+

COUNT BACTERIA USING A QUEBEC COLONY COUNTER
& RECORD NUMBER OF BACTERIA

Figure 2.3. Flow chart of microbiological procedures.



to 10* were prepared. One millilitre of blended sample was pipetted into 9 mL of the
peptone water in a test tube and vortexed. One millilitre of this dilution was pipetted into
another 9 mL of peptone water and vortexed. This procedure was continued until a 10*
dilution was obtained. Test tubes were vortexed between pipetting and the mouth of the
test tube was sterilized before and after each dilution. Sterile cotton balls were placed in
the openings of the test tubes.

Total bacterial counts were determined by plating appropriate amounts of each
dilution on Tryptic soy agar(TSA) plates (Difco, Detroit, MI). To obtain total anaerobic
and acid bacteria counts, the plates were incubated anaerobically using a Nalgene
transparent polycarbonate desiccator (Fisher Scientific, Fair Lawn, NJ) fitted with the
BBL Gas Pak system and gas pak catalyst (Becton Dickinson Microbiology Systems,
MD). To ensure the efficiency of the anaerobic system, the initial air was removed from
the desiccator using the GAST vacuum pump motor (GAST Manufacturing. Co., Benton
Harbour, MI).

All plates were incubated for 48 h in a low temperature incubator (Model 307,

Fischer Scientific, Fair Lawn, NJ) maintained at 37°C.

2.2.2. Additional tests

Any physical change, i.e. formation of gas in the trays, was noted on each sampling day.
Chemical changes, i.e. pH and total acidity, were also measured on each sampling day.
pH was measured as in Section 2.2.1. Total acidity of the samples was measured by the
method of Simpson e al. (1994) with the following modifications. One hundred milliliters



of deionized water was added to 10 g of the sample and mixed thoroughly using a Fisher
magnetic stirrer (Fisher Scientific, Fair Lawn, NJ). The solution was fitered using
Whatman filter paper No.4 (Whatman Int. Ltd. UK) and the fitrate was titrated with 0.1M
NaOH using five drops 1% phenolpiithalein (1 g phenolphthalein dissolved in 100 mL
ethyl alcohol) as indicator. The total acidity was calculated from the following equation
from Simpson er al. (1994) who used a similar meat based product:
g lactic acid/100 g sample = 0.009 x V (mL) of 0.1M NaOH
‘This is recorded as lactic acid as it is the acid found in the highest percent in meat based

products.

2.3. Fat and fatty acids method

2.3.1. Fat extraction

Figure 2.4. shows a summary flow chart of procedures used for fat extraction and
transmethylation of fatty acids. The Bligh & Dyer (1959) procedure for extraction of fat
was followed. Ten grams of the food product were weighed into a 400 mL beaker. As
recommended in the procedure, two mL of distilled water were added to bring the
moisture content to the required level. Ten milliliters of chioroform and 20 mL of
methanol were added and the mixture was blended with an Ultra-Turpax T25 (polytron)
blender (IKA Labortechnik, Cincinnati, OH) for exactly 2 min. Thirty milligrams of the
internal standard (LS.), (triheptadecancin, C17-0) (Sigma, St Louis, USA) were added so



FLOW CHART FOR FAT EXTRACTION AND TRANSMETHYLATION
WEIGH logFOOD&Zm!J.'WAm[NTOBEAKER
BLEND WITH lOmLCHCl,J'& 20mL MeOH FOR 2min
ADDLS.llOmLiHG;lBLENDZO:

ADD lOnLDlsnLLEiWAmlBIENDJOI
mmwmvmtmsraﬁvmmmmmmmmum
BLENDFILTERRESIDUEWrrHlOanHChFOKISLSCRAPE.IBLENDISs

TRANSFER 2ND AMOUNT F[LTRALTE TO THE SEPARATING FUNNEL
ALLOW TO SEIJ"AMTEFOI 1h
COU.ECIBUHOMCEJJFATLAYER:NWEIGHB)RDUNDBO’“OMFLASK
REMOVE S(].VENTUS]N?RD‘I‘ARYEVMATOR
DBTAINWEKH-IT:)FFATNFLASK

STORE FAT OR PROCEED VJI'ITH TRANSMETHYLATION

Figure 2.4. Flow chart of used for fat ion and ion (to be
cont’d).
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+
WEIGH 0.05g FAT INTO CONICAL REACTION VESSEL WITH MeOH/HCI(94:6)
4

INCUBATE F(ik 16h AT 70°C
COOLANDPOURllNTO TEST TUBE
B(TRACIFATTYACIDME[HYLF.iTERSWIﬂ"EXANETHREETMES
CLFANHEXANEEXTRACI‘W{I‘HDIS‘HLLEDWATEITW[CE
CEIILLFORJB.THENEVAI’OR?TEHEXANEWI’IHNH’R(XEN
TRANSFERRESDUETO?'UTOSAMH.ERUSINGC&

STORE IN FREEZER (-20°C) UNTIL TESTED ON GC

Figure 2.4. Flow chart of used for fat ion and ion (cont’d).




that it represented approximately 1/20th the weight of the fat in the product and 10 mL
‘more of chloroform were added and the mixture was blended for 30 s. Distilled water (10
mL) was added and all was blended a further 30 s. The homogenate was then filtered
through a Whatman #1 filter paper (Cat.No. 1001 090, Whatman International Ltd.,
Maidstone, Eng.), set in a Buchner funnel over a 500 mL suction flask attached to a
GAST vacuum pump (GAST Manufacturing. Co., Benton Harbour, MI). When the
residue appeared dry, it was pressed with the bottom of a beaker to express as much of the
liquid as possible. The filtrate was poured into a separating funnel The filter paper and
residue were transfered to a Waring blender (200 mL jar size) along with 10 mL
chloroform and blended for 15 s. The sides of the blender were scraped down and the
mixture blended a further 15 s. This mixture was then filtered through a #1 filter paper in
the Buchner funnel as before. The blender jar was swished with 5 mL chloroform to clean
sides and this was also filtered. The filtrate from this was added to that already in the
separatory funnel and then was allowed to separate for | h. The funnel was protected
from light by a covering of aluminum foil.

The bottom chioroformy/fat layer was drawn into & weighed round bottom flask and
the chioroform was evaporated using a Caframo VV 2001 Rotary Evaporator (Heidolph-
Elektro GmbH and Co KG, Kelheim, Germany) set at 90 rpm and Caframo WB 2001
water bath (Heidolph-Elektro) set at 55°C. The gas lines were flushed with nitrogen
before i After all had been removed, the round bottom

flask was allowed to cool and it was then weighed to obtain the weight of fat in the
sample. Percent of fat in the sample was then calculated.



As much of the fat as possible was suctioned from the flask into a 5 mL amber vial
using a Pasteur pipette. A small amount of hydroquinone (~0.05 g) was added and the
vial flushed with nitrogen. The vial was stored at -15°C.

2.3.2. Transmethylation of fatty acids.

Transmethylation followed the method of Keough and Kariel (1987) with some
modification. The fat was allowed to come up to room temperature and 0.05g was placed
ina 3 mL conical reaction vessel (Supeico, Supeico Canada Ltd. Mississauga, ON). Two
milliliters of methanol-hydrochloric acid (94:6) reactant was added along with a small
amount (~0.01g) of hydroquinone. The vessel was tightly capped with a fresh screw cap
and placed in a metal tube. The tubes of fat were heated for 16 h in a convection oven set
at 70°C.

After cooling, the contents of the conical reaction vessel were poured into a small
test tube, 1.5 mL hexane were added and the tube vortexed. The top layer (avoiding any
bottom layer) was removed to a large test tube. One and one half milliliters of hexane
were added to the original test tube and again vortexed. The top layer was again removed
to the large test tube. This step was repeated once again after which 1.5 mL distilled
‘water were added to the hexane layers in the larger test tube, the tube was vortexed and
the top layer removed to a second large test tube. One and one half milliliters of water
were added to this tube, vortexed and the top layer removed to a second small test tube.

The test tube was placed in a freezer at -15°C for 3 to 4 h after which the contents
were immediately poured into a third small test tube where all of the hexane was

evaporated off under a fume hood using a stream of nitrogen. To the residue left in the



test tube, | mL carbon disulphide was added and this was pipetted into a 2 mL
autosampler vial and capped. If the sample did not reach the neck of the vial, a few extra
drops of carbon disulphide were added. The vials were stored at -20°C until analysis on

the gas which was within 5 days.

2.33. Gas Chromatograph (GC) analysis

The transmethylated fatty acids were analyzed with a Hewlett Packard 5890 Series 2 Gas
Chromatograph (Hewlett Packard, Atlanta, GA) equipped with 30 m x 0.53 mm LD. and
1 mm film thickness Supelcowax 10 (Supeico Canada Ltd. Mississauga, ON) fused silica
capillary column and a flame ionization detector. The oven temperature was set at 220°C
and the injection port and detector were maintained at 230°C. Identification of fatty acids
was based on two standards, a mixture of PUFA-1 (Supeico Cat No. 4-7033) and lipid
standards (181-1 and 181-15, Sigma). Eight replicates at each temperature variation were
tested for Set 1 and three replicates were tested at each temperature variation for Sets 2
and 3. A sample printout of the fatty acid gas chromatogram is shown in Figure A.1.

Appendix A.

2.4. Thiamin analysis method

Figure 2.5. shows a summary flow chart of the procedures for thiamin extraction and
quantification. A modification of the official method of analysis published by the



Association of Official Analytical Chemists (AOAC) (1990) was used for determination of
thiamin in the spiked product. The food was digested with acid, hydrolyzed with enzymes
to convert thiamin di- and tri- phosphate to thiamin, the hydrolysate filtered and then
thiamin was ed to the highly i for reading

The procedure used in thiamin determination was identical to the AOAC procedure except

for replacement of the purification step in the AOAC method with a filtration step using a
CI18 Sep Pak.

2.4.1. Extraction method

Each test day, two product samples were tested along with a standard. Each sample was
analyzed in triplicate and the standard was analyzed in duplicate. A two gram portion of
the SMSP was weighed into a 100 mL volumetric flask Twenty-five millilitres of 0.IN
HCI were added and the mixture shaken to disperse. Approximately 25 mL more of the
0.1N HCI were added and the mixture was shaken gently. After covering the flask with
aluminum foil, it was autoclaved at 121°C for 30 minutes, during which time acid
hydrolysis of the product occurred. After cooling for fifteen minutes, the flask was
brought to volume with 0.IN HC, the mixture was shaken to disperse contents and a 5
mL aliquot was transfered to a 125 mL conical flask, to which approximately 62 mL of
0.IN HCI was added. The pH was adjusted to between 4.0 and 4.5 with 2N NaOAc
using the Orion SA720 pH meter (Orion Research Inc., Chicago, IL). Five milliters of the
enzyme mixture (a-amylase and papain) was added. The flask was sealed with parafilm
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FLOW CHART FOR THIAMIN EXTRACTION AND QUANTIFICATION

AUTOCLAVE 2g FOOD (Jl'Zl"C). 30min IN 0.IN HCl
DILUTE TO IOOmJ'L WITH 0.IN HCI
TAKE SnLALlQUO‘l'J'PLUSGZmLO.le
ADJUST pHTO 40 TO 45 w&mmu&mmzvues
HYDROLYZE AT 45°C FI)R 2%h WITH SHAKING
COOL, ADJUST pH TO 3.5 WITH l,ONIlCI. DILUTE TO 100mL WITH WATER
CENTRIFUGE FOl'i 15min AT 3750rpm
FILTER SUPERNATANT THfDUGl BUCHNER FUNNEL

CLEAN FILTRATE THRIXJCT! C18 SEP PAK CARTRIDGE

Figure 2.5. Flow chart of procedures used for thiamin extraction and quantification (to be
cont’d).
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13

ADD SmL FILTRATE TO 1.5SmL NaCl IN CENTRIFUGE TUBE
4
SWIRL, ADD 3mL OXIDIZING AGENT & 13mL ISOBUTANOL, SHAKE 15s
+

REPEAT PREVIOUS FOUR STEPS; SIMILARLY PREPARE 2 BLANKS & SHAKE
ALL FOR 2min
+

CENTRIFUGE 10min AT 1850rpm
+
PIPETTE OFF ABOUT 10mL ISOBUTANOL LAYER
+
TEST ISOBUTANOL LAYER AT 365am EXCITATION & 435nm EMISSION
+

CALCULATE AMOUNT THIAMIN

Figure 2.5. Flow chart of used for thiamin ion and
(cont’d).
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2% hat 45°C in a Julabo 8 VC water bath (Julabo Labortechnik, Schwarzwald,
Germany) with a 5 L capacity and +0.2°C accuracy.

Following enzyme hydrolysis, the pH was adjusted to 3.5 with IN HCI, the
mixture was poured into a 100 mL graduated cylinder and the volume was brought to 100
mL with distilled water. This volume was poured into 2 centrifige tubes (ca. 50 mL)
which were centrifuged for 15 min at 3750 rpm on a IEC Clinical centrifuge (International
Equipment Co., Needham Hgts., MA). After removal from the centrifuge, the tubes were
allowed to chill in crushed ice for 30 min which allowed for easier removal of the
supernatant. The supernatant was filtered through a Whatman #42 ashless filter paper
(Whatman International Ltd., Maidstone, Eng) in a Buchner funnel using a GAST
vacuum pump motor (GAST Manufacturing. Co., Benton Harbour, MI). The filtrate was
then further cleaned using a C18 Sep Pak Plus cartridge (Cat. No. 20515, Millipore
Waters Chromatography, Mariborough, MA) that had been previously conditioned with 5
mL methanol and 15 mL distilled water. A 30 mL aliquot of the filtrate from the Buchner
funnel was drawn into 8 50 mL syringe, 10 mL was pushed through the sep pak and
discarded. The remaining 20 mL of clarified filtrate was pushed through the sep pak into a
small holding flask. This filtrate was the Assay Sample Solution.

A stock standard solution was prepared by weighing 50 mg thiamin hydrochloride
(that had been dried to a constant weight overnight in a convection oven) and dissolving it
in 20% acidified alcohol to a volume of 500 mL. The intermediate standard solution was
prepared by diluting 50 mL of stock solution with 20% acidified alcohol to a volume of
500 mL. These standards were stored at 4°C and used within one month. To prepare the
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Assay Standard Solution, 10 mL of intermediate standard solution was pipetted into a 100
mL volumetric flask with approximately 50 mL of 0.IN' HCI, mixed and autoclaved at
121°C for 30 min. This was brought to volume with 0.IN HCL This was designated the
Working Standard Solution (containing 1ug/mL thiamin HCI). Twenty milliliters of the
working standard solution was pipetted into a 125 mL conical flask with 50 mL 0.1N HCL,
the pH was adjusted to 4.0 to 4.5 and the working solution was clarified as described
above for the sample solution. This filtrate was designated as the Assay Standard
Solution.

2.4.2. Conversion of thiamin to thiochrome

Five millters of the Assay Sample Solution or the Assay Standard Solution was pipetted
into each of four numbered 50 mL centrifisge tubes containing 1.5 g NaCl each. Using a 5
mL pipet, 3 mL of oxidizing solution (1% potassium ferricyanide in 15% sodium
hydroxide) was added to tube number | immediately after the tube had been gently swirled

on the vortex mixer. (13 mL) was i added using an
pipetter and the tube shaken manually for 15 s. Tube 2 received the identical treatment and
Tubes

3 and 4 were treated with 3 mL of NaOH instead of the oxidizing reagent and labelled

treatment they were all shaken manually for 2 min before centrifuging at 1850 rpm for 10
min. Approximately 10 mL of the upper isobutanol layer were pipetted into a small test
tube. The tube was wrapped and capped with aluminum foil. In addition to testing the



dilutions of the stock solution, prepared daily, plus a blank or zero standard (without
thiamin), were analyzed. These resuits were used to prepare a standard curve.

2.43. Fluorescence measurements

The reading on the fluorimeter-spectrometer (Perkin-Elmer LS5, Perkin-Elmer, Montreal,
P.Q.) were performed within 1 h of sample preparation. The fluorimeter reading was
taken at 365 nm excitation and 435 nm emission after the machine was zeroed with the

blank or zero standard.

2.5. Protein and free amino acid method

2.5.1. Kjeldahl method for determination of crude protein

Figure 2.6. shows a summary flow chart of the crude protein determination. The Kjeldahl
procedure for determination of crude protein content was followed. Prior to initiation of
this procedure, the product samples were freeze dried. Product variations were thawed at
refrigerator temperature (2-3°C) and duplicate samples from each tray were freeze dried
using an Edwards Model 12K Supermodulyo Freeze Dryer (Edwards High Vacuum
(Canada) Ltd., Burlington, ON). The average wet weight of the samples was 14.2 g. The
average weight of the freeze dried samples was 3.7 g. Following the recommended
procedure of Kjeldahl, 400 mg of the freeze dried product was weighed onto nitrogen free



FLOW CHART FOR CRUDE PROTEIN DETERMINATION (KJELDAHL
METHOD)

WEIGH 0.4 g FREEZE DRIED SAMPLE INTO KJELDAHL TUBE
13
ADD KJELTABS AND 20 mL SULPHURIC ACID
+
DIGEST IN BUCHI DIGESTION UNIT FOR 60 TO 70 min
¥

COOL, ADD 60 mL DISTILLED WATER & PLACE ON BUCHI DISTILLATION
UNIT
4
ADD NaOH & START STEAM DISTILLATION
13

DISTIL UNTIL 150 mL DISTILLATE COLLECTED
13
TITRATE DISTILLATE WITH O.5N H,SO.
y
WHEN INDICATOR RETURNS TO PINK, RECORD mL ACID
¥

CALCULATE % CRUDE PROTEIN

Figure 2.6. Flow chart of procedures used for crude protein determination (Kjeldahl
method).



paper and the weight recorded. The product was placed in a Kjeldahl tube along with 2
Kijeltabs (potassium sulphate and selenium) and 20 mL sulphuric acid. Five tubes and a
blank were put through each run. Duplicate samples of non-pasteurized, pasteurized and
conventional treatments were tested.

The SMSP was digested using the Buchi 426 Digestion Unit (Brinkmann
Instruments (Canada) Ltd. Rexdale, ON), first at setting #3 for 20 min and then at setting
#9 for 30 to 40 min until the digest was clear (to slightly opaque) and slightly yellow. The
digester was then set at #10 for 10 min. The tubes were removed from the machine and
allowed to cool for 15 to 30 min.

Distillation was done on a Buchi 315 Distillation Unit (Brinkmann Instruments
(Canada) Ltd. Rexdale, ON). Sixty milliliters of distilled water were added to the
digestion tube and the tube was placed in the distillation unit. The conical titration flask,
containing 50 mL indicator was put in place, 100 mL NaOH was added to the digestion
tube and distillation started. When the 200 mL level was reached in the titration flask,
indicating that 150 mL of distilate had been collected (after 7 to 9 min), distillation was
stopped. The digestion tube was removed and the contents discarded.

. Titration of the distillate was carried out immediately after the distillation. The
digital buret (Brinkmann Instruments (Canads) Ltd. Rexdale, ON) was zeroed by bringing
the 0.5N sulphuric acid to the tip of the dispenser, removing the drop and then zeroing.
The acid was sdded slowly to the distillate until the color changed back to the original
pink of the titrator (as compared with the blank). The number of milliliters of acid used
was recorded for the final calculation of percent crude protein.
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2.5.2. Amino acid analysis for physiological free amino acids
Figure 2.7. shows a summary flow chart of the procedure used for amino acid analysis.
The weight of a 15 mL centrifuge tube was recorded using a Sartorius MCI balance
(Sartorius Canada Inc., Mississsuga, ON) and 0.5 g freeze dried sample was placed in it.
Five milliliters of 14% sulphosalicylic acid (C7Hs0sS.2H0) (Sigma Chemical Co.) made
with lithium citrate buffer (96.0% water, 1.0% lithium citrate, 1.0% thioglycol, 0.7%
hydrogen chloride, 0.5% benzoic acid) (Beckman Instruments Inc.) and 0.01% EDTA, pH
of 2.2 (Sigma Chemical Co.) at a was added to the tube and all was vortexed well for 15 s.
The sample was placed in the refrigerator for 30 min after which it was vortexed and
poured into 3 Eppendorf tubes (ca. 1.5 mL). The tubes were centrifuged on an Eppendorf
5412 centrifuge (Brinkmann Instruments (Canada) Ltd. Rexdale, ON) for 6 min and the
supematants were transfered to 2 Eppendorf tubes as the supernatant was still not clear.
Extraction was carried out in triplicate or quadruplicate on the freeze dried samples.

Supernatants from each tube were combined and the volume recorded. One
milliliter of the supernatant was placed in a small labelled test tube and 2 mL of lithium
citrate buffer containing internal standard (IS) ((S)-2-aminoethyl-L-cysteine.
Hydrochloride) (Sigma Chemical Co.) was added, the tube covered with parafilm and
stored ot 4°C until analysis.

Analysis of the amino acids was carried out using a Beckman amino acid analyzer,
Model 121-M in the Amino Acid Analysis Facility at Memorial University of
Newfoundland. (NOTE - this method did not allow for detection of hydroxyproline.)



FLOW CHART FOR AMINO ACID ANALYSIS

WEIGH CBTTI!"UGE TUBE
WEIGH 0.5 g FREEZE DRIED SJA'MPLE TO NEAREST 1/1000TH
ADD 5 mL SULPHOSALICYLIC .fLClD_DIHYDRATE (C;Hs0eS-2H0)
VORTEX AND REFRFERATE FOR 30 min
VORTEX SAMPLES & PfUR INTO EPPENDORF
CENTRIFUGE 6 min, DECA?T & CENTRIFUGE AGAIN
RECORD VOLUME J,OF SUPERNATANT

PUT | mL IN TEST TUBE WITH 2 mL BUFFER CONTAINING INTERNAL
STANDARD

REFRIGERATE UNTIL TESTING BY AMINO ACID ANALYZER

Figure 2.7. Flow chart of procedures used for amino acid analysis.



2.6. Texture method

2.6.1. Preparation of sample
The SMSP for texture analysis was prepared as per Section 2.1.4.3. Only cooked, ground
were brought to room temperature and then the contents were emptied into a sieve. The
product was washed briefly with water at 18° - 20°C to separate the meat from the gravy
and vegetables. Representative pieces of cooked ground seal meat ranging from 10 mm to
12 mm in cross section and between 8 mm and 15 mm in depth were chosen for testing
and given a gentle second washing.

2.6.2. Measurement of texture

Six to 8 pieces of meat were compression/penetration tested on the Lioyd Texturemeter
(Omnitronix Ltd., Missassauga, ON) using a 5 newton load and fitted with a 1.6 mm
diameter probe (plunger). Crosshead speed was set at 3 mm/min and the probe penetrated
6 mm into the meat before being automatically retumed to zero. Figure A.2. Appendix A
shows a printout of the machine settings. Data were recorded on the Tatung TCS-7000
computer and stored in a Lotus file format for further analysis.



2.7. Statistical methods

Results of testing for fatty acids and amino acids were analyzed statistically at the
Statistical Consulting Centre, Memorial University of Newfoundland using SAS’s General
Linear Model (GLM) for an analysis of variance. When significance was shown between
values at the different temperature variations, a multiple comparison test was performed.
For pre-planned comparisons, a decision was made to compare the non-pasteurized
probabilities of p < 0.05 and p< 0.01 associated with these were discussed.

Results of testing for thiamin, protein and texture were analyzed statistically using
analysis of variance, followed by the Bonferroni t-test if significance was evident.



3. RESULTS

The estimated nutrient composition of the ingredients used in SMSP and the estimated
percent fatty acids in the fats used in SMSP have been compiled and presented in Tables
B.1. and B.2. (Appendix B). The mean percent moisture content, the pH and a. of the
product variations are given in Table B.3. (Appendix B). Al calculations of the means for

all tests include the standard deviations.
3.1. Microbiological analysis
The results of studies on ized (85°C), ized and i treated

SMSP stored at both 2.2°C and 8°C and tested for the presence of aerobic and anaerobic
bacteria, changes in pH and the presence of acid are presented in Tables B.4. and B.S.
(Appendix B). A decrease in pH to an il in% acid.

Data on the bacterial counts are plotted in Figures 3.1. and 3.2. Aerobic and
anaerobic bacterial counts in pasteurized SMSP were < log 3 CFU/g throughout the 21
day storage period that was followed. Counts in ized (NP) and
treated (CV) SMSP stored at the higher (8°C, abuse) temperature rose steadily from 3.4
and 3.69 to 9.49 and 9.88, respectively, for aerobic bacteria and 3.4 and 3.75 to 9.42 and
9.68 for anaerobic bacteria. Bacterial counts in samples stored at 2.2°C (recommended
refrigerator temperature) remained fairly stable for 6 days (3.49 to 5.24 and 3.63 t0 5.17)
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in both ized and i samples o but then reached levels

similar to the 8°C samples by day 21.

Figure 3.3. shows changes in acidity of variations stored at both temperatures over
21 days. Acid levels in non-pasteurized samples reached 0.047% and 0.05% (w/w) in
samples stored at 2.2° and 8°C, respectively. The acidity in conventional samples stored
at 2.2° and 8°C reached 0.04% and 0.039%, respecti while that in
increased by only 0.005% from 0.028% acidity at either storage temperature.

Physical changes were noted in the non-pasteurized samples and the conventionally
treated samples stored at 8°C. These included gas production and sweiling of the
containers after 14 days. There was no gas production in trays stored at 2.2°C during the
21 day trial period.

3.2. Fat and fatty acid analysis

The mean % fat in SMSP prepared at each pasteurization time-temperature plus the

d the ized sample is ically in Fig.

3.4: Twelve different fatty acids were analysed to study the effects of heat on the fatty
acid composition of SMSP. Data were collected from three separate sets of SMSP

prepared using the five ization schedule the ional treatment and
non-pasteurized treatment. Table B.6. (Appendix B) lists the mg fatty acid/g fat of each
set of data plus the mean of the three sets. These values indicate some variability between

sets for some of the fatty acids. This variability in values is not consistent across one set.
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For example, from Table B.6., values for Set 1 for C18:1 are higher than Sets 2 and 3, but
values for C16:0 are more consistent across three sets.

Table B.7. (Appendix B) gives a summary of the p-values for the repeated
measures analysis of variance (ANOVA) test. Comparison between the three sets (lots),

between the and between lot' shows i

occurring in all factors studied but not with all fatty acids. The effect of lot or set is
evident at p<0.01 in the amounts of fatty acids C18:1, C18:2, C18:3, C20:4, C22:5 and
(C22:6 and at the p<0.05 level in C16:1 and C18:4 farty acids. Temperature effects are
significant at p<0.01 in the amounts of fatty acids C14:0, C18:1, C18:4, C20:5, C22:5 and
C22:6 and at the p<0.05 level in the amount of fatty acid C16:1. The effect of
lot*temperature values is significant at the p<0.01 level for the amounts of fatty acids
C14:0, Ci16:1, C18:1, C18:4, C20:5, C22:5 and C22:6 and at the p<0.05 level in the
amount of fatty acid C16:0.

In order for the results from the ANOVA to be viewed in a meaningful way, it was
decided to compare the non-pasteurized sample results with the pasteurization
temperature sample results and the conventional treatment sample results. A summary of
the p-values, at significance levels of p<0.01 and p<0.05, of the multiple comparison test
between the mean value of each of the 12 fatty acids at each of the five pasteurization

plus the i and the mean of the non-pasteurized
sample is given in Table B.8. (Appendix B). Only those fatty acids which showed
there is a significant difference, when compared with the non-pasteurized treatment value,
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is highlighted with T or | indicating if the value is higher or lower than the non-
pasteurized sample value.

Figure 3.5. shows a comparison of the saturated fatty acid values in the SMSP.
From Figure 3.5. and Table B.6, it can be seen that the level of the saturated fatty acid,
Cl14:0, is higher at the pasteurization temperature of 65°C than the non-pasteurized
sample (6.115 versus 5.208 mg/g fat). This is significant at the p<0.05 level (Table B.8.).
From Figure 3.6. and Table B.6. and Table B.8. the level of the MUFA C16:1 is higher in
the SMSP ized 65°C than in the ized sample (8.915 versus 7.717 mg/g
fat) at a p<0.05 level and the level of the MUFA C18:1 is lower in the SMSP prepared by

the conventional treatment (169.098 versus 203.168 mg/g fat) at p<0.01 when comparison
with the non-pasteurized sample is made. The levels of the PUFAs studied show variation
in response to the different temperatures. From Figure 3.7. and Table B.6. and Table B 8.
the levels of the fatty acids C18:4, C20:5, C22:5 and C22:6 are significantly (p<0.01)
higher (0.594, 6.093, 2.419 and 6.384 mg/g fat, respectively) in the SMSP pasteurized at
65°C than in the non-pasteurized sample (0.280, 4.189, 1.859 and 4.402 mg/g fat,
respectively). However the level of the fatty acid C18:4 is significantly (p<0.05) lower in
the SMSP prepared at the i than in the ized sample
(0.056 versus 0.280 mg/g far). The omega-3 fatty acids, including C20:5, C22:5 and
C22:6, which had significantly different values, are viewed again on a larger, more clear

scale in Figure 3.8.
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3.3. Thiamin analysis

Table B.9. (Appendix B) lists the thiamin data collected from three sets of SMSP. The
mean thiamin values across the three sets ranged from 0.217 mg thiamin hydrochloride/g
non-pasteurized product to 0.191 mg/g of the conventional product. Values of 0.202 to
0.192 mg thiamin hydrochloride/g of product were found for 65° to 85°C respectively.
This is represented graphically in Figure 3.9. A simple ANOVA performed on the data
collected from three sets of SMSP indicated no significant differences in the levels of

treatments.

3.4. Protein analysis

The results of crude protein analysis are presented in Table B.10. (Appendix B) listing
mean percent of each set and mean percent of the three sets. This is illustrated graphically
in Figure 3.10. A simple ANOVA performed on the data indicates that there is a
significant difference between the values of the set means (see Table B. 11., Appendix B).
The uncorrected p-value for all values for the SMSP pasteurized at 5 time/temperatures
and the non-pasteurized SMSP when compared with the SMSP prepared by the
conventional method indicates significance at p-value <0.05 and <0.01. There was no
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sample value. Mean amount of crude protein for all samples at all temperatures is 8.77%.
Seal meat contributes 73.7% protein to the total protein and as such might be expected to
confer the most influence on any protein changes.

3.5. Free amino acid analysis

Twenty different amino acids (including the nine essential amino acids) were quantified to
study the effects of heat on the free amino acid composition of SMSP. Data from all three
sets of SMSP were collected. Set | includes values from duplicate analyses of two
samples from each of the 5 izati iy plus the
conventionally prepared trestment and the non-pasteurized treatment. Sets 2 and 3
include values from triplicate analyses of one sample of each treatment Table B.12.
(Appendix B) lists the mean milligram free amino acid per gram crude protein (dry weight)
of each set of data plus the standard deviation of the mean of each set. The total amount

of all free amino acids at each temperature is included. Figure 3.11. shows the total of all
mean values of all 20 free amino acids at each temperature.

Table B.13. (Appendix B) gives a summary of the p-values from the repeated
measures analysis of variance test. Comparison between the sets (lots), between the

and between lot shows a signit difference for almost all
factors studied. Effect of lot or set is significant at p<0.01 for all but serine, lysine and
arginine and lysine is significant at p<0.05. From this table, temperature has a significant
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effect on the values for the amino acids aspartic acid, asparagine, glutamic acid, proline,
and arginine at p<0.01 and for the amino acid serine at the p<0.05 level. The effect of
lot*temperature v-as significant at the p<0.01 level in all amino acids except aspartic acid,
threonine and valine and at the p<0.05 level for aspartic acid and threonine.
In order for the results from the ANOVA to be viewed in a meaningful way, it was
decided to compare the non-pasteurized sample with the sample pasteurized at different
and with the i treatment sample. A summary of p-values, at
significance levels of p<0.01 and p<0.05, of the multiple comparison test between the
mean value of each of the 20 free amino acids at each of the five pasteurization time-
temperatures and the conventionally prepared sample and the mean of the non-pasteurized
sample is given in Tables B.14. - B.20. (Appendix B). Only those free amino acids which

showed statistical signi berween are displayed in these
tables. The amino acids are separated into aliphatic, hydroxyl-containing, acidic, basic,
sulphur-containing, aromatic and the imino acid proline, in the tables B.14. - B.20,

respectively. The p-value at which there is a significant difference when compared with
the non-pasteurized trestment p-value is highlighted with T or 4 indicating if the mg free
amino acid/g crude protein is higher or lower than the free amino acid in the non-
pasteurized trestment.

Pasteurization at 85°C for 30 min resulted in retention of significantly (at either
P<0.05 or p<0.01 levels) higher levels of nine of the twenty free amino acids in the SMSP.



Four of the nine essential amino acid values are significantly (at either p<0.05 or p<0.01
levels) higher in the 85°C sample than in the non-pasteurized sample.

The aliphatic amino acids, valine and isoleucine show an increase over the non-
pasteurized control at 85°C at a p<0.01 level and leucine at the p<0.05 level. In
comparison to the non-pasteurized sample glycine and leucine decrease during
acids, is significantly (p<0.01) increased at 85°C. Of the acidic amino acids and their
amides, aspartic acid and asparagine values significantly (p<0.05) increase at conventional
temperatures, glutamic acid increases (p<0.01) at 85°C and asparatic acid values decrease
significantly (p<0.01) at both 65° and 75°C. The basic amino acid arginine is increased
(p<0.01) at 85°C. Amounts of the sulphur-containing amino acids are increased (p<0.01)
with the temperatures of 80° and 85°C for both amino acids and amounts of methionine
are increased significantly (p<0.05) at 70°C. Amounts of cystine are increased (p<0.01)
with the conventional treatment. In the aromatic group, tryptophan is decreased
significantly (p<0.05) at 70° to 80°C and at p<0.01 for 65°C and tyrosine decreases
(p<0.05) at 75°C. Tyrosine increases (p<0.05) at 85°C and at the p<0.01 level for the
conventional treatment. The imino acid proline shows a significant (p<0.01) decrease with
the conventional trestment.



3.6. Texture analysis

From the values of force recorded by the texturemeter at points along the graph (see
representative graph, Figure A.3. Appendix A), the value at 3 mm of depth of probe was
chosen as the marker value for each testing. A 3 mm penetration of the probe is
approximately 75% of the maximum height of the peak representing force. The mean and
standard deviation of force (N, newton) for each temperature variation for 3 sets is
presented in Table B.21.(Appendix B). Values for force ranged from 1.03471N for non-
pasteurized to 0.875SIN for 70°C. This is represented graphically in Figure 3.12..
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4. DISCUSSION

4.1. Microbiological analysis

The results of microbiological testing were as predicted with regard to the effects of
different storage In the ized and ional samples stored at
8°C, there was a steady increase in both aerobic and anaerobic bacteria over the 21 day

trial period, whereas at the lower temperature of 2.2°C bacterial growth was retarded, at
least until day 6. The results of Simpson et al. (1994), testing sous vide products
pasteurized at 65° and 75°C and stored at 5° and 15°C over a 35 day period, showed a
steady rise in bacterial levels at the higher storage temperature, but a delay in bacterial
growth at the lower temperature. Our product was pasteurized at a higher temperature
(85°C) and had a D value of 12 compared to 5D and 13D used in the Simpson trial, but
similarly shaped curves were observed at both the high and low storage temperatures in
both tests.

It is interesting to note that aciduric bacterial growth occurred to a greater extent
at the higher temperature as indicated by both a small increase in % acid and a slightly
lower pH in both non-pasteurized and conventional products at 8°C. Final bacterial
counts were similar for both treatments and a study of the microbiological population
would probably show a high level of lactic acid bacteria predominating at 8°C. After
sufficient time or temperature abuse, the pasteurized sample might show evidence of
psychrotropic microaerophilic lactic acid bacteria growth. Presence of the acid produced



by these bacteria has been noted to have an inhibiting effect on C. boftulimum growth
(Doyle, 1991). This could be viewed as a positive attribute of vacuum packaging.

As expected, the pasteurized product did not show bacterial growth within the 21
day trial period, confirming the suitability of the sous vide process as a preservation
method.

4.2. Fat and fatty acid analysis

There is a scarcity of information on the effect of heat treatment at <100°C on food fats
and fatty acids. Most researchers have investigated the changes occurring with
temperatures used in deep fat frying (>180°C) and usually only the fat in pure form is
studied. As with any nutrient, the effects of other components in the foodstuff must be
taken into consideration as having a possible beneficial or detrimental effect on the
nutrient in question. The SMSP product is very complex, containing moderately large
quantities of protein and carbohydrate as well as iron and other minerals.

Examination of the results of fatty acid analysis of eight readings from each
treatment for Set 1 and triplicate readings of Sets 2 and 3 of the SMSP product show
can be examined together, and they can also be analyzed in separate groups of saturated
fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids
(PUFA) and the Q-3 fatty acids. The amounts of the SFAs, palmitic (C16:0) and stearic
(C18:0) acids in the pasteurized and conventionally treated samples did not show a



significant difference when compared with the amounts in the non-pasteurized control, as
indicated in Table B. 8. (Appendix B). The amounts of myristic acid (C14:0) in SMSP
pasteurized at a temperature of 65°C were significantly higher than in the non-pasteurized
sample. These results indicate a certain stability within this group of fatty acids.
Armstrong and Bergan (1992) cite temperatures of >150°C as being necessary in order to
see an effect of heat on saturated fatty acids.

The two MUFAs, palmitoleic (16:1) and oleic (C18:1) acids, do not show a trend
in relation to each other and the heat treatments. The conventional treatment appears to
have had a detrimental effect on the levels of C18:1 in the SMSP but it did not
significantly affect the levels of C16:1. The temperature of 65°C is marginally beneficial in
retention of C16:1. Of the two MUFAs, C18:1 is the more sensitive in our experiment.
This sensitivity might be explained by the different form of the margarine used for set 1
and for sets 2 and 3 (as previously noted in Chapter 2). Oleic acid, which is present in
high amounts in the com oil margarine, exists as cis and frans isomers. Most block or
hard margarines have somewhat higher levels of saturated and/or trans unsaturated fatty
acids than the tub or soft margarines (Slover ef al, 1985). In set 1, containing block or
hard margarine, a higher percentage of frans would be present, whereas the tub or soft
margarine used in sets 2 and 3 normally would contain more of the cis isomer. The trans
isomer is more i stable and less to oxidative damage than the
cis configuration (Craig-Schmidt, 1992, Jandacek, 1992) and the levels of C18:1 in all of
the set 1 SMSP preparations, except for that prepared by the conventional treatment, are
higher (see Table B.6. Appendix B). In addition, levels of oleic and linoleic acids are
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generally adjusted in the hard and soft margarines, so that in set 1, the levels of C18:1 are
higher than the levels of C18:2, while in sets 2 and 3, C18:2 is present in the higher
amounts. The statistically significant difference noted for C18:1 between lots (p = 0.0001)
(Table B. 7., Appendix B) is between lots 1 and 2 and lots 1 and 3. However, the two
lower values contributed by sets 2 and 3 for C18:1, would have skewed the mean of the 3
sets to the lower value. Therefore, we cannot see an upward trend in values for the two
MUFASs. The lower value seen with the conventional treatment could be explained by the
greater exposure of the conventional product to air causing some oxidation of C18:1.
Although oleic acid is present in seal meat fat in high amounts, some of it would have been
destroyed during frying. The values obtained reflect more the SMSP margarine content
which masks the seal meat content and makes it difficult to distinguish changes, which
might be due to heat, in the two main fat sources. However, changes seen in the values
for this fatty acid would be attributed to the margarine type since the seal meat levels of
the fatty acid would presumably remain constant throughout the three sets.

Seven fatty acids are included in the category of PUFAs: C18:2, C18:3, C18:4,
C20:4, C20:5, C22:5 and C22:6.

From preliminary literature searches for our research of the effect of heat on fatty
acids it was expected that the level of linoleic acid (C18:2) would show a significant
variability with increasing processing temperature because of the length of the carbon
chain and presence of two double bonds. Our results show that this has not been the case.
In a study by Cosgrove et al. (1987) it was shown that, when using linoleate and mono-,
di- and tri ina solution at fixed temperature




and pressure, linoleic acid did not follow the classic autoxidation kinetics of the other
PUFASs investigated and it was recommended that more study be made of the mechanisms
ofits autoxidation.

The levels of th Q-3 fatty acid, linolenic acid, C18:3, were statistically as stable as
the dienoic linoleic acid. The levels of the Q-3 fatty acid, C18:4, although present in only
small amounts, was also not significantly reduced at any of the pasteurization time-
temperatures. Generally, the higher number of double bonds is thought to lead to more
instability.  Eicosapentaenoic acid (C20:5), docospentaencic acid (C22:5) and
docosahexaenoic acid (C22:6), longer chain Q-3 fatty acids, are examined in Figure 3.8.
There is a noticable difference in the effects of heat treatment at 65°C when compared
with the other treatments. The levels of these fatty acids are in higher amounts at 65°C
than in the non-pasteurized sample. The lower temperature and low oxygen environment
may have contributed to this improved retention. Values did not vary significantly
acid appears to be itive than ei ic acid to the ional treatment
(Figure 3.8.), but this was not statistically significant.

A review of the literature of research on Q-3 fatty acids in foods and in model

systems suggests that these fatty acids are more stable than would be expected in a long
chain, highly unsaturated fatty acid. Ratnayake er al. (1989) concluded, from an
experiment using DHA and EPA heated at temperatures from 100° to 240°C, that EPA in
fish oils is quite resistant to thermal abuse. They observed that the fatty acids with an



uneven number of double bonds, such as EPA, were more stable than those with an even
number of double bonds. Fujita er al. (1994) tested the oxidative stability of sardine lipids
(high in EPA and DHA) through heat treatment and found that phospholipids and non-
polar lipids produced a heat induced stabilization in PUFAs. The complex nature of the
SMSP product may provide some protection for these normally unstable fatty acids.
Bruna et al. (1989) also observed lower oxidation rates for EPA and DHA when seven
long chain PUFAS in an aqueous medium were photoirradiated. They suggested that the
number of double bonds, rather than chain length, was the stability factor, and also noted
the greater stability of C18:3 when compared with the other PUFAs, but not when
compared with the Q-3 fatty acids. Miyashita er al. (1993) conducted a similar

experiment and also found the Q-3 fatty acids to be more stable, with DHA the least

affected. Nawar et al. (1990) carried out an experiment to observe oration in
Q-3 fatty acids in fish cooked by various methods and demonstrated a possible sensitivity
to oxidation once the oil is removed from its natural source indicating that within a food
product these fatty acids are stable. Gall ef al. (1983) found basically no change in fatty
acid composition of four fish species after cooking when compared with the raw value.



4.3. Thiamin analysis

Little or no change in thiamin levels occurred with the additional heat treatment, i.e.

pasteurizing of the product, as is indicated by ison of values from
product versus non-pasteurized product. Figure 3.9. demonstrates this graphically. Any

based on this experiment.

Retention of thiamin, i.e. the amount of the vitamin remaining after heat treatment,
within the time/temperature range of this experiment was higher than expected when
reference to the literature on this heat senstive vitamin is considered. However, most
research work on thiamin degradation in food systems has been done at >100°C or, if at
lower temperatures, the work has been done on model systems. Although it is difficult to
to the variability of cooking conditions, a reference to some research will be made.

Benterud (1977) writes, during a description of an experiment on thiamin
mononitrate levels in sugar solutions at temperatures from 110° to 130°C for 15 min., that
"In food processing, the vitamin stability situation is more complicated than this (model
system) because other factors are involved in addition to temperature and time.” Teixeira
et al. (1969) used a digital computer technique for the determination of bacterial lethality
versus nutrient retention in conduction heated foods to predict thiamin retention in canned
foods and found that, contrary to the popular theory that a short treatment time at high
temperature favoured higher retention, the optimum point was at 248°F (120°C) for 90
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min over a treatment range of 236° to 293°F (113° to 145°C) for 160 to 40 min. Mulley
et al. (1975a) compared the rate of destruction of thiamin hydrochloride in pea puree, beef
puree and peas in brine puree with that of thiamin hydrochloride in a phosphate buffer at
temperatures of 250°F(121°C), 260°F(127°C), 270°F(132°C) and 280°F(138°C), and
found that thermal stability of thiamin decreased with rising temperature, as expected, and
that thiamin was more stable to heat in these food systems than in the model buffer
system.

Berteisen ef al. (1988) did not find any trends in thiamin retention over the
cooking range 20 to 55 min at 190°C used for roasted chicken breast and drumstick.

They commented on the need for simplification and i in existing

procedures. Awonorin and Ayoade (1993) conducted an experiment with four species of
ground meat at 70° to 90°C for 15 min to 5 h and found the rate of decrease in thiamin
content was greater at the higher temperature. They also noted that losses were greater in
meats which had more moisture loss. Moisture is retained in the vacuum packaged sous

vide SMSP.
In a review of vitamin losses in food processing, Ryley and Kajda (1994) note that
apparent increases may occur in foods due to the release of chemically bound forms, or to
in and ion when the matrix of the food has been

damaged. Feliciotti and Esselen (1957) reported that thiamin in foods is more resistant to
thermal breakdown than is the pure vitamin in aqueous or buffered solutions, and that pH
did not appear to be as significant an influence in foods. They attributed this to the
relative proportions of free and combined thiamin The papers reviewed all indicate the



sensitivity of this vitamin, and the difficulty in obtaining consistent results from one
experiment to another, especially when working with a food system..

During the chilling step in the production of the SMSP, it is not expected that any
thiamin loss will occur. Bognar (1990) reported only a 0.02 - 0.97% per day loss in
"pasteurized chilled meals” stored at 2°C. And no significant loss was observed in thiamin
in various foods (gravy and mashed potato) (as reported in Bognar ef al., 1990) when
cooled from a pasteurization temperature of 80°C to 15°C over a 5 h chilling time.

It is possible that the iron content of the SMSP had an influence on thiamin
retention, but within the scope of this experiment, this cannot be determined. The pH of
the product, ~5.9, is slightly higher than that recommended (5.0 to 5.6), but is still not
considered to be in the detrimental range for optimum thiamin retention. And since
precautions were taken to avoid light exposure during the extraction and detection section
of the experiment, the only effect ultraviolet light might have had would be during the
preparation of the product when natural thiamin could have been destroyed.

4.4. Protein analysis

The conventional cooking treatment resulted in values for crude protein that were
significantly higher than those for every other temperature when judged by ANOVA.
Denaturation of the meat and vegetable protein would have begun and been almost
complete during initial pre-pasteurization steps. Further heat treatment was insufficient to
cause any major change in protein content. Percent moisture content and aw of the



conventional product were slightly less than that of all other samples. This could have
caused a small but higher concentration of protein in the conventional product. The
protein level, 9.47% [CV] versus 8.65% average of other temperatures, represents less
than 1% (2 - 3 g) when viewed in relation to overall nutrient values. No correlation was
seen between protein content and free amino acid content. As reported in Chapter 1 of
this thesis, little, if any, change was expected to be seen due to the effect of the mild heat

treatments on protein.

4.5. Free amino acid analysis

It appears that the set (lot) or batch of product had a significant effect on the levels of all
amino acids except serine and arginine (see B.13., Appendix B). This indicates that a
larger number of sets would be necessary to eliminate the variability in batch production
and amino acid hydrolysis. This would be an important point if this test were to be
repeated.

temperature parameters of this study. Histidine is not known to be sensitive to heat
treatments, whereas threonine is mainly affected by extremes of pH (Finley, 1985)
combined with heat. The slightly acidic nature of the SMSP product does not appear to
have had an influence here. Lysine destruction in fresh albacore tuna was studied at
temperatures of 140° to 180°C and it was concluded that these standard thermal



protein digestibility (Banga ef al., 1992). This basic amino acid was also the most stable
during various time temperature treatments of faba beans in water. Cooking temperatures
between 100° and 125°C for 1 to 12 h resulted in an increase in the amount of free lysine
for both hard-to-cook and easy-to-cook beans (Ziena er al., 1991). Lysine is more
reactive in amino-carbonyl reactions in dry heat environments (Feeney er al., 1985). In
the moist heat of the sous vide treatment notable changes in lysine would not be expected.

Values for methionine and cystine indicate an increase in amounts of these amino
acids at several temperature variations. Studies have shown that combinations of meat
and vegetables rather than meat alone result in more destruction of these amino acids
which readily participate in the Maillard reaction. Methionine, arginine and histidine have
also been noted for sensitivity to reducing sugars, glucose and ribose, in meat (Baardseth,
1977) but these amino acids did not show any significant losses in our product. The high
moisture content (75%) of the SMSP may have provided protection. The sulphur
containing amino acid, methionine, has been studied in meat for its heat sensitivity (Hamm,
1977), and losses of 10% were noted in normal cooking procedures. However, no
significant losses of this amino acid were seen at any of the pasteurizing temperatures
tested.

The hest sensitivity of tryptophan is well known. This amino acid has been used in
mutagenicity studies because it is released more readily than other amino acids. It binds
with mutagens that are released by heat creating tryptophan derivatives of the mutagen.
Since these mutagenic tryptophan derivatives have been observed in foods that have been
cooked at low temperatures for extended cooking times (Commoner er al, 1978), it



would seem to indicate a sensitivity of this amino acid to low temperature/long time heat

treatments. Table B.19. (Appendix B) indicates a statistically significant reduction in

at the lower izati of 65° to 80°C and not at the higher
temperatures of 85°C and the conventionally treated sample. It is possible that the shorter
cooking times used with these higher pasteurization time-temperatures actually had a
positive effect on retention of tryptophan. The longer processing times of 105, 60, 43
and 35 minutes used with the lower in the SMSP ization could have

led to increased ion of Although traditic there has been a
tendency to prefer low temperature/long time heat treatment for sous vide processed
products, preliminary trials, as reported by Sheard and Rodger (1995), have indicated that
relatively high time may be for some dishes
prepared by sous vide processing.

The amounts of leucine, glycine and proline in SMSP were significantly lowered by
conventional cooking. These amino acids have not been studied extensively in food
products. It is possible that the more simple configuration of glycine resulted in its

Attention is routinely focused on the changes in essential amino acids during
cooking. The four essential amino acids with significantly higher values at 85°C, valine,
isoleucine, leucine, methionine, may have been released due to proteolysis at this higher
temperature resulted in retention, rather than further breakdown, of these amino acids.



It was expected that the conventional treatment would show a detrimental effect
on more of the free amino acids because of the slightly more intense heat treatment during
the stove top cooking. Instead, it appears that this more intense cooking method, i.e.

frying plus. ing stove top for il the same

time as the 85°C (30 min), has enhanced the free amounts of five of the amino acids
during the more intense treatment and contributed to the free amino acid pool.

Overall, statistical analysis of the other time/temperature combinations used in this
study did not show the same trend as seen with this highest temperature/shortest time
pasteurization schedule. This temperature (85°C) is not considered to be in the
destructive range (i.c. >100°C) and combined with the short cooking time, is probably
sufficient to release some bound amino acids.

4.6. Texture analysis

The results indicated a tenderization of the seal meat in the mid range of the

have been for the ization of meats with high connective

tissue contents. The collagen (connective tissue) content of harp seal meat ranges
between 0.48 to 0.59% for manually separated meat from beaters (immature seals) and
bedlamers (more mature seals) (Shahidi er al, 1990). Seal meat is relatively high in
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connective tissue and it was expected that the 65°C pasteurization schedule would
produce the most tender meat. However, results for meat pasteurized at 65°C/105 min
indicated the second highest reading, i.e. less tender. As this temperature is beyond the
range for the start of collagen breakdown (50° to 60°C), we would expect to see
noticeable tenderization. It is possible that the temperature was not actually high enough
or the time was not really long enough for solubilization of the amount of collagen in this
particular species. Pasteurization at 70° to 80°C, with the accompanying processing

The higher temperatures reached in the conventional treatment appear to have
resulted in a balance between the ing of the protein and a

of the collagen so as to result in only a moderate amount of tenderization. In addition, the
slightly lower moisture content of the conventional treatment might have contributed to
higher stress values, i.e. toughness.

McCrae and Paul (1974) in their study of beef semitendinosus muscle found that
the slowest heat penetration rates were between the 60° to 70°C range, over the range of
10° t0 70°C tested. They felt that the rate of heat penetration affected the breakdown of
collagenous tissue. It is possible that, even if the temperature is maintained at 65°C for
105 min, it is not sufficient to degrade the seal collagen to gelatin and this might explain
the higher stress (force) values at the 65°C temperature varistion. The faster heat
penetration rates of the 70° to 80°C variations may have allowed some solubilization to

occur within those ranges.



Paul et al. (1973) found that is i ion of the i illar)

proteins was a more important factor than the breakdown of the collagenous tissue in
changes in beef semif and biceps femoris muscles when

seen as a decrease in pentrometer (penetration) readings with increase in temperature from
58° to 82°C. They also found considerable animal to animal variation and suggested that
this could be reduced by use of animals of controlled management. Results from the
above studies on beef can only be viewed with interest in comparison to this study on
ground seal meat.
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5. CONCLUSIONS

The sous vide method of pr ion of Seal Meat Pie (SMSP) has

effects on some of the nutritional and quality factors studied. Microbial studies confirmed
the effectiveness of the sous vide pasteurization technique in reducing bacterial spoilage
and thus lengthening the shelf life of the product. The pasteurization schedule of 65°C for
105 min resulted in significantly higher values for the Q-3 fatty acids, C20:5, C22:5 and
C22:6. Thiamin was not significantly affected by any of the heat treatments, but results
pointed to a reduced thiamin content with use of the conventional treatment. Further
studies on this vitamin may show, more conclusively, the benefits of the milder
pasteurization schedule of 85°C for 30 minutes gives significantly higher values for nine of
the amino acids. Texture of the seal meat improved in the pasteurization schedule range
of 70° to 80°C.

Because SMSP involved many different food ingredients, such as the seal meat,
vegetables, herbs, etc, it is not possible to definitely conclude that a nutritional change is
techniques on seal meat alone might answer some of the questions regarding the influence
of the high mineral content and/or the direct effects of the processing method on the Q-3

fatty acids in the seal meat.



w
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This study has confirmed the beneficial effects of sous vide processing of foods
with regards to minimal destruction of those nutrients studied and has indicated the

necessity of examining various pasteurization schedules for each new food product.
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Appendix B (cont..)

Table B.2. Estimated percent fatty acid of total fatty acids in the fats used in Seal Meat
Shepherd's Pie (SMSP)

Fat
Sesimest Cormell

M%)

Essty Acid. (raw)
cl0 34 10 -0s 120
ciso 133 140 ~107 260
ciel 93 w 3 30
cigo 43 20 5.9-6.9b 10
cig1 255 00 375-503b 280
cis2 28 500 an-3016 20
cis3 03 20 1L0t-0.7 1.0
ciss 05 00 00 00
c20:4 26 00 00 00
c20:5 46 00 00 00
cas 30 00 00 00
cu6 53 00 00 00
Other 26 00 00 160

b margarine (soft)

Referepee 1 2 3 2
| Engelhart and Walker (1974)
2 British Nutrition Foundation (1992)

3 Slover (1985)
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Appendix B (cont..)

Table B. 4. Aerobic and anserobic bacterial counts/gram of sample, pH

& % acid for SMSP stored at 2.2°C.
Pasteurized
Storage Days | aerobic | anaerobic pH
<3 Est* <SEst .88
<3Est <3 Est .95
4 <3 Est <3Est .89
6 <3 Est <3 Est .79
14 <3 Est <3Est i
21 <3 Est <3 Est .86

anaerobic | pH % Acid
35 .84 0.023
411 .85 0.025
79 .01 028
84 59 026
54 4.65 039
68 5.06 047
Conventional
| Storage Days | aerobic | anaerobic pH % Acid
.63 3.36 584 .023
.68 4.69 591 .026
.74 46 5.94 .029
.17 464 .9 .026
14 .42 1.66 5.15 0.04
21 .52 9.49 537 0.04

Values for the aerobic and anaerobic bacteria are logarithms of the
number of colony forming units (CFUs)
*<3Est = <1000 CFU/g (Post, 1988)
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Table B. 5. Aerobic and anserobic bacterial counts/gram of sample, pH

& % acid for SMSP stored at 8°C.
Pasteurized
[Storage Days | amerobic | pH
<3 Est* <SS Est 584
<3 Est <SS Est 592
<3 Est <SEst .9
<3 Est <3 Est .9,
14 <3 Est <3 Est 5.75
21 <3 Est <SEst 585
Noo-pasteurized
| Storage Days | aerobic | anserobic |  pH
34 34 .67
5.13 55 .84
725 38 .95
846 57 .99
14 9.1 .61 443
21 9.49 .42 457
Conventional
| Storage Days | serobic | amserobic| pH | % Acd
.69 .75 .79 0.023
.97 .35 .89 0.026
.81 .86 .91 0.031
.57 .51 .61 0.029
14 .32 .17 .45 0.041
21 .88 .68 .86 0.039

Values for the aerobic and anaerobic bacteria are logarithms of the
number of colony forming units (CFUs)
*<3Est = <1000 CFU/g (Post, 1988)
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Table B.14.
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